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The Contemporary Carbon Cycle - 
Trends, Variability and Time of Emergence 
of Human Impacts 
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Poster Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: atmosphere, jungfraujoch, comparison  

High altitude CO2 measurements at the Jungfraujoch (Switzerland): 
Comparison between the Sphinx (3570 m a.s.l.) and East Ridge (3690 m a.s.l.)  

Affolter, Stéphane* (1); Steinbacher, Martin (2); Lauper, Jürg (3); Leuenberger, Markus (1,4,5); 
Schibig, Michael (4,5,6); Berhanu, Tesfaye (4,5)  
1: International Foundation High Altitude Research Stations Jungfraujoch and Gornergrat, Switzerland; 2: Empa, Swiss Federal 
Laboratories for Materials Science and Technology, Duebendorf, Switzerland; 3: Jungfraubahnen, Interlaken, Switzerland; 4: 
Climate and Environmental Physics, Physics Institute, University of Bern, Switzerland; 5: Oeschger Centre for Climate Change 
Research, University of Bern, Switzerland; 6: now at Global Monitoring Division, NOAA Earth System Research Laboratory, 
Boulder, USA  

The Sphinx high altitude research station located at the Jungfraujoch (Swiss Alps) hosts for decades 
several experiments of various research institutes worldwide and constitutes a lead location for 
atmospheric measurements in Europe. A key feature of the site is the remote setting and its exposure 
to pristine air masses with only sporadic pollution events originating from the surrounding lowlands. 
Since December 2014, we have an additional location available for research at the Jungfrau East 
Ridge around 120 metres higher up and 1 km westward from the Sphinx observatory. Unlike the 
Sphinx observatory, this new location is up to now not accessible for tourists. Atmospheric 
measurements such as aerosol particle number and size distribution as well as carbon monoxide and 
nitrous oxides are measured in addition to greenhouse gases, i.e. CO2 and CH4. A Picarro L2120-i 
laser based instrument has been installed in the East Ridge building which is continuously measuring 
the CO2 mixing ratio in the atmosphere that can be compared with the Sphinx data (i) to evaluate the 
suitability of the new site and (ii) to investigate the potential pollution inherent to the touristic 
exploitation of the Jungfraujoch. The two years long comparison of CO2 records shows a good 
agreement between both sites but exhibits annual mean daily differences of less than 1 ppm whereas 
the corresponding nighttime values are indistinguishable within the measurement precision. There is a 
distinct seasonal pattern with highest CO2 excess values for mean summer midday values of maximal 
1.5 ppm. The CO2 measurements are promising for assessing the suitability of the East Ridge building 
as an additional spot to perform high quality atmospheric measurements. 

Poster Session (see poster session schedule)  
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Poster Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: atmosphere, CO2 variability, transport model, numerical weather prediction, CO2 fluxes  

On the benefits of using high resolution transport and fluxes to simulate 
atmospheric CO2 variability  

Agusti-Panareda, Anna* (1); Massart, Sebastien (1); Parrington, Mark (1); Diamantakis, Michail 
(1); Munoz-Sabater, Joaquin (1); Balsamo, Gianpaolo (1); Boussetta, Souhail (1); Engelen, 
Richard (1); Peuch, Vincent-Henri (1); Chevallier, Frederic (2); Ramonet, Michel (2); Jossoud, 
Olivier (2); Delmotte, Marc (2); Morgui, Josep Anton (3); Curcoll, Roger (3); Warneke, Thorsten 
(4); Feist, Dietrich (5); Petri, Christof (4); Buchwitz, Michael (4); Reuter, Maximilian (4); 
Heymann, Jens (4); Detmers, Rob (6)  
1: ECMWF, United Kingdom; 2: LSCE, France; 3: ICTA-UAB, Spain; 4: IUP, University of Bremen, Germany; 5: MPI, Jena, 
Germany; 6: SRON, The Netherlands  

The interpretation of observed variability of CO2 in the atmosphere depends on the accurate 
representation of transport and surface fluxes by models. The Copernicus Atmosphere Monitoring 
Service (CAMS) 9-km global CO2 forecast has high skill in representing the day-to-day variability of 
atmospheric CO2 because it relies on the ECMWF state-of-the-art Numerical Weather Prediction 
(NWP) model. To assess the benefit of the high resolution, the simulations at 9 km are compared with 
lower resolution simulations (80 km) commonly used in meteorological NWP re-analysis (e.g.ERA-
Interim) and chemical transport models. The results show how the transport accuracy improves with 
model resolution, with 1-day gain in the forecast lead time. The resolution of surface fluxes can also 
have an additional impact on the representation of the atmospheric CO2 variability. The benefit of the 
high resolution is further highlighted by using tagged carbon tracers from anthropogenic, land 
ecosystems, ocean and biomass burning sources. These tagged tracers show the plumes emanating 
from the different sources. The plumes are used to assess the overlap of the atmospheric signal 
associated with separate sources during a 5-day forecast. Finally, the high resolution forecast also 
allows to assess the small-scale (< 100 km) variability of atmospheric CO2 observed by in situ and 
satellite observations, which cannot be represented by coarser-grid transport models. As these high 
resolution CAMS CO2 forecasts are provided in real time, they can be used as boundary conditions 
for regional modelling studies and for planning field experiments. 

Poster Session (see poster session schedule)  
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Oral Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: atmosphere, methane, emissions, urban  

Temporal variability in methane at Indianapolis with implications for the urban 
methane flux estimates  

Balashov, Nikolay* (1); Davis, Ken (1); Miles, Natasha (1); Lauvaux, Thomas (1); Richardson, 
Scott (1); Lamb, Brian (2); Shepson, Paul (3); Harvey, Rebecca (3); Barkley, Zach (1)  
1: Department of Meteorology, Pennsylvania State University, United States of America; 2: Laboratory for Atmospheric 
Research, Washington State University, Pullman, United States; 3: Departments of Chemistry, and Earth, Atmospheric and 
Planetary Sciences, Purdue University, West Lafayette, United States  

As natural gas extraction and use continues to increase, the need to quantify emissions of methane 
(CH4), a powerful greenhouse gas (GHG), has grown.  Large discrepancies in Indianapolis CH4 
emissions are observed when comparing inventory, aircraft mass-balance, and tower inverse CH4 
emissions estimates.  The Indianapolis Flux Experiment (INFLUX) tower network is utilized to 
investigate these discrepancies between bottom-up and top-down CH4 emission assessments.  The 
INFLUX network includes 9 towers currently hosting continuous, highly calibrated CH4 mole fraction 
measurements and is used in the conjunction with the Weather Research and Forecasting model 
coupled with Chemistry (WRF-Chem) to examine the temporal variability in 2012-2016 CH4 at 
Indianapolis.  Three major reasons that may be responsible for the above-mentioned discrepancy are 
identified: (1) a highly-variable and spatially non-uniform US continental CH4 background with changes 
up to 150 ppbv, (2) temporal variability in anthropogenic urban CH4 sources and (3) an influence of 
unknown CH4 sources.  To address the first issue, we propose a method for identifying the days with a 
regionally uniform CH4 background.  With regard to the second issue, we recommend temporal 
consistency when aircraft mass-balance and tower inverse methods are compared.  For the third 
concern, we investigate the ways to approximate the impact of the unknown sources on the CH4 flux 
estimates.  Work continues to quantify the implications for total city CH4 emissions given the regional 
and local CH4 temporal variability.  
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Evidence for climate driven variability in the seasonal cycles of atmospheric 
O2 and CO2 from Weybourne Atmospheric Observatory, United Kingdom  

Barningham, S. Thomas; Manning, Andrew C.*; Pickers, Penelope A.; Forster, Grant L.; 
Etchells, Alex J.; Hewitt, Marica  
Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, University of East Anglia, United Kingdom  

We present a nine year record (2008-2017) of continuous in situ atmospheric O2 and CO2 
observations from the Weybourne Atmospheric Observatory (WAO) situated on the north Norfolk 
coast of the United Kingdom (a recent addition to the European ICOS (Integrated Carbon Observation 
System) network). We focus on the interannual variability in the seasonal cycles of O2 and CO2 in 
order to understand interannual variability in terrestrial and oceanic carbon cycle processes on 
regional to hemispheric scales. We find a significant shift towards an earlier autumn ‘zero crossing’ at 
WAO in CO2 (-1.40 days yr-1 (R = -0.79, p = 0.02) and, to a lesser extent, also in O2 (-0.92 days yr-1 (R 
= -0.67, p = 0.07). The rate of advance in the autumn zero crossing for CO2 is much greater compared 
to the results of Piao et al. [2008] and Graven et al. [2013], who analysed global CO2 observations 
over different time periods: 1980-2002 and 1960-2010, respectively. The faster trend observed at 
WAO could be due to the different, more recent, time period of analysis and/or could signify a 
response to more rapid autumn warming in the late 2000s, as proposed by Barichivich et al. [2012]. 
To further investigate the possible causes behind the variability in both spring and autumn zero 
crossings, and in the seasonal amplitude of each species, we performed a correlation analysis of each 
variable with trends in temperature, precipitation and the following northern hemisphere climate 
indices: El Niño-Southern Oscillation (ENSO), North Atlantic Oscillation (NAO) and Arctic Oscillation 
(AO). We demonstrate that the autumn zero crossing trend in CO2 at WAO is well correlated with 
North Atlantic and northern hemisphere spring temperatures, rather than autumn temperatures, in 
contrast to Piao et al. [2008]. A correlation with spring temperatures is also seen in the autumn zero 
crossing of O2. However, in contrast to CO2, we show this to be linked to the Arctic Oscillation, 
whereby a negative phase in 2013 in particular, drives a later crossing anomaly. The spring zero 
crossing in CO2, is very well correlated with ENSO, and the trend towards an earlier onset of spring 
appears to be linked with the trend towards a more positive El Niño-like state over this time period. 
These warmer conditions, stimulating earlier terrestrial plant growth, are also seen in the O2 record. 
WAO seasonal amplitude variability appears to be linked to precipitation and temperature trends, 
whereby cooler and wetter conditions throughout the year appear to stimulate more exchange in the 
terrestrial biosphere. 
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The contribution of the northern terrestrial sink to the 1940s CO2 plateau  

Bastos, Ana* (1); Peregon, Anna (1); Gani, Érico A. (2); Yue, Chao (1); Puig, Abert (1); Gouveia, 
Célia M. (2); Ciais, Philippe (1)  
1: LSCE, France; 2: Faculdade de Ciências da Universidade de Lisboa, Portugal  

Between circa 1940 to 1950, a stabilisation of atmospheric CO2 is observed in the ice-core record (the 
so-called CO2 plateau), even though fossil fuel emissions kept increasing. Land-use (LUC) change 
was also likely a source of CO2 to the atmosphere, although the magnitude of CO2 emissions due to 
LUC is highly uncertain.Bastos et al. (2016) have shown that the state-of-the-art reconstructions of the 
different CO2 sources and sinks do not allow reproducing the plateau, with mismatches between 
reconstructed and observed atmospheric CO2 growth rate ranging from 0.9-2.0PgC.yr-1 in the 1940s. 
They also show that natural variability in the ocean sink may likely have contributed to a fraction of the 
increased CO2 uptake needed to explain the stabilization of atmospheric CO2, but less than suggested 
in previous studies.The 1940s where characterised by strong warming in the high latitudes in the 
Northern Hemisphere, which might have resulted lower ice cover, longer growing seasons and 
increased vegetation growth in the boreal regions. The vegetation models used for the study in Bastos 
et al. (2016) were not specifically tailored for high-latitude dynamics and may not fully capture such 
response. Furthermore, it is likely that the drastic socio-economic changes associated with WWII may 
have resulted in land-abandonment not represented in the commonly used datasets, which rely on 
national statistics only from 1961 onwards (Bastos et al., 2016). Here we test these two hypothesis for 
an increased biospheric sink in the 1940s, by using the dynamic global vegetation model ORCHIDEE-
HL (Zhu et al., 2015) which is specifically tailored for high-latitude processes: We compare estimates 
of the terrestrial sink in high latitudes in the northern hemisphere with tree-ring datasets in order to 
evaluate the effect of the increased temperature on vegetation growth. We present new crop area data 
for the Soviet Union, collected from national statistics between 1913 and 1961, which show strong 
decrease in crop area coinciding with the war period. Using ORCHIDEE-HL, we evaluate the 
difference in LUC emissions due to the use of the new datasets, and quantify the impact of the strong 
land abandonment registered during the war period on the terrestrial CO2 fluxes.  

Bastos, A., Ciais, P., Barichivich, J., Bopp, L., Brovkin, V., Gasser, T., Peng, S., Pongratz, J., Viovy, 
N., and Trudinger, C. M.: Re-evaluating the 1940s CO2 plateau, Biogeosciences, 13, 4877-4897, 
doi:10.5194/bg-13-4877-2016, 2016. Zhu, D., et al. "Improving the dynamics of Northern Hemisphere 
high-latitude vegetation in the ORCHIDEE ecosystem model." Geoscientific Model Development 8.7, 
2263-2283, 2015. 
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Estimation of the fossil-fuel component in atmospheric CO2 based on 
radiocarbon measurements at the Beromünster tall tower, Switzerland  

Berhanu, Tesfaye* (1); Szidat, Sonke (1); Brunner, Dominik (2); Satar, Ece (1); Battaglia, Michael 
(1); Steinbacher, Martin (2); Hammer, Samuel (3); Leuenberger, Markus (1)  
1: Climate and Environmental Physics, Physics Institute and Oeschger Centre for Climate Change Research, University of Bern, 
Switzerland; 2: Empa, Laboratory for Air Pollution/Environmental Technology, Switzerland; 3: Institut für Umweltphysik, 
Universität Heidelberg, Germany  

Fossil fuel CO2 (CO2ff) is the major contributor of anthropogenic CO2 in the atmosphere, and accurate 
quantification is essential to better understand the carbon cycle. Since October 2012, we have been 
continuously measuring the mixing ratios of CO, CO2 CH4 and H2O at five different heights at the 
Beromünster tall tower, Switzerland. Air samples for radiocarbon (Δ14CO2) analysis have also been 
collected from the 212.5 m sampling inlet of the tower on a bi-weekly basis. A correction was applied 
for 14CO2 emissions from nearby nuclear power plants (NPPs), which have been simulated with the 
Lagrangian transport model FLEXPART-COSMO. The 14CO2 emissions from NPPs offset the 
depletion in 14C by fossil-fuel emissions resulting in an underestimation of the fossil-fuel component in 
atmospheric CO2 by about 16 %. An average observed ratio (RCO) of 13.4 ± 1.3 mmol/mol was 
calculated from the enhancements in CO mixing ratios relative to the clean air reference site 
Jungfraujoch (ΔCO) and the radiocarbon-based fossil-fuel CO2 mole fractions. This ratio is significantly 
higher than both the mean anthropogenic CO/CO2 emission ratios estimated for Switzerland from the 
national inventory (7.8 mmol/mol for 2013), and the ratio between in-situ measured CO and CO2 
enhancements at Beromünster over the Jungfraujoch background (8.3 mmol/mol). Differences could 
not yet be assigned to specific processes and shortcomings of these two methods but may originate 
from locally variable emission ratios as well as from non-fossil emissions and biospheric contributions. 
By combining the ratio derived using the radiocarbon measurements (corrected for offsets from NPPs) 
and the in-situ measured CO mixing ratios, a high-resolution time series of CO2ff was calculated 
exhibiting a clear seasonality driven by seasonal variability in emissions and vertical mixing. By 
subtracting the fossil-fuel component and the large-scale background, we have determined the 
regional biospheric CO2 component that is characterized by seasonal variations ranging between -15 
to +30 ppm. A pronounced diurnal variation was observed during summer modulated by biospheric 
exchange and vertical mixing while no consistent pattern was found during winter. 
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The AmeriFlux Network Management Project  

Biraud, Sebastien* (1); Agarwal, Deb (1); Torn, Margaret (1); Baldocchi, Dennis (2)  
1: Lawrence Berkeley National Laboratory, United States of America; 2: University California at Berkeley, United States of 
America  

 The AmeriFlux network is a community of sites and scientists measuring ecosystem carbon, water, 
and energy fluxes across the Americas using eddy covariance techniques. AmeriFlux datasets, and 
the understanding derived from them, provide crucial linkages between terrestrial ecosystem 
processes and climate-relevant responses at landscape, regional, and continental scales. 
The AmeriFlux Management Project (AMP) was established by the U.S. Department of Energy in 
2012 to support AmeriFlux and the use of its data by a broad community. We work to advance the 
value of the network for basic research and Earth System Model improvement, innovative 
measurements, and data synthesis. The data team provides a wide array of services to the flux tower 
teams and data users including: an archive, QA/QC processing, DOIs, and standardization of flux 
data. The tech team strengthens the AmeriFlux Network by standardizing operational practices, 
developing calibration and maintenance routines, and setting clear data quality goals. The outreach 
team bring the AmeriFlux community together organizing the annual data-tech workshop and PI 
meeting. The AmeriFlux network is strong and growing. Since 2012, the number of AmeriFlux sites 
has nearly doubled, to 261, with more sites outside the U.S. and in underrepresented ecosystems. 
Likewise, the number of site-years of data in the archive increased by 50%. Still, many sites have not 
yet submitted their data, and we are working with them. AMP is supporting operations for 14 clusters 
of long-term flux sites, maintaining the continuity and accessibility of these time series. The AmeriFlux 
Science Steering Committee is operating under a new, more independent charter. In collaboration with 
ICOS (Europe) and FLUXNET (global) networks, in the past year we completed the release of the 
FLUXNET2015 dataset for synthesis research. 
This poster will provide highlights of recent data, tech, and outreach activities and accomplishments, 
and solicit input on how we can continue to improve our service to data contributors and data users. 
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The global methane budget 2000-2012. What's next?  

Bousquet, Philippe (1); Saunois, Marielle* (1); Poulter, Benjamin (2); Ciais, Philippe (1); 
Canadell, Pep (3); Dlugokencky, Ed J. (4); Global Carbon Project, group from (5)  
1: IPSL/LSCE, France; 2: University of Montana, USA; 3: CSIRO, Australia; 4: NOAA/ESRL, USA; 5: Global carbon Project 
Methane scientific group  

With a lifetime around 10 years in the atmosphere and a diversity of emission types, methane, the 
second most potent anthropogenic greenhouse gas, is an important target for climate change 
mitigation. Observations include a large variety of in-situ and remote-sensed approaches from the 
surface or from space. These data are assimilated in atmospheric inversion to infer methane 
emissions and sinks (top-down approaches). In parallel, a large international effort is conducted to 
model emitting processes emitting methane at the surface (e.g. wetland emissions) or destroying 
methane in the atmosphere (e.g. OH radicals), but also to compile inventories of anthropogenic 
emissions (bottom-up approaches). 
Large uncertainties remain in the spatiotemporal quantification of methane sources and sinks. Here, 
we present a synthesis of global and regional methane emissions and sinks for the period 2000-2012 
(Saunois et al., 2016a, b). Robust and not robust emission estimates are extracted for global to 
regional scales and presented from an ensemble of atmospheric inversions and of process-based 
models. We discuss scenarios of methane emissions and sinks (process-based and region-based) 
possibly explaining the sustained atmospheric increase since 2007. We show in particular that US 
methane emissions are not likely to contribute to the positive atmospheric trend (at least before 2013), 
and that none of the IPCC scenarios of methane emissions represents the recent trajectory of 
emissions. The ensemble mean suggests that, at the global scale, the dominant contribution to 
atmospheric CH4 growth comes from microbial sources (more from agriculture and waste sectors than 
from natural wetlands), with an uncertain but probably smaller contribution from fossil fuel production 
and use. Besides this emission increase, a decrease in biomass burning emissions (in agreement with 
the biomass burning emission databases) makes the balance of sources consistent with isotopic 
observations. We finally propose possible future activities for the methane component of the Global 
Carbon Project. 
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Coastal Carbon Budgets: A (Model) View from the Open Ocean  

Brix, Holger*; Kuznetsov, Ivan  
Institute of Coastal Research, Helmholtz-Zentrum Geesthacht, Germany  

Many global problems such as climate change, sea level rise, or ocean acidification influence in 
particular the ecosystems and communities along the coasts. Coastal regions on the other hand 
provide the ‘boundary conditions’ for the deep ocean. As part of our research focus area Global Coast 
we investigate the relevance of coastal waters for global processes, such as carbon exchange 
processes with the open ocean as well as carbon budgets. The two-pronged approach combining 
observations and models concentrates on the investigation of specific coastal “classes”, similar to 
those used by Laruelle et al. [2013] for coastal areas, i.e., typical structures that are potentially 
representative for larger stretches of coast lines or shallow seas and can be used as proxies for 
multiple coastal areas. Output from IPCC model runs is analyzed focusing on carbon budgets for 
coastal areas as well as at the border between deep and shallow regions (shelf breaks). In context 
with available data we determine means, trends and variability on a variety of temporal and spatial 
scales aiming at establishing characteristics for the aforementioned “classes”, for example, shared 
carbon, mass or energy budget properties. The differences between models in this “ocean-to-coast” 
approach are analyzed and compared to traditional “coast-to-ocean” approaches based on analyses 
of coastal topography, analysis of watershed river basin properties and others. These efforts are 
geared towards developing a relatively simple system that allows us to approximate the contribution of 
coastal areas to global carbon budgets as long as numerical models with globally sufficiently resolved 
coast are not still computationally too expensive. 
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Measuring oxygen to unravel the forest carbon balance  

Broekema, Elise R.* (1); Van Leeuwen, Charlotte (2); Meijer, Harro A.J. (1); Van der Laan-Luijkx, 
Ingrid T. (3,4)  
1: Centre for Isotope Research, Energy and Sustainability Research Institute Groningen, University of Groningen, The 
Netherlands; 2: Global Economics and Management, University of Groningen, The Netherlands; 3: Meteorology and Air Quality, 
Wageningen University and Research, Wageningen, The Netherlands; 4: Institute for Marine and Atmospheric Research, 
Utrecht University, Utrecht, The Netherlands  

The carbon cycle is characterized by fluxes between atmosphere, land and oceans. CO2 emissions, 
for example by fossil fuel combustion, into the atmosphere increase the atmospheric CO2 
concentration, but are partly offset by the ocean and land biosphere carbon sinks. Two major 
unknowns in quantifying the carbon cycle are the gross biosphere fluxes: photosynthesis and 
respiration of CO2. Those fluxes are large and highly variable and the difference between them acts as 
a net sink of CO2. Direct measurements of these separate fluxes are currently lacking. 
We present a method (following Ishidoya et al. 2015) to quantify photosynthesis and respiration based 
on the inverse relationship between CO2 and O2: with photosynthesis CO2 is taken up from the 
atmosphere and O2 is released, while with respiration O2 is consumed and CO2 is released. The ratio 
between the two is different for photosynthesis and respiration; therefore measuring both CO2 and O2 
with sufficient precision provides valuable new information. 
A test campaign will be held in a forest in the Netherlands. This test campaign serves as a means to 
test the measurement setup for gathering photosynthesis and respiration related fluxes of CO2 and O2 
in forests. The instrument to be used is a mobile instrument (van Leeuwen and Meijer, 2015) built 
around an Oxzilla II fuel cell analyzer (O2) and an ABB non-dispersive infrared photometer (CO2). The 
results of this campaign will be presented at the conference.  
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δO2/N2 and CO2 flask observations at measurement stations in the 
Netherlands, Ireland and Antarctica  

Broekema, Elise R. (1); van Leeuwen, Charlotte (1); van der Laan-Luijkx, Ingrid T. (2,3); Kers, 
Bert A.M. (1); Scheren, Bert {A.S.} (1); Chen, Huilin (1); Meijer, Harro A.J.* (1)  
1: Centre for Isotope Research, University of Groningen, the Netherlands; 2: Meteorology and Air Quality, Wageningen 
University and Research, Wageningen, the Netherlands; 3: Institute for Marine and Atmospheric Research, Utrecht University, 
the Netherlands  

We present the latest update of flask δO2/N2 and CO2 measurements at monitoring stations Lutjewad 
in The Netherlands, Mace Head in Ireland and Halley station at Antarctica. For Lutjewad, we compare 
the flask measurements with continuous measurements. The predecessor of this dataset has been 
presented by van der Laan-Luijkx et al. (2010). The current work extends the data period, and 
estimates the longer-term trends. In total, the datasets cover a period of almost 20 years. The Mace 
Head dataset runs from 1998 to 2014, Lutjewad station started in 2000 and is ongoing, and Halley 
station runs from 2015 to 2017.  
The flasks are taken at each measurement station and then shipped to the Centre for Isotope 
Research (CIO), where the δO2/N2 ratio is determined using a Micromass Optima Dual Inlet Isotope 
Ratio Mass Spectrometer (DI-IRMS). For the continuous observations the δO2/N2 ratio is measured 
using a system based on a differential fuel-cell analyzer (Sable Systems’ Oxzilla II O2 analyzer).  
Trends and amplitudes were determined for Mace Head and Lutjewad stations. The data record of 
Mace Head is very robust, as wind selection makes it a very good background location. The Lutjewad 
station was clearly influenced by local sources.  
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Mechanisms of Increased Terrestrial Carbon Uptake since the Turn of the 
Century  

Buermann, Wolfgang*; O'Sullivan, Michael; Gloor, Manuel; Spracklen, Dominick  
University of Leeds, United Kingdom  

The recent observation of a concordant plateauing of global atmospheric CO2 growth rates in the 
wake of strong fossil fuel carbon emission increases since the turn of the century was unexpected. A 
recent first model attribution study (Keenan et al. 2016) suggested that the underlying increase in 
global net carbon uptake in this time frame is largely due to an increase in the terrestrial carbon sink. 
The authors attributed this to two key mechanisms, the effects of rising atmospheric CO2 on 
vegetation and the slowdown in the rate of warming on respiration. 
The models employed in this study did, however, not consider effects of nitrogen limitations on plant 
carbon uptake and may thus overestimate the impact of CO2 fertilization on the terrestrial carbon sink 
(Thornton et al. 2009). In this study, we investigate the potential mitigating effects of nitrogen 
availability on the terrestrial carbon sink since the turn of the century by analyzing simulated carbon 
fluxes based on a biospheric model with an interactive nitrogen cycle.  
Preliminary results show that global NPP increases since the turn of the century are markedly lower 
compared to simulations with no nitrogen limitations.  Marked increases in nitrogen deposition largely 
associated with substantial increases in east Asian FF emissions do alleviate these nutrient 
constraints on CO2 fertilization to some extent and also contribute directly to increased rates of GPP, 
but changes in GPP rates are still 50% lower compared to a ‘no nitrogen limitation’ scenario. The 
effect of including nitrogen on NEP is much weaker since rates of respiration show a similar response 
as NPP. The extent by which these results including the strong coupling between NPP and Rh may be 
model dependent is also discussed. 
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Invited Keynote: State, trends and uncertainties of the contemporary global 
carbon budget  

Canadell, Josep G* (1); Le Quere, Corinne (2); Ciais, Philippe (3); Peters, Glen (4); Jackson, Rob 
(5); Haverd, Vanessa (6); Ahlstrom, Anders (7)  
1: Global Carbon Project/CSIRO, Australia; 2: University of East Anglia and Tyndall Centre, UK; 3: LSCE, Paris, France; 4: 
CICERO, Norway; 5: Stanord University, USA; 6: CSIRO, Australia; 7: Lund University, Sweden  

Long-term redistribution of carbon among fossil fuel reserves, the atmosphere, oceans and land 
largely determines the degree of human-driven climate change and future carbon-climate feedbacks. 
Here we provide an update on the state and trends of the carbon budged as assessed by a large 
research community effort driven by the Global Carbon Project*. Key trends are 1) the apparent 
stabilization in the growth of fossil fuel emissions and the likely emissions decline from land use 
change; 2) the continued growth in atmospheric CO2; and 3) the growth in the land and ocean sinks in 
response to the growth in excess atmospheric CO2 with large annual and decadal variability. 
Efforts to attribute driving processes to the growing sinks require a strong CO2 fertilization effect on 
vegetation growth and emerging trends show an under realized role of semiarid regions in contributing 
to the mean, trend and variability of the global land sink. 
Climate variability, including ENSO and the 2000’s slowdown in terrestrial global warming, has 
produced opportunities to explore the drivers of global carbon fluxes as they take large departures 
from mean states (e.g., high rates of atmospheric CO2 accumulation along with no growth in fossil fuel 
emissions and strong land greening trends in recent years). Process attribution shows the strong 
interplay between gross primary productivity and heterotrophic respiration in response to warming, 
and the role of tropical and sub-tropical systems to the overall sink. 
Key uncertainties remain on 1) the role of anthropogenic lateral flows of carbon and their ultimate fate 
in inland waters and costal zones; 2) the emissions from land use change and forestry, particularly the 
effects of forest degradation (e.g., harvest, fires, erosion) and regrowth on land carbon stocks; and 3) 
the drivers of multi-year to decadal variability that limits our capacity to identify large carbon-cycle 
feedbacks and independently verify reported emissions in the short term. 
New advances in observations and data handling are critical in reducing uncertainties including 1) 
Bayesian fusion approaches to optimally combine multiple data streams of ocean and land uptake, 
and fossil fuel and land use change emissions; 2) continuous landscape carbon density 
measurements and column CO2 from remotely sensed platforms; and 3) improved ocean circulation 
and CO2 uptake at the decadal scales; among others. 

*Le Quéré, C. et al. Global Carbon Budget 2016, Earth Syst. Sci. Data, 8, 605-649, 2016; Li W et al. 
Reducing uncertainties in decadal variability of the global carbon budget with multiple datasets, PNAS, 
2016 
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The atmosphere reveals faster than expected changes in magnitude and 
seasonality of the land carbon uptake  

Cescatti, Alessandro* (1); Alkama, Ramdane (1); Forzieri, Giovanni (1); Roedenbeck, Christian 
(2); Zaehle, Soenke (2); Sitch, Stephen (3); Friedlingstein, Pierre (3); Nabel, Julia E.M.S (4); 
Stocker, Benjamin (5); Viovy, Nicolas (6); Kato, Etsushi (7); Koven, Charles D. (8); Zeng, Ning 
(9)  
1: Joint Research Centre, Italy; 2: Max Planck Institute for Biogeochemistry, Germany; 3: University of Exeter, United Kingdom; 
4: Max Planck Institute for Meteorology, Germany; 5: ETH Zürich, Switzerland; 6: Laboratoire des Sciences du Climat et de 
l’Environnement, France; 7: Institute of Applied Energy, Japan; 8: Lawrence Berkeley National Laboratory, USA; 9: University of 
Maryland, USA  

Process-based dynamic vegetation models (DGVMs) and inversion studies based on atmospheric 
observations point to a large increase of the global terrestrial carbon uptake over the recent decades. 
However, they disagree on the key regions and on the seasonality of such a persistent increase. In 
particular, the relative importance of the major terrestrial biomes is still disputed. Similarly, the 
magnitude and role of the changing plant phenology on the global land carbon fluxes is still unknown. 
To investigate these issues we explored the land carbon budget over 1981-2014 using the Jena 
CarboScope atmospheric CO2 inversion and an ensemble of DGVMs (TRENDY). 
The analysis of the latitudinal variations in the land carbon budget during the growing and the 
dormancy season shows that the changes occurred in the last three decades are dominated by the 
duration and intensification of the uptake during the growing season. Off-season changes of land 
fluxes are still rather limited at northern latitudes, but larger and significant in the temperate and 
tropical zone. The seasonality of the trends shows a consistent pattern at all latitudinal bands, with a 
systematic advancement of the onset and minor changes of the end dates of the growing season. 
According to the atmospheric inversion, the increasing trend in the terrestrial uptake is equally driven 
by the Boreal (43%) and Tropical (44%) regions. On average the trends of annual land fluxes 
predicted by the ensemble of DGVMs are considerably lower than those inferred from atmospheric 
observations both in the boreal and in the tropical zones. 
The observed large and persistent trends in the terrestrial carbon budget inferred from large-scale 
observations have important implication for the current and future trajectories of the atmospheric CO2 
concentration and emphasize the ongoing rapid changes in boreal and tropical biomes, whose 
dynamic response to climate change and rising CO2 concentration is still poorly represented in 
DGVMs. 
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Influence of El Niño on atmospheric CO2 over the tropical Pacific Ocean  

Chatterjee, Abhishek* (1,2); Gierach, Michelle (3); Sutton, Adrienne (4,5); Feely, Richard (4); 
Crisp, David (3); Eldering, Annmarie (3); Gunson, Michael (3); Keeling, Ralph (6); Stephens, 
Britton (7); Schimel, David (3)  
1: NASA Goddard Space Flight Center, United States of America; 2: Universities Space Research Association, United States of 
America; 3: Jet Propulsion Laboratory, United States of America; 4: NOAA Pacific Marine Environmental Laboratory, United 
States of America; 5: Joint Institute for the Study of the Atmosphere and Ocean, United States of America; 6: Scripps Institution 
of Oceanography, United States of America; 7: National Center for Atmospheric Research, United States of America  

The El Nino Southern Oscillation (ENSO) is the most important mode of tropical climate variability on 
interannual to decadal time scales. Although correlations between atmospheric CO2 growth rate and 
ENSO events have been reported since the late 1970s (Bacastow et al. 1980, Keeling and Revelle 
1985), the magnitude, phasing and the mechanisms underlying this relationship remain poorly 
understood. During an ENSO event, there occurs a space-time cascade of responses from different 
components of the carbon cycle (i.e., ocean, biosphere, fire activity) – while the magnitude of these 
responses maybe influenced by the uniqueness of each ENSO event, our work illustrates that the 
overall phasing of this response may be consistent from one event to the next. 
The launch of OCO-2 in July 2014 was rather timely given the development of strong ENSO 
conditions over the equatorial Pacific Ocean in 2015-2016. In this presentation, we will discuss how 
the high-density observations from OCO-2 have provided us with a novel dataset to resolve the 
linkages between ENSO and atmospheric CO2. By analyzing trends in the time-series of CO2 
anomalies, we see clear evidence of suppressed outgassing from the tropical Pacific Ocean, followed 
by a larger response from CO2 sources on land. The net impact of El Niño 2015-2016 on the global 
carbon cycle is an increase in atmospheric CO2 concentrations, which would likely be larger if it were 
not for the reduction in outgassing from the ocean. This finding confirms the hypothesis from studies 
following the 1997-1998 El Niño event (Feely et al. 1999, Rayner et al. 1999) that there may be an 
early contribution from the ocean that is later offset, even reversed by the land components. We will 
further build upon this concept and examine the spatial and temporal structure of the ocean carbon 
cycle response to the 2015-2016 El Niño event. By integrating information from remote-sensing 
missions, in situ observations of ΔpCO2 from NOAA’s Tropical Atmosphere Ocean (TAO) project and 
atmospheric CO2 from the Scripps CO2 Program, and model simulations of air-sea fluxes, our ongoing 
analyses provides both qualitative and quantitative knowledge of the air-sea fluxes and the 
mechanisms responsible for the magnitude and phasing of the observed ENSO-ocean CO2 
correlations. These results improves our understanding of the marine vs. terrestrial partitioning of 
tropical carbon fluxes during an El Niño event, their relative contributions to the global atmospheric 
CO2 growth rate, and consequently provides an important clue into the sensitivity of the carbon cycle 
to climate forcing on interannual time scales. 
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CO2 fertilization is the major cause for the global carbon sink in 1981-2012  

Chen, Jing M.* (1); Ju, Weimin (2); Liu, Ronggao (3)  
1: University of Toronto, Canada, Canada; 2: Nanjing University, Nanjing, China; 3: Institute of Geographical Sciences and 
Natural Resources Research, Chinese Academy of Sciences, Beijing, China  

In recent decades, the carbon sink in terrestrial ecosystems has been increasing and is responsible 
for the removal of about a quarter of anthropogenic carbon emission to the atmosphere, but the 
causes for this increase remain elusive. Climatic, atmospheric compositional  and vegetation structural 
changes are the possible main causes. Earth system models simulated 18-32% increases in 
photosynthetic uptake for different plant functional types per 100 ppm increase in atmospheric CO2 
concentration since 1960 (Smith et al., 2015, PNAS), while estimates based on satellite surface 
observations since 1981 show much lower increases (3-10% per 100 ppm). Free Air CO2 Enrichment 
experiments showed intermediate values on average.  Climate change is generally perceived to be 
negative on the land sink in recent decades, while limited efforts have been made in quantifying the 
impact of vegetation structural change on the land sink. The purpose of our study is to investigate in a 
comprehensive manner the impacts of all these causes on the land sink at the global scale using 
satellite, climate and nitrogen deposition data since 1981. The main conclusion is that the CO2 
fertilization effect is the major cause of the land sink since 1981 (19% per 100 ppm), while the effects 
of nitrogen deposition and vegetation structural change are both positive but small, and the climatic 
impact on the sink is negative. Specifically, a new time series of global leaf area index (LAI) maps 
from 1981 to 2012 is derived from satellite data, and a diagnostic process model BEPS (Boreal 
Ecosystem Productivity Simulator) is used to simulate the various physical and biological processes 
associated with the carbon cycle using the LAI, climate, nitrogen deposition and soil texture inputs. 
The model is optimized using tower flux data at 90 sites for different plant functional types, and the 
simulated annual global land sink compares reasonably well (r2=0.44, RMSE=0.4 PgC y-1) with the 
land residual sink estimated by the Global Carbon Project Office (Quéré C.L. et al. 2014, Earth 
System Science Data, 6, 235-263). Assuming a well mixed atmosphere at the annual scale, BEPS 
also simulates the atmospheric CO2 concentration as affected by the land sink. With all causes 
considered, the simulated atmospheric CO2 concentration tracks the observation at Mauna Loa to 
within 2 ppm, but without the CO2 fertilization effect, the atmospheric CO2 concentration would have 
been 80 ppm higher than the observation in 2012, showing the large accumulated effect of CO2 
fertilization since 1981. Without the accumulated effect of climate since 1981, the simulated CO2 
concentration in 2012 would have been lower by 28 ppm, while the LAI change and nitrogen 
deposition only contributed to the reduction of atmospheric CO2 by 4 and 3 ppm, respectively, over the 
same period. 
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Spatial pattern analysis on soil carbon sequestration potential of crop-residue 
return in China based on model simulation  

Chen, Jinghua* (1,2); Wang, Shaoqiang (1,2)  
1: Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, China; 2: College of 
Resources and Environment, University of Chinese Academy of Sciences, China  

Crop-residue return is regarded as one of recommended management practices, and it’s of 
significance for soil carbon sequestration and CO2 mitigation in China. However, only around 30% of 
crop residues are directly returned into cropland, while around 20% (ranged from 17% to 22.3%) of 
crop residues are directly burned in the field and 25% are used as household fuels. Although previous 
studies of crop-residue return mainly assessed soil organic carbon (SOC) sequestration in China, 
some studies didn’t consider spatial variability of SOC sequestration based on statistical data and 
linear relationship, and some studies neglected utilization status quo of crop residues under simulated 
simple return scenarios based on models. Using a process-based model (EPIC), we spatial explicitly 
simulated the topsoil organic carbon storage changes under 4 crop-residue return scenarios (CR0%, 
CR30%, CR50% and CR75%) in China, and analyzed the SOC sequestration potential across 
agricultural regions and cropping systems. The cropland soil in China is estimated to lost carbon at the 
rate of 28.89 Tg yr-1 without crop-residue return. Despite the carbon loss is still on, it has already been 
mitigated by the actual crop-residue return (CR30%) at 22.39 Tg C yr-1. Compared to CR30%, the 
SOC sequestration potentials of cropland are estimated as 25.53 Tg C yr-1 in CR50% and 52.85 Tg C 
yr-1 in CR75% but with high variability across agricultural regions. For regional SOC sequestration 
potential, the croplands of North China perform best, reaching to 8.67 Tg C yr-1 in CR50% and 14.79 
Tg C yr-1 in CR75%. The national average SOC sequestration potential in density of CR50% and 
CR75% correspond to 0.36 t C ha-1 yr-1 and 0.72 t C ha-1 yr-1 respectively, and two highest regional 
averages are found in Northwest and North China while the lowest in East. Besides, the comparison 
between cropping systems shows that crop-residue return in dryland (0.27 t C /t Crop residue in 
CR50%, 0.25 t C /t Crop residue in CR75%) is usually more efficient than that in paddy field (0.13 t C 
/t Crop residue in CR50%, 0.19 t C /t Crop residue in CR75%). We advocates returning the part of 
crop-residue burned in the fields and used as household fuels into cropland to enhancing C uptake 
and, North China and dryland are relatively worthy of being pioneer. 
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Inverse estimates of North Atlantic CO2 uptake using shipboard measurements 
and surface sites  

Chen, Zhaohui* (1); Suntharalingam, Parvadha (1); Watson, Andrew (2); Schuster, Ute (2)  
1: University of East Anglia, United Kingdom; 2: University of Exeter, United Kingdom  

Atmospheric CO2 measurements from the global NOAA-GMD network of surface sites [Masarie et al. 
2014] have been widely used to estimate surface carbon dioxide fluxes using inverse methods.  The 
sparse distribution of observation sites in many ocean basins presents challenges in deriving accurate 
estimates of regional oceanic fluxes using inverse methods.  Autonomous quasi-continuous 
measurements of pCO2  in surface seawater and in the marine atmosphere have been collected on 
merchant ships in the North Atlantic since 2002 (Schuster and Watson, 2007). These number over 
200000 records of atmospheric CO2 for this region during the period 2006~2012.  These shipboard 
atmospheric CO2 observations provide information on the sea-air carbon flux variability and net uptake 
in the North Atlantic, and have not previously been incorporated in inverse estimates. In this analysis 
we evaluate the utility of these atmospheric CO2 measurements, in comparison to the surface fixed-
site network, to provide additional constraints on North Atlantic CO2 flux estimates derived from data 
assimilation methods. 
We derive flux estimates using the LETKF-GEOSChem system which combines the 3-D transport 
model GEOS-Chem with the Local Ensemble Transform Kalman Filter (LETKF) data assimilation 
method [Hunt et.al.2007; Miyoshi et al.2007].  Atmospheric CO2 mixing ratio measurements from the 
network of surface sites reported in the GLOBALVIEW-CO2 data synthesis product (Masarie et 
al.2014) are used together with the atmospheric shipboard measurements reported by Schuster and 
Watson (2007) and Schuster et.al.(2013). We estimate fluxes at the model grid-scale (2o x 2.5o) and at 
monthly timescales, along with associated flux uncertainty metrics (Chen et al. 2016) for the period 
2006~2012. 
Initial results indicate a posterior flux uncertainty reductions of at least 10%   for regional North Atlantic 
CO2 uptake, when constrained by a combined observation network incorporating shipboard and 
surface site measurements in comparison to the fixed surface site network alone. The atmospheric 
CO2 shipboard measurements therefore provide valuable additional constraints towards estimates of 
North Atlantic CO2 fluxes.  
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The comparison analysis for various global Greenhouse emissions inventories 
datasets  

Cong, Richao*; Saito, Makoto; Hirata, Ryuichi; Ito, Akihiko; Maksyutov, Shamil  
National Institute for Environmental Studies, Japan  

National greenhouse gas (GHG) inventory is made to represent the annual national GHG emissions or 
removals by sources which is a critical element for the global carbon budget estimation. The 2006 
Intergovernmental Panel on Climate Change (IPCC) Guidelines for national GHG inventories have 
provided methodologies for compiling global GHG inventories. Over a decade  passed, various 
datasets of global GHG inventories have been compiled. The comparisons analysis between them will 
attract many concerns. Furthermore, comprehensive analysis between different datasets is still limited. 
In this paper, 17 datasets of that are characterized and discussed so that the scientists, policymakers 
and funding agencies could have a better understanding on the current state of them. 
For the comparison, counted countries number, time series, data authority, IPCC relevance and 
resolution scale of the datasets are made as indictors for evaluating the 6 datasets which own gridded 
maps. For that, the datasets come from Carbon Dioxide Information Analysis Center (CDIAC), 
Emissions Database for Global Atmospheric Research (EDGAR), Fossil fuel Data Assimilation System 
(FFDAS), Regional Emission inventory in Asia made by National Institute for Environmental Studies 
(NIES-REAS), Open-source Data Inventory of Anthropogenic CO2 (ODIAC) and the dataset made by 
Peking University (PKU) are compared together. And the rest of 11 datasets without gridded maps are 
evaluated in particular. The values of all indictors under standardization processing are summarized 
as the total score for each dataset. As a result, the ranking of 6 datasets with gridded maps is 
obtained as: EDGAR, CDIAC, FFDAS, NIES-REAS, ODIAC and PKU. 
In addition, 6 datasets are picked out for discrepancy analysis on CO2 emissions of 4 counties and 
global total in 2000. After the mean absolute deviation(MAD) processing, the discrepancy value is 
estimated by using MAD divided by the mean value as 1.99% (for USA), 3.38% (for Japan), 3.55% (for 
Russia), 4.76% (for China) and 2.85% for the global total. The largest discrepancy is from China, the 
smallest one is from USA. The reasons for that are mainly considered as the discrepancy of data 
sources, calculation methods and emission factors. 
The analysis results would provide references for dataset users when improving on an existing 
inventory dataset or establishing a new one. 
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5 years of ICOS compliant in situ GHG measurements at OPE: major results on 
CO2, CH4, N2O, CO seasonal and diurnal cycles  

Conil, Sébastien* (1); Langrene, Laurent (1); Simon, Maxime (1); Laurent, Olivier (2); Delmotte, 
Marc (2); Ramonet, Michel (2)  
1: Andra, France; 2: LSCE, France  

Andra and LSCE are jointly operating an ICOS atmospheric station at OPE in eastern France. The 
station is located on top of the surrounding hills at around 400m altitude in a rural background area. It 
has been equipped with a robust and autonomous sampling system that can be remotely controlled. 
Recent spectrometry based analyzers are used to perform continuous measurements of CO2, CH4, 
CO, N2O and H2O at three levels 10m, 50m and 120m height on a tower. Since 2016 ICOS standards 
from the ICOS Central Analytical Laboratories are in operation. 
The set up of the station, the quality control and calibration strategy will be presented in a separate 
poster at GGMT 2017. In this poster, we will present the major results obtained during the last 5 years 
on CO2, CH4, N2O, CO. The seasonal and diurnal cycles will be shown (with vertical gradients). Wind 
sectors analysis and species ratio will also be presented. 
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Evaluation of a high resolution atmospheric modelling system against 
observed data from a dense network of continuous CO2 and CH4 measurement 
stations across France  

El Yazidi, Abdelhadi*; Ramonet, Michel; Ciais, Philippe; Pison, Isabelle; Broquet, Gregoire; 
Delmotte, Marc  
Laboratoire des Sciences du Climat et de l'Environnement, France  

In the context of greenhouse gas (GHG) emission reductions for the next decade, the European 
countries work together in order to develop robust methods for monitoring and verifying their sources 
and sinks. The implementation of dense atmospheric monitoring surface networks such as the 
Integrated Carbon Observation System (ICOS) provides novel data for emission quantification at 
national and sub-national scales. Data assimilation approaches using numerical atmospheric transport 
models together with observed atmospheric concentrations, are used to constrain GHG sources and 
sinks. The main advantages of the so called inverse methods is to bring an independent method for 
the verification of GHG inventories at the national scale. This study aims at developing an innovative 
inverse modelling framework using GHG measurements from the ICOS network, meteorological data 
and national emission inventories in order to improve the estimates of sources and natural sinks in 
France. The monitoring network provide a set of continuous measured data across France in near real 
time. We have access to 6 GHG monitoring stations in France including 3 near borders. We sudy the 
representativeness of GHG concentrations depending on the meteorological situation, with the 
objective to optimize the constrained GHG fluxes. A set of 8 forward simulations is performed using 
the Eulerian off-line chemistry-transport model CHIMERE with two meteorological fields, two biogenic 
models, and two anthropogenic inventories. The set of simulation is compared to measurements, in 
order to assess the sensitivity of simulated concentration to various input data at national and sub-
national scales. In plains sites low resolution meteorological data (15 km) improves the simulated 
GHG concentrations compared to a high resolution model. However, at mountain sites the higher 
resolution model (2.5km) decreases the rmse compared to measurements, by 1 ppm for CO2 and 10 
ppb for CH4 .The 8 simulations are able to represent the weather regimes, and the way the 
atmospheric concentrations vary during specific events (e.g. heatwaves, anticyclonic events in winter 
during which an increase of pollutants and GHG concentrations is observed near the surface). This 
comparison between observations and the 8 forward simulations demonstrates the need to choose the 
best input data to insure a robust inversion system. Currently, we are evaluating the set of input data 
for CHIMERE, in order to provide the best couple of transport and fluxes for inverse simulations of 
GHG in France. 
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Large-scale variability and changes in Southern Ocean carbon: The Drake 
Passage bellwether  

Fay, Amanda R.* (1); Lovenduski, Nicole S. (2); McKinley, Galen A. (3); Munro, David R. (2); 
Sweeney, Colm (4,5); Williams, Nancy (6); Gray, Alison R. (7)  
1: Space Science and Engineering Center, University of Wisconsin-Madison, USA; 2: Department of Atmospheric & Oceanic 
Sciences and Institute of Arctic and Alpine Research, University of Colorado, Boulder, USA; 3: Atmospheric and Oceanic 
Sciences Department, University of Wisconsin-Madison, USA; 4: Cooperative Institute for Research in Environmental Sciences, 
University of Colorado, Boulder, USA; 5: NOAA Earth System Research Laboratory, Boulder, USA; 6: College of Earth, Ocean, 
and Atmospheric Sciences, Oregon State University, USA; 7: Program in Atmospheric and Oceanic Sciences, Princeton 
University, USA  

The Southern Ocean is highly under-sampled with respect to variables needed to assess trends in air-
sea carbon dioxide fluxes and total carbon uptake. Since this region is dominant to the mean global 
ocean sink for anthropogenic carbon, understanding temporal change is critical. Underway 
measurements of the partial pressure of carbon dioxide (pCO2) collected as part of the Drake Passage 
Time-series (DPT) program beginning in 2002, can inform our understanding of changing air-sea 
carbon fluxes in the Southern Ocean. Here, we use underway pCO2 data from the Drake Passage to 
investigate pCO2 seasonality, variability, and long-term trends in Drake Passage. Further comparisons 
with the entire SOCATv4 dataset (Bakker et al. 2016) are used to assess how representative these 
are of the larger Southern Ocean. 
We find that the high temporal density of sampling by the DPT is critical for capturing the full seasonal 
cycle of surface pCO2 in this region. Although more data are needed to reduce uncertainties, 
especially during winter months, trend analyses with available data both within the Drake Passage and 
the broader Southern Ocean show that carbon uptake strengthened beginning in the mid 2000s. The 
impact on these trends of adding estimated pCO2 from newly-available Southern Ocean Carbon and 
Climate Observations and Modeling project (SOCCOM) floats is also evaluated. Going forward, 
continuation of existing time-series and the addition of new data sources will continue to reduce 
uncertainties and increase our ability to monitor change in the ocean carbon sink. 
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CO2 temporal variations in a rural area of northern Spain described by 
harmonic and kernel functions  

Fernández-Duque, Beatriz*; Pérez, Isidro.A; García, M. Ángeles; Pardo, Nuria; Sánchez, M. 
Luisa  
Department of Applied Physics, Faculty of Sciences, University of Valladolid, Spain  

The evolution of CO2 in terms of trends and seasonality is analyzed employing harmonic and kernel 
functions. CO2 dry mixing ratios were continuously obtained at the Low Atmosphere Research Centre 
(CIBA) on the upper Spanish plateau (41°48′49″ N, 4°55′59″ W) using a Picarro analyzer (G1301). 
Semi-hourly measurements from 15 October 2010 to 29 February 2016 were considered and divided 
into diurnal and nocturnal records. 
A harmonic function based on a third-degree polynomial term and a series of four harmonics was 
applied. The polynomial provides information about the trend whereas the harmonic component 
supplies the seasonality. Each harmonic considers the amplitude as a fixed and variable term over 
time, giving more accurate results and greater data adjustment. Sharp differences were found 
between daytime and night-time records. An increasing trend was reported over the whole study 
period (2.32 ppm year-1 for daytime and 2.15 ppm year-1 for night-time). CO2 showed a more 
accelerating trend in autumn during night-time (2.21 ppm year-1) due to increased respiration 
processes. Nocturnal CO2 amplitudes were higher than diurnal ones except in winter due to 
anthropogenic emissions and lower assimilation rates. 
As regards the kernel functions, two bandwidths were considered, one to express the trend (500 days) 
and a second (80 days) to express seasonality. Six kernel functions, Epanechnikov, Gaussian, 
biweight, tricubic, rectangular and triangle, were then applied to the dataset with the previously 
established bandwidths. The determination coefficient (r2) between each kernel and the experimental 
data was used to estimate the goodness of the data fit. Better adjustments were obtained for the 
seasonality (around 0.43) than for the trend (below 0.42). The best fit for the CO2 trend mixing ratios 
was obtained by the biweight kernel (above 0.38) and the worst by the Gaussian kernel (below 0.31). 
In contrast, the best adjustment for seasonality was achieved from the Gaussian kernel during the 
daytime (0.45) and the triangular kernel at night-time (0.47). The worst data fit was obtained from the 
rectangular kernel (around 0.39 in both periods). 
Finally, applying harmonic and kernel functions to other terrestrial ecosystems might improve current 
knowledge of CO2 in other environments, thereby increasing the effectiveness of climate change 
policies. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 31 of 463 

   

Oral Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: atmosphere, CO2, CO2 isotopes, westerly duct  

Intermittent behaviour in the seasonal inter-hemispheric exchange of 12CO2 
and 13CO2  

Francey, Roger James (1); Frederiksen, Jorgen (1); Loh, Zoe* (1); Trudinger, Cathy (1); Allison, 
Colin (1); Krummel, Paul (1); Langenfelds, Ray (1); Law, Rachel (1); Haverd, Vanessa (2)  
1: CSIRO, Oceans and Atmosphere, Aspendale, Australia; 2: CSIRO, Oceans and Atmosphere, Yarralumla, Australia  

Recent changes in the annual average CO2 inter-hemispheric difference frequently coincide with 
decreased winds in the westerly duct[1], a region above ~6 km over the equatorial Pacific. This is 
caused by winds impinging the Himalayas that episodically penetrate equatorial tropical convection. 
The coincidence of an ‘open duct’ (with associated increased turbulent kinetic energy) and near-
maximum interhemispheric CO2 difference in the boreal winter expedites CO2 
exchange[2]. Intermittently through previous decades, the westerly winds have been abnormally low or 
missing during the boreal winter. These occasions coincide with anomalies in CO2 measured in 
baseline conditions at Mauna Loa and Cape Grim and the interhemispheric difference using 25-year 
CSIRO GASLAB data (with the extreme cases visible throughout most of the iconic Keeling 5-decade 
Mauna Loa-South Pole CO2 records[3]). When the duct is open, the strength of westerly winds exhibits 
an anti-correlation with the Pacific Decadal Oscillation that is reflected in Mauna Loa CO2 
seasonality. Isotopic signals in the interhemispheric difference and seasonal behaviour imply that a 
significant terrestrial contribution to the Southern Hemisphere CO2 seasonality is Northern 
Hemisphere CO2 transferred rapidly in brief periods around February each year. Atmospheric CO2 
inversions without the duct do not allow for this this CO2 exchange process, instead generally 
attributing spatial changes to terrestrial source/sinks. 

[1] Webster, P. J., and Holton, J. R. Cross-equatorial response to mid-latitude forcing in a zonally 
varying basic state. J. Atmos. Sci. 39, 722-733 (1982) [2] Francey, R. J. and Frederiksen, J. S. The 
2009–2010 step in atmospheric CO2 interhemispheric difference. Biogeosciences 13, 873- 885 
(2016) [3] Keeling, R. F., Piper, S. C., Bollenbacher, A. F., and Walker, J. S.  Atmospheric CO2 
records from sites in the SIO air sampling network. In Trends: A Compendium of Data on Global 
Change. Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. 
Department of Energy, Oak Ridge, Tenn., USA (2009) 
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How much ‚bio’ is in fuel?  

Friedrich, Ronny* (1); Hammer, Samuel (2)  
1: Curt-Engelhorn-Zentrum Archäometrie, Mannheim, Germany; 2: Institut für Umweltphysik, Heidelberg University, Germany  

The EU biofuel directive introduced a schedule of increasing rates of biofuels to fossil fuels. Biofuels 
can be used either pure or blended into fossil fuels in order to achieve those goals. Germany has, in 
2009, fixed its biofuel rates to an average of 6.25%. Starting in 2015 the German biofuel market will 
undergo another change, abandoning the minimum percentages of biofuel admixture to a new model 
of generally reducing greenhouse gas emissions collectively to 3.5% in 2015 to 6% by 2020. 
Modeling atmospheric fossil-fuel CO2 mixing ratios (ffCO2) is based on the amount of bioethanol 
admixed into fuel products and a can only be taken from publicly available statistics provided by the oil 
producing industry. Those numbers represent monthly averages of all their products but do not resolve 
actual biofuel rates on a local scale.  
In order to model ffCO2 especially in very localized measurement sites, a more detailed knowledge of 
biofuel rates is desired. 
We will present a local study, looking into actual absolute amounts of bioethanol admixture offered in 
various gas stations throughout the city of Heidelberg, Germany, and their variation over time.  
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Impact of North Atlantic freshening on sea surface fCO2  

Fröb, Friederike* (1,2); Olsen, Are (1,2); Becker, Meike (1,2); Chafik, Léon (1,2); Reverdin, Gilles 
(3); Omar, Abdirahman (2,4); Johannesen, Truls (1,4)  
1: Geophysical Institute, University of Bergen, Norway; 2: Bjerknes Centre for Climate Research, Bergen, Norway; 3: 
LOCEAN/IPSL, Paris, France; 4: Uni Research, Uni Climate, Bergen, Norway  

Air-sea CO2 fluxes vary on decadal timescales, mainly driven by surface ocean CO2 fugacity 
variability. Here we analyse fCO2 winter data collected on the VOS M/V Nuka Arctica in the subpolar 
North Atlantic from 2004 to 2014. Surface fCO2 trends are slightly lower in the Irminger Sea due to 
recurring deep convection, while towards the east, the surface fCO2 trends largely track the 
atmosphere. These surface carbon trends are driven by changes in sea surface temperature, salinity, 
dissolved inorganic carbon and alkalinity. After 2005, the North Atlantic surface ocean significantly 
cooled, which had a negative contribution to the observed fCO2 trend. In the Irminger Sea, the 
increase in DIC by the accumulation of anthropogenic CO2, was the main driver for the increase in 
fCO2. In the Iceland Basin, however, alkalinity reduction as a result of a large decline in salinity 
exceeded contributions by DIC to the increasing pCO2 trend. The large freshening has been linked to 
decadal large scale circulation changes. Here we estimate the effect that shifting bodies of freshwater 
in the North Atlantic has on air-sea CO2 fluxes. Our results show how valuable continuous sea surface 
ocean observations of carbon properties are in order to better understand the role that regional 
internal climate variability has on the oceanic uptake efficiency of atmospheric CO2. 
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Variations of atmospheric methane and its carbon and hydrogen isotopic ratios 
in the upper troposphere/lowermost stratosphere over the Eurasian Continent 
observed by commercial aircraft  

Fujita, Ryo* (1); Morimoto, Shinji (1); Inai, Yoichi (1); Aoki, Shuji (1); Machida, Toshinobu (2); 
Sawa, Yousuke (3); Matsueda, Hidekazu (3); Niwa, Yosuke (3); Tsuboi, Kazuhiro (3); Katsumata, 
Keiichi (2); Umezawa, Taku (2); Nakazawa, Takakiyo (1)  
1: Center for Atmospheric and Oceanic Studies, Graduate School of Science, Tohoku University; 2: National Institute for 
Environmental Studies; 3: Meteorological Research Institute  

Simultaneous observations of CH4 concentration and its isotopic ratios (δ13C and δD) are useful for 
examining chemical reactions of CH4 as well as transport and mixing processes in the 
stratosphere.  However, quite limited data only by a few campaign programs have been reported 
[Sugawara et al., 1997; Rice et al., 2003; Röckmann et al., 2011].  In this study, we present 
spatiotemporal variations of CH4, δ13C and δD obtained by monthly air samplings on-board 
commercial airliners in the upper troposphere/lowermost stratosphere (UT/LMS) over the Eurasian 
continent since April 2012.  In the LMS, CH4 and δ13C, δD showed clear aniti-phase seasonal 
variations; seasonal maximum (minimum) of the CH4 concentration (δ13C, δD)was found in November 
to January and seasonal minimum (maximum) was in March to May.  The observed seasonal 
variations are to a large extent explained by seasonal dynamics in the LMS: effective flushing of the 
LMS air with the tropospheric air (high CH4 and low δ13C and δD) in summer to autumn, and by 
subsidence of the deeper stratospheric air (low CH4 and high δ13C and δD) in winter to spring.  We 
also examined the chemical pathways of CH4 destruction in the UT/LMS region based on correlations 
between CH4 and δ13C and δD.  The individual air samples were grouped for their latitudinal origins 
inferred from the 20-day backward trajectory analyses, and it was indicated that chemical processes of 
CH4 are different in the topical UT and the extra-tropical LMS, respectively.  However, we also found 
that the stratospheric transport and associated mixing processes could attenuate the apparent isotope 
fractionation (i.e. estimated from the observed data) from that expected by the underlying chemistry 
alone.  This effect might have caused the springtime seasonal trend in the slope of δD against CH4 in 
the lower CH4 concentration region (< ~1700 ppb); the slope decreased from mid-April to mid-May, 
which may suggest the occurrence of end-member mixing between mid-stratospheric air and polar 
LMS air. 
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Evidence for a large chaotic contribution to total variability of Southern Ocean 
air-sea CO2 fluxes at interannual timescales  

Gehlen, Marion* (1); Séférian, Roland (2); Penduff, Thierry (3); Ethé, Christian (4)  
1: IPSL/LSCE, Laboratoire des Sciences du Climat et de l'Environnement, France; 2: CNRM, Centre National de Recherches 
Météorologiques, France; 3: IGE/MEOM, Institut des Géosciences de l'Environnement, France; 4: IPSL, Institut Pierre Simon 
Laplace, France  

Intrinsic variability is internally generated through nonlinearities in the turbulent regime. It has a chaotic 
behaviour and interacts with the atmospherically driven variability. Recent global ocean circulation 
simulations suggest that, when mesoscale turbulence is resolved, intrinsic variability contributes up to 
70% to the total variability of physical variables at interannual timescales over the Southern Ocean. 
Ocean intrinsic variability is expected to contribute significantly to total variability of biogeochemical 
properties, including carbon system variables through the subsurface-to-surface mixing of nutrients 
and carbon-related fields. It impacts on biogeochemistry remain, however, unexplored. This study 
addresses the impacts of physical ocean intrinsic variability on air-sea CO2 fluxes with focus on the 
Southern Ocean. This major sink region for anthropogenic carbon is characterized by a large 
variability of air-sea CO2 fluxes, which is usually interpreted as the response of ocean physics to 
modes of atmospheric variability at inter-annual to decadal timescales. However, both past and recent 
quantifications of the carbon sink mostly rely on coarse-resolution coupled physical-biogeochemical 
ocean general circulation models devoid of intrinsic variability, along with inverse modeling or 
statistical (e.g. neural networks) approaches. We use an ensemble of three global physical-
biogeochemical coupled simulations at eddy-permitting resolution created by perturbing their initial 
conditions. We present evidence for the emergence of strong low-frequency intrinsic variability in air-
sea CO2 exchange. Its geographic distribution is similar to that of physical drivers (e.g. SST, MLD) 
with maxima in areas of high kinetic energy. Its contribution to the total variability of Southern Ocean 
air-sea CO2 fluxes exceeds 50% over large areas. By analogy to weather forecasting, intrinsic 
variability corresponds to the unpredictable part of the signal. It sets the limit to our capability to predict 
the variability of Southern Ocean air-sea CO2 fluxes and has consequences for the design of 
observing systems. 
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Estimation of the carbonate system parameters in the Mediterranean Sea  

Gemayel, Elissar* (1); Hassoun, Abed El Rahman (1); Benallal, Mohamed Anis (2); Goyet, 
Catherine (3,4); Touratier, Franck (3,4); Abboud-Abi Saab, Marie (1)  
1: National Council for Scientific Research, Lebanon (Lebanese Republic); 2: Department of Computer Science, Faculty of 
Computer Sciences and Mathematics, University of Science and Technology of Oran Mohamed Boudiaf (USTO-MB), Oran, 
Algeria.; 3: IMAGES_ESPACE-DEV, Université de Perpignan Via Domitia, Perpignan, France; 4: ESPACE-DEV, UG UA UR 
UM IRD, Montpellier, France  

The seven years (2005-2012) average fields of AT and CT mapped at 0.25º resolution were used to 
derive the carbonate system parameters in the Mediterranean Sea surface waters. The derived 
parameters were the pH in total scale at a reference temperature of 25ºC (pHT25), the calcium 
carbonate (calcite and aragonite) saturation states, the Revelle factor and the air-sea CO2 fluxes. 
The mapped seven years average fields show that the surface pHT25 ranged from a minimum of 7.92 
in the Alboran sub-basin, to a maximum of 8.09 in the Aegean sub-basin. The calcium carbonate 
saturation states showed that all Mediterranean surface waters are strongly oversaturated with calcite 
and aragonite with an average of respectively 5.4 ± 0.24 and 3.6 ± 0.17. Moreover there was a general 
increasing West-East gradient in the variations of surface pHT25 and the calcite and aragonite 
saturation degree. The average Revelle factor of 9.6 quantifies the Mediterranean Sea’s sensitivity to 
an increase in atmospheric CO2. Overall, the Eastern Mediterranean is more sensitive to the increase 
of atmospheric CO2 than the Western Mediterranean with Revelle factors of respectively 9.4 and 10.4. 
The annual net air-sea CO2 fluxes varied from a minimum of - 0.1 mol.m-2.y-1 in the Ligurian sub-basin 
to a maximum of 2.3 mol.m-2.y-1 in the Levantine sub-basin. There was also a general decreasing 
North-South gradient in surface air-sea CO2 fluxes variations. The seven years average air-sea CO2 
flux of 1.03 ± 0.44 mol.m-2.y-1 show that the Mediterranean Sea acts as a source of atmospheric CO2.  
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Application of trajectory clustering and source attribution methods for 
investigating regional CO2 concentrations at Germany’s highest mountain site  

Giemsa, Esther Maria* (1); Jacobeit, Jucundus (1); Ries, Ludwig (2); Frank, Gabriele (3); 
Hachinger, Stephan (4); Meyer-Arnek, Julian (5)  
1: Institute of Geography (IGUA), University of Augsburg, Germany; 2: German Environment Agency (UBA), Environmental 
Research Station Schneefernerhaus, Germany; 3: German Meteorological Service (DWD), Radioactivity monitoring, Germany; 
4: Leibniz-Rechenzentrum (LRZ), Distributed Resources Group, Germany; 5: German Aerospace Center (DLR), German 
Remote Sensing Data Center – Atmosphere, Germany  

Carbon dioxide (CO2) represents the most important contributor to increased radiative forcing 
enhancing it by contemporary 1.68 [+/-0.35] W/m2 on the global average (IPCC 2013). The unbroken 
increase of this most notorious atmospheric greenhouse gas has been unequivocally attributed to 
human emissions mainly coming from fossil fuel burning and land-use changes, while the oceans and 
terrestrial ecosystems somewhat attenuate this rise with seasonally varying strength. Short-term 
fluctuations in the CO2 concentrations that superimpose the seasonal cycle and the climate change 
driven trend reflect the presence of regional sources and sinks. A perfect place for investigating the 
comprehensive influence of these regional emissions is provided by the Environmental Research 
Station Schneefernerhaus (47.42°N, 10.98°E, 2.650m a.s.l.) situated in the eastern Alps at the 
southern side of Zugspitze mountain. Located just 300m below the highest peak of the German Alps, 
the exposed site is one of the currently 30 global core sites of the World Meteorological Organisation 
(WMO) Global Atmosphere Watch (GAW) programme and thus provides ideal conditions to study 
source-receptor relationships for greenhouse gases. 
We propose a stepwise statistical methodology for examining the relationship between synoptic-scale 
atmospheric transport patterns and climate gas mole fractions to finally receive a characterization of 
the sampling site with regard to the key processes driving CO2 concentration levels. The first step 
entails a reliable radon-based filtering approach to subdivide the detected air masses according to 
their regional or ‘background’ origin. Simultaneously, a large number of ten-day back-trajectories from 
Schneefernerhaus every two hours over the entire study period 2011 – 2015 is calculated with the 
Lagrangian transport and dispersion model FLEXPART (Stohl et al. 2005) and subjected to cluster 
analysis. The weather- and emission strength-related (short-term) components of the regional CO2 
concentration time-series are assigned to the back-trajectory clusters. The significant differences in 
the distributions of the greenhouse gas associated with each cluster are confirmed by the non-
parametric Kruskal-Wallis test thereby delivering the prerequisites for further investigations, in 
particular by Potential Source Contribution Functions for the detection of probable locations of within-
cluster emission sources. The advantages of this comprehensive approach are site-specificity (by 
considering trajectories arriving at Schneefernerhaus as well as a site-appropriate filter method) and 
concentration-specificity (detection of CO2-intrinsic source regions) combined with reflecting the space 
and time scales related to the synoptic flow patterns in source attribution studies. 
This research received funding from the German Environment Agency and the Bavarian State Ministry 
of the Environment and Consumer Protection. 
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Temporal variations of atmospheric O2 and CO2 at a coastal site in the 
northeastern part of the main island of Japan  

Goto, Daisuke* (1); Morimoto, Shinji (2); Aoki, Shuji (2); Nakazawa, Takakiyo (2)  
1: National Institute of Polar Research, Japan; 2: Tohoku University, Japan  

For a better understanding of the global carbon cycle, systematic and continuous observations of 
atmospheric O2 (defined as δ(O2/N2)) and CO2 mole fraction were initiated on Enoshima Island (38.38 
°N, 141.58 °E), Japan in October 2008. Enoshima Island is a small island with a population of 100 
people or less, located off the northeastern coast of the main island of Japan. We present the 
observational results obtained for the period 2008–2016 at Enoshima site. The δ(O2/N2) value showed 
a clear seasonal cycle with a minimum in middle March to early April and a maximum in middle 
August, superimposed on a secular decrease with an average rate of −26.6 per meg yr−1. The CO2 
mole fraction increased secularly with an average rate of 2.6 ppm yr−1 and varied seasonally in 
opposite phase with the δ(O2/N2). Short-term variations on time scales of several hours to several 
days were also clearly observed for both variables. During the periods from November to April, it was 
often seen that the δ(O2/N2) sharply decline in a short time, accompanied by an increase in the CO2 
mole fraction, and the low values last for several hours to a few days. The −O2:CO2 exchange ratio 
was found to be 1.31–1.42 ppm/ppm for such short-term variations. Since these ratios are in good 
agreement with a mean value of the −O2:CO2 exchange ratio calculated for fossil fuel consumption in 
Japan, the observed decline in δ(O2/N2) and the corresponding increase in CO2 are mostly ascribed to 
the transport of urban air by seasonal prevailing westerly winds from the mainland. Irregular short-term 
variations of APO (=O2+1.1×CO2) were also observed in spring and summer. By comparing the 
backward trajectories with the distributions of marine net primary production around Japan, it was 
found that the short-term APO variations are closely related to O2 emissions by marine biological 
production in the northwestern part of the Pacific Ocean. 
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Seasonal - Interannual - Decadal variability of the CO2 sink in the Southern 
Ocean: wind stress is still the dominant driver  

Gregor, Luke* (1,2); Monteiro, Pedro M S (2); Kok, Schalk (3)  
1: University of Cape Town, South Africa; 2: Southern Ocean Carbon-Climate Observatory, CSIR; 3: Department of Mechanical 
& Aeronautical Engineering, University of Pretoria, South Africa  

The Southern Ocean plays an important role in regulating global climate due to its importance in 
uptake of anthropogenic CO2 and outgassing of natural CO2 (Marshall and Speer, 2012; Le Quéré et 
al., 2016; DeVries et al., 2017). Net uptake is sensitive to anthropogenically driven atmospheric 
circulation changes, more specifically intensification of the westerlies (Swart and Fyfe, 2012). Inverse 
and empirical modelling have been able to show that the Southern Ocean CO2 sink has been subject 
to change in the last three decades (Le Quéré et al., 2007; Landschützer et al., 2015, 2016). 
Landschützer et al. (2015) showed that the strengthening of the Southern Ocean CO2 sink in the 
2000’s was driven by a shift to zonally asymmetrical atmospheric circulation rather than a reduction in 
the strength of the westerlies. 
Here we use an ensemble of empirical CO2 estimates, coherent with the trends of Landschützer et al. 
(2015), to examine the drivers of interannual CO2 variability. A seasonal–regional framework shows 
that a relaxation of the westerlies over the Indian sector of the Southern Ocean during winter is the 
dominant driver of the reinvigoration. It is also shown that summer variability is dominated by 
chlorophyll variability, particularly in the Atlantic where variability is driven by the complex competition 
between iron and light limitation. The balance between these two drivers of the biological carbon pump 
is determined to a large extent by variability of sea surface temperature and wind-stress anomalies, 
which appear coherent with the variability of the Antarctic Circumpolar Wave as described by White 
and Peterson (1996).  
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Invited Keynote: Recent variability and trends in the global ocean carbon sink  

Gruber, Nicolas* (1); Clement, Dominic (1); Landschützer, Peter (1,2); Tanhua, Toste (3); Ishii, 
Masao (4); Mathis, Jeremy T. (5); Bakker, Dorothee (6); Feely, Richard A. (7); Key, Robert M. (8); 
Olsen, Are (9); van Heuven, Steven (10); Wanninkhof, Rik (11)  
1: ETH Zürich, Switzerland; 2: Max Planck Institute for Meteorology, Hamburg, Germany; 3: GEOMAR Helmholtz-Zentrum für 
Ozeanforschung Kiel, Germany; 4: Japanese Meteorological Research Institute, Tsukuba, Japan; 5: Arctic Research Program 
of the Climate Program Office (CPO) of NOAA; 6: School of Environmental Sciences, University of East Anglia, Norwich, United 
Kingdom; 7: NOAA, Pacific Marine Environmental Laboratory, Seattle, USA; 8: Program in Atmospheric and Oceanic Sciences, 
Princeton University, Princeton, USA; 9: Geophysical Institute & Bjerknes Centre for Climate Research, University of Bergen, 
Norway; 10: Dept. of Ocean Systems,, Royal Netherlands Institute for Sea Research, Texel, The Netherlands; 11: NOAA, 
Atlantic Oceanographic and Meteorological Laboratory, Miami, USA  

The recent community-driven synthesis of global data sets for both the surface and interior ocean, i.e., 
SOCAT (Bakker et al., 2016) and GLODAPv2 (Olsen et al., 2016), gives us the opportunity to develop 
an observation- based perspective on the recent variability and trends of the global ocean carbon sink. 
Here, we synthesize and compare two estimates, one based on surface pCO2 data (Landschützer et 
al., 2016) providing monthly resolved global air-sea CO2 fluxes for the period from 1982 through 2014, 
and one based on ocean interior data providing an estimate of the oceanic accumulation of 
anthropogenic CO2 between the 1990s and the mid-2000s (Gruber et al., in prep.). The surface data 
suggest a substantial amount of decadal variability around a trend that is largely consistent with 
expectations based on the increase in atmospheric CO2. Specifically, we find a period of reduced 
global uptake of CO2 from the atmosphere during the late 1980 and 1990s, resulting in a minimum 
uptake of only −0.8 ± 0.5 Pg C yr−1 in 2000, followed by a considerable strengthening to rates of more 
than −2.0 ± 0.5 Pg C yr−1 around 2010. These decadal variations originate mostly from the 
extratropical oceans and especially the Southern Ocean. The ocean interior data cannot resolve the 
detailed temporal evolution, but provide a time-integrated perspective. These data suggest a global 
increase in the inventory of anthropogenic CO2 of 32±6 Pg C between 1994 and 2007. This contrasts 
with a cumulative net air-sea CO2 flux of only 17±3 Pg C over the same period. Assuming a 
cumulative outgassing flux of ~6 Pg of “natural” carbon stemming from the carbon input by rivers, the 
surface ocean perspective suggests an anthropogenic CO2 uptake of about 23±4 Pg C over the 13 
years, i.e., considerably smaller than the ocean interior estimate of storage, although with overlapping 
uncertainty. Thus, the two perspectives suggest an ocean sink rate for anthropogenic CO2 between 
1.8±0.3 Pg C yr-1 (surface ocean) and 2.5±0.5 Pg C yr-1 (interior ocean) over the 1994 to 2007 period, 
which is consistent with the uptake expected from the increase in atmospheric CO2, although at the 
lower end. The decadal variability seen in the surface ocean data leaves also a detectable imprint in 
the ocean's interior, particularly in the Southern Ocean, where the accumulation of anthropogenic CO2 
between 1994 and 2007 appears to be substantially smaller than expected based on the total amount 
of anthropogenic CO2 stored there between the preindustrial period and 1994. These results, plus 
recent work along individual cruise sections in the Atlantic and Pacific portray an ocean carbon cycle 
that is more variable than expected from models, indicating that the ocean may respond sensitively to 
changes in future climate. 
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14C-based evidence of long-term decreasing atmospheric fossil fuel CO2 in the 
Heidelberg region, Germany  

Hammer, Samuel*; Kromer, Bernd; Kühr, Sabine; Gier, Eva; Levin, Ingeborg  
University of Heidelberg, Germany  

To the present day radiocarbon measurements in atmospheric CO2 yield the most reliable and 
accurate top-down results to estimate fossil fuel CO2 (ffCO2). Studying the depletion of the 14C/C ratio 
in atmospheric CO2 in a polluted area compared to clean background air, is the backbone of this well-
established and entirely observation-based approach. 14C-based ffCO2 estimates can independently 
support bottom-up verification of the nationally determined contributions (NDCs) for the CO2 emission 
reductions as well as their trends under the UNFCCC after COP 21.   
Here we present the updated 14CO2 time series measured in Heidelberg, Germany, from 1986 to 
2015, comprising new corrections for 14CO2 emissions from the surrounding nuclear power plants as 
well as corrections for the combustion of 14C-enriched fire woods. Regional ffCO2 estimates show a 
clear reduction of the ffCO2 concentration in Heidelberg. Compared to 1995, ffCO2 decreased on 
average by 10±2% in the period from 2006 to 2010 and by 20±4% in the period from 2011 to 2015. 
These reductions are in good agreement with trends in bottom-up emission inventories for the 
Heidelberg region. 
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Acidification and carbonate system trends in the Eastern Mediterranean Sea  

Hassoun, Abed El Rahman* (1); Gemayel, Elissar (1); Raad, Najla’a (2); Fakhri, Milad (1); 
Abboud-Abi Saab, Marie (1)  
1: National Council for Scientific Research, National Center for Marine Sciences, Batroun, Lebanon; 2: Université Saint Joseph, 
Faculté des Sciences, Campus des Sciences et technologies, Beirut, Lebanon  

During the last decade numerous studies were undertaken in the Mediterranean Sea in order to 
assess the influence of the excessive atmospheric carbon dioxide absorption on the seawater 
carbonate system parameters. The majority of these studies were conducted in the Northern 
Mediterranean sub-basins, while only occasional samplings were carried out in the Southern sub-
basins, particularly in the Levantine. This work aims to survey the rate of the carbonate system 
change in the Lebanese waters, Easternmost part of the Levantine Sub-basin. High quality 
measurements of hydrographic (salinity and temperature), chemical (nutrients, pH, total alkalinity [AT], 
total dissolved inorganic carbon [CT]) and biological (oxygen, Chlorophyll a, plankton populations) 
parameters are being taken monthly since 2012 between 0 and 80 m, 5 km off Batroun city, North-
Lebanon. Our preliminary results show an annual acidification rate (ΔpH=pH2017–pH2012) of -0.00016 ± 
1.61*10-5 during the last 5 years. This decrease in pH is a sign of acidification in the Lebanese waters, 
not yet well studied. High AT (2637 ± 7 µmol kg-1) concentrations were measured, which reflects the 
high buffering capacity to neutralize acidification tendencies already mentioned in many 
Mediterranean studies. Also, high CT concentrations were noticed (2306 ± 15 µmol kg-1) in the ultra-
oligotrophic Lebanese waters where a high remineralization rate could consume oxygen and enrich 
upper layers with CT. A long-term monitoring of this system in this time-series station could bring more 
insights about the effects of the excessive atmospheric CO2 absorption on the acidification in the 
Eastern Mediterranean sub-basins. 
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Strengthening of Southern Ocean carbon uptake through increasing 
stratification  

Haumann, F. Alexander* (1,2); Gruber, Nicolas (1,2); Münnich, Matthias (1)  
1: Environmental Physics, ETH Zurich, Switzerland; 2: Center for Climate Systems Modeling, ETH Zurich, Switzerland  

To date, the Southern Ocean constitutes the strongest sink for anthropogenic carbon-dioxide in the 
global ocean. Concerns have been raised that increased surface ocean density stratification and 
increased westerly winds due to the anthropogenic perturbation of the climate system could weaken 
this sink and potentially amplify global warming. Here, we present a sensitivity study of the Southern 
Ocean carbon-dioxide uptake in response to stratification changes. In particular, we investigate the 
effect of surface freshwater flux changes from sea ice by forcing a regional ocean circulation model 
with the observed surface flux changes over the period 1982 to 2008. Contrary to expectations, our 
simulations reveal a strengthening of the net carbon-dioxide uptake in response to an increasing 
stratification. This strengthened uptake is mostly a response to an increased surface freshwater input 
from sea ice into the upwelling region, which inhibits the upwelling of deep, warm, and carbon-rich 
waters into the surface layer, and outweighs a reduction of the uptake that is associated with the 
subduction of carbon-dioxide by intermediate and mode waters. Additionally, our simulations reveal no 
substantial reduction in response to changes in the surface winds that occurred over recent decades. 
Consequently, our results provide a potential explanation for the recent finding that the Southern 
Ocean carbon-dioxide sink has not weakened but rather strengthened over recent decades. While this 
response of the ocean in our simulations is the result of a multi-decadal increase in the sea-ice 
freshwater input to the upwelling region over the analysis period, global climate models project a long-
term future decline of the sea-ice cover, which would imply a reversal of the effect. In contrast, in a 
cold glacial climate, stronger sea-ice fluxes could considerably enhance the stratification in the 
upwelling region, resulting in a reduced outgassing of carbon-dioxide, which provides a potential 
explanation for lower atmospheric carbon-dioxide concentrations during past cold climates. 
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Concurrent large-scale drought recovery dominates low-latitude contributions 
to decadal trends of the land carbon sink  

Haverd, Vanessa* (1); Canadell, Josep (1); Trudinger, Cathy (1); Briggs, Peter (1); Smith, Ben 
(2); Woodgate, Will (1); Guerschman, Juan-Pablo (1)  
1: CSIRO, Australia; 2: Lund University, Sweden  

The strength of the land carbon sink, derived as a residual of the global carbon budget, has been 
increasing at a rate of around 0.05 PgCy-1 in recent decades. This increase has been attributed largely 
to the “CO2 fertilisation effect” (the enhancement of photosynthesis due to rising CO2 )1, with a 
dominant contribution from semi-arid ecosystems2, while associated global greening trends3 and semi-
arid greening4 have also been largely attributed to CO2 fertilisation. However decadal trends in the 
land carbon sink can also arise from recovery after major disturbances. Here we show evidence that a 
significant component of the (1982-2011) trend in the global land carbon sink is attributable to 
locations that have experienced positive precipitation trends over the same period, following a period 
of drought and associated elevated tree mortality. Remarkably, these trends are concurrent across 
large regions of the globe, including parts of Africa, Oceania, Latin America and South-East Asia. We 
show that Africa alone contributes 30% of the trend in the global land carbon sink (1982-2011): of this 
contribution, two-thirds is associated directly with recovery from drought, and the remainder with CO2 
fertilisation. The drought recovery response is associated largely with increasing tree Net Primary 
Production as woody-cover regenerates, but also with biomass turnover rates returning to normal after 
a drought-induced peak. Our results are derived from a global terrestrial biosphere model (CABLE), 
subject to multiple observational constraints, and enhanced to include optimal drought response5, as 
well as vegetation structure-function feedbacks via the POP model for tree demography and 
disturbance-mediated landscape heterogeneity6. Results are further supported by trends in remotely-
sensed Vegetation Optical Depth7 and vegetation fractional cover8, and by the TRENDY ensemble of 
terrestrial biosphere models1, filtered based on consistency between model- and observation-based 
carbon-climate sensitivity. Our results highlight the importance of detailed spatial trend attribution in 
global carbon cycle analysis, alongside more traditional attribution by broad latitudinal bands and/or 
land-cover types. Furthermore, the large-scale synchronous drought recovery that we have identified 
has implications for the magnitude of the role that CO2 plays in observed low latitude greening trends.  

1          Sitch, S. et al. Biogeosciences 12, 653-679, (2015). 2          Ahlström, A. et al.  Science 348, 
895-899, (2015). 3          Zhu, Z. et al. Nature Climate Change 6, 791-796, (2016). 4          Donohue, 
R. J., et al. Geophys. Res. Lett. 40, 3031-3035, (2013). 5          Haverd, V. et al. Geosci. Model Dev. 9, 
3111-3122, (2016). 6          Haverd, V. et al. Geophys. Res. Lett. 40, 5234-5239, 
(2013). 7          Andela, N., et al. Biogeosciences 10, 6657-6676, (2013). 8          Guerschman, J. P. et 
al. Remote Sens. of Environ. 113, 928-945, (2009). 
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Invited Keynote: The contributions of Michael Raupbach to carbon cycle 
research  

Haverd, Vanessa* (1); Josep, Canadell (1,2)  
1: CSIRO, Australia; 2: Global Carbon Project  

Mike Raupach made exceptional contributions to carbon cycle research. His research early in his 
career served as a foundation for modern micrometeorology, and he later led groundbreaking studies 
on human perturbations to the global carbon cycle. 
Mike’s early work focused on understanding turbulent flows in vegetation canopies and the transport 
of heat, water, carbon dioxide, and trace gases. This work included the development of one of the first 
infrared hygrometers, which he used to take pioneering eddy covariance measurements of 
evaporation. Over a period of two decades, he combined field observations, wind tunnel experiments 
and theory to transform our understanding of the mechanisms governing the exchange of momentum 
and scalars (water vapour, carbon dioxide and heat) between plant canopies and the atmosphere at a 
range of scales. His theories of land-atmosphere turbulent exchange are embedded in global land-
surface models that directly affect climate prediction, and enable meaningful comparison with flux 
tower observations. 
Later in his career, Mike became a co-founding chair of the Global Carbon Project, a research 
program engaging hundreds of scientists, practitioners, and policy makers. During this period, his 
interests grew from purely biophysical analyses of carbon cycle fluxes to studies that measured 
human impacts as well. He excelled at integrative research, developing the “sink rate”, a diagnostic 
that relates carbon uptake in oceans and on land with the amount of excess atmospheric CO2, and an 
attribution approach to assign rate changes to underlying causes. Mike pioneered research showing 
how global carbon emissions were tracking the most carbon-intensive scenarios of the IPCC. He also 
identified how a century-old declining trend—an improvement—in the carbon intensity of the global 
economy had ceased as emerging economies took center stage in the growth of the global economy. 
Despite his growing interest in global scale problems, Mike maintained a passion for quantitatively 
monitoring the state of the Australian environment. He used model-data fusion methods to jointly 
constrain the land carbon and water cycles — work which led to the first comprehensive assessment 
of the Australian terrestrial carbon budget.  His work on the water-limited ecosystems that dominate 
Australian landscapes contributed to the recent recognition of the role of semi-arid regions in driving 
the large interannual variability of atmospheric CO2. 
During his last decade of research, Mike was a strong advocate for the scientific community to 
combine first-class and societally relevant research. He examined relationships between emissions 
and economic development, contributions of urbanization to global carbon fluxes, drivers of 
greenhouse emissions, and responsibilities of nations to address mitigation and their commitments. 
In this talk, we will give an overview of Mike’s contributions to carbon cycle research, and focus on 
how they relate to current research on attribution of the land carbon sink. 
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Invited Keynote: The ocean carbon cycle modelling of Ernst Maier-Reimer  

Heinze, Christoph*  
University of Bergen, Norway  

The ocean modelling legacy of Ernst Maier-Reimer is of tremendous benefit to his former students as 
well as colleagues and the carbon cycle community at large. An appreciation of his work is given. His 
ocean carbon cycle modelling can be characterised through three attributes: fast, complete, and 
perceptive. Ernst developed a fast ocean general circulation model, which could be run into water 
mass equilibrium, at times when supercomputing resources were scarce and slow as compared to 
today. This opened the door for dynamical, quantitative three-dimensional carbon cycle modelling of 
both the marine inorganic and organic carbon cycles on global scales and up to millennial time scales. 
A speciality of Ernst’s modelling techniques was the development of efficient implicit numerical 
algorithms. He employed an extensive number of different tracers simultaneously in order to construct 
a consistent carbon cycle modelling framework for the ocean and its associated reservoirs 
atmosphere and sediment. Next to the traditional carbon cycle tracers he also used, e.g., different 
isotopes including 13C, radiocarbon, 18O, 39Ar, as well as tritium, and silicon cycle tracers. The oceanic 
production of biogenic matter and the atmospheric CO2 concentration had been prognostic variables in 
his simulations from early on. In the land mark paper Maier-Reimer and Hasselmann (1987, Climate 
Dynamics, 2, 63-90), a blue-print for the simulation of the ocean carbon cycle in Earth system models 
to come was presented. Their quantification included projections of oceanic carbon uptake under 
different emission scenarios, an analysis of the uptake kinetics using an impulse-response function, 
model evaluation using a series of geochemical tracers, and an instructive appendix introducing the 
reader to the inorganic ocean carbon system as well as the Revelle-factor in a very concise 
understandable form. Ernst was generous in sharing his work with many colleagues worldwide, 
leading to large number of collaborative publications. Ernst was instrumental in developing the 
biogeochemical ocean carbon modules for several Earth system models as used presently. We 
continue to learn from his way of ocean modelling. 
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A new data-driven estimation of terrestrial CO2 fluxes in Asia using a 
standardized database of eddy covariance measurements, remote sensing 
data, and support vector regression  

Ichii, Kazuhito* (1,3,4); Ueyama, Masahito (2); Kondo, Masayuki (3); Saigusa, Nobuko (4)  
1: Chiba University, Chiba, Japan; 2: Osaka Prefecture University, Sakai, Japan; 3: Japan Agency for Marine-Earth Science and 
Technology, Yokohama, Japan; 4: National Institute for Environmental Studies, Tsukuba, Japan  

The lack of a standardized database of eddy covariance observations has been an obstacle for data-
driven estimation of terrestrial CO2 fluxes in Asia. In this study, we developed such a standardized 
database using 54 sites from various databases by applying consistent post-processing for data-
driven estimation of terrestrial gross primary productivity (GPP) and net ecosystem exchange (NEE). 
Data-driven estimation was conducted using a machine learning algorithm: the support vector 
regression (SVR), with remote sensing data for 2000 to 2015 period with 0.25 degree resolution. Site-
level evaluation of the estimated CO2 fluxes shows that although performance varies in different 
vegetation and climate classifications, GPP and NEE at 8-day and site mean are reproduced by the 
data-driven estimates (e.g. r2 = 0.73 for 8-day GPP and r2 = 0.42 for 8-day NEE). Evaluation of 
spatially estimated GPP with Global Ozone Monitoring Experiment–2 (GOME-2) sensor-based sun-
induced chlorophyll fluorescence (SIF) data shows that monthly variations of GPP at sub-continental 
scale were reproduced by SVR (r2 = 1.00, 0.94, 0.91, and 0.89 for Siberia, East Asia, South Asia, and 
Southeast Asia, respectively). Evaluation of spatially estimated NEE with net atmosphere–land CO2 
fluxes of Greenhouse Gases Observing Satellite (GOSAT) Level 4A product show that monthly 
variations of these data were consistent in Siberia and East Asia, meanwhile inconsistency were found 
in South Asia and Southeast Asia.  In addition, the differences between GOSAT-based net CO2 fluxes 
(Net Biome Productivity) and SVR-based NEE were partially explained by addition of other fluxes, 
such as land use change, crop harvest, and fire.  These data-driven estimates of GPP and NEE can 
provide a new opportunity to assess CO2 fluxes in Asia, and evaluate and constrain terrestrial 
ecosystem models. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 48 of 463 

   

Poster Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: ocean, ocean acidification, sea-air CO2 flux  

A synthetic reconstruction of global surface ocean CO2 system parameters 
and sea-air CO2 flux  

Iida, Yosuke* (1,2); Takatani, Yusuke (1); Kojima, Atsushi (1,2); Masuda, Shinji (1,2); Nakano, 
Toshiya (1,2); Ishii, Masao (2,1)  
1: Japan Meteorological Agency, Japan; 2: Meteorological Research Institute, Japan  

The ocean has stored approximately 30% of the anthropogenic CO2 during the industrial era, 
moderating the atmospheric CO2 increase, and therefore pH of seawater has decreased. A key 
challenge for further understanding contemporary global carbon cycle and its better projection in the 
high-CO2 world is to evaluate current status, variability and trends of oceanic CO2 sink and 
acidification more precisely. To this end, we reconstructed the monthly global fields of surface ocean 
CO2 system parameters such as dissolved inorganic carbon (DIC), total alkalinity (TA), partial 
pressure of CO2 (pCO2), pH and aragonite saturation state (Ωarg). 
Among several methods to diagnose spatiotemporal variability in pCO2 (Rödenbeck et al. 2015), we 
have developed algorithms of mapping the global pCO2 field by explicitly taking secular trends into 
account (Iida et al., 2015) based on the SOCAT V2 database (Bakker et al. 2014). Furthermore, we 
have also developed a method of empirically estimating monthly surface TA field in the Pacific from 
the data of sea surface dynamic height (SSDH) (Takatani et al. 2014) based on the PACIFICA 
database (Suzuki et al., 2013), and recently expanded this method to the global oceans. As pCO2 and 
ocean acidification parameters such as pH and Ωarg vary as a result of changes in temperature (T), 
salinity (S), TA and DIC that can vary independently, it is more appropriate to develop a method for 
reconstructing the fields of DIC (or salinity-normalized DIC; nDIC), rather than to develop one for 
pCO2, and couple these fields with those of TA to better describing variability of the CO2 system 
parameters. Based on this premise, first we calculated nDIC from the pCO2, T and S in the SOCAT V4 
database by combining the estimate of TA, and then derived algorithms to estimate nDIC from robust 
multiple regressions using independent variables including T, S, SSDH, chlorophyll-a concentration 
and mixed layer depth. The mean standard errors in regressions are 6 μmol∙kg-1 for TA and 7 μmol∙kg-

1 for DIC. We then calculated pCO2, pH and Ωarg from estimated DIC and TA, and thereby 
reconstructed synthetic datasets of monthly global fields of the ocean CO2 system parameters and 
sea-air CO2 flux for the years 1993−2015 in combination with the pCO2 in the atmosphere and wind 
speed. For this period, the global trend was +1.69 ± 0.52 μatm∙yr-1 for pCO2, −0.017 ± 0.004 decade-1 
for pH, and −0.081 ± 0.031 decade-1 for Ωarg. A slower decreases in Ωarg were found in the subarctic 
North Pacific (−0.069 ± 0.020 decade-1) and in the subtropical South Atlantic (−0.064 ±0.020 decade-

1). The global ocean CO2 uptake showed a trend of slight decrease before 2000 and a significant 
increase thereafter, and was 2.0 PgC∙yr-1 on the average. 
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Sediment carbonate profile as a proxy of global CO2 increase and geochemical 
variations in Zanzibar channel, Tanzania, western Indian Ocean.  

Ilomo, Ophery*  
University of Dar es Salaam, Tanzania  

The stable isotope of carbon, oxygen and CaCO3 content of the bulk sediment cores retrieved from 
the Western and Eastern sides of the Zanzibar Channel were examined to assess geochemical 
variations and to establish the relation of CaCO3 profile with the global CO2 increase. Portions of 
grounded bulk sediment powder sub-samples were acid treated to determine the CaCO3 content. The 
δ13C and δ18O were analyzed from the bulk sediment powder. The δ13C and δ18O of the bulk sediment 
cores ranged from 0.27 to 2.28‰ averaging 1.18 ‰ and  from -1.42 to -2.21‰ averaging -1.79‰ 
respectively. The more enrichment in 13C and 18O suggest that carbonates originated mainly within 
marine shallow waters. Industrial and port activities, and global CO2 increase may account for lower 
CaCO3 values (<70%) to the adjacent cities on the Western and Eastern sides of the channel. The 
downcore increase of CaCO3 profile to the base at the average of 0.06% per sediment core, may be 
due to decrease of pH as a results of CO2 increase (ocean acidification). As CO2 increase is a 
transboundary problem, regional and interregional mitigation measure are vital. 
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Seasonal and interannual variations in the atmospheric Ar/N2 ratio observed 
by air monitoring networks of Japanese research institutes  

Ishidoya, Shigeyuki* (1); Tohjima, Yasunori (2); Tsuboi, Kazuhiro (3); Goto, Daisuke (4); 
Murayama, Shohei (1); Morimoto, Shinji (5); Niwa, Yosuke (3); Matsueda, Hidekazu (3)  
1: National Institute of Advanced Industrial Science and Technology (AIST), Japan; 2: National Institute for Environmental 
Studies, Japan; 3: Meteorological Research Institute, Japan; 4: National Institute of Polar Research, Japan; 5: Tohoku 
University, Japan  

Variations in the atmospheric Ar/N2 ratio at the earth’s surface are driven principally by aie-sea Ar and 
N2 fluxes due to changes in solubility. The atmospheric Ar/N2 ratio increases with increasing ocean 
temperature since the relative temperature dependence of the solubility of Ar is larger than that of N2. 
Therefore, Ar/N2 ratio is expected to be a unique tracer for spatiotemporally-integrated air-sea heat 
flux (e.g. Keeling et al., 2004). We have conducted simultaneous observations of the Ar/N2 and O2/N2 
ratios at Tsukuba (36°N, 140°E) and Hateruma Island (24°N, 124°E), Japan since 2012, at Cape Ochi-
ishi (43°N, 146°E), Takayama (36°N, 137°E), Minamitorishima Island (24°N, 154°E), Japan and Ny-
Ålesund (79°N, 12°E), Svalbard since 2013, and at Syowa (69°N, 40°E), Antarctica since 2016. The 
measurement system employing a mass spectrometer (Ishidoya and Murayama, 2014) was used not 
only for the continuous observations at Tsukuba but also for the analyses of the air samples collected 
in flasks at other sites. We found clear seasonal Ar/N2 cycles with summertime maxima at all sites 
around Japan, and the amplitudes and appearances of maxima/minima of the seasonal cycles at 
coastal sites were larger and earlier, respectively, than those at inland sites. Moreover, it was also 
found from the 5-years data at Tsukuba and Hateruma that the annual mean Ar/N2 ratios increased 
gradually from 2012 to the beginning of 2015 and did not show significant increase/decrease since 
then. Such the year-to-year variations of Ar/N2 ratio were generally in phase with those in the global 
ocean heat content reported by NOAA/NODC (updated from Levitus et al., 2012). These facts suggest 
that the seasonal and interannual variations of the Ar/N2 ratio observed at our sites reflect seasonal 
changes in ocean temperature around the sites and interannual changes in global average ocean 
temperature, respectively. 

References 
Ishidoya & Murayama (2014) Development of high precision continuous measuring system of the 
atmospheric O2/N2 and Ar/N2 ratios and its application to the observation in Tsukuba, Japan. Tellus B, 
66, 22574, http://dx.doi.org/ 10.3402/tellusb.v66.22574. 
Keeling et al. (2004) Measurement of changes in atmospheric Ar/N2 ratio using a rapid-switching, 
single-capillary mass spectrometer system, Tellus B, 56, 322–338. 
Levitus et al. (2012) World ocean heat content and thermosteric sea level change (0–2000 m), 1955–
2010, Geophys. Res. Lett., 39, doi:10.1029/2012GL051106, 2012. 
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A meridional gap in the oceanic CO2 increase associated with the overturning 
circulation and transport of anthropogenic CO2 in the western North Pacific  

Ishii, Masao* (1); Sasano, Daisuke (1); Kosugi, Naohiro (1); Toyama, Katsuya (1); Enyo, 
Kazutaka (2); Masuda, Shinji (2); Iida, Yosuke (2); Kojima, Atsushi (2); Ono, Hisashi (2); 
Takatani, Yusuke (2); Nakano, Toshiya (2); Inoue, Hisayuki Y. (3); Rodgers, Keith B. (4)  
1: Meteorological Research Institute, JMA, Tsukuba, Japan; 2: Global Environment and Marine Department, JMA, Tokyo, 
Japan; 3: Hokkaido University, Sapporo, Japan; 4: Princeton University, Princeton, USA  

To elucidate how ocean CO2 content is changing over decades as a result of the uptake of 
anthropogenic CO2 and the impacts of climate variability/change on the dynamics of biogeochemical 
cycles is the key to understand the role of ocean in controlling the atmospheric CO2 concentration. It is 
also closely connected with how the acid-base system of seawater is changing. Here we present the 
results of quasi-time-series measurements of oceanic CO2 system parameters in the surface and in 
the interior of the western North Pacific along 137°E and of the western equatorial Pacific warm pool 
(T > 28.7°C and S < 34.6 in 5°S–5°N, 120°E–180°) over the past three decades since mid-1980s. In 
the Kuroshio-recirculation region of the subtropics (137°E, 20°N–29°N), the increases of nDIC 
(+1.1±0.1 to +1.2±0.1 μmol kg-1 yr-1) and pCO2

sw (+1.7±0.2 to +1.8±0.2 μatm yr-1) in surface layer are 
tracking the growth of the atmospheric CO2 concentration. In the Subtropical Mode Water below, while 
nDIC, oxygen and nutrients vary decadally with the change in the formation volume of STMW due to 
the change in the path of the Kuroshio Extension (Oka et al., 2015), the increase of preformed nDIC 
(nDIC0) is also consistent with the increase of nDIC in the surface, suggesting that the long-residence 
time of a water parcel in surface layer and the rapid turn-over of Kuroshio recirculation as well as the 
strong sea-air interaction in winter help its anthropogenic CO2 concentration tracking the atmospheric 
CO2 increase both in surface and subsurface. In contrast, the increases of nDIC (+0.7±0.1 to +0.9±0.1 
μmol kg-1 yr-1) and pCO2

sw (+1.1±0.3 to +1.4±0.3 μatm yr-1) in surface layer of the tropics (137°E, 3°N–
19°N) are approximately 30% slower than those tracking the growth of the atmospheric CO2. Their 
increases are also slower over the warm pool of the western equatorial Pacific (+0.8±0.1 μmol kg-1 
yr-1 and +1.3±0.1 μatm yr-1). The slower increase has also been observed in nDIC0 in the Equatorial 
Undercurrent below (+0.5±0.1 μmol kg-1 yr-1 at 23.0–24.5σθ and +0.7±0.1 μmol kg-1 yr-1 at 24.5–
25.5σθ). They are attributable to the transport of anthropogenic CO2 from the surface layer of the polar 
and eastern peripherals of subtropical gyres to the EUC through shallow meridional overturning 
circulations with the elapsed time of 10 – 15 years as suggested by the Lagrangian diagnostics of 
output from an ocean carbon cycle model and the accelerating growth of atmospheric CO2 over the 
recent decade. The difference in the trend of nDIC increase between subtropics and tropics has an 
implication for the trend of ocean acidification and thereby its impacts on the marine ecosystem in the 
western North Pacific where numerous coral reef habitats with rich marine biodiversity are distributed. 
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The global carbon cycle response to the 2015-2016 El Niño  

Jacobson, Andrew R* (1,2); Baker, David F (3); Miller, John B (2); Hoerling, Martin (2); Zeng, 
Ning (4); Wanninkhof, Rik (5); Putra, Erianto (6,7); van der Werf, Guido (8); Randerson, James T 
(9); Novelli, Paul (2); Tans, Pieter P (2); Patra, Prabir K (10); Wiedinmyer, Christine (11); 
Dlugokencky, Ed (2); Thoning, Kirk (2); Giglio, Louis (4)  
1: University of Colorado, United States of America; 2: NOAA Earth System Research Laboratory, United States of America; 3: 
Colorado State University, United States of America; 4: University of Maryland, United States of America; 5: NOAA Atlantic 
Oceanographic and Meteorological Laboratory, United States of America; 6: South Dakota State University, United States of 
America; 7: Bogor Agricultural University, Indonesia; 8: VU University Amsterdam , Netherlands; 9: University of California, 
Irvine, United States of America; 10: Japan Agency for Marine-Earth Science and Technology, Japan; 11: National Center for 
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The exceptionally intense 2015-2016 El Niño resulted in the largest global carbon cycle anomaly in the 
modern instrumental record.  From CO2 measurements at Mauna Loa and averaged over the global 
marine boundary layer, we estimate that the event pumped an excess 2.9-3.5 PgC CO2 into the 
atmosphere.  This is about 50% larger than the atmospheric CO2 anomaly following the 1997-1998 El 
Niño. The present excess emerged from background variability in early 2016 and reached a peak 
about six months later in the middle of the northern hemisphere summer.  The carbon cycle response 
to this El Niño was also fundamentally unlike previous ENSO events. Whereas the atmospheric CO2 
anomaly associated with the 1997-1998 event can be ascribed in large part to wildfire emissions, fire 
models and analyses of atmospheric carbon monoxide anomalies for the 2015-2016 event suggest a 
relatively modest wildfire CO2 emissions anomaly of less than 0.5 PgC. Another interesting feature of 
this event is that despite the suppression of tropical Pacific CO2 outgassing, the global ocean may 
actually have been an anomalous source of CO2 to the atmosphere owing to abnormally high sea 
surface temperatures in the extratropical oceans.  Considering all of these factors together, we find 
that the non-fire terrestrial biosphere response to this El Niño was to release an anomalous 2.7-3.3 
PgC CO2 into the atmosphere.  We will present further analysis to examine the hypothesis that the 
massive anomaly resulted from suppressed terrestrial productivity and increased respiration as a 
result of drought and temperature stress, using solar induced chlorophyll fluorescence (SIF) and 
tracers such as atmospheric 13CO2.  Finally, we will use inverse modeling tools to better understand 
the time and space locations of the flux anomalies. 
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Effects of precipitation anomalies on global terrestrial carbon fluxes from 1981 
to 2012  

Ju, Weimin* (1); He, Qiaoning (1,2)  
1: International Institute for Earth System Sciences, Nanjing University, China; 2: School of Urban and Environmental Sciences, 
Huaiyin Normal University, Huaian, China  

Precipitation plays a dominant role in regulating terrestrial carbon fluxes. In concert with global 
warming, aridity has been increasing in recent decades in most parts of the world. How global 
terrestrial carbon fluxes respond to this change is still unclear. Using a remote sensing driven process-
based model, the Boreal Ecosystem Productivity Simulator (BEPS), the response of global terrestrial 
carbon fluxes to precipitation anomalies was investigated. Precipitation anomalies were assessed 
using the Standardized Precipitation Evapotranspiration Index (SPEI). The BEPS model was run to 
simulate daily global carbon fluxes including gross primary productivity (GPP), net primary productivity 
(NPP), ecosystem respiration (ER), and net ecosystem productivity (NEP) from 1981 to 21012 at a 
spatial resolution of 8 km. The response of global terrestrial carbon fluxes to precipitation anomalies 
was assessed using Pearson’s correlation coefficients between monthly carbon fluxes and SPEI of 
different time scales. 
Validation using tower-based GPP and NEP of 2724 site-months from globally distributed flux sites 
indicated that the BEPS model was able to reproduce measured monthly carbon fluxes well. The 
response of monthly carbon fluxes to precipitation anomalies differed spatially. In regions with a larger 
positive annual climatic water balance (i.e. annual precipitation minus annual potential 
evapotranspiration (PET)),  monthly carbon fluxes showed very weak response to drought. In the 
southern hemisphere and at low and mid-latitudes of northern hemisphere, drought caused carbon 
fluxes to decrease significantly. Terrestrial carbon fluxes responded to drought at short-term scales in 
humid and arid regions. At high latitudes of northern hemisphere, abnormal increase of 
precipitation   might cause carbon fluxes to decrease at short time-scales. 
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Intensification of land use and its impact on the preindustrial global carbon 
cycle  

Kaplan, Jed O.* (1,2)  
1: ARVE Research Sàrl, Switzerland; 2: University of Lausanne, Switzerland  

From the first domestication of plants and animals more than 10,000 years ago to the emergence of 
empires in the Iron Age, a series of agricultural and technological developments revolutionized land 
use by societies worldwide. The spread of crop plants across the continents, the adoption of animal 
traction, the invention of the plow and the wheel, of metal agricultural implements, and the application 
of organic fertilizers all led to the intensification land use for crop and animal production. This 
intensification allowed both growing human populations to be supported by a stable land base, and 
opened up new frontiers for agriculture that were previously undesirable for cultivation. In some cases, 
growing populations further developed macro-levels of social organization that facilitated collective 
undertakings that influenced land use, such as irrigation and terracing. All of these phenomena 
occurred heterogeneously in space and time, and their importance for anthropogenic land cover 
change and the carbon cycle over the Holocene is strongly debated. 
Here I present a new method and quantification of human influence on the global carbon cycle during 
the preindustrial Holocene. I use a numerical model that simulates preindustrial crop and animal 
production systems, which is driven by a combination of characteristics of the physical environment 
such as climate and soil properties, and those sociocultural attributes of human societies that are part 
of our history but impossible to predict on the basis of environment, or time, alone. This part of the 
model is informed by archaeological data describing agriculture, technology, and social organization; 
environmental constraints from climate and soils are translated through a dynamic global land cover 
model to simulate potential productivity and land use impacts on the carbon cycle given the land use 
system present at any particular time and place. I simulate the impact of changing land use systems in 
a series of experiments covering key periods in the Holocene. In the early Holocene, the spread of 
animal production systems, e.g., pastoralism, may have been more important than cropping for the 
earliest human impacts on the carbon cycle. Animal production led to changes in vegetation structure, 
redistribution of nutrients, and emissions of trace gases and aerosols that occurred at levels 
unprecedented among wild animal populations in Eurasia. Starting with the Bronze Age in Eurasia 
about 4000 years ago, agricultural land use is substantial enough to have had a significant impact on 
both aboveground and soil carbon stocks across large parts of the continent. These perturbations to 
the carbon cycle, while relatively small, were persistent over long periods and large regions and 
therefore may have affected atmospheric CO2 in the mid-late Holocene; a period when concentrations 
were stable during a time when we might expect them to have been decreasing. 
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ICOS Carbon Portal: Elaborated products and services to support European 
carbon budget estimates  

Karstens, Ute* (1); van der Laan-Luijkx, Ingrid (2,3); Gerbig, Christoph (4); Hellström, Margareta 
(1); Koch, Frank-Thomas (5); Mirzov, Oleg (1); Vermeulen, Alex (1)  
1: ICOS Carbon Portal @ Lund University, Sweden; 2: ICOS Carbon Portal @ Wageningen University, Netherlands; 3: Utrecht 
University, Netherlands; 4: Max Planck Institute for Biogeochemistry, Jena, Gemany; 5: Deutscher Wetterdienst, Meteorological 
Observatory Hohenpeissenberg, Germany  

The ICOS Carbon Portal is the data center of the ICOS Research Infrastructure and the 'one stop 
shop' for ICOS data products. The Carbon Portal is in charge of archiving and disseminating all ICOS 
measurement data (quality-controlled greenhouse gas concentration and flux measurements). In 
addition, various elaborated data products, i.e. outputs of modelling activities based on ICOS 
observations, are compiled and distributed by the Carbon Portal. 
Another important task is to facilitate the creation of such elaborated products by the research 
communities themselves. This includes the provisioning of a variety of datasets that can be used as 
prior and ancillary information in the models as well as atmospheric measurement data, e.g. in form of 
the ObsPack CO2 product GLOBALVIEWplus, for which the Carbon Portal has collected and 
processed contributions from the European laboratories. 
Interactive tools for visualization, comparison, and synthesis of data and elaborated products are 
hosted at the Carbon Portal website. Virtual Research Environments (VREs) will allow Carbon Portal 
web site users to execute interactive statistical analyses and advanced visualizations on ICOS data 
sets. A first test instance is based on Jupyter Notebook, and allows users to interact with results from 
different atmospheric invers modelling systems and emission inventories via a combination of pre-
prepared and user-specific Python scripts. 
On-demand calculation of atmospheric measurement station footprints is another service offered by 
the Carbon Portal. This tool combines natural greenhouse gas fluxes from biospheric models and 
anthropogenic emissions with the lagrangian transport model STILT, in order to illustrate the time 
evolution of the geographical origin of the greenhouse gas signal that is measurable at a specific 
location - such as an ICOS measurement station. The service provides information for the design and 
assessment of measurement strategies. 
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Forest transition and the time scale of global terrestrial C sink  

Kauppi, Pekka Eero*  
University of Helsinki, Finland  

Both land management and environmental changes affect the evolution of the terrestrial C sink over 
time. 
Land use records, land use models, forest inventory data and, more recently, remote sensing indicate 
spatial variation in the timing of biomass losses and gains. The evolution of the global net sink of 
carbon into terrestrial system can be assessed as the residual of emissions, which is not shown as air 
borne C or the oceanic sink. Hence we have multiple scientific methods, which consistently indicate an 
improvement of the global terrestrial C sink over time albeit with large inter annual variability. 
Temporal patterns of forest area change and forest biomass are analysed in this presentation in 
relation to historical observations of the CO2 concentration, climatic changes and the land use history 
of nations. It is shown that forest transtions that is, changes from shrinking to expanding forests took 
place in the 19th century and early 20th century in a number of countries. This was long before the 
more recent significant changes in [CO2] and the World climate. A hypohesis is proposed that after a 
forest transition, land use cahnges and environmental changes interact mutually reinforcing the impact 
of one another on the carbon sink into forest biomass and soils. This would imply a further 
improvement of the terrestrial C sink noting that forest transitions have occured recently and forest 
ecosystems mature slowly. 
Uncertainties of this analysis include the classical challenge of observing biomass changes over time 
accross large landscapes, the tipping point character of climate changes and possible radical changes 
in land use policies. 
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An urban carbon budget for Auckland, New Zealand  

Keller, Elizabeth D* (1); Turnbull, Jocelyn C (1); Gurney, Kevin (2); Hutyra, Lucy R (3); Mikaloff-
Fletcher, Sara (4); Golubiewski, Nancy (5)  
1: GNS Science, New Zealand; 2: Arizona State University, USA; 3: Boston University, USA; 4: NIWA, New Zealand; 5: 
Auckland Council, New Zealand  

Urban areas account for 80% of global greenhouse gas emissions, yet urban emissions are poorly 
constrained. Fossil fuel emissions (petrol, natural gas and coal use) in Auckland, New Zealand’s 
largest city, are known only by population downscaling of the New Zealand annual total emissions 
reported to the UNFCCC. Perhaps more importantly, Auckland’s biogenic CO2 uptake is almost 
entirely unknown. In New Zealand as a whole, fossil fuel CO2 emissions are substantially offset by net 
uptake of CO2 by the biosphere, which can be credited towards its emission reduction goals. 
Auckland’s subtropical climate and relatively low density suggest that the urban/suburban biosphere 
could also be a significant carbon sink.  The urban biosphere is very different from that of rural areas, 
with competing effects due to impervious surfaces (concrete, buildings), the types of plants grown and 
irrigation, fertilisation and other management of urban and suburban landscapes.  Recent research 
suggests that these differences can result in substantially different biogenic CO2 fluxes compared to 
the surrounding rural areas. 
We present the design of a pilot study to evaluate fossil fuel and biogenic CO2 fluxes for Auckland. 
This study has three components: 
1.  Development of “bottom-up” process-based CO2 flux estimates for both biogenic and fossil CO2 for 
Auckland, resolved at 500 m to 1 km spatial resolution and varying by hour.  We will adapt existing 
state-of-the-art bottom-up models to Auckland, using the Hestia model to downscale fossil fuel CO2 
emissions and VPRM-urban for the net biogenic CO2 flux.  
2.  “Top-down” atmospheric observations of the net CO2 and fossil fuel CO2 emissions through city-
wide surveys.  For each survey, we will use CO2 and 14CO2 measurements to partition observed CO2 
into fossil and biogenic sources at multiple sites throughout Auckland, covering the central urban area, 
established suburbs, new developments, and a mix of demographic areas. 
3.   Comparison of the bottom-up and top-down partitioning of CO2 emissions to evaluate and improve 
the bottom-up CO2 flux products. This technique uses the ratio of fossil:biosphere CO2 emission rates, 
which will allow us to directly compare the bottom-up and top-down methods without requiring an 
atmospheric inversion framework.    
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Detecting changes in ENSO characteristics 850-2100 CE: Insights from the 
ocean carbon cycle  

Keller, Kathrin (1); Joos, Fortunat (1); Lehner, Flavio (1,2); Raible, Christoph C.* (1)  
1: University of Bern, Switzerland; 2: National Center for Atmospheric Research, Boulder, USA  

It is open whether El Nino–Southern Oscillation (ENSO) varies under climate change and how 
potential changes in the marine system are detectable. Here differences in the influence of ENSO on 
biogeochemical tracers, pH, productivity, and ocean temperature are analyzed in a continuous 850–
2100 Common Era (C.E.) simulation with the Community Earth System Model. Our results show that 
the modeled variance in ENSO amplitude is significantly higher during the Maunder Minimum cold 
than during the 21st century warm period. ENSO-driven anomalies in global air-sea CO2 flux and 
marine productivity are two to three times lower, and ocean tracer anomalies are generally weaker in 
the 21st century. Significant changes are detectable in both surface and subsurface waters and are 
earlier verifiable and more widespread for carbon cycle tracers than for temperature. This suggests 
that multitracer observations of both physical and biogeochemical variables would enable an earlier 
detection of potential changes in marine ENSO responses than temperature-only data. 
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Comparison and temporal variability of column-averaged dry-air mole fraction 
of CO2 over selected TCCON sites based on g-b FTS and Satellite observations  

Kenea, Samuel Takele* (1); Goo, Tae-Young (1); Oh, Young-Suk (1,2); Kim, Gawon (1); Lee, 
Jong-Ho (1); Griffith, David W. T. (3); Velazco, Voltaire A. (3); Kawakami, Shuji (4); Morino, 
Isamu (5); Pollard, Dave (6); De Mazière, Martine (7)  
1: National Institute of Meteorological Sciences, Korea, Republic of (South Korea); 2: Department of Electrical Eng. & Center for 
Edge Plasma Science, Hanyang University, Seoul, Korea; 3: University of Wollongong, Wollongong, Australia; 4: Earth 
Observation Research Center (EORC), Japan Aerospace Exploration Agency (JAXA), Tsukuba, Japan; 5: National Institute for 
Environmental Studies (NIES), Tsukuba, Japan; 6: National Institute of Water and Atmospheric Research (NIWA), Omakau, 
New Zealand; 7: Royal Belgian Institute for Space Aeronomy (BIRA-IASB), Brussels, Belgium  

We have made an extensive comparison of column-averaged dry air mole fraction of CO2 between 
ground-based (g-b) FTS and satellite instruments such as OCO-2 (Orbiting Carbon Observatory-2) 
and GOSAT (Greenhouse Gas Observing Satellite) over selected TCCON (Total Carbon Column 
Observing Network) sites. A total of 8 TCCON sites are selected; four of the sites are located in East 
Asia where our Anmyeondo g-b FTS site is included, while the rests are placed within the southern 
hemisphere. The coincidence criteria for spatial is ±3 degree and for temporal is within a day of 
satellite observations was applied. In this work, we utilized the OCO-2 version 7Br (both nadir and glint 
modes) and GOSAT version 2.60 XCO2 product for gaining a better comprehension of the attribution 
for the source of potential biases, as well as understand the variability at various time scales. Based 
on the time series comparisons on daily mean basis, TCCON and satellite data (both OCO-2 and 
GOSAT) are well agreed in capturing the seasonal variability of XCO2 over selected sites located 
within the northern hemisphere, whereas all instruments detect small amplitudes of the seasonal 
variability at the given sites placed within the southern hemisphere, rather they revealed the 
characteristics of the increasing trend of XCO2. 
It was exhibited that the overall estimated mean biases between GOSAT against TCCON and OCO-2 
(glint mode) against TCCON were comparable over East Asia sites. But, it was slightly larger than the 
bias observed in OCO-2 (nadir mode) against TCCON over this region. However, the OCO-2 glint 
mode XCO2 product showed very small bias against TCCON as compared to the OCO-2 nadir mode 
and GOSAT over the southern hemisphere sites. In addition, it was noticed that the RMSE of XCO2 
was showed to be slightly less at the glint mode than the nadir mode and GOSAT, and the overall 
RMSE was about 1.68 ppm over East Asia and 1.3 ppm at the southern hemisphere sites. We have 
also discussed the impact of parameters that contributed for the bias such as the effect of aerosols, 
clouds, topographic features and related issues. Therefore, it is essential to keep on exerting effort on 
measurement comparisons with TCCON to examine and evaluate the OCO-2 and GOSAT XCO2 

product quality. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 60 of 463 

   

Oral Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: Coupled Earth system, Arctic warming-related carbon cycle, Cold damage in terrestrial productivity  

Reduced terrestrial productivity in North America associated with anomalous 
Arctic warming  

Kim, Jin-Soo* (1); Kug, Jong-Seong (1); Jeong, Su-Jong (2)  
1: Pohang University of Science and Technology (POSTECH), South Korea; 2: Southern University of Science and Technology 
(SUSTech), Shenzhen, China  

Because of cold-season warming, the productivity of terrestrial vegetation over the Northern 
Hemisphere has increased. However, despite the ongoing climatic warming, North America has 
recently experienced more frequent and stronger cold weather events during winters and springs 
throughout the continent, which may affect terrestrial processes. Herein, we demonstrate the 
significant impacts of Arctic temperature variation on terrestrial processes in North America using 
different types of observations and process-based models. It is shown that springtime anomalous 
Arctic warming leads to negative anomalies in gross primary productivity over the majority of North 
America by approximately 0.31 PgC yr−1. The negative responses in terrestrial ecosystems 
associated with anomalous Arctic warming are mainly explained by two climatic factors: severe cold 
conditions in the northern North America and lower precipitation in the southwestern United States, 
which resulted from a remote teleconnection in the downstream regions of the anomalous Arctic 
warming. Decreases in springtime terrestrial productivity resulting from anomalous Arctic warming can 
be sustained until following season because of the aftereffects of springtime plant physiological 
damage. This terrestrial response related to the anomalous Arctic warming is also apparent in 
cropland productivity. United States crop-yield data reveal that yields of corn, soybeans, and wheat 
have declined by approximately 1.74, 3.96, and 3.62%, respectively. Our results suggest that the 
recent rapid Arctic warming could threaten the productivity of natural and agricultural vegetation over 
non-Arctic regions. 
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Satellite-based analyses of the Arctic sea ice by using Artificial Intelligence  

Kim, Jiwon*  
Pukyong National University, Korea, Republic of (South Korea)  

The Arctic and Antarctic are the best places to show signs of global warming. Arctic sea ice melts in 
summer and freezes again in winter. As the warming progressed, there was acceleration of the rate at 
which the ice melted down. Ice, like a giant mirror, reflects most of the solar radiation, but seawater 
absorbs energy. Once the sea ice begins to melt, the amount of sunlight reflected diminishes and the 
seawater that absorbs the light gets warmer, resulting in faster melting of the ice. This global warming 
is caused by an increase in the concentration of greenhouse gases which absorb infrared radiation 
that the earth release. According to the Kyoto Protocol, the carbon dioxide (CO2) is one of the 
greenhouse gases (CO2, CH4, N2O, HFCs, PFCs, SF6). The largest amount of greenhouse gases 
generated by human activities is CO2 generated by fossil energy combustion. And CO2 accounts for 
77 percent of total greenhouse gas emissions. The emissions of greenhouse gases increases the 
temperature of the Earth and bring about climate change. In order to prevent the global prevent the 
global temperature rise below 2 degrees, the IPCC needs to enclose the cumulative emissions of CO2 
at 2,900 Gt after industrialization. However, the IPCC noted that by 2011, two-thirds of this amount 
had already been emitted. Along with this, as the greenhouse gas emissions continue, the oceans 
absorb CO2 and rapidly acidify and warn that extreme climatic conditions will increase. The ocean is a 
significant repository absorbing CO2 of the atmosphere. Especially, in case of the Arctic Ocean, about 
5 to 14 percent of this gas is known to be preserved in this area. Hence, Sea ice emits CO2 into the 
atmosphere. Although studies about CO2 and sea ice have separately been underway, but a study 
about relationship between CO2 and sea ice haven’t been activated. So, we first identified the 
correlation between arctic sea ice and CO2 of the atmosphere using the observation source. As a 
result, in the long term, there is a limit to ascertain the correlation between atmospheric CO2 and 
atmospheric CO2 because the ratio of increase or decrease of Arctic sea ice is different. Accordingly, 
we needed to study the relationship with sea ice, including climate factors such as temperature, 
humidity, solar radiation, wind, clouds and precipitation in addition to CO2. So, we used deep learning 
to develop sea ice prediction and prediction models. Among the many techniques of deep running, 
RNN (Recurrent Neural Network) was used in this study. RNN can utilize the memory inside the 
neural network to process any input. This study’s result is expected to be used as a decision 
supporting materials on climate response policy. 
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Decadal carbon balance shifts controlled by land use change and ENSO in 
Southeast Asia  

Kondo, Masayuki* (1); Ichii, Kazuhito (1,2); Patra, Prabir K. (1); Canadell, Joseph G. (3); Poulter, 
Benjamin (4); Sitch, Stephen (5); Calle, Leonardo (4); Saeki, Tazu (1); Saigusa, Nobuko (2)  
1: Japan Agency for Marine-Earth Science and Technology, Japan; 2: National Institute for Environmental Studies, Japan; 3: 
Global Carbon Project, CSIRO Marine and Atmospheric Research, Australia; 4: Montana State University, USA; 5: University of 
Exeter, UK  

Human activity and climate variability induce large variations in net carbon flux in the pantropics, 
shifting the direction of flux either to the land or to the atmosphere. In Southeast Asia, land use 
change (LUC) emissions account for a major fraction globally and climatic conditions are directly 
influenced by El Niño Southern Oscillation (ENSO). However, the variability of net carbon flux in 
Southeast Asia is not fully understood, and there has been no detailed studies addressing effects of 
the LUC and climate on flux variability. In this study, we used multiple terrestrial biosphere models and 
atmospheric carbon dioxide (CO2) inversions to investigate the decadal variability of net carbon flux in 
Southeast Asia over the past 30 years, with an aim to identify underlying factors controlling the 
decadal variability of net carbon flux. We show that terrestrial biosphere models, which consider LUC, 
yield an interannual and decadal variability of net carbon flux that are consistent with the result of 
atmospheric CO2 inversions, indicating trends towards a net source from the 1980s to the 1990s, and 
towards a net sink from the 1990s to the 2000s. We found that increased LUC emissions during the 
1990s was the major attribution for the trend found in the period 1980s–1990s, and the absence of 
strong El Niño events during the 2000s was the cause for the trend towards a net sink in the period 
1990s–2000s. Our findings suggest that increases in temperature, associated with El Niño events, 
induce a strong carbon release in Southeast Asia, giving rise to large anomalous emissions in 
1982/1983, 1987/1988, and 1997/1998. A further analysis suggests anomalous carbon emissions by 
recurring strong El Niño events after 2009, which in turn implies that net carbon flux in the 2010s may 
shift again towards a net source if LUC emissions are not suppressed. 
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Climatology of continuous greenhouse gas measurements at Kjølnes, Northern 
Norway  

Kozlova, Elena* (1); Worsey, Justin (1); Wallis, David (1); Manning, Andrew C (2); Watson, 
Andrew (1); Heimann, Martin (3,4)  
1: University of Exeter, College of Life and Environmental Sciences, United Kingdom; 2: University of East Anglia, School of 
Environmental Sciences, United Kingdom; 3: Max-Planck Institute for Biogeochemistry, Germany; 4: University of Helsinki, 
Division of Atmospheric Sciences, Department of Physics, Finland  

We introduce a recently established ground-based observational site, which is strategically positioned 
to monitor atmospheric changes in greenhouse gas concentrations from the Arctic domain. The site is 
ideally located at the northern tip of Norway within a lighthouse enclosure near Kjølnes (KJN), 
70.8522N, 29.2323E, and benefits from its close proximity to the Barents Sea. Its primary role is to 
sample Arctic Ocean influenced air masses, and their atmospheric signatures, in order to observe 
seasonal and synoptic variations of the gas species of interest. We present the adopted methodology 
and logistics, and discuss the meteorological conditions and peculiarities of the measurement site. We 
also present the first 3.5-year continuous concentration records of CO2, CH4, N2O and CO, and apply 
the HYSPLIT backtrajectory analysis to relate the gas species concentrations observed at KJN to the 
origin of air masses arriving to the site.  In addition to our continuous measurements we collect weekly 
air samples consequently analysed for CO2, CH4, N2O, CO, H2, SF6, O2/N2, Ar/N2, 13C/12C(CO2), 
13C/12C(CH4), and D/H(CH4) at the Max-Planck Planck Institute for Biogeochemistry in Germany. 
The collection of flask samples serves a dual purpose: they are used as an independent marker for 
the quality control of the continuous measurements as well as expanding the observational capacity of 
the site.  
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Coccolithophore growth and calcification in a changing ocean  

Krumhardt, Kristen Marie*; Lovenduski, Nicole S.  
University of Colorado Boulder, United States of America  

Coccolithophores are the most abundant calcifying phytoplankton in the ocean. These tiny primary 
producers have a special role in the global carbon cycle, substantially contributing to global ocean 
calcification, ballasting organic matter to the deep sea, forming part of the marine food web base, and 
influencing ocean-atmosphere CO2 exchange. Despite these important impacts, coccolithophores are 
not explicitly simulated in most Earth system models. Here, we compile field and laboratory data to 
synthesize overarching, across-species relationships between environmental gradients and 
coccolithophore potential growth rates and relative calcification (reported as a ratio of particulate 
inorganic carbon to particulate organic carbon in coccolithophore biomass, PIC/POC). We apply our 
relationships in a generalized coccolithophore model, estimating current surface ocean 
coccolithophore growth rates and relative calcification, and projecting how this may change over the 
21st century using output from the Community Earth System Model large ensemble (CESM-LE). We 
find that increasing in sea surface temperature leads to faster coccolithophore growth rates globally 
and increased calcification at high latitudes. Increases in surface ocean pCO2 moderately stimulate 
coccolithophore growth rates and lead to reduced calcification. Decreasing nutrient availability (from 
warming-induced stratification) produces increases in relative calcification, but leads to slower growth 
rates. With all drivers combined, we observe decreased calcification and growth in most low and mid 
latitude regions, with possible increases in both these factors in most high latitude regions.  
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Observation-based evidence for a changing seasonal cycle in ocean pCO2 in 
response to rising atmospheric CO2  

Landschützer, Peter* (1); Gruber, Nicolas (2); Bakker, Dorothee C. E. (3); Stemmler, Irene (1); 
Six, Katharina D. (1)  
1: Max Planck Institute for Meteorology, Hamburg, Germany; 2: Institute of Biogeochemistry and Pollutant Dynamics, ETH 
Zürich, Switzerland; 3: Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, University of East 
Anglia, Norwich, UK  

Ocean biogeochemical models have predicted a substantial change in the amplitude of the sea 
surface partial pressure of CO2 (pCO2) in response to the increasing concentration of anthropogenic 
carbon dioxide in the surface ocean. While the chemical underpinning of this amplitude change is well 
understood, the observational evidence has been lacking so far. Here we use observationally-based 
records of oceanic pCO2 to test this prediction. Concretely, we combine the surface ocean CO2 
measurements collected in the Surface Ocean CO2 Atlas (SOCAT) v4 database with a 2-step neural 
network-based data mapping method to investigate the changes in the amplitude of the seasonal 
cycle of pCO2 over the period from 1982 through 2015. Our results indeed show that over these 34 
years the seasonal surface ocean pCO2 amplitude has been substantially modified. The amplitude, 
i.e., the absolute pCO2 difference between winter and summer, has increased by 2.8±0.5 µatm/decade 
and by 3.2±0.3 µatm/decade in the low latitudes (10°-40°N) of the northern and southern latitudes, 
respectively. Likewise, the amplitude has increased by 1.5±0.8 µatm/decade in the mid/high latitudes 
(40°-65°N) of the northern hemisphere and by 1.0±0.4 µatm/decade for these latitudes in the southern 
hemisphere. Regionally, e.g., in the high latitude North Pacific, the rate of the amplitude increase can 
be as large 10 µatm/decade. Using the temperature sensitivity of surface ocean CO2 and theory, we 
can identify the relative contributions of temperature variations, changes in the Revelle factor and the 
increase in anthropogenic CO2. We find that in the low latitudes of both hemispheres, the amplitude 
increase is driven by the continuous rise in anthropogenic CO2 in the oceans and its sensitivity to the 
seasonal temperature change. In the high latitudes, non-thermal processes, i.e., primarily the 
interaction between the change in Revelle factor and the increase in surface ocean anthropogenic 
CO2 dominate the amplitude increase. This is countered by surface ocean warming over the last 34 
years, dampening the overall amplitude increase. Globally, about two-thirds of the non-thermal ocean 
pCO2 amplitude increase can be attributed to the increase in anthropogenic CO2, whereas the 
remaining third can be attributed to changes in the buffer capacity of the ocean, i.e. changes in the 
Revelle factor. These results are in agreement with changes in the seasonal amplitude of pCO2 from 
ocean time series stations. This strengthening seasonal cycle has far-reaching consequences as it 
corresponds to an increasing seasonality of the air-sea exchange of CO2 and increasing seasonal 
changes in ocean carbonate system, creating extra stress for marine organisms sensitive to ocean 
acidification. 
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Global indicators of ocean carbon uptake: a pilot study  

Lauvset, Siv Kari* (1); Olsen, Are (2); Tjiputra, Jerry (1)  
1: Uni Research Climate, Bjerknes Center for Climate Research, Bergen, Norway; 2: Geophysical Institute, University of Bergen 
and Bjerknes Centre for Climate Research, Bergen, Norway  

Understanding the global ocean carbon sink is of key importance for understanding future climate 
change due to human CO2 emissions. Key research questions include how much CO2 is taken up by 
the ocean and on which time scales the ocean sink adapts and changes. Annual syntheses of the 
Global Carbon Budget utilize several observation- and model-based products for air-sea CO2 fluxes. 
What these products have in common is that the underlying methods are relatively complex and based 
on e.g. neural network theories or mathematical gap-filling. 
Here we evaluate how much information about the changes in the ocean carbon uptake over the past 
five decades can be attained from basic statistical analyses of the observational data. We use the 
Surface Ocean CO2 Atlas (SOCAT), which now includes 18.5 million surface ocean carbon dioxide 
fugacity (fCO2) measurements globally, spanning the years 1957-2015 (v4). When plotted as 
frequency distributions these data, globally, show a clear shift towards higher values decade by 
decade between 1970 and 2014. This shift aligns with the decadal increase in atmospheric CO2. 
Using the observed fCO2 we have calculated the air-sea CO2 flux, identified the decadal shift in the 
frequency distribution, and quantified how much of this shift is due to the change in the air-sea CO2 
disequilibrium and how much is due to changes in transfer velocity. The frequency plots, and the 
quantified change in the distribution have then been compared to air-sea CO2 flux products from the 
Surface Ocean pCO2 Mapping intercomparison (SOCOM ). This allows for assessment of how much 
added value the flux products provides compared to observations alone. To quantify the bias 
introduced by spatial heterogeneity in the observations, we have compared the shift in observations 
with that simulated by CMIP5 models, using both the full and subsampled model fields to match the 
spatial distribution of the observations. 
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Five years of CO2/CH4/CO measurements at the Amazon Tall Tower 
Observatory (ATTO, Brazil) - site and source area characterisation  

Lavric, Jost Valentin* (1); Walter, David (2); Gerbig, Christoph (1); Koch, Frank-Thomas (3); 
Gatti, Luciana V. (4); Araujo, Alessandro C. (7); Candido, Luiz Antonio (8); Heimann, Martin 
(1,6); Andreae, Meinrat O. (2,5); Trumbore, Susan E. (1)  
1: Max-Planck-Institute for Biogeochemistry, Germany; 2: Max-Planck-Institute for Chemistry, Mainz, Germany; 3: 
Meteorological Observatory Hohenpeissenberg, Deutscher Wetterdienst, Germany; 4: IPEN-CNEN, Atmospheric Chemistry 
Laboratory, Sao Paulo, Brazil; 5: Scripps Institution of Oceanography, University of California San Diego, La Jolla, USA; 6: 
Division of Atmospheric Sciences, Department of Physics, University of Helsinki, Finland; 7: EMBRAPA, Belem, Brazil; 8: INPA, 
Manaus, Brazil  

The Amazon plays a major role in the global biogeochemical cycles of greenhouse gases (GHGs). 
Interannual variations in the global atmospheric CO2 growth rate are strongly influenced by fluctuations 
of carbon fluxes in tropical land areas. Methane, another important GHG, has large natural sources in 
Amazon’s wetlands, as well as from biomass burning. Fires in the region are a large source of carbon 
monoxide (CO), while the tropical troposphere is a major photochemical sink for this gas. Long-term 
atmospheric observations of GHGs and related gases at ATTO are expected to provide critical data 
for local, regional and global estimation of GHG budgets. 
The Amazon Tall Tower Observatory (ATTO, Brazil; 2°08’S, 59°00’W), where a 325 m-tall tower is 
currently being equipped with scientific measurement instrumentation, is the counterpart of the Zotino 
Tall Tower Observatory (ZOTTO; 304 m-tall tower), located in central Siberia (Russia; 60°48’N, 
89°21’E). Additionally, a number of campaign or continuous pilot measurements are taking place on 
the ATTO site at and around a smaller tower and mast (both 80 m tall). 
Since March 2012, we run continuous high-precision CO2/CH4/CO measurements at the 80 m walk-up 
tower, with sample air inlets installed at five levels (79, 53, 38, 24, and 4 m a.g.l.). Two frequently 
calibrated CRDS analyzers (G1301 and G1302; Picarro Inc., USA) are used for measuring CO2/CH4 
and CO/CO2, respectively. 
Due to the proximity of our measurements to the canopy (~ 35 m a.g.l.), the atmospheric signal is 
partially influenced by local sources and sinks, which gives us valuable insights into local ecosystem 
dynamics. In addition, under favorable conditions, we capture signals representative for a much larger 
source area. Supported by STILT footprint simulations, we present an analysis of the diurnal, synoptic 
and seasonal variability of the observed trace gas species and attempt a source attribution. 
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The contribution of aerosol cooling to historical land carbon uptake  

Law, Rachel M.* (1); Ziehn, Tilo (1); Vohralik, Peter F. (2); Lu, Xingjie (1,3)  
1: CSIRO Oceans and Atmosphere, Aspendale, Australia; 2: CSIRO Manufacturing, Lindfield, Australia; 3: Department of 
Microbiology and Plant Biology, University of Oklahoma, Norman, USA  

Interactions between climate, carbon and aerosols are simulated using a version of the Australian 
Community Climate and Earth System Simulator, ACCESS-ESM1. Simulations are run in two modes. 
In the first case the atmospheric CO2 is prescribed, with a focus on diagnosing carbon fluxes between 
the land, atmosphere and ocean. In the second case, atmospheric CO2 is interactive, so that 
simulated carbon fluxes change the atmospheric CO2 concentration and any feedback between the 
carbon cycle and climate is accounted for. Here we first compare ACCESS-ESM1 simulations over the 
historical and near-future period, 1850-2020, run with prescribed atmospheric CO2 and with or without 
anthropogenic aerosols. The simulations without anthropogenic aerosols are warmer than in the 
control run (by up to 1oC in the global mean between 1965 and 2020) and show significantly less land 
carbon uptake. Land carbon uptake from the control run, at around 150 PgC, is similar to estimates 
from the Global Carbon Budget (Le Quéré et al., 2016) but is reduced to less than 50 PgC in the case 
with no anthropogenic aerosols. Offline experiments with the CABLE land surface model confirm that 
the warmer global temperature is the main driver of the reduced land carbon uptake. Compared with 
the prescribed CO2 simulations, simulations using interactive CO2 moderate the impact of aerosols; 
the no aerosol simulation gives higher atmospheric CO2 than the control and this acts to partially offset 
the reduction in land carbon uptake due to the additional warming in the no aerosol case. However, 
even with this feedback, aerosol cooling still accounts for about half of historical land carbon uptake 
from 1850-2020. Estimates of future land carbon uptake need to explore a range of future scenarios 
for both CO2 emissions and anthropogenic aerosols. 

Le Quéré et al., Global Carbon Budget 2016, Earth System Science Data, 8, 605-649, 
doi:10.5194/essd-8-605-2016, 2016. 
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Limits to emissions verification from unaccounted semi-decadal carbon 
variability  

Le Quéré, Corinne* (1); Friedlingstein, Pierre (2); Sitch, Stephen A. (3)  
1: University of East Anglia, Tyndall Centre for Climate Change Research, Norwich, United Kingdom; 2: University of Exeter, 
College of Life and Environmental Sciences, UK; 3: University of Exeter, College of Engineering, Mathematics and Physical 
Sciences, UK  

Recent data and models, when combined, succeed in accounting for most of the mean and trend in 
atmospheric CO2 growth rate, and large parts of its interannual variability (Le Quéré et al., 2016). Here 
we show that there remains unaccounted semi-decadal variability in the carbon cycle, which we argue 
is the new frontier in carbon cycle research. Our analysis builds on the Global Carbon Budget 2016, 
which combined fossil fuel and land-use change emissions estimates based on socio-economic and 
land-cover change data, with direct observations of atmospheric CO2 growth rate, and model 
estimates for the land (15 models) and ocean (7 models). The unaccounted carbon is defined as the 
difference between the sum of the known sinks, including the atmosphere, and the sum of the known 
emissions. As the five terms are nearly independent, the unaccounted carbon represents a measure 
of our imperfect understanding of the global carbon cycle. The unaccounted carbon is significant, of 
the order of ±1 PgC/yr (10% of anthropogenic emissions), although it does not present any systematic 
bias and has no trend. Results from atmospheric inversions suggest the unaccounted carbon 
originates mostly from the tropics, with a significant contribution from the Northern Hemisphere, and a 
small contribution only from the Southern Ocean. The unaccounted carbon is likely to be primarily 
explained by the partitioning of the carbon between the atmosphere, land and ocean, rather than by 
errors in the reported anthropogenic emissions. Indeed the size and variability of the unaccounted 
carbon is so large that it would unlikely be undetected in emissions statistics. Finally, the size and 
frequency of the unaccounted carbon variability has not changed over the last 60 years, despite a four 
times increase in fossil emissions, hence pointing at an origin in the natural environment. We separate 
the semi-decadal unaccounted carbon into five episodes with distinct signatures and relations to 
climatic variables: (1) the 1960s missing sink anomaly matching an anomaly of the Southern Annular 
Mode; (2) the 1970s wet decade; (3) the 1990-1991 onset of a large missing sink prior to the volcanic 
eruption of Mount Pinatubo; (4) the 2000-2010 increasing missing sink matching the global 
temperature hiatus; and (5) the quasi bi-annual seasaw of 2005-2015 suggesting lead-lags in the 
carbon – climate variability. This unaccounted semi-decadal variability limits our capacity to 
independently verify reported emissions and to detect the emergeance of unexpected events in the 
carbon cycle, such as large carbon-cycle feedbacks. Here we present the current evidence and a new 
analysis of uncertainty. We detail our hypothesis for plausible underlying mechanisms and challenge 
the carbon cycle community to resolve these anomalies in the space of a semi-decade, to be 
integrated in the Global Carbon Budget 2022 with stocktake at ICDC11.   
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Understanding and predicting trends in North Atlantic CO2 uptake  

Lebehot, Alice* (1); Halloran, Paul (1); Watson, Andrew (1); McNeall, Doug (2); Ford, David (2); 
Landschützer, Peter (3); Lauvset, Siv (4); Schuster, Ute (1)  
1: University of Exeter, United Kingdom; 2: Met Office, United Kingdom; 3: Max Plank Institute for Meteorology, Germany; 4: 
Bjerknes Centre for Climate Research, Norway  

To determine the maximum carbon dioxide (CO2) emissions society must commit to, to remain below 
a given atmospheric CO2 threshold, the scientific community must robustly quantify what proportion of 
human emitted CO2 will be taken up by the land and marine carbon reservoirs. The North Atlantic 
Ocean is the most intense marine sink of anthropogenic CO2 on the planet, accounting for about a fifth 
of the global oceanic anthropogenic CO2 uptake, despite covering just 15% of the global ocean area. 
Carefully assessing uncertainties, we quantify the observed-based trend in North Atlantic CO2 uptake 
over the past two decades. Comparing this to results from state-of-the-art climate models, we find that 
models are systematically underestimating the observed CO2 uptake trend. By performing a set of 
targeted climate model simulations, we diagnose and account for this bias, and produce the first set of 
observation-informed future ocean CO2 uptake predictions. 
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Global observational synthesis to constraint recent changes in the ocean 
carbon uptake  

Lenton, Andrew* (1,2); Matear, Richard J (1); O'Kane, Terrence (1); Chamberlain, Matthew (1); 
Ziehn, Tilo (3); Law, Rachel M (3)  
1: CSIRO Oceans and Atmosphere, Hobart, Australia; 2: Antarctic Climate and Ecosystems CRC, Hobart, Australia; 3: CSIRO 
Oceans and Atmosphere, Aspendale, Australia  

Recent studies have reported large multi-year changes in the strength of the ocean carbon uptake, 
globally and regionally1,2. These studies suggested that the changes in ocean carbon uptake are 
primarily driven by changes large-scale in ocean dynamics. However, the limited observations of the 
ocean carbon cycle necessitate some degree of interpolation and/or large-scale spatial and temporal 
averaging. This has the potential either to bias  or alias the results toward a dynamically inconsistent 
ocean state thereby making understanding the drivers of these changes challenging. Here we take 
advantage of a new coupled data assimilation method, CSIRO’s Climate Analysis and Forecast 
Ensemble System (CAFES), to constrain the physical climate system through assimilation of 
atmospheric and ocean observations.  The system uses a coupled climate model with WOMBAT 
(World Ocean Model of Biogeochemistry and Trophic Dynamics) biogeochemical module to simulate 
the response of the ocean carbon cycle to the observed physical changes over the period 2004 to 
2015. The state estimation provided by CAFES allows the response of the ocean carbon cycle to be 
simulated in a framework dynamically consistent with the physical changes. This approach allows us 
to independently assess the carbon cycle response against important marine and atmospheric 
observational datasets such as the Surface Ocean Carbon Atlas (SOCAT), and allows the responses 
of the physical and biological pumps to be quantified. Our results simulate systematic changes in the 
uptake in carbon, globally and regionally, over this period in response to observed physical changes. It 
demonstrates how the ocean carbon observations may provide an important additional constraint on 
the recent circulation changes inferred from wind and water properties. Furthermore, it also provides a 
tractable pathway, through constraining the response of the marine biogeochemistry to physical 
changes, to improve the representation of the marine biogeochemistry in Earth System Models; 
identified as a challenge for projecting the role of the ocean, and its feedbacks, in the global carbon 
cycle3. 

1 DeVries, T. et al., Recent increase in oceanic carbon update driven by weaker upper-ocean 
overturning, Nature (2017), doi:10.1038/nature21068 2 Landschützer, P. etal. The reinvigoration of the 
Southern Ocean carbon sink, Science (2015),doi: 10.1126/science.aab2620 3 Laufkötter, C.: Drivers 
and uncertainties of future global marine primary production in marine ecosystem models, 
Biogeosciences (2015), doi:10.5194/bg-12-6955-2015, 2015. 
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10-years of combined CO2 and O2 measurements at two remote sites of 
Jungfraujoch, Switzerland and Puy de Dôme, France  

Leuenberger, Markus C.* (1); Schibig, Michael F. (2); Carstens, Ute (3); Rödenbeck, Christian 
(4); Berhanu, Tesfaye A. (1)  
1: Climate and Environmental Physics, Physics Institute and Oeschger Centre for Climate Change Research, University of Bern, 
Switzerland; 2: National Oceanic and Atmospheric Administration (NOAA), Earth System Research Laboratory, Global 
Monitoring Division, Boulder, USA; 3: ICOS Carbon Portal at Lund University, Sweden; 4: Max Planck Institute for 
Biogeochemistry, Jena, Germany  

Since the preindustrial period, atmospheric CO2 has increased by about 40 % mainly due to fossil fuel 
burning, and further increase in emissions may have an adverse effect on the Earth’s climate. About 
half of this emitted CO2 remains in the atmosphere while the remaining fraction is partitioned between 
the land biosphere and the ocean sinks. Atmospheric Potential Oxygen (APO), which is derived from 
concurrent CO2 and O2 measurements, is an important tracer to quantify atmospheric CO2 shares 
among these compartments. Here we present 10 years of combined CO2 and O2 measurement data 
from two mountain sites: Jungfraujoch, Switzerland (JFJ, 3580 m a.s.l) and Puy de Dôme (PUY, 1465 
m a.s.l.), France. 
While both sites exhibit similar CO2 and O2 trends, the seasonal peak-to-trough amplitudes in both 
CO2 and O2 is about two times higher at PUY than at JFJ due to its proximity to land-biospheric 
activities. We have also calculated seasonal peak-to-trough APO amplitudes of 44.2 ± 5.4 per meg 
and 61.9 ± 5.8 per meg at JFJ and PUY, respectively without accounting for fossil fuel influence. Even 
if the seasonalities are similar in APO, a significant depletion was observed at PUY during spring due 
to influences from anthropogenic sources and spatially restricted footprints. From the long-term trend 
in CO2 and APO at Jungfraujoch, we have estimated a land biosphere and an oceanic sink of 2.1 ± 0.5 
PgC yr-1 and 2.7 ± 0.5 PgC yr-1, respectively. 
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Long-term changes of 14CO2 in the global atmosphere  

Levin, Ingeborg*; Hammer, Samuel  
Institut für Umweltphysik, Heidelberg University, Germany  

Measurements of the distribution and long-term trends of radiocarbon in atmospheric carbon dioxide 
have provided invaluable insight into global and regional fluxes within the carbon cycle. While Δ14C-
CO2 has been decreasing almost exponentially in the decades following the 1960s’ atmospheric bomb 
testing, due to uptake of bomb-produced 14C by the ocean and the terrestrial biosphere, the currently 
observed mean Δ14C-CO2 decrease rate of about 4-5‰ per year (since about 1995) is almost solely 
caused by the input of fossil fuel CO2 into the atmosphere. This 14C-free anthropogenic CO2 flux has 
increased globally by more than 50% compared to 1990, thus raising the atmospheric CO2 burden by 
more than 4 PgC (1 PgC = 1015 gC) or 0.5% per year in the last decade. As the largest share of fossil 
fuel CO2 is released in the Northern Hemisphere, the north-south CO2 concentration difference also 
showed a steady increase. However, only since about 2005 we observe on average 5‰ higher Δ14C-
CO2 at Southern ocean sites compared to mid latitudes of the Northern Hemisphere. This is due to still 
compensating 14C disequilibrium fluxes from biosphere and ocean. The global long-term decreasing 
trend has slightly accelerated in the last decade, potentially due to global fossil fuel emissions peaking 
during this period. Overlaying this trend are significant inter-annual variations, which must be 
attributed to natural signals, either varying disequilibrium fluxes with the southern (and global) ocean 
but also possibly due to natural 14C production that is linked to solar variability (e.g. 11-year sunspot 
cycle). Our extended high-precision Δ14C-CO2 observations from Jungfraujoch, Cape Grim and the 
German Antarctic Neumayer station are presented and discussed in view of the changes and 
variability of the atmospheric radiocarbon cycle in the last four decades. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 74 of 463 

   

Poster Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: Coupled Earth System, Decadal predictions, Oceanic carbon sink, Assimilation, Initialized simulations  

Decadal predictions of the oceanic carbon sink: skills and challenges  

Li, Hongmei*; Ilyina, Tatiana; Müller, Wolfgang A.; Sienz, Frank  
Max Planck Institute for Meteorology, Germany  

The oceans are a major sink for anthropogenic carbon emissions. Besides an overall increase of the 
oceanic carbon sink in response to the increase of anthropogenic carbon emissions, the oceanic 
carbon uptake also shows pronounced variability from interannual to decadal timescales. While the 
modern decadal prediction systems suggest robust predictive skills on ocean physical states such as 
the earth’s temperature and the circulations, the predictability of the oceanic carbon sink receive little 
attention. Predictions of the oceanic carbon sink in the near future are necessary to guide monitoring 
programs and to provide information for knowledgeable decisions related to natural resources, 
fisheries, and climate services. 
We explore predictability of the oceanic carbon sink and the underlying mechanisms by investigating 
decadal prediction simulations, in which the initial states of the Earth System Model are improved by 
assimilating observations into the system. Therefore the initialized simulations produce evolution of 
the atmospheric and ocean physical states and the carbon cycle resembles to that in observations. In 
this study, we use the decadal prediction system based on Max Planck Institute’s Earth System Model 
(i.e., MPI-ESM), in which the ocean biogeochemical component is represented by the Hamburg 
Ocean Carbon Cycle Model (HAMOCC). 
We first use the assimilation output as a proxy to estimate the potential predictability of the oceanic 
carbon sink. Our results reveal significant multi-year variability of CO2 fluxes and the potential 
predictability of the ocean carbon sink shows prominent regional features. Regionally, e.g. in the North 
Atlantic Ocean, a potential predictive skill of up to 4-7 years is found and observational data provide 
evidence for establishing predictive skill (Li et al., 2016). 
Decadal prediction systems require a sound observation-based verification framework. Therefore, we 
move one step forward and use data-based estimate products of CO2 flux (Rödenbeck et al. 2015) 
based on Surface Ocean CO2 Atlas (SOCAT) measurements (Bakker et al., 2014) to assess the 
predictive skills of the oceanic carbon sink. We find high predictive skills in the North Pacific and in the 
North Atlantic Oceans, and low predictive skills in the tropical Oceans. As large uncertainty is found 
among different data-based estimates of CO2 flux due to limited observations, the predictive skill 
should be interpreted with caution in referring to the spatial and temporal coverage of SOCAT data. 
We further investigate the mechanisms in maintaining the predictability of the ocean carbon sink in the 
context of improvement in the ocean physical states by initialization. 

References: 1. Bakker, D. C. E., et al. (2014), Earth System Science Data. 6, 69-90 2. Li, H., et al. 
(2016), Nat. Commun. 7, 11076 3. Rödenbeck, C., et al. (2015), Biogeosciences. 12, 7251-7278. 
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Entrainment velocity and tropical Pacific air-sea CO2 flux during ENSO events 
simulated in CMIP5  

Li, Yangchun* (1); Dong, Fang (2)  
1: Institute of Atmospheric Physics, China, People's Republic of; 2: Tsinghua University, Beijing, China, People's Republic of  

Interannual variation of air-sea CO2 flux over the tropical Pacific is important for interannual variation 
of global air-sea CO2 flux, which is controlled by El Niño–Southern Oscillation (ENSO). Upwelling in 
the tropical Pacific Ocean affects the responses of air-sea CO2 flux to ENSO events by its modulation 
of dissolved inorganic carbon(DIC), alkalinity, temperature, nutrients, and other physical and 
biogeochemical variables at surface sea water. The role of upwelling in the transport of these 
variables in 14 models in the Phase 5 of Coupled Model Intercomparision Project (CMIP5) is 
examined. To evaluate  the transport role of upwelling, entrainment velocity  instead of vertical velocity 
on the mixed layer bottom is investigated. Results show that there are large differences in the strength 
of entrainment velocity among these ESMs. Although most models can simulate the correct 
relationship between entrainment velocity and ENSO index, there is one model that fails to produce 
the reasonable exchange of biogeochemical materials between the mixed layer and the themocline, 
which should be induced by entrainment velocities as well as other models. Six models underestimate 
the contribution of DIC interannual variation to interannual variation of pCO2seain the central-eastern 
tropical Pacific due either to a weak relation between interannual variationof entrainment velocity and 
ENSO events or to no (or weak) relation between interannual variation of entrainment velocity and that 
of DIC. As a result, these six models havepoor responses of interannual variability of air-sea CO2 flux 
to ENSO. 
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CO2 monitoring in the South-West Indian Ocean over the last three decades  

Lo Monaco, Claire* (1); Metzl, Nicolas (2); Mignon, Claude (2)  
1: LOCEAN/UPMC, Paris, France; 2: LOCEAN/CNRS, Paris, France  

Numerous CO2 observations were collected along repeated transects in the South-West Indian Ocean 
over the last three decades, in the framework of the French programs INDIGO, MINERVE and OISO. 
Such repeated observations are crucial to monitor and understand the evolution of air-sea CO2 fluxes 
and changes in carbonate chemistry in response to CO2 emissions and climate variability. This 
dataset allows to document contrasted environments, including warm and oligotrophic Subtropical 
waters, the Subantarctic zone, and the cold polar waters, with both typical High Nutrient Low 
Chlorophyll (HNLC) areas, and iron-fertilized environments above and downstream the Crozet and 
Kerguelen Plateaus. In all these regions, we observed a clear increase in surface fCO2, roughly 
following the increase in atmospheric CO2. In Subantarctic waters, that act as a major sink for 
atmospheric CO2, we found that the invasion of anthropogenic CO2 explains most of the trend in total 
CO2, leading to a decrease in seawater pH by approximately 0.02 units/decade, a signal that 
propagates in the ocean interior with the sinking of mode waters and their transport northward.  In the 
vicinity of Kerguelen Island, we observed large interannual variations in oceanic CO2, total alkalinity 
and pH, that could be related to large-scale climate variability. At higher latitudes, our observations 
show a rapid increase (decrease) in surface fCO2 (pH) during the 1990's, resulting in a reduction in 
the uptake of atmospheric CO2 by Antarctic waters. These trends were reduced during the last 
decade, with the stagnation of surface fCO2 and pH revealed from regular observations between 2010 
and 2015 in HNLC waters. In January 2017, however, we observed a sudden pH drop, likely governed 
by warming anomaly in the Southern Ocean. A better understanding of the drivers (natural processes 
vs. human induced perturbation) is urgently needed in order to validate climate predictions and to 
asses ocean acidification. 
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Modeling the response of CO2 uptake of the Arctic Ocean to recent climate 
change  

Manizza, Manfredi* (1); Memenmenlis, Dimitris (2); Miller, Charles E. (2)  
1: Scripps Institution of Oceanography, UC San Diego, United States of America; 2: Jet Propulsion Laboratory/California 
Institute of Technology, United States of America  

The Arctic Ocean (AO) has shown unprecedented modifications due to climate change compared to 
rest of the global ocean. The most evident manifestation of this change is the dramatic decline of 
summer sea-ice area, in particular the extreme summer sea-ice minima experienced in 2007 and 
2012.  Sea-ice plays a crucial role in regulating AO air-sea CO2 exchange as well as marine 
photosynthetic activity.  Changes in the extent and timing of sea ice coverage thus control the AO CO2 
sink. 
Carbon-related data in the AO are still very sparse and limit our ability to robustly constrain the 
climatological AO CO2 sink. To fill this gap and estimate the CO2 sink and its temporal variability, we 
use an sea-ice-ocean-biogeochemical model to generate physical, and biogeochemical estimates of 
the global ocean. In this study, we focus on the 2006–2013 period and investigate the impact of the 
2007 and 2012 sea ice minima on the AO CO2 sink. 
Our model computes an average CO2 sink of 152 ±15 Tg C yr-1 for the 2006–2013 period  for the AO 
area north of 65° N. Our mean result falls in the upper end of current estimates (66–199 Tg C yr-1). We 
find significantly different AO CO2 uptake responses to the record 2007 and 2012 sea ice loss events. 
2007 shows the largest CO2 sink during our study period (185 Tg C yr-1) due to a great enhancement 
of the biological carbon pump. In 2012, however, increased wind speed in the Western AO decreased 
the CO2 sink to ~150 Tg C yr-1, despite an additional ~1 million km2 of exposed AO water.  
Although sea-ice area was reduced by 0.08×106 Km-2 yr-1 during the 2006–2013 period, the ECCO-
Darwin simulation shows an overall 3.6 Tg C yr-1 decrease in AO CO2 sink, with a trend of increasing 
CO2 uptake in the Chukchi, Barents, and Norwegian Seas that is more than compensated by an 
opposite trend of decreasing CO2 sink in the Eastern Siberian and Beaufort Seas. 
Our results suggest that an increase in areas of open water in AO does not necessarily translate into a 
greater CO2 sink in Arctic waters. For the 2006–2013 simulation period, this is mostly due to the effect 
of increased wind-driven mixing, which brings waters richer in Dissolved Inorganic Carbon to the 
surface and counteracts the effect of increased biological carbon pump due to increased marine 
photosynthesis.  Our results anticipate that the response of the AO CO2 sink in a future warmer 
climate will be a delicate balance between the biological carbon pump and wind-driven mixing, which 
will control the future CO2 uptake and the rate of acidification of these polar waters. 
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Detecting and understanding the changing ocean carbon sink with data and 
models  

McKinley, Galen* (1); Fay, Amanda (1); Lovenduski, Nicole (2)  
1: University of Wisconsin-Madison, United States of America; 2: University of Colorado, Boulder, United States of America  

Cumulatively, since preindustrial times, the ocean has absorbed 41% of all fossil fuel emissions; the 
remaining emissions have almost entirely remained in the atmosphere1. Looking forward for the next 
several centuries, the ocean will be the dominant sink for anthropogenic carbon. Understanding, 
predicting, and monitoring of the ocean sink is crucial for setting and continually adjusting allowable 
emissions. In this presentation, we report on recent progress in the detection and mechanistic 
understanding of trends in the ocean carbon sink. 
Detection of trends requires quantifying the significant internal variability that is inherent to the ocean 
carbon cycle1,2. We attack the detection challenge with both multi-decadal surface ocean pCO2 
observations and ensemble climate model simulations1,2. Ensemble climate model simulations 
illustrate that the Time of Emergence for change in ocean carbon uptake varies across the global 
ocean from 30 to 100+ years, with earliest emergence in the Southern Ocean2. Surface ocean pCO2 
observations in the Southern Ocean are were rare before the 2000s and continue to be spatially 
sparse, and therefore growth in the sink cannot yet be directly detected. 
Understanding observed trends requires a deeper mechanistic analysis. To study where and when the 
biological pump can be a first-order driver of change ocean carbon uptake, co-located surface ocean 
pCO2 and satellite chlorophyll are employed3. This global analysis supports the long-held assumption 
that the carbon cycle is most strongly driven by the biological pump at high latitudes. Only in the 
Southern Ocean does the biological pump drive ocean carbon uptake on all timescales from monthly 
to interannual. 

References: 
1. McKinley, G. A., Fay, A. R., Lovenduski, N. S. & Pilcher, D. J. Natural Variability and Anthropogenic 
Trends in the Ocean Carbon Sink. Annu. Rev. Marine. Sci. 9, 125–150 (2017). 
2. McKinley, G. A. et al. Timescales for detection of trends in the ocean carbon sink. Nature 530, 469–
472 (2016). 
3. Fay, A.R. and G.A. McKinley. Correlations of surface ocean pCO2 to satellite chlorophyll 
on monthly to interannual timescales, Global Biogeochem. Cycles, 31, 
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Development of a regional CO2 inverse modeling system  

Monteil, Guillaume*; Scholze, Marko  
Lund University, Sweden  

Inverse modeling techniques are used to derive information on surface CO2 fluxes from 
measurements of the atmospheric CO2 concentration. An atmospheric transport model is used to 
compute the atmospheric CO2 distribution corresponding to a prior estimate of the surface CO2 fluxes. 
From the mismatches between that modeled CO2 field and a set of observations, a correction of the 
flux estimate is computed, that represents the best statistical compromise between the prior 
knowledge and the new information brought in by the observations. Such “top-down” CO2 flux 
estimates are useful for a number of applications, such as the verification of CO2 emission inventories 
reported by countries in the framework of international greenhouse gas emission reduction treaties 
(Paris agreement), or for the validation and improvement of the bottom-up models used in future 
climate predictions. 
Although the optimal set of CO2 fluxes can in theory be computed analytically, the size of the problem 
usually prevents it. Instead, inversion algorithms rely on iterative search methods, which require 
multiple re-evaluations of the transport model and increase dramatically the cost of running inversions, 
as compared to standard forward simulations. This constitutes a serious limitation to the possibility to 
resolve CO2 fluxes at a high-resolution over large spatio-temporal domains. 
Within the EUROCOM project, we aim at producing a re-evaluation of the European surface CO2 
fluxes over the past 10 years, using most of the observations available for that period of time. This 
includes sites near to strong CO2 sources (urban areas) and sink (forests) regions. To make an 
efficient use of these non-background observations, a high-resolution inversion is necessary. To be 
able to perform it at a reasonable cost, we have developed a regional inverse modeling system, based 
on a coupling between the TM5-4DVAR and FLEXPART transport models. 
The coupling follows the approach described in Rodenbeck et al., 2009. In short, CO2 fluxes are 
optimized globally at a coarse resolution (by TM5), and refined within the regional domain using a 
high-resolution inversion based on FLEXPART. That second step uses pre-computed “source-
receptor relationships” (i.e. sensitivities of the observations to changes in emissions), which makes the 
cost of additional iterations of the inversion algorithm (and of additional inversions) relatively 
negligible. During the conference, we will present our first inversions, as well as comparisons against 
other transport models (TM5-4DVAR, TM3-STILT). 
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Decadal-scale increases of anthropogenic CO2 in Antarctic Bottom Water of 
the Indian sector of the Southern Ocean  

Murata, Akihiko*; Kumamoto, Yu-ichiro; Sasaki, Ken-ichi  
Japan Agency for Marine-Earth Science and Technology (JAMSTEC), RCGC, Yokosuka, Japan  

The Southern Ocean is regarded as one of the most important sinks for global carbon budget, 
because it is estimated that approx. 40% of ocean uptake of anthropogenic CO2 (hereafter 
abbreviated as antCO2) occurs in the Southern Ocean. It is known that Sub-Antarctic Mode Water and 
Antarctic Intermediate Water play a large role in absorbing antCO2 and transporting it northward. 
However, for the role of Antarctic Bottom Water (AABW), it is still an open question. 
To elucidate how large AABW takes up antCO2, we examined decadal-scale increases of antCO2 
(ΔantCO2) along a zonal section at nominal 62°S ranging from 30°E to 160°E in the Indian sector of 
the Southern Ocean. For the purpose, we used high-quality data for CO2-system and related 
properties collected about 17 years apart in 1994/1995 and 2012/2013. These data were obtained 
under international observation programs such as World Ocean Circulation Experiment and Global 
Ship-based Hydrographic Investigations Program. Form depth - longitude section of ΔantCO2, it was 
found that there was a clear contrast of distributions of ΔantCO2 in AABW between the eastern and 
western sides of the Kerguelen Plateau. That is, higher increases of > 5 mmol kg-1 were found in the 
eastern side, while lower increases or even decreases were found in the western side. In the eastern 
side, increases of antCO2 were largest (> 9.0 mmol kg-1) in AABW. The higher increases were 
especially conspicuous east of 110°E. Significant increases of anthCO2 in bottom and deep waters 
were detected through the section, although they became gradually reduced in magnitude and depth 
range westward from 110°E. Vertical distributions of ΔantCO2 showed significant positive correlations 
with decadal-scale changes in CFC-12 and with distributions of SF6, both of which can be used as a 
proxy of ocean circulation and ventilation, meaning that the distributions were mainly controlled by 
physical processes. The highest storage rate of antCO2 was estimated to be 1.1 ± 0.6 mol m-2 a-1 at 
longitudes 130°−160°E, which is a value integrated from surface to bottom layers of statistically-
significant ΔantCO2. With this condition of integration, we believe that the value is conservative. West 
of the Kerguelen Plateau, the storage rate was 0.2 ± 0.1 mol m-2 a-1 at most. The contrast is due 
probably to differences of formation regions of AABW; west of 80°E (Kerguelen Plateau), the AABW 
consists mostly of Weddell Sea-origin water, while east of it, the AABW consists of both the Adélie 
coast- and Ross Sea-origin waters. 
The above results highlight that processes for uptake and accumulation of antCO2 by the bottom water 
work well in the Indian sector of the Southern Ocean, at least, in the eastern part of it. 
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Measurements of atmospheric CO2 and its δ13C and δ18O at Minamitorishima 
Island in the western North Pacific  

Murayama, Shohei* (1); Tsuboi, Kazuhiro (2); Ishidoya, Shigeyuki (1); Matsueda, Hidekazu (2); 
Sawa, Yosuke (2); Niwa, Yosuke (2); Dehara, Kohshiro (3); Kozumi, Kentaro (3); Hosokawa, 
Shuichi (3); Ohtake, Jun (3); Usami, Tetsuyuki (1)  
1: National Institute of Advanced Industrial Science and Technology (AIST), Japan; 2: Meteorological Research Institute, Japan; 
3: Japan Meteorological Agency, Japan  

The station of Minamitorishima (MNM; 24°18’N, 153°58’E, 9 m above sea level) is a unique monitoring 
site of background air at northern mid latitudes, which is situated on a remote coral island in the 
western North Pacific, about 1,950 km southeast of Tokyo. The Japan Meteorological Agency has 
made long-term continuous observations of atmospheric concentrations of major greenhouse gases 
such as CO2 and methane CH4 at MNM. For better understandings of mechanism governing the 
observed variations in atmospheric CO2, precise measurements of the stable carbon (δ13C) and 
oxygen (δ18O) isotopic ratios in atmospheric CO2 are very useful. For the purpose, systematic 
measurements of atmospheric CO2 concentration and its δ13C and δ18O have been carried out at 
MNM by analyzing discrete flask air samples since 2011. 
The CO2 data from the flask samplings well agree with the continuous measurements, indicating 
suitable flask sampling as well as no drift of CO2 content in the flask until analysis. The CO2 

concentrations show a clear seasonal cycle with a decrease from summer to early autumn and an 
increase from late autumn to early spring, which is in opposite phase with the δ13C cycle. From 
comparative analyses between both of the seasonal components, it is suggested that the seasonal 
cycles are due mainly to a seasonal-dependent CO2 exchange with C3 plants in land biosphere and/or 
transport processes of air influenced by fossil fuel combustion from northern higher latitudes. 
However, the variation from June to October is found to be related to CO2 exchange with a 
significantly heavier δ13C signal compared to the other period of the year, probably reflecting 
seasonal-dependent different CO2 origins. On the other hand, δ18O shows a seasonal variation with a 
decrease from summer to late autumn and an increase thereafter until early summer, though the 
variation is not correlated with those of CO2 and δ13C, due probably to influences of not only carbon 
but also hydrological cycles. In addition, secular increase of the CO2 concentration and decrease of 
δ13C due to anthropogenic CO2 emission are also observed, accompanied by year-to-year variations 
in opposite phase with each other. δ18O also shows a secular increase trend during the observed 
period; a similar δ18O increase trend has been observed at Mauna Loa, Hawaii since 2011. These 
secular trends suggest influences of variations in global carbon and hydrological cycles probably 
associated with the ENSO events. 
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Distribution of fCO2 trend due to the anthropogenic CO2 uptake and bio-
geophysical variability in the Pacific Ocean  

Nakaoka, Shin-ichiro* (1); Nojiri, Yukihiro (1,2); Yasunaka, Sayaka (3); Ono, Tsuneo (4); Zeng, 
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In this study, we examined fCO2 trend and produced monthly fCO2 distributions for 13 years in the 
Pacific Ocean based on the in-situ fCO2 measurements using the Self-Organizing Map technique. For 
the estimation of fCO2 distributions, we used datasets of sea surface temperature (SST), sea surface 
salinity (SSS), mixed layer depth (MLD) and chlorophyll-a concentration (CHL) with the polar 
coordinates as explanatory variables to prevent east-west biases between estimates and 
observations. We acquired Surface Ocean CO2 Atlas version 3.0 database for observed fCO2 data 
[Bakker et al., 2016]. Mean anthropogenic fCO2 trend due to CO2 input from the atmosphere in the 
whole of the Pacific during the study period was assumed. We calculated this trend to be 
approximately 1.6 µatm yr-1. As a result, we produced monthly fCO2 distributions within the uncertainty 
of 19.1 µatm. The estimated temporal fCO2 variability and the trend in each region agreed well with in-
situ observations, which confirmed the assumption that anthropogenic fCO2 trend was uniform over 
the entire Pacific Ocean. We then evaluated the apparent fCO2 trend caused by the anthropogenic 
trend with indirect effects of bio-geophysical variability of SST, SSS, MLD and CHL. The relatively low 
fCO2 trends were seen in the western subarctic region of the North Pacific, eastern equatorial region 
and central-eastern Pacific south of 25°S, while high fCO2 trends are apparent in the eastern mid 
latitude region of the North Pacific, equatorial region between 15°S and 15°N. The results suggested 
that the mean apparent fCO2 trend in the Pacific for 13 years was approximately 1.8 µatm yr-1, and 
that the 0.2 µatm yr-1 of the trend component, which cannot be explained by CO2 input from the 
atmosphere, would be caused by indirect effects of bio-geophysical variability. 

Reference 
Bakker, D.C.E. et al. (2016) A multi-decade record of high-quality fCO2 data in version 3 of the Surface 
Ocean CO2 Atlas (SOCAT), Earth Syst. Sci. Data 8, 383-413, doi:10.5194/essd-8-383-2016. 
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Impact of age-dependent harvest in land-surface models  

Naudts, Kim*; Sabot, Manon; Nabel, Julia E.M.S; Pongratz, Julia  
Max Planck Institute for Meteorology, Germany  

Forest management affects the amount of carbon, water and energy that is exchanged between the 
forest and the overlying atmosphere through changes in the forest age structure. The representation 
of this effect is currently hampered in most land-surface models because the forest is assumed to be 
ageless, and the harvest scheme does not account for forest age. We tested the impact of including 
sub-grid scale forest age in a harvest protocol that is generally applied by land-surface models, e.g. in 
CMIP5. We used forest regrowth curves from the land-surface model JSBACH and a global age 
distribution map to create age-dependent carbon density maps on which we applied different harvest 
rules yielding different age structures. The harvested amount was kept constant in each rule, but for 
the partitioning of the harvest over the age classes we tested three options: 1) age-independent 
harvest, i.e. like it is represented in most land-surface models; 2) harvest with fixed rotation cycle; 3) 
harvest based on product demand. Preliminary results show that including sub-grid scale forest age in 
the harvest protocol resulted in a decrease up to 32% for global woody biomass and 5% for 
transpiration. Effects on albedo were small due to compensating effects in visible and near-infrared 
albedo and regional differences. We conclude that accounting for forest age structure in the harvest 
protocol is crucial for assessing the biogeochemical and biogeophysical feedback of forest 
management on the climate. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 84 of 463 

   

Poster Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: ocean, APO, export flux, ocean color  

Understanding changes in ocean biogeochemistry and carbon export 
production using atmospheric gas observations and remote sensing data  

Nevison, Cynthia* (1); Munro, David (1); Keeling, Ralph (2); Kahru, Mati (2); Lovenduski, Nicole 
(1)  
1: University of Colorado, Boulder/INSTAAR, United States of America; 2: Scripps Institution of Oceanography, La Jolla, United 
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Current estimates of the magnitude and variability of the carbon export flux (EF) from the ocean 
surface layer have large uncertainties at the global scale, with estimates ranging from 5 to 20 Pg C 
yr1.  At global and basin-wide scales, observed seasonal changes in atmospheric gases offer an 
independent way to evaluate and constrain the absolute magnitude of EF.  In particular, the tracer 
atmospheric potential oxygen (APO ~ O2 + CO2) provides a measure of the integrated amount of O2 
released from the ocean to the atmosphere as a result of net community production (NCP), based on 
stoichiometric relationships between net organic carbon fixation and associated O2 outgassing.  APO 
also has been used as a metric for evaluating ocean model performance, e.g., of the CMIP5 ocean 
models (Nevison et al, 2015, 2016), and discerning which model projections of future ocean carbon 
uptake may be more credible.  One of the main challenges in using APO data to constrain satellite EF 
data involves quantifying the relationship among EF, NCP and the associated air-sea O2 flux, 
fgO2,NCP.  These relationships have been evaluated recently using the CESM ocean biogeochemistry 
model, which suggests that a large fraction of spring and summertime O2 outgassing is associated 
with seasonal production and storage of DOC, most of which does not leave the mixed layer.  The 
uncertainty in the EF to fgO2,NCP conversion and the resulting constraint that APO provides on 
satellite-based EF will be discussed.  Observed trends in the seasonal cycle of APO detected at 
several surface monitoring sites since the early 1990s will be presented, and their consistency with 
trends in satellite ocean color data will be examined. 
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Regional characteristics on greenhouse gaseous concentrations for thirteen 
years at Guiyang, China, in comparison with the data of Hateruma Island  

Nomura, Shohei* (1); Mukai, Hitoshi (1); Terao, Yukio (1); Machida, Toshinobu (1); Zeng, 
Yiqiang (2); Zhou, Lingxi (3)  
1: National Institute for Environmental Studies, Japan; 2: Institude of Geochemistry, Chines Academy of Sciences; 3: Chinese 
Academy of Meteorological Sciences, China Meteorological Administration  

We have been monitoring atmospheric greenhouse gases (GHGs) at Hateruma Island (24.05N, 
123.80E, 30m), Japan since 1993. Hateruma Island (HAT) is a small island (12.5 km2) situated 250 km 
east of Taiwan. From the monitoring results, it was found that the greenhouse gas concentrations in 
air mass from the Asian Continent was high level and annual CO2 amplitude increased. Recently, 
several sites in China were established to monitor GHGs concentration and the concentrations around 
the sites were found relatively high concentration. Thus, it is inferred that GHGs emission from China 
influences the atmosphere of HAT. However, only a few knowledges about GHGs in China because a 
few observation sites are operated in China. 
Thus, to clarify the behavior of GHGs in China, we established flask sampling site at Guiyang (GUI), 
which is located southwest of China (26.34N, 106.43E, 1598m), since 2004. The air was collected to 
the flask at weekly interval and analyzed GHGs concentration and carbon isotopes in our laboratory. 
In this study, we showed the characteristics of GHGs concentration and carbon isotopes in Guiyang, 
China, in comparison with the data of HAT and Mauna Loa Observatory (MLO). 
The CO2 concentration level in GUI was lower in summer and higher in winter than those at HAT and 
MLO. The long-term trend of GUI from the observed CO2 data was 4 ppm and 6 ppm higher than 
those at HAT and MLO. The CH4, CO and N2O concentration level at GUI were higher those at HAT 
and MLO regardless of season. The seasonal variation of CO and N2O at GUI also differed greatly 
from those at HAT and MLO.  
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The Total Carbon Column Observing Network (TCCON)  
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The Total Carbon Column Observing Network (TCCON) is a network of ground-based Fourier 
Transform Spectrometers that record direct solar absorption spectra of the atmosphere in the near-
infrared. From these spectra, accurate and precise column-averaged abundances of atmospheric 
constituents including CO2, CH4, N2O, HF, CO, H2O, and HDO, are retrieved. The TCCON data are 
tied to the WMO reference scale by the comparison to vertically resolved in situ measurements by 
aircraft and AirCore. TCCON plays a vital role for the calibration and validation of greenhouse gas 
retrievals from satellites. TCCON has grown significantly since its foundation in 2004, consisting of 
more than 20 globally distributed sites in 2016. It allows detecting a temporal drift and spatial bias in 
the satellite data. However, in some regions, for example the tropics, the coverage with TCCON sites 
is sparse, which limits the capabilities of satellite validation in these regions. Attempts to expand 
TCCON to those regions, which are currently not covered by sites are presented. Besides being used 
for satellite validation, the network has been used itself to study the carbon exchange fluxes. Although 
remote sensing measurements have lower precision than in situ measurements, they provide 
complementary information for inverse modelling studies and overcome some of the limitations of the 
in situ network. Specifically the measured columns are less sensitive to vertical transport and satellites 
provide a global dataset. In addition to recent developments within TCCON, we show how TCCON is 
used for satellite validation, model evaluation, and inverse model studies. 
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Modelling the effects of land-use change on soil carbon on global scale  

Nyawira, Sylvia Sarah*; Nabel, Julia; Brovkin, Victor; Pongratz, Julia  
Max Planck Institute of Meteorology, Land in the Earth System, Hamburg, Germany  

A major driver of changes in soil carbon over the recent centuries has been land-use change.  Global 
model estimates of changes in soil carbon from land-use changes remain uncertain.  This study 
focusses on improving the simulated soil carbon response to land-use change in a dynamical global 
vegetation model (DGVM) and quantifying how different factors contribute to soil carbon changes.  
We first develop an approach for evaluating the model against the recently published observational 
meta-analyses.  Using the DGVM JSBACH, we perform idealized simulations where the entire globe is 
covered by one vegetation type, which then undergoes a conversion to another vegetation type. We 
select the grid cells that represent the climatic conditions of the meta-analyses and compare the mean 
changes to the meta-analyses.  Our results show model agreement with the meta-analyses on the 
direction of change for the conversion of crop to forest and forest to crop, while for the crop to grass 
and grass to crop the model deviates from the meta-analyses. This deviation is partly associated with 
the sensitivity of the soil carbon response to burning in model.  Accounting for the explicit removal of 
biomass in the form of crop harvest, leads to magnitudes of changes that are closer to the meta-
analyses, with the correct direction of change for the grasslands conversion. 
Using the improved model, we isolate the contribution of the changes in the quantity of litter inputs 
(input-driven) and the turnover of carbon in the soil (turnover-driven), as well as their synergies, to the 
total changes in soil carbon from land-use changes over the industrial era.  Both the input-driven and 
turnover-driven changes generally contribute to a gain in soil carbon in afforested regions and a loss in 
deforested regions. However, in regions where grasslands have been converted to croplands, we find 
an input-driven loss that is partly offset by a turnover-driven gain, which stems from a decrease in fire-
related carbon losses. Omitting crop and wood harvest substantially reduces the global losses from 
54.0 Pg C to 22.0 Pg C, with the input-driven losses reducing from 54.7 Pg C to 24.9 Pg C.  These 
results suggest that the dominating control of soil carbon losses is via the input-driven changes, which 
are more directly accessible to human management than the turnover-driven ones. 
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Global Trends in Ocean Dissolved Inorganic Carbon  
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The GLODAPv2 data product (Olsen et al., 2016) provides global, bias-corrected data for seawater 
CO2 chemistry and related variables for the time period from GEOSECS (1972) until the end of the 
CLIVAR repeat survey (2013). Here, this data product is used to determine temporal trends in oceanic 
Dissolved Inorganic Carbon (DIC). This is carried out by splitting the global ocean into 35 regions and 
applying full depth crossover and inversion analyses in each. The calculated rate of DIC inventory 
increase includes both the anthropogenic CO2 accumulation signal and any conceivable natural 
variability. Increasing DIC inventories are observed in all regions, as expected from the oceanic 
absorption of atmospheric anthropogenic CO2. Globally the oceanic DIC inventory has increased at an 
average rate of 2.7 ± 0.5 Gt C yr-1 over the period 1973-2013 (but there is a strong bias in the 
observations towards the latter 25 years). The largest integrated inventory increase is observed in the 
Southern, Pacific and Indian oceans, though estimates of the last of these are highly uncertain 
because of the limited data coverage during the past two decades. 
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Ocean Thematic Centre (OTC) one of the central facilities of the ICOS RI  
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The European research infrastructure and EU landmark Integrated Carbon Observation System (ICOS 
RI) measures and integrates atmosphere, ecosystem and ocean greenhouse gas observations to 
provide timely and reliable data for research, policy making, and the general public. ICOS is organized 
in central facilities (CFs) and monitoring station assembly (MSA) which carry out measurements of 
greenhouse gases concentrations in the atmosphere, ecosystem (terrestrial) and ocean. Data from the 
MSA are then transferred to the ICOS Thematic Centres which ensure in dialogue with the MSA that 
high standard and quality data is produced that follows the ICOS protocols (based upon international 
standards), approved instrumentation, ICOS data life cycle and data policy. This poster will focus upon 
the Ocean Thematic Centre (OTC), which coordinates and supports the ICOS ocean Monitoring 
Stations Assembly (MSA). ICOS ocean MSA is mainly operated in the North Atlantic Ocean Sector, 
including shallow and adjacent seas as the Barents, North and Baltic Seas and the Mediterranean. 
The main platforms on which GHG measurements are performed are Voluntary Observing 
Ships/Ships of Opportunity (VOS/SOOP), Fixed Ocean Stations (FOS), Repeat Ocean Sections 
(ROS), Marine Flux Towers (MFT) and new promising technologies as floats, gliders and other 
promising automatized platforms. Internationally, the OTC cooperates with IOC UNESCO and SCOR’s 
International Ocean Carbon Coordination Project (IOCCP) to cover the global ocean perspectives. 
The general aim and strategy of the OTC is to produce the highest possible quality of GHG data and 
to achieve these data in a traceable way. We will present in the poster the objectives, work flow, and 
data flow of the OTC and the aimed contributions to the science, society and policymaking. 
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Recent increase in summer surface fCO2 in the western subtropical North 
Pacific  

Park, Geun-Ha* (1); Kim, Dongseon (1); Choi, Yujeong (1); Kim, Tae-Wook (2)  
1: Korea Institute of Ocean Science & Technology, Korea, Republic of (South Korea); 2: Incheon National University, Korea, 
Republic of (South Korea)  

We observed unusually high levels (> 440 µatm) of carbon dioxide fugacity (fCO2) in surface seawater 
in the western subtropical North Pacific, the area where Subtropical Mode Water is formed, during 
summer 2015. The NOAA Kuroshio Extension Observatory moored buoy located in this region also 
measured high CO2 values, up to 500 µatm during this period. These high sea surface fCO2 (fCO2SW) 
values are explained by much higher normalized total dissolved inorganic carbon and slightly higher 
normalized total alkalinity concentrations in this region compared to the equatorial Pacific. Moreover, 
these values are much higher than the climatological CO2 values, even considering increasing 
atmospheric CO2, indicating a recent large increase in sea surface CO2 concentrations. A large 
seasonal change in sea surface temperature contributed to higher surface fCO2SW in the summer of 
2015. 
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Decadal fluctuations of the ocean ventilation affect the Southern Ocean carbon 
sink  

Patara, Lavinia; Böning, Claus W.*; Tanhua, Toste; Oschlies, Andreas  
GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany  

Observational estimates of CO2 partial pressure at the ocean surface suggest pronounced decadal 
modulations of the Southern Ocean carbon uptake, namely a decline until the early 2000s and a 
renewed strengthening afterwards. These decadal fluctuations are possibly linked to ocean circulation 
and ventilation changes, even though the underlying mechanisms are still debated. In this study we 
use a global 1/4° ocean biogeochemistry model (including models for the uptake and spreading of 
CFC-12 and SF6 as well as for the inorganic carbon dynamics) to perform a set of simulations under 
observed atmospheric forcing since the 1950s. Owing to the similar atmospheric increase rates of 
CFC-12 and SF6, but with a time lag of 14 years, a change between historical CFC-12 and modern 
SF6 tracer ages implies a decadal change in ocean ventilation. This method is combined with the 
analysis of oxygen interior content to shed light onto decadal fluctuations of the Southern Ocean 
ventilation of mode and intermediate waters. The simulations highlight pronounced decadal 
modulations of the Southern Ocean ventilation, and in particular a trend towards younger and 
shallower mode and intermediate waters since the early 2000s. The ocean ventilation changes are put 
into connection with decadal fluctuations of the anthropogenic CO2 uptake and of the overall Southern 
Ocean carbon sink, and are interpreted in the light of the overlying atmospheric forcing. 
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Detection and Attribution of the Recent Abrupt Increase in the Net Land Carbon 
Sink  

Peng, Shushi* (1); Piao, Shilong (1); Ciais, Philippe (2)  
1: Sino-French Institute for Earth System Science, College of Urban and Environmental Sciences, Peking University, China; 2: 
Laboratoire des Sciences du Climat et de l’Environnement, LSCE-IPSL (CEA-CNRS-UVSQ), Gif-sur-Yvette, France  

The land sequestrates ~30% of anthropogenic CO2 emissions since 1959 (Le Quéré et al., 2015), and 
the historical land carbon sink provides an important mitigation service of slowing the rise of 
atmospheric CO2 concentrations (Ciais et al., 2013; Le Quéré et al., 2015). Recent analyses show that 
there is an abrupt increase in the net land carbon sink (NLS) by ~0.9 Pg C yr-1 in the late 1980s, 
though large year-to-year variability (Sarmiento et al., 2010; Beaulieu et al., 2012; Buermann et al., 
2016). This abrupt shift of land carbon sink may have important clues for future climate feedback 
(Sarmiento et al., 2010; Buermann et al., 2016). Here, we first detect two significant abrupt changes in 
NLS during the past five decades, and then figure out which regions contribute to the abrupt increases 
in NLS. Finally, we analyze the possible drivers for the abrupt increases. 
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Invited Keynote: Foundational principles for the role of land plants in the global 
carbon cycle  

Prentice, Iain Colin*  
Imperial College London, United Kingdom  

Models of the terrestrial carbon balance continue to diverge, and the persistent differences among 
them reveal a lack of agreed principles governing fundamental ecophysiological processes. For 
example, ecosystem models even disagree about the sign of the response of primary production to 
changes in temperature, both globally and at the site level. However, although most models use 
standard representations for key processes (including the standard Farquhar, von Caemmerer and 
Berry model of photosynthesis), differences in implementation (e.g. the assignment of carboxylation 
and electron transport capacities, the model used for stomatal conductance, and the approach to 
canopy energy balance) can create large discrepancies in responses to both temperature and [CO2]. 
Moreover, far too little effort has gone into establishing the reliability of current models against 
observational and experimental data. ‘Benchmarking’ is still not routine, and model ‘improvement’ by 
including new processes has been prioritized over fidelity to data. The situation has only become 
worse with the implementation of carbon-nitrogen cycle coupling, which in at least one case has 
substantially degraded model performance. New approaches are needed urgently. Key recent 
developments include explicit consideration of microbial and mycorrhizal roles in plant nutrient uptake; 
model intercomparisons that have delved deeply into mechanisms; abandonment of plant functional 
types concept in favour of continuous trait variation; and attempts to predict expected values of key 
traits as a function of environmental variation in space and time. This talk will focus primarily on work 
carried out by my group, and collaborators, over the past five years aiming to establish quantitative 
principles for the determination of key plant functional traits based on explicit eco-evolutionary 
optimality principles. I will argue that the ubiquity of natural selection provides the unique basis for the 
predictability of biological systems in general. I will show how specific optimality hypotheses lead to 
correct representations of the environmental responses of CO2 drawdown (ci:ca ratio), carboxylation 
(Vcmax) and electron transport (Jmax) capacities and their ratio, stomatal conductance, and light and 
water use efficiencies at the leaf level; and gross primary production at the ecosystem level. I will also 
show how the range of effects of enhanced CO2 as observed in field experiments can be accounted 
for by a unified model, with no tuned parameters, applicable to all plants that use the standard (C3) 
pathway of photosynthesis. Finally I will show how this model, together with a simple representation of 
ecosystem respiration, can account for the observed global CO2 uptake on land. 
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Variability of Anthropogenic Carbon in the Labrador Sea from 1992 to 2016  

Raimondi, Lorenza* (1); Tanhua, Toste (2); Azetsu-Scott, Kumiko (1,3); Körtzinger, Arne (2); 
Wallace, Douglas (1)  
1: Dalhousie University, Halifax, NS, Canada; 2: GEOMAR, Kiel, Germany; 3: Bedford Institute of Oceanography, Dartmouth, 
NS, Canada  

The Labrador Sea is a region of fundamental importance for the Atlantic Meridional Overturning 
Circulation (AMOC), contributing to the formation of the upper component of the North Atlantic Deep 
Water (NADW) represented by the Labrador Sea Water (LSW). The formation of this water mass 
shows a high interannual variability with the depth of convection ranging between few hundreds to 
more than 2000 meters. The formation of the LSW, due to wintertime wind driven deep convection, is 
the main process through which gases are transported and stored in the basin interia and ultimately 
transferred to the North Atlantic, affecting the overall biogechemical cycle of different elements. In this 
regard, the exchanges of CO2 and O2 together with tracer gases like CFC-12 and SF6, are of particular 
interest.  The carbon dioxide exchanged between ocean and atmosphere has different sources: 
natural, which can be identified through direct measurement (Dissolved Inorganic Carbon); and 
anthropogenic, estimated through indirect methods that are based on other tracers. 
In this work we estimated the distribution of the Anthropogenic Carbon (Cant) in the Labrador Sea 
based on the Transit Time Distribution (TTD) method applied on CFC-12 and SF6 measurements. The 
study assesses the trend in excess CO2 on a decadal time scale from dataset collected over a time 
frame between 1992 and 2016 along GO-SHIP AR07W line. To determine the Δ/Γ that best 
represents the flow dynamics in this basin we used two couples of transient tracers (CFC-12/CFC-113 
and CFC-12/SF6) and considered different saturation conditions of the measured gases. The study of 
the TTD highlighted inconclusive mean age calculation based on CFC-12 for most recent years due to 
decreasing concentration of the gas in atmosphere and therefore showed the necessity of calculating 
anthropogenic carbon based on SF6 for these years. Concentration and inventory of Cant for 
characteristic water masses of Labrador Sea (Denmark Strait Overflow Water, North East Atlantic 
Deep Water, Newly-ventilated Labrador Sea Water, Greenland and Labrador Shelf waters) will be 
presented over time with particular focus on decadal change of the estimated Cant in the basin. 
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A new window on Arctic greenhouse gases: Continuous atmospheric 
observations from Ambarchik on the Arctic coast in North-Eastern Siberia  

Reum, Friedemann* (1); Göckede, Mathias (1); Zimov, Nikita (3); Zimov, Sergej (3); Kolle, Olaf 
(1); Dlugokencky, Ed (4); Laurila, Tuomas (5); Makshtas, Alexander (9); Miller, Scot (6); 
Michalak, Anna (6); Henderson, John (7); Miller, Charles (8); Heimann, Martin (1,2)  
1: Max-Planck-Institute for Biogeochemistry, Germany; 2: Division of Atmospheric Sciences, Department of Physics, University 
of Helsinki, Finland; 3: North-East Science Station, Cherskii, Russia; 4: NOAA-ESRL, Boulder, USA; 5: Finnish Meteorological 
Institute, Helsinki, Finland; 6: Department of Global Ecology, Carnegie Institution for Science, Stanford, USA; 7: Atmospheric 
and Environmental Research, Lexington, USA; 8: Jet Propulsion Laboratory, Pasadena, USA; 9: Arctic and Antarctic Research 
Institute, Roshydromet, St. Petersburg, Russia  

Circumpolar atmospheric measurements of greenhouse gases are urgently needed in view of rapid 
recent warming in the Arctic. Sources and sinks of CO2 and CH4 from Arctic ecosystems, wetlands, 
thermokarst lakes, rivers, permafrost and the arctic shelves are expected to undergo significant 
changes during the decades to come. Here we report the first three years of continuous atmospheric 
observations of CO2 and CH4 obtained from a new measurement station at Ambarchik on the Arctic 
coast in northeastern Siberia (69.62N, 162.30E). Atmospheric station footprint climatologies indicate 
that the station is well located to ”see” CH4 emissions from the East Siberian Arctic Shelf (ESAS), in 
particular in summer.  
The observed seasonal cycle of CO2 at Ambarchik is about 2 ppm larger, and the summer minimum 
appears about 1 month earlier than at  Barrow (~1500km to the east, data from NOAA-ESRL). 
Intriguing is a much larger synoptic variability in CO2 and CH4 from July until December compared to 
the observations from Barrow. Most of this variability is attributed to local or regional ecosystems 
(CO2) and wetlands (primarily CH4) based on analyses of wind direction and backtrajectories. The 
existence of local CO2 and CH4 “hot-spots” in late autumn, when regional surface temperatures are 
well below freezing, supports late season emissions from underlying unfrozen soil layers (Mastepanov 
et al., 2013). In contrast, synoptic CH4 peaks inferred to likely originate from the open Arctic Ocean 
are very rare.  
Using a Lagrangian regional geostatistical inverse modelling system (Michalak et al., 2004; Miller et 
al., 2014), the Ambarchik record together with continuous CH4 observations from Barrow and Tiksi 
(data from AARI and FMI) allows us to pose constraints on the magnitude of CH4 emissions from 
ESAS. Preliminary results indicate maximal shelf emissions considerably lower than reported bottom-
up estimates for this region (Shakhova et al., 2014). 
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Invited Keynote: Deep decarbonization strategies and their implications for 
Sustainable Development Goals (SDGs)  

Riahi, Keywan*  
International Institute for Applied Systems Analysis, Austria  

In the Paris agreement nations have agreed on the ambition to limit global average temperature 
increase to well below 2 or even 1.5°C compared to preindustrial levels. Together with the Sustainable 
Development Goals (SDGs), which have been adopted recently, the two agreements constitute a 
major shift in international policy. My talk will focus on decarbonization strategies consistent with the 
long-term objective of the Paris Agreement.  A specific focus will be whether the near-term pledges 
from Paris and the resulting deployment of the mitigation options will be sufficient for reaching its long-
term objective. The talk will highlight some of the main differences with regards to the portfolio of 
mitigation measures for the very stringent target of 1.5°C compared to 2°C. Finally, implications of 
stringent climate policies for a range of SDGs (including, the risk of hunger, water availability, air 
pollution, and energy poverty ) will be explored, and synergies and trade-offs between the objectives 
will be discussed. The talk concludes on design and implementation issues for climate change 
mitigation policies so that competition between the development and climate agenda can be avoided. 
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Joint analysis of CO2 and CH4 inversion fluxes: Significantly lower increase in 
anthropogenic emissions and land sink over East Asia during 2002-2012  

Saeki, Tazu* (1); Patra, Prabir K. (1); Thompson, Rona L. (2)  
1: Japan Agency for Marine-Earth Science and Technology, Japan; 2: Norwegian Institute for Air Research, Norway  

The inventory emissions due to human activity showed fastest growth in carbon dioxide (CO2) and 
methane (CH4) in the era of Anthropocene, owing to the rapid industrial growth in China during 2002-
2012. In CO2 inversions, when regional fluxes are estimated from atmospheric data and transport 
model, we estimate the ‘residual’ CO2 fluxes (emission: positive flux, sink: negative flux) in reference 
to the assumed anthropogenic emissions from fossil-fuel consumption and cement production (FFC). 
An analysis of inverse model ensemble suggested that CO2 sink over East Asia (China, Japan, Korea 
and Mongolia) have increased from 0.2 PgC/yr in 2003 to 0.5 PgC/yr in 2011, while the FFC emission 
increase by about 1 PgC/yr (Thompson et al., Nature comm., 2016). The effort to validate the inverted 
CO2 fluxes using independent aircraft CO2 observations did not provide conclusive results as the 
modelled concentrations fairly matched the observed vertical gradients as well as the concentrations 
within the planetary boundary layer for a large range (~1 PgC/yr) of residual CO2 sinks over the East 
Asia alone. On the other hand, we find the inversion results of CH4 emission can be successfully 
validated using independent aircraft observations over Japan (Patra et al., JMSJ, 2016).  
Here we show that the large CO2 sink increase by inverse model is an artifact of the too fast increase 
in anthropogenic CO2 emissions in China. Independent results from CH4 inversion suggested about 
41% lower rate of East Asian CH4 emission increase during 2002-2012. We apply a scaling factor of 
0.59, based on CH4 inversion, to the rate of anthropogenic CO2 emission increase since the 
anthropogenic emissions of both CO2 and CH4 increase linearly in the emission inventory. We find no 
systematic increase in land CO2 uptake over East Asia during 1993-2010 or 2000-2009 when scaled 
anthropogenic CO2 emissions are used, and that there is a need of lowered FFC emission increase 
rate for 2010-2012 for China compared to those calculated by the inventory methods. The FFC 
emissions from Japan, Korea and Mongolia have not changed significantly in the period of our 
analysis. The CO2 fluxes based on national statistics for China also suggest no significant increase in 
CO2 sink in China during the 2000s. 
High bias in anthropogenic CO2 emissions also leads to a stronger land sink in global land-ocean flux 
partitioning in our inverse model. The corrected anthropogenic CO2 emissions also produce 
measurable reductions in the rate of global land CO2 sink increase post-2002, leading to a better 
agreement with the terrestrial biospheric model simulations that include CO2-fertlization and climate 
effects. 
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The CARIMED (CARbon IN the MEDiterranean Sea) data synthesis initiative: 
overview and quality control procedures  

Sanleon-Bartolome, Henar (1); Álvarez, Marta* (1); Velo, Anton (2); Tanhua, Toste (3); Fajar, 
Noelia Maria (1)  
1: Instituto Español de Oceanografía (IEO), Spain; 2: Instituto de Investigaciones Marinas (IIM), Spain; 3: GEOMAR, Kiel, 
Germany  

In this work we present the data synthesis project CARIMED (CARbon in the MEDiterranean Sea), we 
aim to create a uniformly formatted consistent quality controlled public database for carbon relevant 
variables from hydrographic cruises covering the whole water column and the different basins in the 
MedSea. Both primary and secondary quality control (QC) of the data has been performed following 
the  experience gathered in CARINA and GLODAPv2. The motivation for this initiative stemmed from 
two CIESM (Mediterranean Science Commission) workshops, the first one in Menton (France) 
October 2008 (CIESM, 2008) focused on the impact of OA on biological, chemical and physical 
systems in the MedSea, and the second one in Supetar (Croatia) May 2011 (CIESM, 2012) focused 
on designing the Mediterranean Sea repeat hydrography program (MED-SHIP). The unresolved 
issues regarding the CO2 system in the MedSea were summarized in Malanotte-Rizzoli et al. (Oc Sc, 
2014), one of them the temporal and spatial variability of the interior CO2 system, clearly justifies the 
need for CARIMED. Independently two projects focused on compiling CO2 water column data in the 
MedSea, an initiative within the EU MedSeA project (Gemayel et al., ESD 2015) called MEDICA (T. 
Lovato personal communication) and the one here presented lead by the Spanish IEO and partially 
funded by SanLeón-Bartolomé 's PhD project. We hope a product like this will be much welcome by 
the oceanographic community, both observationist and modellers, as it was the release of the Meteor 
cruise M84/3 data in CDIAC used in several publications (Palmieri et al., BG 2015; Cossarini et al., BG 
2015; Hassoun et al., DSR 2015 & JWROS 2015; Lovato & Vichi, DSR 2015; Gemayel et al., ESD 
2015).  
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Continuous measurement of CO2 and CH4 concentration from a tower network 
(JR-STATION) over Siberia  

Sasakawa, Motoki* (1); Machida, Toshinobu (1); Ito, Akihiko (1); Tsuda, Noritsugu (2); Arshinov, 
Mikhail (3); Davydov, Denis (3); Fofonov, Alexandrov (3)  
1: National Institute for Environmental Studies, Japan; 2: Global Environmental Forum, Japan; 3: V.E. Zuev Institute of 
Atmospheric Optics, Russian Academy of Sciences, Russia  

Continuous measureements of CO2 and CH4 concentration have been carried out with a tower 
network in Siberia (JR-STATION: Japan–Russia Siberian Tall Tower Inland Observation Network) in 
order to study the spatial and temporal variations of CO2 and CH4 and estimate the distribution of the 
flux over this vast area (Sasakawa et al., 2010, 2012, 2013) where only a few atmospheric 
investigations were made. 
The JR-STATION consists of 6 towers located at Berezorechka (BRZ) since 2002, at Karasevoe 
(KRS) since 2004, at Demyanskoe (DEM) and Noyabrsk (NOY) since 2005, at Azovo (AZV) since 
2007, and at Vaganovo (VGN) since 2008. Air samples taken at two heights (~85 m) on each tower 
were analyzed with an NDIR (LI-COR, LI-820) for CO2 and a SnO2 semiconductor sensor for CH4 after 
passing through the line with a glass water trap, a Nafion membrane dryer (PERMA PURE, MD-050-
72F-2), and a magnesium perchlorate. Measurement precision was ±0.3 ppm for CO2 and ±5 ppb for 
CH4. 
We will discuss the long-term variations in CO2 and CH4 observed with the present system. From the 
year of 2015, we installed a Cavity Ring-Down Spectroscopy (CRDS; Picarro inc.) at KRS, DEM, and 
NOY. We thus validate the recent data with the data by the CRDSs. 

References 
Sasakawa, M. et al., Tellus 62B, 403-416, 2010. 
Sasakawa, M. et al., Tellus 64B, doi:10.3402/tellusb.v64i0.17514, 2012. 
Sasakawa, M. et al., J. Geophys. Res. 118, 1-10, doi:10.1002/jgrd.50755, 2013. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 100 of 463 

   

Poster Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: ocean, dissolved oxygen, ocean deoxygenation, bidecadal oscillation, western North Pacific  

Decline and bidecadal oscillation of dissolved oxygen in the Oyashio region 
and their propagation to the western North Pacific  

Sasano, Daisuke* (1,2); Takatani, Yusuke (2); Kosugi, Naohiro (1); Nakano, Toshiya (2,1); 
Midorikawa, Takashi (1); Ishii, Masao (1,2)  
1: Meteorological Research Institute, Japan; 2: Japan Meteorological Agency, Japan  

Over the past 61 years (1954–2014), concentrations of dissolved oxygen (O2) in the Oyashio region of 
the western subarctic North Pacific has been significantly decreasing in the long-term and oscillating 
over bidecadal time-scales over the isopycnal layers spanning σθ = 26.6 and 27.5 kg m−3. The mean 
rate of decrease is the highest (−0.70 ± 0.06 μmol kg−1 yr−1) on σθ = 26.7 kg m−3. This isopycnal 
surface corresponds to the lower temperature minimum layer, i.e., the remnant of the winter mixed 
layer, and the decrease in O2 here is predominantly attributed to the reduction of ventilation in winter 
due to warming and freshening. On the other hand, the O2 decrease in deeper layers down to the 
Oxygen Minimum Layer (OML) can likely be attributed to the reduction of ventilation in the Sea of 
Okhotsk associated with a reduction of sea ice formation. 
The cycles of oscillation (16.4–19.6 years), controlled by the nodal tidal cycle and/or atmospheric 
forcing, are almost consistent and synchronized within 1 year over these isopycnal surfaces. These 
trends toward decreasing O2 and bidecadal oscillations were also found downstream to the east along 
the 165°E section over the latitudes 30°N–42.5°N on σθ = 26.8 kg m−3 and 40°N–45°N in the OML on 
σθ = 27.4 kg m−3 with attenuated amplitudes. These results indicate that the signal of long-term trends 
of O2 decrease, together with bidecadal oscillations, is being propagated broadly from the Oyashio 
source region into the ocean interior. 
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Sensitivity analysis of CO2 growth rates estimation with sub-sampling method 
for occasional observation opportunities by commercial airliner  

Sawa, Yousuke* (1); Machida, Toshinobu (2); Matsueda, Hidekazu (1); Niwa, Yosuke (1); 
Umezawa, Taku (2)  
1: Meteorological Research Institute, Japan, Japan; 2: National Institute for Environmental Studies, Japan  

In the CONTRAIL (Comprehensive Observation Network for TRace gases by AIrLiner), a larger 
amount of in-situ CO2 data of over 7 million has been obtained during over 10000 flights by CME (CO2 
Continuous Measuring Equipment) onboard the 12 JAL aircraft since November 2005. Our CO2 data 
covers large areas from Japan to Asia, Australia, Europe, or North America. However, observation 
areas have largely depended on the aircraft assignments of JAL, thus our observational time series 
have irregular observation density depending on the flight routes and time. In order to extract robust 
estimation of CO2 growth rates in wide regions, we applied sub-sampling method for observed CO2 
data at about 12 km in the upper atmosphere. To evaluate the influence of the observation frequency, 
CO2 growth rates were calculated and compared for 20 cases with using only 30 % of data by random 
collections. For the route between Australia and Japan over the Western Pacific, the estimated growth 
rates showed consistent enhancements of about 3 ppm/year between 2012 and 2013 with relatively 
small spreads in 20 cases, suggesting the high reliability for growth rates there. On the other hand, 
large variability was found in the growth rates over the Eurasian continent between Europe and Japan, 
especially for the periods with low observational frequency after 2013. These results suggest that we 
should understand and consider the spatio-temporal representativeness of the observed data as well 
as maintain and expanding existing observation networks to monitor changes in CO2 variations with 
high reliability. 
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How do storms influence seasonal, interannual to decadal trends of air-sea 
CO2 fluxes in the Southern Ocean? – What have we learned from 5 years of 
SOSCEX observations and modelling?  

Scheel Monteiro, Pedro* (1); Chang, Nicolette (1); du Plessis, Marcel (2); Gregor, Luke (2); 
Joubert, Warren (3); Lévy, Marina (4); Mongwe, Precious (2); Mtshali, Thato (1); Nicholson, 
Sarah (1); Swart, Sebastiaan (5); Thomalla, Sandy (1); Vichi, Marcello (6)  
1: CSIR, South Africa; 2: UCT-CSIR, South Africa; 3: SAWS, South Africa; 4: LOCEAN-UPMC, France; 5: Marine Science, 
Gothenburg, Sweden; 6: CSIR, South Africa  

The Southern Ocean accounts for 40% of the net CO2 uptake by the ocean but recent work suggests 
that not only does that uptake have strong seasonal variability but interannual and decadal as 
well.  The question is what mechanisms drive this interannual and decadal variability and, could they 
also explain the long-term evolution of the Southern Ocean sink of CO2. This long term evolution could 
be an important component of the changing feedback between climate and carbon on a global scale. 
Here we synthesise the findings from a range of connected studies from the SOCCO programme 
based on remote sensing data, a series of idealized, prognostic and empirical modelling experiments 
and a series of seasonal cycle SOSCEX high resolution robotics in situ experiments.  The in situ 
observations were primarily carried out in the Sub-Antarctic Zone (SAZ) of the SE Atlantic Ocean but 
the modelling and remote sensing analyses spanned the Southern Ocean.  
Our analyses, which are primarily done through the seasonal cycle lens, coming from different 
approaches highlight the sensitivity of air – sea CO2 fluxes to synoptic scales of forcing both through 
their influence on primary productivity in summer and DIC entrainment in winter.  This link between 
storms and the physics and biogeochemistry that influences air – sea fluxes of CO2, is evident in in 
situ experiments as well as decadal scale model analyses.  We propose that storms may be key to 
understanding contemporary variability, the trends and possibly decadal – century-scale trends of air-
sea fluxes of CO2 in the Southern Ocean. 
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Emergence of Anthropogenic Signals in the Ocean: Putting Carbon in Context  

Schlunegger, Sarah* (1); Rodgers, Keith (1); Sarmiento, Jorge (1); Froelicher, Thomas (2)  
1: Princeton University, United States of America; 2: ETH, Zurich, Switzerland  

Invasion of anthropogenic carbon and heat into the ocean results in a cascade of biogeochemical and 
physical changes. In this study, we make use of initial condition large ensembles (ICLE) experimental 
design with an Earth System Model (ESM) to estimate the timing, sequence and inter-dependence of 
emergence of anthropogenic signals above natural background variability for a suite of 
biogeochemical variables under 21st century climate change. Variables tied most directly to the 
human emissions of carbon to the atmosphere emerge the most rapidly (e.g. pH, pCO2 nDIC, Omega 
Aragonite), with the entire ice-free ocean emerging within 10 years. Anthropogenic signals in alkalinity 
and calcification follow closely behind, with timescales of emergence between 30-60 years, depending 
on latitude.  Next to emerge are variables indirectly related to atmospheric carbon — namely sea 
surface temperature, the strength of the ocean carbon sink and heat content are intermediately 
emergent, with timescales of emergence between 30-50 years for most of the globe, but with some 
regions having non-emergent changes even at end of century. Lastly, variables distantly related to 
atmospheric carbon, like salinity, sea surface height, and quantities tied to both the physical ocean 
and biology, like oxygen, nutrients, productivity and export, have a mixture of opposing signal 
directions (e.g. neighboring regions of enhanced and decreased productivity), long emergence time 
scales (50-100+ years), and interesting inter-dependence amongst the variables. From this analysis, 
we give the first internally consistent estimate of the order of emergence of the components of the 
ocean carbon pump is as follows: hard-tissue pump, solubility pump, soft tissue pump. Most broadly, 
this study highlights the necessity of initial condition large ensembles for assessing emergence of 
anthropogenic signals for certain variables and spatial scales, and also unveils the mechanistic 
relation between variables, in a physically consistent framework that the CMIP5 ensemble cannot 
provide. Additionally, in viewing the large ensemble as an Observing System Simulation Experiment 
(OSSE), the long emergence time scales for many biological changes mandates the importance of 
sustained observations for capturing the impact of climate change at the local to regional scale. 
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Northern hemisphere CO2 sources and sinks – variability and trends  

Schuster, Ute* (1); Watson, Andrew (1); Suntharalingam, Parvadha (2); Chen, Zhaohui (2); 
Shutler, Jamie (1)  
1: University of Exeter, College of Life and Environmental Sciences, Exeter, United Kingdom; 2: University of East Anglia, 
School of Environmental Sciences, Norwich, United Kingdom  

For predictions of the evolution of CO2 sources and sinks, reliable CO2 flux estimates are needed, 
together with their variabilities, trends, and uncertainties. Sea surface fCO2 observations, brought 
together in the Surface CO2 Atlas (SOCAT), have the highest density in the North Pacific and the 
North Atlantic. The flux estimates in the northern hemisphere can therefore be determined with reliable 
uncertainties. We will present the northern hemisphere ocean fluxes based on observations and 
ocean skin temperature, combined with total surface fluxes from atmospheric inversion modelling, and 
the terrestrial fluxes given as the residual. We estimate the northern hemisphere ocean flux using 
SOCAT version 4 fCO2 observations (update of Bakker et al., 2016), re-analysed to a common 
satellite-derived sea surface temperature (SST) data set (Goddijn-Murphy et al., 2015). Hemispherical 
surface fCO2 maps were created using a multi-parameter Least Angle Regression technique after 
gridding the data-set-weighted observations (Sabine et al., 2013). These were re-calculated to obtain 
surface fCO2 at skin temperature, and sea-air CO2 fluxes were then determined using the open-source 
FluxEngine toolbox (Shutler et al., 2015), consistent with the methods of Woolf et al. (2016). The 
resulting northern hemisphere ocean fluxes can be determined to within 10 % uncertainty. We 
estimate the total northern hemisphere surface CO2 fluxes using the LETKF-GEOSChem system, 
which combines the 3-D atmospheric chemistry and transport model GEOS-Chem 
(http://acmg.seas.harvard.edu/geos/) with the Local Ensemble Transform Kalman Filter (LETKF) data 
assimilation method (Hunt et.al.2007; Miyoshi et al.2007). Atmospheric CO2 data incorporated in the 
inverse analysis are the GLOBALVIEW-CO2 data products reported by Masarie et al. (2014) from the 
global network of surface sites. The LETKF-GEOS-Chem system estimates gridded surface CO2 
fluxes for the 1998 to 2012 time period. 

REFERENCES: Bakker et al. (2016). A multi-decade record of high-quality fCO2 data in version 3 of 
the Surface Ocean CO2 Atlas (SOCAT). Earth System Science Data, 8: 383-413, doi:10.5194/essd-8-
383-2016. Goddijn-Murphy et al. (2015). The OceanFlux Greenhouse Gases methodology for deriving 
a sea surface climatology of CO2 fugacity in support of air–sea gas flux studies. Ocean Science, 11: 
519-541. Hunt et al. (2007). Efficient Data Assimilation for Spatiotemporal Chaos: a Local Ensemble 
Transform Kalman Filter. Physica D, 230: 112-126. Masarie et al. (2014). ObsPack: a framework for 
the preparation, delivery, and attribution of atmospheric greenhouse gas measurements. Earth 
System Science Data, 6: 375-384. Miyoshi et al. (2007). Localizing the Error Covariance by Physical 
Distances within a Local Ensemble Transform Kalman Filter (LETKF). SOLA, 3: 089‒092, 
doi:10.2151/sola.2007‒023. Sabine et al., (2013) Surface Ocean CO2 Atlas (SOCAT) gridded data 
products. Earth System Science Data, 5: 145-153. doi:10.5194/essd-5-145-2013. Woolf et al. (2016). 
On the calculation of air-sea fluxes of CO2 in the presence of temperature and salinity gradients. 
Journal of Geophysical Research, 121: 1229-1248. 
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Identifying local anthropogenic CO2 emissions with satellite retrievals: a case 
study in South Korea  

Shim, Changsub*; Han, Jihyun  
Korea Environment Institute, Korea, Republic of (South Korea)  

We used multi-year Greenhouse Gases Observing Satellite (GOSAT) XCO2 retrievals (2010–2013) to 
evaluate urban and local-scale CO2 emissions over East Asia. We focused on South Korea, an East 
Asian downwind region where strong monsoons and high atmospheric aerosol loading make this type 
of investigation difficult. We chose a region in western Mongolia (upwind region) as the XCO2 
background, and estimated XCO2 enhancements in South Korea to gauge local and regional 
emissions. We found that the cold season (November–February) was better suited for estimating 
XCO2 enhancements of local emissions due to the summer monsoon and stronger transboundary 
impacts in other seasons. In particular, we focused on three local GOSAT XCO2 footprints (~10.5 km 
in diameter) in South Korea: the Seoul Metropolitan Area (SMA), the Gwangyang Steelworks and 
Hadong power plant (GYG), and the Samcheonpo power plant (SCH). The range of XCO2 
enhancement was 7.3–11 ppm. Such high enhancements imply that contributions from large point 
sources are an important factor in determining these enhancements, even if contributions are also 
made by broader-scale emissions. Additionally, differences in XCO2 enhancements and trends 
between GYG (+7.3 ppm, –0.18 ppm/year) and SCH (+11 ppm, +1.3 ppm/year) indicate that these 
closely located footprints (approximately 26 km apart) are separable. These results will be useful in 
evaluating and reducing uncertainties in regional and local anthropogenic greenhouse gas (GHG) 
emissions over East Asia. 
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A 12-year CO2 flux record in the subpolar North Atlantic Ocean  

Steinhoff, Tobias* (1); Becker, Meike (2); Wallace, Douglas W. R. (3); Körtzinger, Arne (1)  
1: GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany; 2: University of Bergen, Norway; 3: Dalhousie University, 
Halifax, Canada  

The North Atlantic Ocean is one of the largest sinks for atmospheric CO2 and many studies have 
shown it’s tremendous variability in space and time. This makes the region an area of high interest. It 
shows high seasonal productivity (CO2 uptake), seasonal deep mixing (ventilation of respiratory CO2) 
and deep water formation (CO2 export to the deep sea), and enhanced CO2 exchange during winter 
by storms and bubble entrainment. Here we present results from an ICOS Carbon-Voluntary 
Observing Ship linefor the period 2002 until 2016. Because of interruptions, the dataset falls into three 
sub-periods. Since 2008, we have a continuous record of surface water pCO2 measurements 
combined with atmospheric CO2 data and additional oceanographic parameters such as sea surface 
temperature and salinity. Furthermore we have a huge dataset of discrete samples (e.g. dissolved 
inorganic carbon, alkalinity, nutrients, and dissolved/particulate organic carbon) which is employed to 
determine the whole carbonate system in the surface waters which is used for further data 
interpretation.  
Since the geographical position of the data varies for each crossing (e.g. due to weather conditions), 
the data were corrected (with respect to temperature) to a representative “mean” cruise track between 
Europe and North America. Thus we removed the temperature dependent CO2 signal which enables 
us to investigate interannual and long term changes other than temperature. A first analysis suggests 
a decreasing undersaturation of CO2 in the surface ocean during certain months of the year. This 
results in a trend towards decreasing uptake of atmospheric CO2 during the time period of our 
observations. Furthermore we observed declining sea surface temperature which is consistent with 
other studies (Cheng at al., Sci. Adv., e1601545, 2017) which might be due to increasing mixed layer 
depth. External data for mixed layer depth are used to explain observed pCO2 trends along the cruise 
track.  
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Impact of the diurnal cycle on a national scale CO2 inverse model in New 
Zealand  

Steinkamp, Kay*; Mikaloff-Fletcher, Sara; Brailsford, Gordon; Smale, Dan; Moore, Stuart; 
Keller, Elizabeth; Baisden, Troy; Stephens, Britton  
NIWA, New Zealand  

Atmospheric inverse modelling is an important tool to constrain the exchange of CO2 and other 
greenhouse gases across the atmosphere-land/sea interface. When applied at the national scale, the 
potentially sparse observational network and uncontinuous data sampling can lead to biases due to 
unresolved flux variability. We will present results from an Observing System Simulation Experiment 
(OSSE) developed alongside our national CO2 atmospheric inverse model for New Zealand, and 
assess the bias caused by neglecting diurnal flux variability. 
Our inverse approach infers weekly CO2 fluxes in 2011-2016 from afternoon measurements of 
atmospheric CO2 at up to three fixed sites across New Zealand. The source-receptor linkage is 
established through back-trajectory simulations from the Numerical Atmospheric dispersion Modelling 
Environment (NAME) Lagrangian dispersion model, driven by meteorology from the New Zealand 
Limited Area Model (NZLAM) weather prediction model at 0.1° (10-12 km) resolution. Being limited to 
afternoon measurements, the diurnal cycle of the CO2 land natural fluxes is not resolved. The diurnal 
cycle is particularly pronounced in summer, with strong uptake during the afternoon. This could cause 
the inversion to overestimate the weekly sink and thus bias the annual sink towards more uptake, 
particularly in regions near the observing sites. To investigate this effect we have developed the 
OSSE, which uses a synthetic data set that includes diurnal flux variability, and compares the inverse 
results with the known fluxes. The synthetic data cover the year 2012 and were constructed using 
NAME combined with reconstructed, diurnally varying CO2 fluxes from Biome-BGC, a terrestrial 
ecosystem process model. 
We find that the lack of a diurnal cycle is not problematic in most regions, unless they are already 
severely under-constrained (e.g., the northern North Island). While in some regions the expected bias 
of increased weekly or annual sinks in summer is visible, it is generally contained in the uncertainty 
envelope. In other regions, and surprisingly this includes the two local regions around the observing 
sites where the diurnal bias should be most pronounced, we actually find a slightly suppressed sink 
along with no discernible seasonal pattern. Overall, the annual mean land sink in the South Island is 
overestimated by 3.5 Tg CO2 yr-1, which is well within the uncertainty range of the reference inversion. 
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Atmospheric oxygen constraints on Southern Ocean air-sea CO2 flux 
seasonality  

Stephens, Britton* (1); Long, Matthew (1); Keeling, Ralph (2); Sweeney, Colm (3); Kort, Eric (4); 
Morgan, Eric (2); Bent, Jonathan (3); McKain, Kathryn (3); Mikaloff-Fletcher, Sara (5); Patra, 
Prabir (6)  
1: National Center for Atmospheric Research, United States of America; 2: Scripps Institution of Ocean of Oceanography, 
United States of America; 3: National Oceanic and Atmospheric Administration, United States of America; 4: University of 
Michigan, United States of America; 5: National Institute of Water and Atmospheric Research, New Zealand; 6: Japan Agency 
for Marine-Earth Science and Technology, Japan  

The seasonal exchange of CO2 with the Southern Ocean (defined here as > 44° S) is driven by strong 
opposing thermal and biological forces. Climatological air-sea CO2 flux estimates based on temporally 
and spatially sparse pCO2 measurements in the region predict seasonal exchange in phase with 
biological forcing but relatively muted in amplitude. In contrast, many Earth system models predict 
large seasonal cycles in Southern Ocean air-sea CO2 flux, in phase with biological forcing in some 
models but with opposite phase in others. Because air-sea O2 exchanges are positively correlated for 
thermal and biological influences, and not affected by buffering chemistry, seasonal air-sea O2 fluxes 
are considerably larger than their CO2 counterparts. Consequently, atmospheric O2 gradients are 
relatively unaffected by remote terrestrial and fossil influences and O2 fluxes are more robustly 
constrained by atmospheric measurements. We use estimates of air-sea O2 fluxes validated against 
atmospheric O2, and O2:CO2 ratios in observed atmospheric gradients, to constrain the magnitude and 
drivers of seasonal CO2 fluxes. We present results from the O2/N2 Ratio and CO2 Airborne Southern 
Ocean (ORCAS) Study, which collected extensive measurements of atmospheric O2, CO2, and related 
species over the Southern Ocean, using the NSF/NCAR Gulfstream V aircraft based out of Punta 
Arenas, Chile, during January and February 2016. We use this intensive airborne campaign to 
leverage long-term in situ atmospheric O2 and CO2 measurements made over a latitudinal transect 
across the Drake Passage on the Antarctic Research and Support Vessel Laurence M. Gould (2012-
2017), as well as flask based measurements from Palmer Station Antarctica (PSA) and South Pole 
(SPO) from the Scripps Oxygen Network (1997-2016). Collectively, these measurements show: 1) 
Consistently negative correlations between atmospheric O2 and CO2 gradients in both summer and 
winter, confirming the biological dominance of Southern Ocean seasonal CO2 exchange and allowing 
rejection of Earth system models that predict air-sea CO2 fluxes with opposite phase to biological 
forcing. 2) Strong atmospheric signals of O2 outgassing and CO2 ingassing during ORCAS, with a 
campaign mean ratio of -2.7 molO2:molCO2. These indicate large-scale O2 efflux similar to 
observationally-based climatological estimates, and large-scale CO2 uptake significantly larger than 
climatological summertime CO2 flux estimates. 3) Summertime atmospheric O2 and CO2 differences 
between PSA and SPO with a long-term mean ratio of -8.3 molO2:molCO2, which convolved with 
climatological air-sea O2 flux estimates agree well with pCO2-based flux climatologies, but also exhibit 
considerable interannual variability (1s = 7.9 molO2:molCO2). 4) Wintertime latitudinal CO2 gradients 
from the Gould that are flat and PSA-SPO differences that are small (+0.14 +/- 0.10 ppm). In 
comparison to O2 observations (ratios ≈ -10 molO2:molCO2) convolved with O2 flux estimates, these 
gradients are consistent with pCO2-based climatologies showing weak wintertime outgassing. 
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Twenty-three year record of the mid-stratospheric 13CO2 over Japan  

Sugawara, Satoshi* (1); Ishidoya, Shigeyuki (2); Morimoto, Shinji (3); Aoki, Shuji (3); Nakazawa, 
Takakiyo (3); Umezawa, Taku (4); Toyoda, Sakae (5); Honda, Hideyuki (6)  
1: Miyagi University of Education, Japan; 2: National Institute of Advanced Industrial Science and Technology (AIST), Japan; 3: 
Tohoku University, Japan; 4: National Institute for Environmental Studies, Japan; 5: Tokyo Institute of Technology, Japan; 6: 
Institute of Space and Astronautical Science, Japan  

Stratospheric air samples were collected by balloon-borne cryogenic samplers over Japan since 1985, 
and the carbon isotopic ratios of CO2 (δ13CO2) have been measured since 1988. To determine the 
precise value of δ13CO2, mass-independent process of 17O and 18O was taken into account in ion 
correction calculation. CH4 concentration and δ13CH4 have also been analyzed for the same air 
samples since 1986 and 1994, respectively. Secular decrease of δ13CO2 was clearly observable in the 
mid-stratosphere. To compare the temporal variations of δ13CO2 in the mid-stratosphere with those in 
the tropical troposphere, the average δ13CO2 value above 20–25 km in each year was calculated. The 
average change rate of δ13CO2 was calculated to be −0.026 ± 0.001 permil/year for the period 1988–
2010, which is almost the same as those in the tropical troposphere. It is well known that the mid-
stratospheric air over the mid-latitude is “aged” mainly because of slow air transport from the tropical 
tropopause to the mid-latitude mid-stratosphere. Indeed, the age of air estimated from CO2 
concentration in the mid-stratosphere was 5.1 ± 0.5 years on average. Nevertheless, the δ13CO2 
values observed in the mid-stratosphere apparently did not show time delay compared with those in 
the tropical troposphere. This contradiction can be solved by considering two effects, i.e., the CO2 
production by CH4 oxidation and the gravitational separation. Both of them have roles to lower the 
mid-stratospheric δ13CO2. In this study, we defined “13CT” as the sum of 13CO2 and 13CH4, which is 
quasi-conservative with respect to the kinetic isotope effect associated with CH4 oxidation and 
consequent CO2 production in the stratosphere. Measurements of stratospheric δ13CO2 and δ13CH4 
were combined into δ13CT. Simultaneously, average δ13CO2 originated from CH4 oxidation was 
estimated from δ13CH4 observed in the mid-stratosphere, which was used for estimating δ13CT for a 
part of air samples whose δ13CH4 has not been measured. The influence of gravitational separation 
was corrected using independently analyzed major atmospheric compositions. Thus, the calculated 
δ13CT in the mid-stratosphere was obviously larger than those in the tropical troposphere by 
approximately 0.14 permil on average, which means that the decreasing trend of δ13CT in the 
troposphere propagates into the stratosphere, being accompanied by time delay. The age of air was 
simply estimated from δ13CT data as the lag time between the tropical troposphere and the mid-latitude 
mid-stratosphere, which was almost same with that derived from CO2 concentration. From these 
analyses, it was implied that the stratospheric δ13CT is the third “clock tracer” following CO2 and SF6 
concentrations and will be useful for further investigations into the stratospheric transport processes. 
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Estimates of North Atlantic CO2 Flux Variability from Atmospheric 
Observations  

Suntharalingam, Parvadha* (1); Chen, Zhaohui (1); Schuster, Ute (2); Watson, Andrew (2)  
1: University of East Anglia, United Kingdom; 2: University of Exeter, United Kingdom  

Atmospheric CO2 uptake by the North Atlantic accounts for a significant component of the global 
oceanic flux. Accurate characterization of the variability and trends in North Atlantic uptake, on 
interannual to decadal timescales,  remains uncertain, . Estimates of North Atlantic carbon fluxes have 
previously been derived by a range of methods. These include atmospheric inverse analysis, an 
optimization procedure that combines atmospheric CO2 measurements  with a model of atmospheric 
transport and prior information on surface CO2 fluxes. These analyses frequently rely on prior ocean 
fluxes derived from climatological data that do not include representation of interannual variability. 
Here we present estimates of North Atlantic CO2 fluxes, for the period 1995-2012, derived using the 
GEOS-Chem atmospheric transport model in combination with the Linear Ensemble Transform 
Kalman Filter of Hunt et.al. (2007), and constrained by atmospheric CO2 data from the global surface 
network (obspack_co2_1_GLOBALVIEWplus, Masarie and Tan, 2014). Posterior fluxes are estimated 
at the model gridscale and for weekly timescales. Analyses presented include evaluation of  the 
sensitivity of posterior North Atlantic CO2 flux estimates to alternative representations of the ocean 
prior flux distribution derived from the Surface Ocean CO2 Atlas (SOCAT), that additionally include 
representation of interannual variability. 
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Changes during a 40 years period in storage of anthropogenic carbon and 
ventilation in the Atlantic sector of the Southern Ocean  

Tanhua, Toste (2); Hoppema, Mario* (1); Jones, Elizabeth M. (3); Stöven, Tim (2); Hauck, Judith 
(1); González Dávila, Melchor (4); Santana-Casiano, Magdalena (4); Álvarez, Marta (5); Strass, 
Volker H. (1)  
1: Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Bremerhaven, Germany; 2: GEOMAR Helmholtz 
Centre for Ocean Research Kiel, Germany; 3: Centre for Energy and Environmental Sciences, University of Groningen, the 
Netherlands; 4: Instituto de Oceanografía y Cambio Global, Universidad de Las Palmas de Gran Canaria, Spain; 5: Instituto 
Español de Oceanografía, A Coruña, Spain  

The Southern Ocean is the most important area for uptake of anthropogenic carbon, only rivalled in 
importance by the North Atlantic. Significant variability on decadal time-scales in the uptake of 
anthropogenic CO2 in the Southern Ocean has been observed in previous studies, likely with 
consequences for the interior ocean storage of anthropogenic carbon in the region, and implications 
for the global carbon budget. Here we present data from eight cruises between 1973 and 2012 to 
assess decadal variability in storage rates of anthropogenic CO2 in the Atlantic sector of the Southern 
Ocean and applied the extended multiple linear regression (eMLR) method. Variability in dissolved 
inorganic carbon (DIC) storage, which is assumed to equal anthropogenic carbon storage, was related 
to changes in ventilation as observed from repeat measurements of transient tracers. Within the 
Antarctic Intermediate Water (AAIW) layer, which is the dominant conduit for transport of 
anthropogenic carbon into the interior ocean, moderate storage rates were found without any clear 
temporal trend. In Subantarctic Mode Water, a less dense water mass found north of the Subantarctic 
Front and above the AAIW, high storage rates of anthropogenic CO2 were observed up to about 2005 
but lower rates after that. The transient tracer data suggest a significant speed-up of ventilation in the 
upper part of AAIW between 1998 and 2012, which is consistent with the high storage rate of 
anthropogenic carbon. A shift of more northern storage to more southern storage in near-surface 
waters was detected in the early 2000s. Beneath the AAIW, significant storage of anthropogenic CO2 
could not be detected using the eMLR method as applied here. However, the presence of the transient 
tracer CFC-12 all through the water column suggests that some anthropogenic CO2 should be 
present, but obviously at concentrations not quantifiable. The observed temporal variability in the 
interior ocean seems at first glance to be out of phase with observed surface ocean fluxes of 
anthropogenic CO2. This is explained by the time delay for the surface ocean signal to manifest itself 
in the interior ocean. 
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Atmospheric O2/N2 and CO2 observation in the Pacific region and its 
application to the global carbon budget estimation  

Tohjima, Yasunori*; Mukai, Hitoshi; Machida, Toshinobu; Nakaoka, Shin-ichiro; Hoshina, Yu  
National Institute for Environmental Studies, Japan  

Time series of atmospheric O2/N2 ratios and CO2 concentrations in the Pacific region based on 
measurements of flask samples are presented. The air samples have been collected in glass flasks at 
Hateruma Island (HAT; lat. 24.1°N, long. 123.8°E) since July 1997, at Cape Ochi-ishi (COI; lat. 
43.2°N, long. 145.5°E) since December 1999, and onboard cargo ships on regular roundtrip cruises to 
North America and to New Zealand/Australia since December 2001 (Tohjima et al., 2008; Tohjima et 
al., 2012). The O2/N2 ratio and CO2 concentrations of the air samples were determined in our 
laboratory by using a GC/TCD and NDIR analyzers, respectively. From the observed O2/N2 ratio and 
CO2 concentration, the secular decreasing trends of a tracer of atmospheric potential oxygen (APO), 
which is defined as APO=O2+1.1×CO2, were computed. By using the APO decreasing rates, the 
global oceanic and land biotic CO2 sinks were evaluated. In the calculation, the APO decreasing fluxes 
associated with the fossil fuel combustion were computed from the estimate of the fossil fuel 
combustion. In addition, the APO increasing fluxes associated with the net ocean outgassing of O2 
and N2 were estimated from the changes in the ocean heat content (0-2000m) and an estimated O2-
to-heat flux ratio. The oceanic and land biotic carbon sequestration rates for a 16-year period (2000-
2015) based on the data from HAT and COI were 2.6±0.7 Pg-C yr-1 and 1.8±0.8 Pg-C yr-1, 
respectively, and those for a 13-year period (2003-2015) based on the data from HAT, COI, and cargo 
ships were 2.4±0.7 Pg-C yr-1 and 2.3±0.8 Pg-C yr-1, respectively. To examine the temporal changes in 
the oceanic sink strengths during the 15-year period, the carbon budget calculation based on APO 
were conducted for for three 5-year periods (2001-2005, 2006-2010, 2011-2015). In this calculation, it 
was assumed that the integration of the data for 5 years can smooth out to some extent the apparent 
impacts of the variable air-sea O2 exchanges on the oceanic and land biotic sink estimations. The 
estimated oceanic sinks were 2.2 Pg-C yr-1for 2001-2005, 2.1 Pg-C yr-1for 2006-2010, and 3.0 Pg-C 
yr-1for 2011-2015. The temporal changes in oceanic sinks seem to show increasing trend for the 15-
year period. These oceanic sinks estimated for the three 5-year periods agree well with those 
estimated by GCP (Le Quéré et al., 2016) within the differences of ±0.4 Pg-C yr-1.  
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Re-emergence of anthropogenic carbon through the ocean’s shallow 
overturning circulation  

Toyama, Katsuya* (1,2); Rodgers, Keith B (2); Blanke, Bruno (3); Iudicone, Daniele (4); Ishii, 
Masao (1); Aumont, Olivier (5); Sarmiento, Jorge L (2)  
1: Meteorological Research Institute, Japan; 2: Princeton University, USA; 3: Laboratoire de Physique des Ocean, France; 4: 
Stazione Zoologica Anton Dohrn, Italy; 5: Laboratoire d'Oceanographie et du Climat, France  

It has long been known that the principal impedance to the uptake of the anthropogenic carbon (Cant) 
is exchange across the base of the mixed layer (MLbase) associated with subduction/obduction 
process.  However, it is only recently that efforts have emerged to seeking to understand and quantify 
such exchange of Cant across the MLbase. 
In this study, a Lagrangian diagnostics of subduction/obduction presented by Blanke et al. (2002) is 
applied to Cant to estimate Cant transport across the MLbase under WOCE-era climatological conditions 
in an ocean biogeochemical model.  One of the scientific values of the Lagrandian diagnostics is that it 
can estimate not only the quantities of the Cant transport but also the pathways and timescales 
connecting subduction and obduction regions. Our special focus here is on the “re-emergence” of Cant 
(upwelling of Cant associated with obduction), which will have potential impact on carbon-climate 
feedback and ocean acidification in relatively near future if the re-emergence is sufficiently large and 
quick relative to the time scale of anthropogenic transient. 
Globally integrated Cant transports are estimated to be 4.96 PgC/yr downward via subduction and 4.50 
PgC/yr upward via obduction, with net transport of 0.46 PgC/yr downward.  The spatial distribution of 
the Cant transport is quite similar to that of physical subduction/obduction, underscoring the importance 
of ocean dynamics in transferring Cant between surface and interior oceans.  The net downward 
transport is about a quarter of surface carbon flux of 2.0 PgC/yr during the WOCE-era, implying an 
important role of diffusion transporting Cant downward given the net accumulation of Cant in the surface 
mixed layer is only 0.16 PgC/yr.  
The western boundary regions and the Equatorial upwelling regions are identified as large Cant re-
emergece regions.  The amounts of the Cant re-emergence are larger than the local uptake through 
gas exchange over the same regions, suggesting potential primary role of the re-emergence in driving 
surface carbonate system and ocean acidification in these strong upwelling regions.  The timescale 
analysis of the Lagrangian particles suggests most particles (~80%) re-emreges within 10 years in the 
western boundary regions of the North Pacific and North Atlantic.  The timescale is consistent with 
previous estimates of the renewal timescales of the subtropical mode waters.  The proportion of 
particles obducting in the equatorial Pacific within 10 years is a bit less (~50%) but still about 70% of 
the particles have timescales less than 20 years.  These results indicate the existence of relatively 
quick cycling pathway of Cant through the shallow subtropical overturning cells over the large area of 
the sub-tropics. 
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Interannual variability in Australia’s terrestrial carbon cycle  

Trudinger, Cathy* (1); Haverd, Vanessa (2); Briggs, Peter (2); Canadell, Pep (2); Smith, Ben (3)  
1: CSIRO Oceans and Atmosphere, Aspendale, Australia; 2: CSIRO Oceans and Atmosphere, Yarralumla, Australia; 3: Lund 
University, Department of Physical Geography and Ecosystem Science, Lund, Sweden  

Recent studies have shown that semi-arid ecosystems are responsible for a significant part of the 
interannual variability in the global concentration of atmospheric carbon dioxide, largely due to varying 
water availability associated with El Niño Southern Oscillation. Evidence from global land surface 
models and satellite observations has shown that Australian ecosystems play a significant role in 
global carbon cycle variability, and in particular the 2011 record land carbon sink. Here we use carbon 
and water observations in a fine spatial resolution (0.05o) simulation with the CABLE land surface 
model for Australia, to provide a regional assessment of Australian interannual variability, along with 
spatial and process attribution of the variability.   
We estimate interannual variability of Australian net ecosystem production (NEP) of 0.12–0.21 PgC/yr 
(1σ) over 1982-2013, with a high anomaly of 0.43–0.67 PgC/yr in 2011 relative to this period 
associated with exceptionally wet conditions following a prolonged drought. We find that interannual 
variability in Australian net carbon uptake is dominated by semi-arid ecosystems in the east of the 
continent, whereas the 2011 anomaly was more uniformly spread across most of the continent. In 
contrast to global modelling results suggesting that interannual variability in Australian net carbon 
uptake is amplified by lags between production and decomposition, we find that, at continental scale, 
annual variations in production are dampened by annual variations in decomposition, with both fluxes 
responding positively to precipitation anomalies. 
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Data Services for Carbon Cycle Science at the ICOS Carbon Portal  

Vermeulen, Alex* (1); Karstens, Ute (2); Hellström, Margareta (2); Mirzov, Oleg (2); Lankreijer, 
Harry (2); van der Laan-Luijkx, Ingrid (3)  
1: ICOS ERIC, Carbon Portal, Sweden; 2: Carbon Portal @ Lund University, Sweden; 3: Carbon Portal @ Wageningen 
University, The Netherlands  

The ICOS Carbon Portal (CP) is the data platform of ICOS but has also the role to coordinate, 
facilitate and ensure production of elaborated products based on ICOS data in direct collaboration with 
the modelling community. Global as well as regional flux and emission datasets are collected and will 
be analysed and displayed at the CP. 
A prototype synthesis of European CO₂ surface flux estimates is presented at the CP, based on the 
inverse model results from three European research groups that also contributed to Global Carbon 
Project. CP is ready to integrate more contributed flux maps from inverse as well as process-based 
flux modelling as they become available. 
In order to facilitate a coordinated generation of elaborated products, e.g. in inverse 
modelling intercomparisons, the CP provides access to a variety of datasets that can be used as prior 
and ancillary information in models, but also to measurement data, like of course the ICOS 
observations, for example in the form of the ObsPack CO₂ product GLOBALVIEWplus, for which CP 
collects and processes the contributions from the European laboratories. 
As a further service, the CP provides an online tool to analyse potential contributions of natural fluxes 
and anthropogenic emissions to the atmospheric CO₂ concentrations at currently existing and planned 
ICOS sites. The tool is based on model simulations of the up-stream influences on the observation 
location, the so-called footprints, which are coupled to surface flux maps to derive tracer concentration 
changes at the station. The tool can also generate footprint for any custom location in the model 
domain.  
The model framework currently consists of the Lagrangian transport model STILT together with 
emission-sector and fueltype specific emissions from the EDGARv4.3 inventory and biospheric fluxes 
from the diagnostic biosphere model VPRM, but can in general use any any model footprint data. 
Both, footprints and concentration time series, are displayed on the webpage, providing a 
very simplified approach for the evaluation of measurement strategies.  

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 116 of 463 

   

Poster Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: Greenhouse gas emission, Biomass burning, Biofuel, Field burning  

The spatiotemporal features of Greenhouse Gas Emissions from Biomass 
Burning in China from 2000-2012  

Wang, Jiaoyue*  
Institute of Applied Ecology, Chinese Academy of Science, China, People's Republic of China  

Biomass burning emissions have been recognized as a significant source of greenhouse gas 
emissions (GHG), which significantly impact ecosystem productivity, global atmospheric chemistry and 
climate change. In tracking climate change, GHG emissions from biomass burning have been given 
little attention until now. This paper provides an analysis of emissions inventory for biomass burning in 
China from 2000-2012 based on a bottom-up estimate of various biomass burning activities using 
statistical data. The results showed that the average annual biomass burning emissions in China from 
2000-2012 were 880.66 Mt for CO2, 96.59 Mt CO2-eq for CH4, and 16.81 Mt CO2-eq for N2O. The 
spatial pattern of biomass GHG emission showed high emissions in the east and south-central 
regions, totaling 50% of national emission. The majority of biomass burning emissions were from 
firewood and crop residues that were burned as fuel and field burning, accounting for more than 90% 
of national biomass burning emissions. Meanwhile, all types of biomass burning emissions exhibited 
similar temporal trends from 2000-2012, with strong interannual variability but a fluctuant increase 
over time. The significant emission peaks were seen in the years of 2001, 2003 and 2006 due to the 
large grassland and forest fires and were mainly distributed in south-central and northeast regions. 
The biomass burning GHG emissions could equal approximately 10% of the total GHG emissions from 
fossil fuel combustion and cement production in China. 
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Interannual variability of the atmospheric CO2 growth rate: roles of 
precipitation and temperature  

Wang, Jun* (1); Zeng, Ning (2); Wang, Meirong (3)  
1: Nanjing University, China, People's Republic of; 2: University of Maryland, USA; 3: Nanjing University of Information Science 
& Technology, China, People's Republic of  

The interannual variability (IAV) in atmospheric CO2 growth rate (CGR) is closely connected with the 
El Niño–Southern Oscillation. However, sensitivities of CGR to temperature and precipitation remain 
largely uncertain. This paper analyzed the relationship between Mauna Loa CGR and tropical land 
climatic elements. We find that Mauna Loa CGR lags precipitation by 4 months with a correlation 
coefficient of −0.63, leads temperature by 1 month (0.77), and correlates with soil moisture (−0.65) 
with zero lag. Additionally, precipitation and temperature are highly correlated (−0.66), with 
precipitation leading by 4–5 months. Regression analysis shows that sensitivities of Mauna Loa CGR 
to temperature and precipitation are 2.92 ± 0.20 PgC yr−1 K−1 and −0.46 ± 0.07 PgC yr−1 100 mm−1, 
respectively. Unlike some recent suggestions, these empirical relationships favor neither temperature 
nor precipitation as the dominant factor of CGR IAV. We further analyzed seven terrestrial carbon 
cycle models, from the TRENDY project, to study the processes underlying CGR IAV. All models 
capture well the IAV of tropical land–atmosphere carbon flux (CFTA). Sensitivities of the ensemble 
mean CFTA to temperature and precipitation are 3.18 ± 0.11 PgC yr−1 K−1 and 
−0.67 ± 0.04 PgC yr−1 100 mm−1, close to Mauna Loa CGR. Importantly, the models consistently show 
the variability in net primary productivity (NPP) dominates CGR, rather than heterotrophic respiration. 
Because previous studies have proved that NPP is largely driven by precipitation in tropics, it suggests 
a key role of precipitation in CGR IAV despite the higher CGR correlation with temperature. 
Understanding the relative contribution of CO2 sensitivity to precipitation and temperature has 
important implications for future carbon-climate feedback using such ''emergent constraint''. 
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Quantifying changes to the seasonal cycle of carbon dioxide surface fluxes 
from terrestrial and oceanic sources using inverse modelling methods  

Wilson, Christopher James* (1,2); Buermann, Wolfgang (1); Gloor, Emanuel (1); Chipperfield, 
Martyn P. (1,2); O'Sullivan, Michael (1)  
1: University of Leeds, Leeds, United Kingdom; 2: National Centre for Earth Observation, Univeristy of Leeds, United Kingdom  

Regular in-situ measurements of the atmospheric concentration of carbon dioxide (CO2) in the 
atmosphere have been made at selected locations since the 1950s, and have increased in 
geographical coverage and frequency since this time, particularly since the 1990s. These 
measurements not only provide a continuous record of the amount of CO2 in the atmosphere over this 
time period, but they can also be used to provide information about both anthropogenic and natural 
fluxes of this greenhouse gas. The regional and global atmospheric CO2 growth rates and the 
seasonal cycle of atmospheric CO2 concentration are both particularly useful metrics which can 
provide evidence of changes to the net biospheric and oceanic fluxes of CO2. In particular, there have 
been indications that, in the northern hemisphere, the amplitude of the seasonal cycle of CO2 
emissions from the terrestrial biosphere has been increasing over time (Graven et al. 2013). 
Depending on the nature of any changes to ecosystems such as the northern hemispheric carbon 
sink, these variations may be indicative of future changes to the Earth’s climate system. Due to the 
large measurement network that is now in place across the globe, the greater complexity and 
accuracy of atmospheric transport models, and ever-improving computational power available to 
researchers, inverse modelling methods have become a powerful tool to evaluate surface fluxes of 
CO2. 
We use INVICAT, the variational inverse version of the chemical transport model TOMCAT, to 
evaluate changes to the magnitude and the seasonal cycle of the biospheric CO2 flux to the 
atmosphere since the mid-1990s.The inverse model assimilates flask-based surface observations of 
CO2 concentrations and uses an adjoint model and a minimisation routine to optimise a prior inventory 
of surface emissions of CO2 to best match the observation atmospheric signal. Prior fluxes are taken 
from the CDIAC inventory of fossil fuel emissions, the climatological CASA land biosphere model and 
the oceanic flux model of Takahashi. We separate out the ENSO signal in order to examine changes 
to the net biosphere emissions over the period 1995 - 2015 in El Niño, La Niña and ENSO-neutral 
years, and assess the nature of the changes of the seasonal cycle of natural fluxes of CO2 since the 
mid-1990s. Our analysis aims to reveal whether it is predominantly net primary productivity or 
respiration which drives the changes, as well as whether geographical attribution is possible. We 
employ simulations of the both the JULES and CASA land surface models using annually varying 
climate and CO2 parameters to understand the signatures we find. Through variation of the relative 
errors of the land and ocean fluxes during the inversion, we assess the importance of oceanic fluxes 
to the overall atmospheric signal. 
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Constrained projections of high northern latitudinal photosynthesis increase 
by satellite observations of vegetation greenness  

Winkler, Alexander* (1,3); Myneni, Ranga (2); Brovkin, Victor (1)  
1: Max Planck Institute for Meteorology, Hamburg, Germany; 2: Department of Earth and Environment, Boston University, USA; 
3: International Max Planck Research School on Earth System Modelling, Hamburg, Germany  

Satellite observations of the last three decades provide strong evidence that the Earth is greening. 
Especially in northern high latitudes, a substantial increase of the leaf area index (LAI), an indicator of 
greening, is observed. For these regions, it is assumed that plant growth benefits from higher 
temperature (radiative effect) and rising atmospheric CO2 concentration (CO2 fertilization effect). This 
greening trend, in terms of increasing LAI, is also simulated by various global ecosystem models. We 
also found a persistent greening trend analyzing historical simulations of Earth system models (ESM) 
participating in Phase 5 of the Coupled Model Intercomparison Project (CMIP5). However, a wide 
spread in magnitude of an associated increase of terrestrial gross primary production (GPP) among 
the ESMs is found, and thus contributes to pronounced uncertainties in projections of future climate 
change. 
Here we demonstrate that the tight correlation between enhanced GPP of high northern latitudinal 
ecosystems and their LAI sensitivity to both key environmental factors, temperature and CO2 

concentration, opens up the possibility of an Emergent Constraint on plant photosynthesis. Combining 
this almost linear relationship across the ensemble of CMIP5 models with the LAI trends in the long-
term satellite records, we are able to constrain projections of vegetation growth increase for respective 
ecosystems. 
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Human and natural carbon feedbacks to global warming may be of similar 
magnitude  

Woodard, Dawn*; Davis, Steven J.; Randerson, James T.  
University of California, Irvine, Department of Earth System Science, United States of America  

As the Earth warms, land and ocean contributions to the carbon-climate feedback are likely to 
accelerate the build-up of atmospheric carbon dioxide, making it difficult to develop a mitigation 
strategy that stabilizes the climate system. Both carbon-climate and carbon-concentration feedbacks 
have been extensively investigated using full and reduced complexity earth system models. However, 
climate change also influences many socio-economic systems, creating a parallel economic-carbon 
cycle feedback. Although several processes that contribute the economic-carbon cycle feedback have 
been rigorously investigated, these have not been integrated within a single conceptual framework. 
Important drivers of the economic carbon cycle feedback include the response of economic 
productivity to warming, changes in energy demand for heating and cooling, and adjustments to the 
efficiency of energy production and transmission. Some of these climate-energy interactions are 
represented in integrated assessment models; however, the sign and magnitude of the economic 
carbon cycle feedback has not been previously estimated or compared with the one from the natural 
carbon cycle. 
Here, we leveraged the existing conceptual framework used to characterize natural carbon cycle 
feedbacks to derive new parameters for the economic carbon cycle feedback. We then estimated the 
potential magnitude of the economic carbon cycle feedback using the Kaya Identity and a simple box 
model that mimics some of the mean behavior of Coupled Model Intercomparison Project Phase 5 
earth system models. We found that reductions in gross domestic production (GDP) with warming 
more than offset increases in fossil fuel use associated with increasing energy demand and efficiency 
losses associated with energy production and transmission. Together, the sensitivity of economic 
systems to climate warming yielded a negative feedback, with a gain of -0.06 and a reduction of 40 
ppm of atmospheric CO2 by 2100 for the Representative Concentration Pathway 8.5 relative to a 
baseline simulation without the economic feedback. The gain of the economic carbon cycle feedback 
has a similar magnitude but opposite sign as compared to the gain of the natural carbon cycle 
feedback (0.11), suggesting that the economic carbon feedback may substantially offset the natural 
one. This preliminary estimate of the economic feedback has a high level of uncertainty associated 
with limits to our ability to model economic and energy systems. We also note that economic and 
social costs associated with the economic feedback will also be large and inequitably distributed. 
These findings are important considerations of climate policy and point to a need for further, more-
detailed analysis of the mechanisms underlying the economic carbon feedback. Additionally, our 
results highlight the need for systematically comparing the economic carbon feedback across 
integrated assessment models and the need for integrating this information into future scenarios of 
global change. 
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Substantial global carbon uptake by cement carbonation  

Xi, Fengming* (1,2,3); Davis, Steven J. (1,4); Ciais, Philippe (5); Crawford-Brown, Douglas (6); 
Guan, Dabo (7); Pade, Claus (8); Shi, Tiemao (3); Syddall, Mark (6); Lv, Jie (9); Ji, Lanzhu (1); 
Bing, Longfei (1); Wang, Jiaoyue (1); Wei, Wei (10); Yang, Keun-Hyeok (11); Lagerblad, Björn 
(12); Galan, Isabel (13); Andrade, Carmen (14); Zhang, Ying (15); Liu, Zhu (16,17)  
1: Institute of Applied Ecology, Chinese Academy of Science, Shenyang, China; 2: Key Laboratory of Pollution Ecology and 
Environmental Engineering, Chinese Academy of Sciences, Shenyang, China; 3: College of Architecture and Urban Planning, 
Shenyang Jianzhu University, Shenyang,China; 4: University of California, Irvine, Department of Earth System Science, Irvine, 
USA; 5: Laboratoire des Sciences du Climat et de l’Environnement, CEA-CNRS-UVSQ, Gif sur Yvette Cedex, France; 6: 
Cambridge Centre for Climate Change Mitigation Research, Department of Land Economy, University of Cambridge, 
Cambridge, UK; 7: School of International Development, University of East Anglia, Norwich, UK; 8: Danish Technological 
Institute, Taastrup, Denmark; 9: College of Economy and Management, Shenyang Agricultural University, Shenyang, China; 10: 
CAS Key Laboratory of Low-carbon Conversion Science and Engineering, Shanghai Advanced Research Institute, Chinese 
Academy of Sciences, Shanghai, China; 11: Department of Plant Architectural Engineering, Kyonggi University, Kyonggi-do, 
South Korea; 12: Swedish Cement and Concrete Research Institute, CBI Betonginstitutet, Stockholm, Sweden; 13: Department 
of Chemistry, University of Aberdeen, Aberdeen, UK; 14: Eduardo Torroja Institute CSIC, Madrid, Spain; 15: Shenyang 
Pharmaceutical University, Shenyang, China; 16: Resnick Sustainability Institute, California Institute of Technology, Pasadena, 
USA; 17: John F. Kennedy School of Government, Harvard University, Cambridge, USA  

Calcination of carbonate rocks during the manufacture of cement produced 5% of  global CO2 

emissions fromall industrial process and fossil-fuel combustion in 20131,2. Considerable attention has 
been paid to quantifying these industrial process emissions from cement production2,3,  but the natural 
reversal of the process—carbonation—has received little attention in carbon cycle studies. Here, we 
use new and existing data on cement materials during cement service life, demolition, and secondary 
use of concrete waste to estimate regional and global CO2 uptake between 1930 and 2013 using an 
analytical model describing carbonation chemistry. We find that carbonation of cement materials over 
their life cycle represents a large and growing net sink of CO2, increasing from 0.10 GtC yr-1in 1998 to 
0.25 GtC yr-1 in 2013. In total, we estimate that a cumulative amount of 4.5 GtC has been sequestered 
in carbonating cement materials from 1930 to 2013, offsetting 43% of the CO2 emissions from 
production of cement over the same period, not including emissions associated with fossil use during 
cement production. We conclude that carbonation of cement products represents a substantial carbon 
sink that is not currently considered in emissions inventories1,3,4. 
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The trend of the air-sea exchange flux of natural carbon dioxide over the last 
150 years  

Xu, Yongfu*; Li, Yangchun  
Institute of Atmospheric Physics, CAS, China, People's Republic of  

Climate change affects the ability of the oceanic uptake of atmospheric carbon dioxide emitted by 
human activities, which is associated with the influence of climate change on the storage of ocean 
natural carbon. As sea surface temperature has been increasing since the Preindustrial Revolution, 
the ocean has become more stratified, leading to the change of oceanic uptake of atmospheric CO2. 
To study the response of the air-sea exchange flux of natural carbon (fnCO2) to climate change, the 
simulated results from the three earth system models (ESM) in CMIP5, including CESM1-BGC, GFDL-
ESM2G, and IPSL-CM5A-LR, are used. The results from the 1850s to 2000s are produced by the 
experiment called as esmFdbk2 that is forced by the preindustrial atmospheric CO2 concentration and 
other historical forcing data. The change in fnCO2 is mainly affected by the changes in both transfer 
velocity and the difference of partial pressure of CO2 between air and surface seawater. The 
trend of transfer velocity induced by the trend of wind speed leads to a weakly positive trend of the 
CO2 flux in the Arctic Ocean, and a weakly negative trend of the CO2 flux in the region south of 45°S. 
In general, the impact of transfer velocity on the fnCO2 can be ignored for the global ocean. Compared 
to the transfer velocity, the influence of change in surface seawater natural pCO2 on fnCO2 is more 
obvious. The strongest impact of pCO2 occurs in the tropical ocean, and the region south of 45°S is 
the second strongest. The influences of pCO2 on the fnCO2 in these two regions are contrary in GFDL-
ESM2M, and are the same in IPSL-CM5A-LR. Compared with these two ESMs, the influences of 
pCO2 on the fnCO2 in CESM1-BGC are weak in these two regions. As a result, IPSL-CM5A-LR is the 
only ESM in the three ESMs which shows a significant trend of fnCO2. 
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Tracking fossil fuel emission changes in the presence of natural carbon cycle 
variability  

Yin, Yi*; Bowman, Kevin  
Jet Propulsion Laboratory, California Institute of Technology, United States of America  

The atmospheric growth rate of CO2 must be significantly reduced in order to hold the global average 
temperature below 2°C relative to pre-industrial levels. To that end, parties signed to the Paris 
Agreement pledged to reduce emissions through Intended Nationally Determined Contributions 
(INDCs). However, monitoring nationally-relevant carbon emission trends in the context of climate 
variability and feedbacks is unclear. Using a combination of fossil fuel emissions, CMIP5 emission-
driven simulations, and global CO2 inversions, we analyze the spatial distribution of trends and 
variability in both anthropogenic and natural carbon fluxes to identify sources of uncertainties in 
attributing carbon dynamics and explore the implications for regional monitoring strategies.  
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Sedimentary carbon burial in Bosten Lake over the past century  

Yu, Zhitong* (1,2); Wang, Xiujun (1)  
1: Beijing Normal University, China, People's Republic of; 2: Xinjiang Institute of Ecology and Geography, Chinese Academy of 
Sciences, China, People's Republic of  

Lake sediment is an important carbon reservoir, and thus may play a big role in the terrestrial carbon 
cycle. However, little is known on the dynamics of sediment organic and inorganic carbon in Bosten 
Lake, the largest inland freshwater lake in China, which has been influenced by both climate change 
and human activity especially since 1950. In this study, two short sediment cores were collected from 
Bosten Lake using a Kajak gravity corer. Grain size and total organic carbon (TOC) and inorganic 
carbon (TIC) were determined. We also analyzed isotopic compositions of TOC (δ13Corg) and 
carbonate (δ13Ccarb &δ18Ocarb). Additionally, the chronology was established based on the 137Cs and 
210Pb dating results. 
We found that the TIC burial rate (38.7-51.8 g C m−2 year−1) was much greater than for TOC (17.7-
20.1 g C m−2 year−1) over the past century. The TOC burial rate increased from 1.6-4.2 g C m−2 year−1 
in the 1900s, to 9.7-10.1 g C m−2 year−1 in the 1950s, and then to 43.7-44.7 g C m−2 year−1 during the 
2000s. The TIC burial rate increased from 5.3-9.2 g C m−2 year−1 in the 1900s, to 22.5-36.2 g C m−2 
year−1 in the 1950s, to 69.4-111.8 g C m−2 year−1 in the 1990s, and then decreased to 76.1-87.6 g C 
m−2 year−1 in the 2000s. The pronounced increasing trend in the burial rate of TOC (TIC) during 1950–
2012(1950-2002) was attributable to warming and/or increased human activities; the sharp decrease 
in TIC during 2002-2012 was caused by reduced biological activity, less evaporation and a rapid 
decline in lake level. This study pointed out that carbonate burial/storage in the sediments of this 
region might be an effective means for carbon sequestration, but carbonate burial was more sensitive 
to climate change and human disturbance relative to TOC burial over the last century. Further studies 
are needed to quantify various carbon fluxes in the watershed, particularly those across the land-
water-atmosphere interfaces, with an aim to understand the carbon source/sink variability of Bosten 
Lake in a changing world. 
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The 2015-16 El Nino as depicted by a near real time (NRT) carbon cycle 
monitoring and analysis system  

Zeng, Ning*  
University of Maryland and Chinese Academy of Sciences, United States of America  

The interannual variability of carbon cycle is dominated by the El Nino Southern Oscillation. ENSO-
Carbon cycle linkage is an excellent testbed for understanding carbon cycle sensitivity to climate 
change, providing important constraint to future carbon-climate prediciton. Here we present a new 
near-real time (NRT) carbon cycle monitoring and analysis system that has been in operation for the 
last two years. The system captured the recent 2015-16 El Nino event, and we watched the event 
unfolding as the system showed the anomalous changes in precipitation and temperature, GPP, NPP, 
respiration, soil moisture, fire, and net carbon fluxes, as well as atmospheric CO2 variations. This 
event caused a carbon flux anomaly greater than 2 PgC/y. Model analysis shows that precipitaton/soil 
moisture to be the dominant factor, but also important are temperature and fire. The canonical picture 
of El Nino carbon cycle response emphasizes the contribution from the Tropics (e.g., Zeng et 
al., 2005). However, compared with the other two largest El Nino events: 1982-83, and 1997-98, the 
2015-16 El Nino has a large contribution from Northern Hemisphere Extratropics that rivals tropical 
carbon flux. We will also discuss how such a near real time capability can support carbon monitoring. 
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Source/sink signature of atmospheric CO2 inferred from stable carbon 
isotopes at SDZ and LAN regional sites in China  

Zhou, Lingxi*  
Chinese Academy of Meteorological Sciences, China, People's Republic of  

Features of CO2 mixing ratios and δ13C(CO2) by weekly flask air samples at regional sites SDZ and 
LAN in China during the period 2007 to 2013 were presented. Background CO2 annual means showed 
positive trend While δ13C(CO2) present negative trends at both sites. Absolute increase of CO2 from 
2007 to 2008 reached the lowest level during the period 2007 and 2013, and the lowest level of 
monthly CO2 during July and September appeared in 2008, possibly due to reduced carbon emission 
during the Bejing 2008 Olympic Games. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 127 of 463 

   

Poster Presentation  
Theme 1.1: The Contemporary Carbon Cycle - Trends, Variability and Time of Emergence of Human Impacts  
Keywords: coupled Earth system, spatiotemporal fluxes, ocean, land  

An empirical spatiotemporal description of the global surface-atmosphere 
carbon fluxes: opportunities and data limitations  

Zscheischler, Jakob* (1); Mahecha, Miguel D. (2); Avitabile, Valerio (3); Calle, Leonardo (4); 
Carvalhais, Nuno (2); Ciais, Philippe (5); Gans, Fabian (2); Gruber, Nicolas (1); Hartmann, Jens 
(6); Herold, Martin (3); Ichii, Kazuhito (7); Jung, Martin (2); Landschützer, Peter (1); Laruelle, 
Goulven G. (8); Lauerwald, Ronny (8); Papale, Dario (9); Peylin, Philippe (5); Poulter, Benjamin 
(4); Ray, Deepak (10); Regnier, Pierre (8); Rödenbeck, Christian (2); Roman-Cuesta, Rosa M. (3); 
Schwalm, Christopher (11); Tramontana, Gianluca (9); Tyukavina, Alexandra (12); Valentini, 
Riccardo (13); van der Werf, Guido (14); West, Tristram O. (15); Wolf, Julie E. (15); Reichstein, 
Markus (2)  
1: ETH Zurich, Switzerland; 2: Max Planck Institute for Biogeochemistry, Jena, Germany; 3: Wageningen University, The 
Netherlands; 4: Montana State University, Bozeman, USA; 5: Laboratoire des Sciences du Climat et de l’Environnement, Gif sur 
Yvette, France; 6: University of Hamburg, Germany; 7: Agency for Marine-Earth Science and Technology, Yokohama, Japan; 8: 
Université Libre de Bruxelles, Belgium; 9: University of Tuscia, Viterbo, Italy; 10: Institute on the Environment, University of 
Minnesota Twin-Cities, USA; 11: Woods Hole Research Center, Falmouth, USA; 12: University of Maryland, College Park, USA; 
13: CMCC, Lecce, Italy; 14: Vrije Universiteit Amsterdam, The Netherlands; 15: Pacific Northwest National Laboratory, College 
Park, USA  

Understanding the global carbon (C) cycle is of crucial importance to map current and future climate 
dynamics relative to global environmental change. A full characterization of C cycling requires detailed 
information on spatiotemporal patterns of surface-atmosphere fluxes. However, relevant C cycle 
observations are highly variable in their coverage and reporting standards. Especially problematic is 
the lack of integration of vertical oceanic, inland freshwaters and terrestrial carbon dioxide (CO2) 
exchange. Here we adopt a data-driven approach to synthesize a wide range of observation-based 
spatially explicit surface-atmosphere CO2 fluxes from 2001 and 2010, to identify the state of today’s 
observational opportunities and data limitations. The considered fluxes include vertical net exchange 
of open oceans, continental shelves, estuaries, rivers, and lakes, as well as CO2 fluxes related to net 
ecosystem productivity, fire emissions, loss of tropical aboveground C, harvested wood and crops, as 
well as fossil fuel and cement emissions. Spatially explicit CO2 fluxes are obtained through 
geostatistical and/or remote sensing-based upscaling; minimizing biophysical or biogeochemical 
assumptions encoded in process-based models. We estimate a global bottom-up net C exchange 
(NCE) between the surface (land, ocean, and coastal areas) and the atmosphere. Uncertainties for 
NCE and its components are derived using resampling. In many regions our NCE estimates agree 
well with independent estimates from other sources. This holds for Europe (mean±1 SD: 0.8±0.1 
PgC/yr, positive numbers are sources to the atmosphere), Russia (0.1±0.4 PgC/yr), East Asia (1.6±0.3 
PgC/yr), South Asia (0.3±0.1 PgC/yr), Australia (0.2±0.3 PgC/yr) and most of the Ocean regions. Our 
NCE estimates suggest a likely too large C sink in tropical areas such as the Amazon, Congo and 
Indonesia, resulting in a global NCE estimate of -5.5±5.0 PgC/yr. This global bottom-up value is the 
opposite direction of what is expected from the atmospheric growth rate of CO2, which would require a 
surface C source of 4.3±0.1 PgC/yr. This mismatch of 9.7±2.0 PgC/yr highlights large knowledge and 
observational gaps in tropical areas, particularly in South America, Africa, and Southeast Asia, but 
also in North America. Our uncertainty assessment provides the basis for designing new observation 
campaigns. Most importantly, tropical land C fluxes suffer from a lack of in-situ observations. In 
addition, we lack seasonal monitoring of shelf, estuary and inland water-atmosphere C exchange. 
Also, extensive pCO2 measurements are missing in the Southern Ocean. The consistent derivation of 
data uncertainties could serve as prior knowledge in multi-criteria optimization such as the Carbon 
Cycle Data Assimilation System (CCDAS) without overstating data credibility. Furthermore, the 
spatially explicit flux estimates may be used as a starting point to assess the validity of countries’ 
claims of reducing net C emissions in climate change negotiations. 
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Global carbon budget from three atmospheric inversions  

van der Laan-Luijkx, Ingrid Theodora* (1,2); Rödenbeck, Christian (3); Chevallier, Frederic (4); 
Le Quéré, Corinne (5); Ciais, Philippe (4); Peters, Wouter (1,6)  
1: Wageningen University, the Netherlands; 2: Utrecht University, the Netherlands; 3: Max Planck Institut für Biogeochemie, 
Germany; 4: Laboratoire des Sciences du Climat et de l’Environnement, France; 5: Tyndall Centre for Climate Change 
Research, University of East Anglia, UK; 6: University of Groningen, the Netherlands  

The Global Carbon Project’s Carbon Budget 2016 (Le Quéré, et al. 2016) is the most recent update on 
the global carbon emissions and carbon sinks and their trends. The major components discussed are: 
emissions from fossil fuel combustion and industry, emissions from land-use change, the growth rate 
of the atmospheric CO2 concentration, and the land and ocean sinks. The results are based on 
observations, statistics and model estimates. The atmospheric perspective is also included with the 
results from three inverse methods. These are Jena CarboScope (Rödenbeck, 2005), CAMS 
(Chevallier et al., 2005), and CarbonTracker Europe (van der Laan-Luijkx et al. 2017). The analysis 
focuses on two aspects: (a) the derivation of the year-to-year changes in total land fluxes, and (b) the 
spatial breakdown of combined land and ocean fluxes between the Northern Hemisphere, Tropics and 
Southern Hemisphere. 
We extend the comparison between these three atmospheric inversions included in the Global Carbon 
Budget, and further study the differences between their estimated fluxes. At the conference we will 
show the differences in approach, and the choices in the prior fluxes including the fossil fuel emissions 
and its variability. We will compare the results from the three inversions and focus on the ocean-land 
distribution of the carbon sinks, the spatial variability, including a regional assessment for the fluxes in 
each TransCom region, and we will compare the simulated CO2 concentrations to observed time 
series from the global network. We will focus on the common period for which results are available 
from all three inversions: 2001-2015. 

References: 
Le Quéré, C., et al.: Global Carbon Budget 2016, Earth Syst. Sci. Data, 8, 605-649, 2016. 
Rödenbeck, C.: Estimating CO2 sources and sinks from atmospheric mixing ratio measurements using 
a global inversion of atmospheric transport, Max Planck Institute, MPI-BGC, 2005. 
Chevallier, F., et al.: Inferring CO2 sources and sinks from satellite observations: Method and 
application to TOVS data, J. Geophys. Res., D24309, 2005. 
van der Laan-Luijkx, I.T. et al.: The CarbonTracker Data Assimilation Shell (CTDAS) v1.0: 
implementation and global carbon balance 2001–2015, submitted to GMD(D). 
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Top-down constraints on the North American carbon cycle from the first ten 
years of the North American Carbon Program  

Andrews, Arlyn Elizabeth* (1); Michalak, Anna M. (4,3); Hu, Lei (2,1); Shiga, Yoichi (3); Fang, 
Yuanyuan (4); Benmergui, Joshua (7); Trudeau, Michael (2,1); Thoning, Kirk (1); Mountain, 
Marikate Ellis (6); Yadav, Vineet (5); Miller, Scot M. (4); Nehrkorn, Thomas (6); Sweeney, Colm 
(2,1); Miller, John B. (1); Basu, Sourish (2,1); Jacobson, Andrew R. (2,1); Bruwhiler, Lori (1); 
Tans, Pieter P. (1); van der Velde, Ivar (2); Alden, Caroline (15); Chen, Huilin (14); Peters, 
Wouter (13); Worthy, Doug E. J. (8); Davis, Kenneth J. (9); Richardson, Scott (9); Miles, Natasha 
L. (9); Fischer, Marc (10); Biraud, Sebastien (10); Stephens, Britton B. (18); Dlugokencky, 
Edward J. (1); Kofler, Jonathan D. (2,1); Miller, Benjamin R. (2,1); Montzka, Stephen A. (1); 
Lehman, Scott (11); Wofsy, Steven (7); O'Dell, Christopher (12); Wunch, Debra (17); Roehl, 
Coleen (16); Wennberg, Paul (16)  
1: NOAA Earth System Research Laboratory Boulder, United States of America; 2: Cooperative Institute for Research in the 
Environmental Sciences, University of Colorado, Boulder, United States of America; 3: Stanford University, Stanford, United 
States of America; 4: Carnegie Institution for Science, Department of Global Ecology, Stanford, United States of America; 5: 
NASA Jet Propulsion Laboratory, Pasadena, United States of America; 6: Atmospheric and Environmental Research, Inc., 
Lexington, United States of America; 7: Harvard University, Cambridge, United States of America; 8: Environment and Climate 
Change Canada, Toronto, Canada; 9: Pennsylvania State University, State College, United States of America; 10: Lawrence 
Berkeley Laboratory, Berkeley, United States of America; 11: Institute of Arctic and Alpine Research, University of Colorado, 
Boulder, United States of America; 12: Cooperative Institute for Research in the Atmosphere, Colorado State University, Fort 
Collins, United States of America; 13: Wageningen University, the Netherlands; 14: University of Groningen, the Netherlands; 
15: University of Colorado, Boulder, United States of America; 16: California Institute of Technology, Pasadena, United States of 
America; 17: University of Toronto, Canada; 18: National Center for Atmospheric Research, Boulder, United States of America  

The North American atmospheric carbon measurement network has grown from a handful of sites in 2004 
to more than 130 sites in 2017, thanks to the combined efforts of US agencies contributing to the North 
American Carbon Program, Environment and Climate Change Canada, and private investment in GHG 
monitoring. This includes in situ measurements at more than 120 surface sites, along with routine vertical 
profiles at 15 aircraft sites. Satellite retrievals of column CO2 and CH4 from GOSAT are available starting in 
July 2009 and of column CO2 from the Orbiting Carbon Observatory 2 since September 2014. Ground-
based remote sensing data are collected at several sites in the Total Carbon Column Observing Network 
starting in 2004. This unprecedented dataset can provide spatially and temporally resolved CO2 emissions 
and uptake flux estimates and quantitative information about drivers of variability, such as drought and 
temperature. In parallel with the observing network expansion, new inverse modeling tools have been 
developed, including advances in high-fidelity regional transport modeling and the development of flexible, 
high-resolution, inversion methods. These developments are critical to quantifying fluxes at scales that are 
sufficiently fine to reduce the impact of aggregation errors and to linking inferred flux variability to underlying 
drivers. CarbonTracker-Lagrange (CT-L) is a flexible modeling framework that leverages these model 
developments and provides a platform for systematic comparison of data assimilation techniques and 
evaluation of assumed prior, model and observation errors. A novel feature of CT-L is the optimization of 
surface fluxes and boundary values, taking advantage of vertically resolved data (e.g. from aircraft or from 
surface plus column measurements). CT-L uses observation footprints from the Weather Research and 
Forecasting/Stochastic Time-Inverted Lagrangian Transport modeling system to relate atmospheric 
measurements to upwind fluxes and boundary values. Fluxes are adjusted using Bayesian or Geostatistical 
methods to provide optimal agreement with available observations. Footprints are pre-computed and the 
optimization algorithms are efficient. Thus, it is possible to explore a wide range of inversion scenarios 
designed to investigate sensitivity to model inadequacies, including errors in simulated atmospheric 
transport, and to the mathematical construct of the optimization and various data weighting strategies. Multi-
species data can inform flux estimation by providing additional constraints to enable source/sink attribution. 
We are working to implement multi-species inversions for CO2 flux estimation using CO2 data along with 
CO, δ13CO2, COS and radiocarbon observations and for CH4 flux estimation using data for various 
hydrocarbons. We will present a synthesis of North American CO2 and CH4 surface flux estimates spanning 
nearly a decade and with rigorously quantified uncertainties. We will consider the consistency among fluxes 
obtained using multiple inversion techniques and combinations of available satellite, ground-based and 
aircraft observations. 
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Scale dependence of surface-atmosphere coupling, and potential implications 
for carbon-climate feedbacks  

Baker, Ian Timothy* (1); Denning, A. Scott (1); Phillips, Morgan (1); Branson, Mark D (1); 
Dazlich, Don A (1); DeMott, Charlotte A (1); Randall, David A (1); Haynes, Katherine D (1); 
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1: Colorado State University, United States of America; 2: National Center for Atmospheric Research, Boulder, United States of 
America  

At the planetary boundary, ocean or land, exchange between surface and atmosphere is dependent 
upon nonlinear processes that operate at small scales, and these are scales at which measurements 
are routinely taken. However, these processes are represented in models at much larger dimensions. 
Breaking ocean waves, convective microbursts, soil moisture heterogeneity, topography and 
vegetation type are all features that vary on scales of 1 to perhaps 100’s of meters, yet are frequently 
represented in climate models as single numbers representing domains of 100 km or more. 
Representing a heterogeneous domain as a single value, and calculating nonlinear responses as a 
function of the value of mean state variables, is unrealistic. Gridcell resolution in climate models is 
increasing as computing power improves, but global climate simulations on kilometer scale is not 
currently viable in most applications. 
We introduce a modeling framework in which the interaction between surface (ocean and land) and 
atmosphere is represented on a scale of a few kilometers over a statistical sample of a Climate Model 
gridcell. This allows a bridging of the ‘scale gap’ and representation of nonlinear surface-atmosphere 
coupling mechanisms in a more realistic manner. Unexpected results emerge. 
Air-sea gas exchange depends upon the square of the wind speed, and fine-scale coupling results in 
substantially different flux over multiple seasonal and spatial scales. Precipitation is shifted from large-
scale ‘mist’ to more realistic representation of intensity distributions with sporadic heavy downpours. 
The ‘fate of water’ over land is therefore modified, as more realistic rainfall intensity alters the partition 
between transpiration, runoff, and evaporation. High-resolution representation of radiation also 
influences ecophysiological processes and carbon-atmosphere exchange. 
We find that more realistic simulation of oceanic precipitation also drives an unexpected modification 
of large-scale circulation and resulting decrease of precipitation in Amazonia. It is possible that our 
climate models have been ‘tuned’ to unrealistic scales of surface-atmosphere exchange, and realistic 
simulation of processes across the scale gap could have cascading implications for our understanding 
and simulation of global carbon-climate feedbacks. 
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Quantifying Trends in Fossil Fuel CO2 Emissions Using Radiocarbon 
Measurements  

Basu, Sourish* (1,2); Lehman, Scott (3); Miller, John (2)  
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Research Laboratory, Global Monitoring Division, USA; 3: Institute for Arctic and Alpine Research, University of Colorado 
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Intended Nationally Determined Commitments (INDCs) to the UNFCCC's COP21, expressed either 
directly in terms of emissions of CO2 from combustion of fossil fuels (FF) or in terms of projected 
carbon intensity (FF use per increment of Gross Domestic Product), imply future FF CO2 emissions 
trajectories for individual countries and for the globe as a whole. In most cases, compliance with 
INDCs will be assessed by self-reporting of FF CO2 emissions based on economic inventories. Over 
the past few years, we have developed and reported on an atmospheric inversion framework that 
assimilates measurements of 14CO2 and CO2 to estimate net biospheric CO2 exchange and FF CO2 
emissions simultaneously. Here we expand on that previous work and describe a set of new 
Observation System Simulation Experiments (OSSEs), aimed at evaluating trend detection 
capabilities of the dual tracer observing and data assimilation systems. 
The precision and accuracy of our estimation system, and hence our capability to detect trends, 
depend on the density of measurements as well as the fidelity of the atmospheric transport model 
used in our inversion system. Within the OSSE we evaluate our trend detection capability with the 
present day observational  network as well as a realistic future network, and with perfectly known 
atmospheric transport as well as biased transport. Observations in both networks are concentrated 
over regions of the U.S. with high fossil fuel emissions. Initial results show that biases in the 
atmospheric transport model can affect estimates of U.S. FF CO2 emissions for individual years but 
have very little impact on estimated trends. Our results suggest that our modelling framework, coupled 
with a realistic future measurement network of 14CO2, can accurately quantify future changes in fossil 
fuel CO2 emissions from independent atmospheric measurements and can be a valuable complement 
to so-called bottom up inventories. 
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Surface ocean fCO2 maps along the Norwegian coast  

Becker, Meike* (1,2); Olsen, Are (1,2); Bastiani, Arian (3); Fransson, Agneta (4); Landschützer, 
Peter (5); Oman, Abdirahman (6,2); Skjelvan, Ingunn (6,2)  
1: University of Bergen, Norway; 2: Bjerknes Centre for Climare Research, Bergen, Norway; 3: ETH Zürich, Switzerland; 4: 
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To slow down climate change it becomes increasingly important to assess every country´s 
contributions to the global effort of reducing emissions. For tracking changes in a country´s carbon 
emissions by using atmospheric inversions, it is important to include high precision estimates of air-
sea CO2 gradients. Through their high, small-scale variability coastal oceans play a big role in the 
overall air-sea CO2 exchange. The Norwegian coastline is particularly interesting since is it one of the 
longest and most diverse in the world, reaching from the North Sea up to the Barents Sea. The 
demand of a high spatial resolution in combination with the still poor data coverage results in 
substantive difficulties when estimating the surface ocean fCO2 in these regions. Setting up an artificial 
neural network can help to overcome these restrictions (Laruelle et al., Biogeosciences Discuss., 
2017). We present a set of monthly fCO2 maps that is focussing on the northern European shelf seas, 
the Norwegian Sea and the Barents Sea. 
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The AirCore Sampler: data and software releases, and a new UAV-based 
sampling technique for quantifying CO2, CH4 and CO point sources  

Bent, Jonathan* (1,2); Sweeney, Colm (1,2); Tans, Pieter (2); Newberger, Timothy (1,2); Higgs, 
Jack (2); Wolter, Sonja (1,2)  
1: Cooperative Institute for Research in Environmental Science, University of Colorado Boulder, USA; 2: National Oceanic and 
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The AirCore atmospheric profiler is the foremost tool for accurately measuring near-whole column 
vertical profiles of CO2, CH4, and CO. The 100m-long passivated stainless steel tubing coil works as a 
sort of atmospheric “tape recorder”—it is launched on a balloon with one end open, allowing the tube 
to empty as it ascends, and fill back up with an atmospheric profile as it descends. The resulting “core” 
provides concentrations of the three gases from 30 km (~12 mbar) to the surface. Metadata and a fluid 
dynamics model map the resulting core to the pressure altitude at which a given parcel of air was 
sampled. Here, we present recent developments and methodological advancements of the platform, 
including 1) a new release of AirCore data, 2) a curated Python code product that standardizes the 
analysis approach between AirCore labs, and 3) a recently-funded "AirCore-Active" platform designed 
to fly on small unmanned aerial vehicles (UAVs) as a tool to measure fluxes from point sources. 
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Verification of European CH4 emissions during 2006-2012 using reassessed 
atmospheric observations and an ensemble of inverse models  
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Atmospheric observations and inverse modelling can provide 'top-down' estimates of emissions on 
continental, regional, and national scales, and have the potential to provide independent verification of 
'bottom-up' emission inventories. Such independent verification is essential especially for CH4 (and other 
non-CO2 GHGs), for which 'bottom-up' emission inventories have considerable uncertainties. However, the 
quality of the 'top-down' emission estimates critically depends on the quality and density of measurements, 
and the quality of the atmospheric models used. Furthermore, thorough validation of inverse models and 
realistic uncertainty estimates of the top-down emissions are essential. Here, we present 'top-down' 
estimates of European methane (CH4) emissions for 2006-2012 based on a new quality-controlled and 
harmonized in situ data set from 18 European atmospheric monitoring stations. We applied an ensemble of 
seven inverse models and performed four inversion experiments, investigating the impact of different sets of 
stations and the use of 'a priori' information on emissions. The inverse models infer total CH4 emissions of 
26.7 (20.2-29.7) Tg CH4 yr-1 (mean, 10th and 90th percentiles from all inversions) for the EU-28 for 2006-
2012 from the four inversion experiments. For comparison, total anthropogenic CH4 emissions reported to 
UNFCCC ('bottom-up', based on statistical data and emissions factors) amount to only 21.3 Tg CH4 yr-1 
(2006) to 18.8 Tg CH4 yr-1 (2012). A potential explanation for the higher range of 'top-down' estimates 
compared to 'bottom-up' inventories could be the contribution of natural sources, such as peatlands, 
wetlands, and wet soils. Based on seven different wetland inventories from the "Wetland and Wetland CH4 
Inter-comparison of Models Project" (WETCHIMP) total wetland emissions of 4.3 (2.3-8.2) CH4 yr-1 from 
EU-28 are estimated. The hypothesis of significant natural emissions is supported by the finding that 
several inverse models yield significant seasonal cycles of derived CH4 emissions with maxima in summer, 
while anthropogenic CH4 emissions are assumed to have much lower seasonal variability. Furthermore, we 
investigate potential biases of the inverse models by comparison with regular aircraft profiles at four 
European sites and with vertical profiles obtained during the "Infrastructure for Measurement of the 
European Carbon Cycle (IMECC)" aircraft campaign. We present a novel approach to estimate biases of 
the derived emissions, based on the comparison of simulated and measured enhancements of CH4 

compared to the background, integrated over the entire boundary layer and over the lower troposphere. 
This analysis identifies regional biases for several models at the aircraft profile sites in France, Hungary and 
Poland. Our study demonstrates the potential of inverse modelling, but also highlights the challenge to 
verify anthropogenic bottom-up emission inventories with the small uncertainties desirable for the 
international climate agreements. 
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Towards policy-relevant global carbon cycle observation and analysis: The 
GEO Carbon and GHG Initiative  

Bombelli, Antonio (1); Kutsch, Werner Leo (2); Heiskanen, Jouni* (2); Obregon, Andre (3); 
Vermeulen, Alex (4)  
1: CMCC, Italy; 2: ICOS ERIC Head Office, Finland; 3: GEO Secretariat, Switzerland; 4: ICOS ERIC Carbon Portal, Sweden  

Improved and sustained carbon and greenhouse gas (GHG) observations integrating atmospheric, 
oceanic, terrestrial and anthropogenic domains are key in order to better understand the carbon cycle 
and to inform climate change adaptation and mitigation efforts. Efficient and effective monitoring of the 
carbon cycle is challenged by the fact that there are many different players, systems, networks, 
datasets, methodologies and standards in this field. Many efforts are already in place but to date, a 
globally coordinated and comprehensive effort, ranging from science to policy, addressing all the 
needed components to build a connected and interoperable global network for carbon cycle and GHG 
observations, is still missing. 
In response to this gap, the GEO Carbon and GHG Initiative is proposed in the framework of the 
Group on Earth Observations (GEO) that builds on existing initiatives and networks, with the objective 
of ensuring their continuity and coherence. The Initiative aims to facilitate cooperation and integration 
across domains to obtain a comprehensive, globally coordinated service in order to provide decision 
makers with timely, reliable and traceable data, products and policy-relevant information. 
The GEO Carbon and GHG Initiative will address policy agendas, in particular responding to the Paris 
Agreement. It can play a role in supporting GHG stocktaking methods, support mitigation and 
adaptation measures and provide support to countries to meet their national reporting commitments. 
The Initiative will operate as a common and open platform to plan and implement strategies and joint 
activities at the global level from science to policy. 
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Amazon Atlantic outflow region carbon cycling constrained by atmospheric 
greenhouse gas data  

Borges, Viviane Francisca* (1,2); Gatti, Luciana Vanni (1,2); Gloor, Emanuel Ulrich (3); Miller, 
John Bharat (4); Boesch, Hartmut (5); Domingues, Lucas Gatti (1,2); Correia, Caio Silvestre de 
Carvalho (1,2); Basso, Luana Santamaria (1); Santos, Ricardo Santana (1,2)  
1: Nuclear and Energy Research Institute, IPEN/CNEN, São Paulo-SP, Brazil; 2: National Institute for Spaces Research, 
INPE/CCST, São José dos Campos-SP, Brazil; 3: School of Geography, University of Leeds, Leeds, United Kingdom; 4: 
National Oceanic and Atmospheric Administration, NOAA, Boulder-Colorado, United States of America; 5: EOS, Department of 
Physics and Astronomy, University of Leicester, Leicester, United Kingdom  

Estuaries and near-coastal regions may process substantial amounts of carbon causing a non-
negligible carbon uptake from the atmosphere. For purpose of characterizing the greenhouse gas 
levels of air entering the Amazon basin from the Atlantic we have been measuring regularly 
greenhouse gas concentrations at several sites along the North-East Atlantic coast of Brazil over 
approximately the past six years (at some of the sites for much longer). At some of the sites sampling 
is restricted close to the surface while at other sites we have been measuring vertical profiles. At 
Salinopolis which is located close to the Amazon outflow region to the Atlantic seasonally strong CO2 
depletion in both surface records and aircraft vertical profiles compared to background sites like 
Ascension Island is clearly discernible. The seasonality is synchronous with increases in chlorophyll 
observed from space e.g. by the SeaWiFS mission. Incidentally during the CO2 depletion period air-
mass trajectories tend to pass over the shelf region along the Brazilian coast travelling from the South 
along the coast. This enables us to apply an air column mass balance approach to estimate the 
magnitude of the CO2 flux into the sea along the coast during the blooms. Using the chlorophyll maps 
we may furthermore extrapolate the flux estimates spatially to obtain an area integrated flux. We will 
discuss our findings and put our flux estimates into perspective with estimates for productivity and 
carbon uptake in coastal regions of major tropical rivers as well as the extra-tropics. 
Acknowledgment: CNPq, NERC, FAPESP, MCTI, NOAA, IPEN and INPE. 
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Can passive remote sensing of atmospheric CO2 contribute to anthropogenic 
CO2 emission monitoring?  

Bovensmann, Heinrich* (1); Krings, Thomas (1); Neininger, Bruno (2); Reuter, Maximilian (1); 
Gerilowski, Konstantin (1); Krautwurst, Sven (1); Buchwitz, Michael (1); Burrows, John P. (1)  
1: University of Bremen, Institute of Environmental Physics, Germany; 2: METAIR AG, Hausen am Albis, Switzerland  

An independent and global comparable verification of anthropogenic CO2 emissions is important for 
any international agreement regulating CO2 emissions. In principle - and as already demonstrated for 
the trace gas NO2 - satellite remote sensing has the potential to deliver data which allows independent 
and global comparable analysis of emissions. During the last decade near-surface sensitive global 
satellite observations of atmospheric CO2 – for example made by SCIAMACHY, GOSAT or OCO-2 
-  in combination with inverse modelling have been used to close important knowledge gaps, mainly 
w.r.t. large scale biogenic and biomass burning CO2 fluxes. One of the remaining open questions on 
satellite remote sensing of CO2 is in how far this can contribute to regularly monitoring of 
anthropogenic fossil fuel CO2 emissions. Airborne campaigns using remote sensing measurements of 
atmospheric CO2 distributions around power plants -  as well as in-situ data for validation - revealed, 
that fossil fuel CO2 emissions from strong and localized point sources and point source clusters can be 
quantified independently. The paper will summarise the results from airborne campaigns on fossil fuel 
CO2 emission monitoring. From the experience gained and lessons learned, conclusions on future 
airborne and satellite measurement concepts will be drawn. 
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Impact of the 2015 El Niño on the Indonesian carbon balance: implications for 
carbon mitigation  

Bowman, Kevin* (1); Liu, Junjie (1); Parazoo, Nicolas (1); Walker, Thomas (1); Lee, Meemong 
(1); Jiang, Zhe (2); Menemenlis, Dimitris (1); Gierach, Michelle (1); Gurney, Kevin (3); Bloom, 
Anthony (1)  
1: Jet Propulsion Laboratory, United States of America; 2: National Center for Atmospheric Research, United States of America; 
3: Arizona State University, United States of America  

The COP21 or Paris Agreement  in Dec. 2015 was a landmark step in a cooperative approach to 
reduce  anthropogenic  emissions from both fossil fuel and deforestation. During that same period, 
one of the strongest El Niños on record led to devastating droughts, fires, and air pollution in 
Indonesia.  We assess the impact of this El Niño on the Indonesia carbon balance using the NASA 
Carbon Monitoring System Flux (CMS-Flux) pilot project, which assimilates satellite observations 
across the entire carbon cycle to attribute the CO2 growth rate to spatially resolved surface 
fluxes.  We assimilate new xCO2 observations from the Orbital Carbon Observatory (OCO-2) to 
quantify net carbon fluxes and validate those fluxes against independent in-situ atmospheric 
data.  The contribution of biomass burning to the carbon balance is independently determined from the 
assimilation of Measurements of Pollution in the Troposphere (MOPITT).  The impact of the 
concomitant drought on productively is assessed from the assimilation of new solar induced 
fluorescence (SIF) measurements. Using these multiple lines of evidence, we investigate the relative 
role of biomass burning and productivity in the contribution of Indonesia to the global atmospheric 
growth rate.   The exceptionally long turnover rates of peat carbon pools lead to effectively irreversible 
carbon loss to the atmosphere.  The implications of these losses to Indonesian Intended Nationally 
Determined Contributions (INDC) as part of the Paris agreement will be explored.   
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14C in annual plants and the anthropogenic CO2 in the atmosphere  

Bozhinova, Denica* (1); van der Molen, Michiel K. (2); Meijer, Harro A.J. (3); Krol, Maarten C. 
(2,4); Peters, Wouter (2,3)  
1: Oeschger Centre for Climate Change Research, Switzerland; 2: Wageningen University, the Netherlands; 3: Energy and 
Sustainability Research Institute, University of Groningen, the Netherlands; 4: Institute for Marine and Atmospheric Research, 
Utrecht University, the Netherlands  

In the foundation of every effort of climate change mitigation lays the ability to measure the efficacy 
with which different policies would lower the anthropogenic CO2 emissions and the rate of increase of 
atmospheric CO2 concentrations due to fossil fuel CO2. The demand for independent, accurate and 
precise observations and the attribution of atmospheric CO2 to natural and man-made sources has 
been reflected in the advances and development of large palette of measurement techniques in the 
recent years. Radiocarbon (14C, reported in its relative abundance ∆14CO2) is one of the most 
promising options as this tracer has few anthropogenic sources and very strong signal when fossil fuel 
CO2 is present. Many recent studies focus on improvements in the instrumental precision of the 
measurements and the development of techniques that utilize 14C data alongside tracers which can be 
observed with higher temporal resolution. Our study was targeting the challenge of the sparse spatial 
coverage of observational sites by investigating if ∆14CO2 from plant material can be a quantitative 
indicator for fossil fuel CO2 in the atmosphere. Our study combined modeling and field experiments to 
investigate the extent to which we can reproduce the samples that we observe. We collected samples 
of maize leaves during three summers in 2010-2012 in the Netherlands, Germany and France, in 
trajectories that covered the strong gradients between rural and urbanized parts in the region. Our 
modeling framework consisted of the Weather Research and Forecast (WRF-Chem) model and the 
Simple Universal CROp Simulator (SUCROS). WRF provided the weather for the crop growth model 
and the atmospheric transport of our CO2 and 14CO2 tracers. We used flavored tracers to distinguish 
between the various different sources relevant for Western Europe, including extra source categories 
for fossil fuel CO2 and 14C from the nuclear industry. SUCROS simulated the plant growth in each 
sampling location and the growth pattern was used to model the ∆14CO2 in the plant leaves. Our 
modeling framework reproduces well the ∆14CO2 signature of the real samples. Both observations and 
model captured the large regional gradients, with significant correlations in all three countries we 
sampled. The root-mean-square deviation between model and observations was 3.30‰ and while this 
is comparable to the measurement uncertainty of the observations, it is also 20–50% of the total 
signal. Our various tracers provided additional information about the sources mix found in each 
sample, but outlined that plant samples are unlikely to be able to constrain the uncertainty in most 
emission categories. Such samples are likely to be best suited for a secondary option for atmospheric 
∆14CO2 observations for remote field campaigns or localized studies, rather than a larger monitoring 
strategy where the better precision provided by direct atmospheric observations is essential. 
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Characterizing uncertainties in atmospheric inversions of fossil fuel CO2 
emissions in California  

Brophy, Kieran* (1,2); Graven, Heather (1); Manning, Alistair (3); Arnold, Tim (4); Fischer, Marc 
L. (5); Jeong, Seongeun (5); Cui, Xinguang (5); Parazoo, Nicholas C (6)  
1: Imperial College London, London, United Kingdom; 2: Grantham Institute - Climate Change and the Environment, London, 
United Kingdom; 3: UK Met Office, Exeter, United Kingdom; 4: National Physical Laboratory, London, United Kingdom; 5: 
Lawrence Berkeley National Laboratory, Berkeley, USA; 6: University of California Los Angeles, JIFRESSE, Los Angeles, USA  

In 2006 California passed a law requiring greenhouse gas (GHG) emissions be reduced to 1990 levels 
by 2020, equivalent to a ~20% reduction over 2006-2020. The primary source of GHG emissions is 
the combustion of fossil fuels (ffCO2), which are calculated using a “bottom-up” inventory approach 
and are typically considered to have low uncertainties. However, inventories may have inaccuracies 
due to errors or incomplete knowledge of sources. We compared four inventory-based ffCO2 flux 
estimates (Vulcan, EDGAR, ODIAC and FFDAS) and found differences of ~11% (standard deviation 
relative to the mean) for California total emissions, and even larger differences on some smaller sub-
state levels (Fischer et al., in review). Top-down studies, which have previously focused on biospheric 
CO2 fluxes, may be useful for validating ffCO2 flux estimates. We are developing top-down ffCO2 

emission estimates for California by combining atmospheric radiocarbon observations from a network 
of towers to distinguish ffCO2 with a prior model of ffCO2 emissions and an atmospheric transport 
model in a Bayesian inversion. 
This study focuses on characterizing uncertainties and potential biases in the inversion system using 
pseudo observations in an Observation System Simulation Experiment (OSSE). We used two different 
atmospheric transport models, two different prior emission models, and three different assumptions for 
prior uncertainty on posterior ffCO2 emission estimates. We conducted experiments where the pseudo-
observations were generated using a different transport model and/or a different emission model than 
in the prior simulation.   The two transport models (UM-NAME and WRF-STILT) are both commonly 
used in regional top-down GHG studies but have not previously been compared in an OSSE. The two 
emission models (Vulcan and EDGAR) differ by 17% in total ffCO2 emissions in California. 
Using a different transport model in the prior simulation (biased transport) resulted in a posterior error 
in California total ffCO2 emissions of 5-11%, where the range refers to different assumptions for prior 
uncertainty. Using a different transport model and a different prior emission model in the prior 
simulation (biased transport and biased prior) resulted in a posterior error in California total emissions 
of 9-19%, which was opposite in sign to the prior error. These results suggest our posterior ffCO2 
emission estimate for California is at least as sensitive to the choice of transport model as to choice of 
prior emission model. Further OSSE tests investigating measurement frequency, temporal variability in 
emissions, and different aggregation approaches will also be presented. 
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Measurements and modelling of carbon dioxide in Switzerland: The 
CarboCount-CH project  

Brunner, Dominik* (1); Henne, Stephan (1); Berhanu, Tesfaye (2); Buchmann, Nina (3); Davin, 
Edouard (4); Eugster, Werner (3); Gruber, Nicolas (5); Leuenberger, Markus (2); Liu, Yu (5); 
Oney, Brian (1); Satar, Ece (2); Seneviratne, Sonia (4); Emmenegger, Lukas (1)  
1: Empa, Swiss Federal Laboratories for Materials Science and Technology, Switzerland; 2: University of Bern, Climate and 
Environmental Physics Division, Physics Institute and Oeschger Centre for Climate Change Research, Switzerland; 3: ETH 
Zurich, Institute of Agricultural Sciences, Switzerland; 4: ETH Zurich, Atmospheric and Climate Science, Switzerland; 5: ETH 
Zurich, Environmental Physics, Switzerland  

In 2012, the project CarboCount-CH was initiated with the aim to develop a prototype greenhouse gas 
observing and modelling system for Switzerland. The project members successfully established four 
new observational sites, equipped with Picarro instruments to measure CO2, CH4 and partly CO. The 
sites had been selected to cover large parts of Switzerland and include a 212 m tall tower at 
Beromünster, a small tower in flat terrain near Gimmiz, and two mountain sites at Lägern-Hochwacht 
(840 m a.s.l) and Früebüel (982 m a.s.l). Alongside with the measurement infrastructure, two 
comprehensive atmospheric transport and inverse modeling systems have been developed, both 
centered around the mesoscale numerical weather prediction model COSMO. One system is based 
on Eulerian transport modeling combined with an Ensemble Kalman Filter Data Assimilation system, 
the other on backward Lagrangian transport modeling with FLEXPART-COSMO combined with a 
Bayesian inversion approach. To improve the representation of a priori fluxes, detailed bottom-up 
inventories of anthropogenic emissions in Switzerland were developed, and a high-resolution land 
surface model for the simulation of atmosphere-biosphere exchange of CO2 was applied. 
Here we present an overview of the project and its main findings which range from observation-driven 
analyzes to modelling studies characterizing and quantifying biospheric fluxes in Switzerland. In 
particular, we compare FLEXPART-COSMO simulations of CO2 against the first four years of 
measurements (2013-2016) to analyze the performance of the model, to better understand the relative 
contributions from biospheric and anthropogenic fluxes, and to assess the importance of accurately 
describing the temporal variability of these fluxes from diurnal to interannual time-scales. Finally, we 
present the results of biospheric CO2 flux inversions based on the two independent inverse modelling 
systems and compare the results with independent observations and flux estimates. 
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Southern Ocean Uptake of Atmospheric CO2: Where should we measure it?  

Buchanan, David* (1); Suntharalingam, Parvadha (1); Chen, Zhaohui (1); Jones, Anna (2)  
1: University of East Anglia, Norwich, United Kingdom; 2: British Antarctic Survey, Cambridge, United Kingdom  

The Southern Ocean, south of 30°S, is estimated to account for approximately 40% of the uptake of 
anthropogenic CO2 from the atmosphere [Frölicher et al., 2015]. Such estimates are commonly 
derived using inverse methods that combine atmospheric CO2 measurements together with a model of 
atmospheric transport in an optimisation procedure. The current observational network in and around 
the Southern Ocean is sparse, therefore estimates of regional CO2 fluxes are poorly constrained with 
large uncertainties. To improve this situation, the British Antarctic Survey have proposed the addition 
of new measurement sites. This project’s overarching aim is to assess optimal observation site 
locations and effective temporal sampling strategies to reduce the uncertainties in estimates of 
Southern Ocean CO2 fluxes. Here we present initial analyses of the current observational network, 
focusing on the temporal resolution of the measurements. 
Previous inverse estimates of Southern Ocean CO2 fluxes have been derived primarily using 
atmospheric measurements from the surface flask network, and averaged on monthly time-scales. 
However, higher temporal resolution data from continuous sampling methods is available at some 
Southern Ocean sites. Here, we evaluate the impact of incorporating these data in deriving estimates 
of Southern Ocean carbon fluxes. 
We use a Local Ensemble Transform Kalman Filter (LETKF) data assimilation method [Hunt et al., 
2007] in combination with the GEOS-Chem Atmospheric Transport Model 
(http://acmg.seas.harvard.edu/geos/), and atmospheric measurements from the global CO2 surface 
network [Masarie et al., 2014]. The data assimilation system estimates gridded surface CO2 fluxes at a 
resolution of 2° x 2.5°. We use atmospheric measurements for the period 01/01/2006 to 31/12/2007, 
and assess the value of alternative combinations of temporal sampling strategy, with a focus on the 
Southern Ocean sites (South Pole and Syowa) for which high temporal resolution data is available. 
Metrics used to assess the different sampling strategies include changes in the uncertainties of the 
optimised air-sea CO2 flux estimates. We also present results of sensitivity analyses on the LETKF-
GEOSChem system parameters, including the prior uncertainty, localisation radius, and observational 
error specification. The results of these analyses will inform our ongoing assessment supporting CO2 
observational site selection by the British Antarctic Survey. 

References: Frölicher, T. L., Sarmiento, J. L., Paynter, D. J., Dunne, J. P., Krasting, J. P., and Winton, 
M. (2015). Dominance of the Southern Ocean in Anthropogenic Carbon and Heat Uptake in CMIP5 
Models. Journal of Climate, 28(2):862–886. Hunt, B. R., Kostelich, E. J., and Szunyogh, I. (2007). 
Efficient data assimilation for spatiotemporal chaos: A local ensemble transform Kalman filter. Physica 
D: Nonlinear Phenomena, 230(1–2):112–126. Masarie, K. A., Peters, W., Jacobson, A. R., and Tans, 
P. P. (2014). ObsPack: A framework for the preparation, delivery, and attribution of atmospheric 
greenhouse gas measurements. Earth System Science Data, 6(2):375–384. 
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GEOS-Chem simulations of simultaneous greenhouse gas measurements (CO2 
, CH4 and CO) from fixed and moving platforms in and around Australia  

Bukosa, Beata* (1); Deutscher, Nicholas (1); Fisher, Jenny (1); Kubistin, Dagmar (1,2); Murphy, 
Clare (1); Griffith, David (1)  
1: Centre for Atmospheric Chemistry, University of Wollongong, Australia; 2: German Meteorological Service, Meteorological 
Observatory Hohenpeissenberg, Germany  

The most important drivers of climate change are the global carbon cycle and the greenhouse gases 
(GHGs). Changes in the concentration of these gases have a large effect on climate variability and the 
fundamental step in understanding this variability is understanding their sources and sinks. However, 
there are still large uncertainties in processes driving atmospheric composition and emission 
estimates, particularly in the Southern Hemisphere. In this study a combination of Fourier Transform 
InfraRed Spectroscopy (FTIR) measurements with a global chemical transport model (CTM) GEOS-
Chem is used to identify and quantify both anthropogenic and natural sources of the two most 
abundant carbon greenhouse gas CO2 and CH4 along with CO on multiple scales (local, regional and 
global) in the Australian region. The dataset includes ship and train-borne in-situ FTIR surface 
concentration measurements, complemented with fixed location in-situ FTIR and integrated total 
column amounts from the Total Carbon Column Observing Network (TCCON). 
In-situ FTIR measurements of CO2, CH4, CO, N2O and δ 13C in CO2 were performed aboard the 
Australian research vessel RV Southern Surveyor operated by CSIRO/MNF (Commonwealth Scientific 
and Industrial Research Organisation/Marine National Facility) during several voyages in 2012 and 
2013 in the South Pacific and Indian Ocean. The train-borne in-situ FTIR measurements were taken 
on the Ghan railway that covers a north-south Australian continental transect, from Adelaide to Darwin 
and back for different time periods between 2008 and 2013. In addition, long-term time series of total 
column CO2, CH4, CO and N2O exist at Wollongong and Darwin, along with corresponding in-situ 
surface measurements. For the data interpretations a global 3D CTM GEOS-Chem both v10-01 and 
v11-01, driven by meteorological input from the Goddard Earth Observing System (GEOS) of the 
NASA Global Modeling and Assimilation Office is used. In this model tagged tracer simulations exist 
for CO2, CH4 and CO, which allows us to calculate the contributions of different regions and processes 
to the total amount of each gas and thereby quantify their relative contribution. 
The measurements used in this study are from different parts of Australia covering all latitudinal bands 
which can help us identify the regional variability and latitudinal gradients of different GHGs. 
Interpreting data from different measurement methods, different parts of Australia and for different 
time periods with GEOS-Chem will lead to an updated global distribution of longlived GHGs and an 
improved estimation of both anthropogenic and natural sources and sinks in Australia. Moreover 
combining co-located surface and column remote-sensing measurements of GHGs can help to 
distinguish information on both local and regional spatial scales; surface measurements are strongly 
influenced by local processes, while column measurements are typically sensitive to regional scales 
which could help to refine flux estimates. 
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New Tools to Collect and Share Time-Synchronized Hourly CO2 Flux Data: 
Coupling Flux Towers and Networks with Proximal and Remote Sensing Data  

Burba, George* (1,2); Avenson, Tom (1,3); Burkart, Andreas (4,5); Gamon, John (6,7); Guan, 
Kaiyu (8); Julitta, Tommaso (5,9); Pastorello, Gilberto (10); Sakowska, Karolina (11,12)  
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Center for Advanced Land Management Information Technologies, SNR, University of Nebraska, Lincoln, USA; 7: Departments 
of Earth & Atmospheric Sciences and Biological Sciences, University of Alberta, Edmonton, Canada; 8: Department of Natural 
Resources and Environmental Sciences, University of Illinois at Urbana-Champaign, Urbana, USA; 9: Department of Earth and 
Environmental Sciences, University of Milano-Bicocca, LTDA, Milano, Italy; 10: AmeriFlux, Computational Research Division, 
Lawrence Berkeley National Laboratory, Berkeley, USA; 11: Department of Sustainable Crop Production and Spatial Analysis 
and Remote Sensing Research Center, Università Cattolica del Sacro Cuore, Piacenza, Italy; 12: Sustainable Agro-Ecosystems 
and Bioresources Department, Research and Innovation Centre, Fondazione Edmund Mach, S. Michele all’Adige, Italy  

Hundreds of flux towers are presently operational as standalone projects and as parts of larger GHG flux 
networks. However, the vast majority of these towers do not allow straightforward coupling with satellite 
data, and even fewer have optical sensors for validation of satellite products and upscaling from the field to 
regional levels. In 2016, new tools to collect, process, and share time-synchronized CO2 and other flux data 
from multiple towers were developed and deployed globally. Originally designed to automate site and data 
management, these new tools can also be effective in coupling tower data with satellite data due to the 
following present capabilities: 

 Fully automated FluxSuite system combines hardware, software and web-services, and does not 
require an expert to run it 

 It can be incorporated into a new flux station or added to a present station, using weatherized 
remotely-accessible microcomputer, SmartFlux2 

 All site data are merged into a single quality-controlled file timed using PTP time protocol 
 Data from optical sensors can be integrated into this complete dataset via compatible data loggers 
 Multiple stations can be linked into time-synchronized network with automated reports and email 

alerts visible to PIs in real-time 
 Remote sensing researchers without stations can form “virtual networks” of stations by 

collaborating with tower PIs from different physical networks 

The present system can then be utilised to couple ground data with satellite data via the following proposed 
concept: 

 GPS-driven PTP protocol will synchronise instrumentation within the station, different stations with 
each other, and all of these to satellite data to precisely align optical and flux data in time 

 Footprint size and coordinates computed and stored with flux data will help correctly align footprints 
and satellite motion to precisely align optical and flux data in space 

 Current flux towers can be augmented with ground optical sensors and use standard routines to 
deliver continuous products (e.g. SIF, PRI, NDVI, etc.) based on automated field spectrometers 
(e.g., FloX and RoX, etc.) and other optical systems 

 Schedule can be developed to point ground optical sensor into the footprint, or to run leaf chamber 
measurements in the footprint, at the same time with the satellite or UAV above the footprint  

 Full snapshot of the satellite pixel can then be constructed including leaf-level, ground optical 
sensor, and flux measurements from the same footprint area closely coupled with the satellite 
measurements to help interpret satellite data, validate models, and improve upscaling 

Several dozens of new towers already operational globally can be readily adapted for the proposed 
concept. In addition, over 500 active traditional towers can be updated to synchronise their data with 
satellite measurements. This presentation describes the concept of how this approach can be utilised to 
couple satellite and tower data. 
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Comparison of CO2 Concentrations, Co-spectra and Flux Measurements 
between Latest Standardized Automated CO2/H2O Flux Systems and Older Gas 
Analyzers  
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State University of New York, Albany, United States; 6: University of Tuscia, Viterbo, Italy; 7: NOAA-NCAS Howard University, 
Washington DC, United States  

Recently, spatial and temporal flux data coverage has improved significantly, and on multiple scales, 
from a single station to continental networks, due to standardization, automation, and management of 
data collection, and better handling of the extensive amounts of generated data. With more stations 
and networks, larger data flows from each station, and smaller operating budgets, modern tools are 
required to effectively and efficiently handle the entire process. Such tools are needed to maximize 
time dedicated to authoring publications and answering research questions, and to minimize time and 
expenses spent on data acquisition, processing, and quality control. Thus, these tools should produce 
standardized verifiable datasets and provide a way to cross-share the standardized data with external 
collaborators to leverage available funding, promote data analyses and publications. New open-path 
and enclosed-path flux measurement systems were developed, based on established gas analyzer 
models, with the focus on improving stability in the presence of contamination, refining temperature 
control and compensation, and providing more accurate gas concentration measurements. In addition 
to the optical and electronic redesign, both systems incorporate complete automated on-site flux 
calculations using EddyPro® software run by a weatherized remotely-accessible microcomputer to 
provide standardized traceable data sets. Field tests of both systems were conducted over six periods, 
each 5-14 months long, at 6 sites with diverse environments, setups, and types of contamination, 
using 26 gas analyzers. The open-path LI-7500RS flux system performed significantly better than the 
original LI-7500A gas analyzer model in terms of contamination-related drifts in mean concentrations. 
Improvements in CO2 drifts were strong, with RS models often drifting few-to-tens of times less than 
the original. Improvements in H2O contamination-related drifts were particularly significant, with 
modified models often drifting many tens of times less than the original. The enclosed LI-7200RS flux 
system performed substantially better than the original LI-7200 in terms of the drifts in H2O, 
sometimes drifting few-to-tens of times less than the original. Improvements in CO2 contamination-
related drifts were modest, being similar or just a bit better than the original. Results from field tests 
suggest that both new RS flux systems can help improve flux data coverage, reduce site maintenance, 
and provide a standard and complete CO2 flux data set in an automated fashion. The presentation will 
describe details and results from the field tests of these flux systems in comparison with older models 
and control reference instruments. 
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Column CO2 Measurements using Advanced Intensity-Modulation Continuous-
Wave Lidar for NASA ACT-America and ASCENDS Missions  
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Global and regional atmospheric carbon dioxide (CO2) measurements for the NASA Active Sensing of 
CO2 Emissions over Nights, Days, and Seasons (ASCENDS) space mission and the Atmospheric 
Carbon and Transport (ACT) – America airborne mission are critical for improving our understanding 
of global CO2 sources, sinks and atmospheric transport. Advanced Intensity-Modulated Continuous-
Wave (IM-CW) lidar techniques are being investigated as a means of facilitating active CO2 
measurements from space and airborne platforms to meet the ASCENDS and ACT-America science 
measurement requirements. In recent laboratory tests, horizontal field experiments, and airborne flight 
campaigns, we have successfully used the Swept Sine (SS) and Binary Phase Shift Keying (BPSK) 
modulation techniques in our IM-CW lidars to uniquely discriminate surface lidar returns from 
intermediate aerosol and cloud returns. Corresponding lidar return powers and ranges to the ground 
surface and optically thick cloud tops have been precisely measured.  Also, we have demonstrated 
experimentally and through modeling the utility of BPSK to eliminate sidelobes in the range profile, 
which are present in the SS approach, and this improves the Integrated Path Differential Absorption 
(IPDA) column CO2 measurements in the presence of optically thin clouds. High accuracy and high 
precision ranging to the ground surface as well as to the top of intermediate cloud layers, which is a 
requirement for the inversion of column CO2 number density measurements to column CO2 mixing 
ratios (XCO2), has been achieved using new hyperfine interpolation techniques that take advantage of 
the periodicity of the modulation waveforms. These techniques were implemented in a set of data 
processing routines written in C, utilizing parallel processing techniques for quick turnaround of raw 
data from flight tests. These CO2 column measurements are being used to help understand 
greenhouse gas (GHG) transports and fluxes through intensive airborne observations of various 
midlatitude weather systems during the ACT-America mission. We have observed CO2 column 
variations across cold fronts, on north-south 500-km fair weather tracks, and on long mid-latitude east-
west tracks.  We present the CO2 variations found for those weather conditions, and we will contrast 
the CO2 variations observed between summer and winter seasons during ACT-America. 
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Field deployment of a CO2, CH4 and O2 sensor package for underway 
measurement across the full river-ocean mixing regime  

Canning, Anna Rose* (1,2); Körtzinger, Arne (1); Fietzek, Peer (2)  
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The river-ocean mixing regime represents the interface between inland waters and the ocean, 
exhibiting strong dynamics for CO2 and CH4. Due to a host of biological, chemical and physical 
processes within this regime, the interface is considered one of the hardest systems to observe 
accurately. This is of rising importance due to increasing anthropogenic pressures with growing 
populations, with most pronounced effects within inland waters, estuaries and coastal regions. 
While direct continuous measurements of pCO2 and pCH4 across the full land-ocean aquatic 
continuum (LOAC) shed light on the two gases sink/source function and variability, observations 
mainly rely on discrete sampling approaches that use measurements of dissolved inorganic carbon 
(DIC) and total alkalinity to calculate pCO2. However, these calculated results were often found to be 
overestimated due to the unknown contribution to alkalinity by organic components in estuarine and 
coastal waters. Additionally, manual data collection is time-consuming, with significant human and 
calculation errors, and without lending itself to autonomous observation approaches. The robust, low-
maintenance analytical system presented here is designed for producing long-term LOAC 
observations. Being able to collect high resolution measurements with as little error and personnel 
effort as possible, the sensor package will create a more accurate and complete database, in turn 
being used to close the gap in the carbon budget between the two areas; giving a greater 
understanding of the carbon cycle in coastal interfaces. 
Technical advances have now progressed so far, that being able to limit error within direct 
measurements is possible, however quantifying across the full LOAC is yet to be achieved. The aim of 
this study was to create a versatile flow-through system, able to measure pCO2, pCH4, O2, 
temperature and salinity across their gradients accurately. To achieve this, the HydroC®CO2 FT, 
HydroC®CH4 FT, HydroFlash O2 (all KM Contros GmbH, Kiel) and SBE-45 thermosalinograph (Sea-
Bird Electronics, USA) were combined into a complete flow-through system, allowing for unified 
surface water measurements. The HydroC®CO2 and CH4 use a membrane equilibrator system, 
measuring the internal gas stream by either a Nondispersive infrared (NDIR) or Tunable Diode Laser 
Absorption Spectroscopy (TDLAS) detector, respectively. With a sampling speed of 1 Hz, continuous 
data was collected in various locations from Baltic fjord/river to brackish seas and oceanic waters. For 
validation purposes, discrete samples for all parameters were collected to check the accuracy of the 
sensors. 
This study has thus far shown that, after years of continuous improvement, membrane-based gas 
sensor technology has matured to a level that it exceeds the accuracy of pCO2 calculation methods 
and approaches that of classical equilibrator-based pCO2 measurements. With this, the ability to 
monitor and measure the carbon cycle across the LOAC accurately and with high precision is closer 
than ever before. 
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Three decades of carbon cycle reanalysis with the MPI-CCDAS  

Castro-Morales, Karel* (1); Schürmann, Gregor J. (1); Kaminski, Thomas (2); Köstler, Christoph 
(1); Heimann, Martin (1); Zaehle, Sönke (1,3)  
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The contemporary global CO2 budget requires a residual terrestrial net carbon uptake to match 
emission statistics and atmospheric and ocean observations. However, this terrestrial net uptake is 
only poorly known. Inferring information on contemporary spatio-temporal trends in the terrestrial 
carbon cycle based on the inversion of precise and long-term atmospheric CO2 observations is fraught 
with uncertainty because of the under-constrained nature of the problem to be solved. Bottom-up 
simulations with terrestrial biosphere models provide highly spatially resolved estimates of the 
terrestrial carbon budget, but their projections are not always commensurate with the independent 
atmospheric CO2 record, and their simulation results are subject to a large parameter-based 
uncertainty.  
A number of Carbon Cycle Data Assimilation Systems (CCDAS) have been developed recently to 
better constrain atmospheric inversions by: i) using the ecological information contained in a process-
based terrestrial biosphere model, and ii) using supplementary data sources (either in situ or based on 
remote sensing) to further constrain parameters in the biosphere model and thus the atmospheric 
inversion problem. Here we report on a study using the MPI-CCDAS (Schürmann et al. 2016) based 
on the JSBACH land-surface model and the atmospheric transport model TM3, in which we have 
exploited 30 years of atmospheric CO2 and NDVI observations to constrain JSBACH parameters and 
the simulated net land-atmospheric CO2 exchange. The model calibration procedure is successful in 
that MPI-CCDAS reproduced the observed hemispheric trends in atmospheric CO2, as well as large-
scale patterns observed in the NDVI data, providing thus an estimate of the land-atmosphere CO2 flux 
in agreement with these observations. We discuss the robustness of these results in particular to the 
question of the time-period of assimilation, and the possibility of short- to mid-term carbon projections. 
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AirCore observations of CO2/CH4/CO profiles and 14CO2 in the stratosphere  
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AirCore, a long coil of tubing with one end open and the other closed flown with a balloon, has been 
demonstrated to be a reliable tool for vertical profile measurements of CO2/CH4/CO from the surface 
up to ~30 km and has a great potential to link remote sensing measurements from ground and from 
space (e.g. TCCON, GOSAT, OCO-2, upcoming S5P) with in situ accurate surface observations, i.e. 
the WMO reference scales. 
We present the AirCore profile measurements of CO2/CH4/CO that have been made over Sodankylä 
(Finnish Arctic) since September 2013, and discuss the uncertainties of the profile measurements and 
of the integrated column averages due to various sources, e.g. the pressure drop across the dryer, the 
non-equilibrium flow. Furthermore, we show the site-specific calibration curves for the total column 
measurements from the Sodankylä TCCON station. 
We will also show the recently made stratospheric 14CO2 measurements using very small amount of 
AirCore samples (~10 μgC). The global production of 14C is estimated using the correlation between 
14CO2 and N2O and the N2O annual loss rate, which agrees with the calculations from a numerical 
Monte-Carlo model within a relative large uncertainty. The uncertainty is mostly due to the analytical 
uncertainty of AirCore 14C measurements, and will be reduced by increasing the amount of 
stratospheric samples and the 14C measurement precisions. Furthermore, we compare the observed 
and simulated stratospheric 14CO2 based on TM5 model, and evaluate the influence of different 
cosmogenic 14C production scenarios and the uncertainties in the OH field on the seasonal cycles of 
radiocarbon and on the stratosphere-troposphere exchange. 
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A global carbon assimilation system using an ensemble Kalman filter  
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A Global Carbon Assimilation System based on the ensemble Kalman filter is developed for 
assimilating atmospheric CO2 data into a terrestrial ecosystem model to estimate some key 
parameters of the terrestrial ecosystem model. The optimized parameters are the leaf maximum 
carboxylation rate at 25  (Vcmax,25), the temperature sensitivity of ecosystem respiration (Q10) and the 
soil carbon pool size. The optimization is performed at the global scale at 1°resolution for the period 
from 2002 to 2008. Different optimization strategies are applied to estimate these parameters. We 
assume that errors of CO2 concentration from the prediction model are composed of systemic biases 
and random errors. To correct systemic biases and random errors, a two-step optimization method is 
developed and used in GCAS. The systemic biases are firstly corrected by adjusting initial total carbon 
pool sizes using CO2 concentration measurements in the last week of the years during the period from 
2002 to 2008. The optimized carbon pool sizes are kept constant in the next step. Then the random 
errors are corrected through using weekly CO2 concentration measurements to adjust Vcmax,25 and Q10. 
The results indicate that vegetation from tropical zones has lower  Vcmax,25 values than vegetation in 
temperate regions. Relatively high values of Q10 are derived over high/mid latitude regions. Both 
Vcmax,25 and Q10 exhibit pronounced seasonal variations at mid-high latitudes. The maxima in 
Vcmax,25 occur during growing seasons, while the minima appear during non-growing seasons. Q10 
values decrease with increasing temperature. The seasonal variabilities of  Vcmax,25 and Q10 are larger 
at higher latitudes with tropical or low latitude regions showing few seasonal variabilities. The spatial 
distribution of total soil carbon pool sizes after optimization is compared favorably with the gridded 
Global Soil Dataset for Earth System. In addition, land surface carbon fluxes from 11 atmospheric CO2 
inversion systems are selected to compare with GCAS. The lands surface carbon fluxes estimated by 
GCAS fall into the ranges of the fluxes from the inversion systems. It indicates that the optimized lands 
surface carbon fluxes from GCAS are reasonable. Our research suggests that atmospheric CO2 data 
is a source of information that can be tapped to gain spatially and temporally meaningful information 
for key ecosystem parameters that are representative at the regional and global scales. 
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A C*-based Extended Multiple Linear Regression Method to Determine Decadal 
Changes in Anthropogenic CO2 in the Ocean  

Clement, Dominic*; Gruber, Nicolas  
ETH Zurich, Switzerland  

Major progress has been made by the international community (e.g., GOSHIP, IOCCP, 
IMBER/SOLAS carbon working groups) in recent years by collecting and providing homogenized 
datasets for carbon and other biogeochemical variables in the surface ocean (SOCAT) and interior 
ocean (GLODAPv2). Together with previous efforts, this has enabled the community to develop 
methods to assess changes in the ocean carbon cycle through time. Of particular interest is the 
determination of the decadal change in the anthropogenic CO2 inventory solely based on in-situ 
measurements from at least two time periods in the interior ocean. However, all such methods face 
the difficulty of a scarce dataset in both space and time, making the use of appropriate interpolation 
techniques in time and space a crucial element of any method. Here we present a new method based 
on the parameter C*, whose variations reflect the total change in dissolved inorganic carbon (DIC) 
driven by the exchange of CO2 across the air-sea interface. We apply the extended Multiple Linear 
Regression method (Friis et al., 2005) on C* in order (1) to calculate the change in anthropogenic 
CO2 from the original DIC/C* measurements, and (2) to interpolate the result onto a spatial grid using 
other biogeochemical variables (T,S,AOU, etc.). These calculations are made on isoneutral slabs 
across whole ocean basins. In combination with the transient steady state assumption providing a 
temporal correction factor, we address the spatial and temporal interpolation challenges. Using 
synthetic data from a hindcast simulation with a global ocean biogeochemistry model (NCAR-CCSM 
with BEC), we tested the method for robustness and accuracy in determining ∆Cant. We will present 
data-based results for all ocean basins (see also presentation by Gruber et al.), with the most recent 
estimate of a global uptake of 32±6 Pg C between 1994 and 2007 implying an uptake rate of 2.5±0.5 
Pg C yr-1 for this time period. These results will be compared (via Cant storage rates) to regional 
estimates based on studies using eMLR on individual repeat sections in the Atlantic and Pacific (e.g., 
Carter et al., 2017). Furthermore, global-scale estimates (e.g., Kouketsu and Murata, 2014) from 
either a data-based statistical approach or a steady-state increase of Cant in the ocean using various 
data- and model-derived estimates are compared to our inventory estimate over a similar time period. 
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Simulation Experiments in Support of GeoCarb  

Crowell, Sean*; Moore, Berrien  
University of Oklahoma, United States of America  

This paper presents a discussion of the GeoCarb Mission, which was recently selected as NASA’s 
Earth Venture Mission-2. GeoCarb will fly an instrument that will provide measurements of 
atmospheric carbon dioxide (CO2), methane (CH4), and carbon monoxide (CO) from geostationary 
orbit at roughly 85°W. The GeoCarb mission will deliver daily maps of column integrated mixing ratios 
of CO2, CH4, and CO over the observed landmasses at a spatial resolution of roughly 5 x 8 km. 
The instrument exploits four spectral regions: The oxygen A-band for pressure and aerosols, the weak 
and strong bands of CO2 near 1.61 and 2.06 microns, and a region near 2.32 microns for CO and 
CH4. The O2 and CO2 components are very similar to the instrument aboard OCO-2, and so we 
envision OCO-2 in geostationary orbit with the addition of a fourth channel to measure CO and CH4, 
but such that the viewing geometry precludes an oceanic capability. The chosen spectral channel for 
O2 and aerosol/cloud screening (0.765µm) permits measurement of Solar-Induced Fluorescence 
(SIF), which provides instantaneous direct information about photosynthesis. 
The 85°W slot allows observations of major urban and industrial regions in the Americas, large 
agricultural areas, and the expansive South American tropical forests and wetlands, which will help 
resolve flux variability for CO2 and CH4. In this talk, we will present OSSE results supporting science 
objectives for the GeoCarb mission, including constraining regional emissions over the conterminous 
United States (CONUS) and tropical South America.  Additionally we will explore the visibility of 
signals from anthropogenic sources such as power plants and fossil fuel production given realistic 
screening by clouds and pollution and assuming mission required precisions. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 154 of 463 

   

Poster Presentation  
Theme 1.2: The Contemporary Carbon Cycle - Emerging Approaches and Novel Observation Techniques  
Keywords: atmosphere, transport, inverse flux estimates, remote sensing, airborne  

A sustained airborne campaign to improve inverse flux estimates of 
greenhouse gas sources and sinks: Results from the Atmospheric Carbon and 
Transport (ACT) – America mission  
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Incomplete knowledge of both greenhouse gas (GHG) surface fluxes and atmospheric transport of 
these gases limits our ability to use atmospheric observations to infer GHG sources and sinks.  The 
existing long-term observational network is too sparse to disentangle these two factors.  The 
Atmospheric Carbon and Transport (ACT) – America mission aims to improve our understanding of 
both transport and fluxes of GHGs via a multi-year, airborne observational campaign spanning a wide-
range of midlatitude weather conditions in different seasons over the eastern United States.  The first 
two ACT-America field campaigns were conducted in the summer of 2016 and winter of 
2017.  Remote and in situ observations were collected with two aircraft across fronts and during fair 
weather conditions across three different geographic regions in the Mid-Atlantic, South, and Mid-West. 
Observations include the distribution of GHGs, related trace gases, and atmospheric properties 
including winds and boundary layer depth across weather systems using in situ and remote sensors. 
We present results from the first two campaigns including new understanding of the distribution of 
GHGs within midlatitude weather systems, inferences about transport of GHGs by weather systems, 
comparison of observations to existing global carbon cycle reanalysis and inversion systems, and 
comparison of observations to a state-of-the-science, ensemble-based regional GHG modeling and 
inversion system.  Our results will focus on our understanding to date of errors and uncertainties in 
both atmospheric transport and GHG flux models suggested by ACT-America observations and 
analyses, and initial insights into how atmospheric inverse flux estimates can be improved given these 
model-data comparisons.  ACT airborne observations and analyses will be integrated with both the 
long-term, tower and aircraft networks operating in the U.S., and observations from the Orbiting 
Carbon Observatory 2. We look ahead to upcoming field campaigns, and the application of our 
findings to date to future atmospheric inverse GHG flux estimates. 
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Inferring Oceanic CO2 fluxes using space-based and in situ surface 
observations of atmospheric CO2  
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Estimating oceanic CO2 fluxes through inverse modeling of atmospheric CO2 data is challenging, in 
part, because the gradient for ocean fluxes is comparatively smaller than for the much more variable 
terrestrial fluxes. As a result, most inverse modeling analyses of atmospheric CO2 have focused on 
quantifying CO2 fluxes from the terrestrial biosphere. Recent space-based measurements of 
atmospheric CO2 have provided greater observational coverage globally, but the inverse modeling 
focus has remained primarily on the terrestrial biospheric fluxes. Although these analyses have 
estimated terrestrial and oceanic fluxes, the resulting ocean fluxes have not been formally, and 
carefully evaluated. In this study, we use the GEOS-Chem four-dimensional variational data 
assimilation system to examine the constraints on oceans fluxes provided by observations from the 
Greenhouse Gases Observing Satellite (GOSAT). We explore the use of the satellite observations 
alone and together with in situ surface data to estimate regional oceanic fluxes, and with the goal of 
evaluating whether the observations improve the oceanic flux estimates in the model. 
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Greenhouse gases from space: a French perspective  
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The monitoring from space of carbon dioxide (CO2) and methane (CH4), the two most 
potent anthropogenic greenhouse gases, has known an exciting and stimulating decade. Several 
successful missions occurred (e.g. SCIAMACHY, AIRS, IASI, GOSAT, OCO-2) and several 
others are already scheduled (e.g. TROPOMI, GOSAT-2,IASI-NG, MICROCARB, MERLIN). Although 
GHG satellite data still suffer of issues to fully analyse their data in terms of GHG emissions and sinks, 
such as the impact of systematic errors, they already brought an unprecedent vision of the spatio-
temporal atmospheric repartition of these important climate-relevant gases. 
In the international context, the French scientific community and the French space agency CNES have 
taken their part, And contributeur  with their partners to the development of the European capability 
to monitor CO2 and CH4 from space. Considering only scheduled future missions, this is especially 
the case for MICROCARB, MERLIN and IASI-NG. The MICROCARB mission is based on a compact 
grating spectrometer onboard a classical micro-satellite platform. MICROCARB is actually planned as 
a CNES mission to measure total columns of CO2. The MERLIN (MEthaneRemote 
sensing LIdar missioN ) mission is a Franco-German mission which aims at measuring CH4 total 
columns by flying the first IPDA (Integrated Path Differential Absorption) LIDAR (Light Detecting And 
Ranging) for GHG on a new microsatellite platform. The LIDAR instrument is developed under 
the responsibility of the German space agency, DLR, and France is responsible for the platform and 
the ground segment. Like its predecessor, IASI-NG, a mission designed by CNES in collaboration with 
EUMETSAT, will use a passive infrared sensor to monitor among other products a vast range 
of atmospheric compounds, including mid-tropospheric columns of CH4 and CO2. These three 
missions are scheduledto be launched in 2020-2021. 
In this poster, we present the CO2 and CH4 components of these three missions, propose clues for a 
coordinated calibration/validation phase, and evaluate their expected performances for 
the monitoring  of GHG atmospheric columns and the reduction of uncertainties on CO2 and CH4 
emissions and sinks.   
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Measurements of CO2 and CH4 in the Baltimore/Washington Area: A Guide to 
Local GHG Control  

Dickerson, Russell R.* (1); Whetstone, James (2); Salawitch, Ross (1); Ahn, Doyeon (1); 
Hansford, Jonathan (1); Ren, Xinrong (1); He, Hao (1); Cohen, Mark (3); Stunder, Barabara (3); 
Salmon, Olivia E (4); Shepson, Paul B. (4); Gurney, Kevin (5); Jacobson, Andrew R. (3); Oda, 
Tomohiro (6)  
1: The University of Maryland, United States of America; 2: NIST, United States of America; 3: NOAA, United States of America; 
4: Purdue University, United States of America; 5: Arizona State University, United States of America; 6: NASA/GSFC, United 
States of America  

Urban areas represent a major source of green house gases (GHGs) and an opportunity for direct 
control of those emissions.  The University of Maryland, the National Institute of Standards and 
Technology (NIST), NASA, NOAA, Purdue, ASU, and the Maryland Department of the Environment 
are working together on measurements and models of GHG fluxes to provide policy relevant science 
to the State of Maryland.  The State has embarked on a project to reduce GHG emissions by 25% by 
2020 and needs quantitative information on current and future emissions.   
We focus on the attribution of CO2 and CH4 enhancements to various emission sources in the region, 
including local Electric Generating Units (EGUs), landfills, vehicles, as well as regional sources such 
as oil and gas operations, by making use of the NOAA HYSPLIT atmospheric transport and dispersion 
model (in concentration mode) and the analysis of chemical ratios. The fluxes are estimated using a 
mass balance approach, and results are compared to various sources of emission data, such as 
Continuous Emission Monitoring System (CEMS), CarbonTracker, Fossil Fuel Data Assimilation 
System (FFDAS), and Open Source Data Inventory for Anthropogenic CO2 (ODIAC). The uncertainty 
in the aircraft-based mass balance approach is quantified by conducting a sensitivity analysis of 
calculated flux to such factors as planetary boundary layer height, wind direction and speed, 
interpolation methods.  Finally, we compare the partial column abundance of CO2 inferred from the 
aircraft observations to measurements of the column abundance of CO2 reported by the NASA OCO-2 
instrument. 
Through this combination of surface based and aircraft in situ observations and remote sensing used 
to constrain and guide numerical models, and then to evaluate and improve emissions 
inventories.  The objectives include characterizing the overall emissions for the Baltimore, MD and 
Washington, DC urban areas and quantifying individual sources with the goal of transferring this 
information to agencies with the responsibility and authority to improve emissions. 
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Continuous monitoring and mapping of CO2 and CH4 concentrations on scales 
from 0.4 – 25 km2 with GreenLITE™  

Dobler, Jeremy T.* (1); Zaccheo, T. Scott (2); Pernini, Timothy G. (2); Blume, Nathan J. (1); 
Braun, Michael G. (1)  
1: Harris Corporation, United States of America; 2: Atmospheric and Environmental Solutions, United States of America  

Harris and Atmospheric and Environmental Research developed the greenhouse-gas laser imaging 
tomography experiment (GreenLITE™) system under a cooperative agreement with the National 
Energy Technology Laboratory of the Department of Energy, starting in 2013.  The system uses a pair 
of high precision intensity modulated continuous wave (IMCW) laser-based transceivers and a series 
of retroreflectors to obtain overlapping measurements of average atmospheric column density of a 
particular greenhouse gas (e.g. CO2 or CH4).  The transceivers mechanically scan each of the 
retroreflectors, with a dwell time of ~10 seconds at each.  The series of measurements, across 
multiple overlapping chords, provide information that is used to generate an estimate of the 2-D spatial 
distribution of the gas within the area of interest, using a sparsely sampled tomographic approach.  
The system was originally developed for near-real-time monitoring of carbon sequestration sites, and 
provided over 4000 hours of continuous measurements at a carbon storage facility in 2015.  An 
enhanced version was also developed in 2015 to extend it measurements capability to chord length on 
the order of 5km and coverage areas of approximately 0.4 to 25 km2 (~200 m X 200 m, up to ~5 km X 
5 km).  Multiple GreenLITE™ CO2 demonstrations have been carried out to date, including a full year, 
November 04, 2015, to November 14, 2016, deployment over ~25 km2 area of downtown Paris, 
France.  The system operates 24/7 in an autonomous fashion. All routinely monitor functions and 
updates are preformed remotely. All data processing is done in real-time at Amazon Web Service and 
displayed via an integrated web-based interface that enables remote access to real-time data products 
and system information.  
In late 2016 the GreenLITE™ system was converted to provide similar measurements for 
CH4.  Recent experiments showed that GreenLITE™ CH4 concentration retrievals agreed with an in 
situ instrument, calibrated with World Meteorological Organization traceable gas purchased from the 
NOAA Earth Systems Research Laboratory, to within approximately 0.5% of background or ~10-15 
parts per billion.  Several experiments are planned in 2017 to further evaluate the accuracy of the CH4 
and CO2 retrieved concentration values compared to the calibrated in situ instrument.  Additional 
research is planned to demonstrate the feasibility of GreenLITE™ for environmental and safety 
monitoring of CO2 and CH4 in industrial applications and potential deployment in a U.S. city.  We will 
present details on the conversion of GreenLITE for monitoring CH4, and the results from the 2017 field 
studies. This will include the latest results from our GreenLITE™ accuracy measurements for CO2 
and CH4, and preliminary results from our summer 2017 campaign in an oil and gas industrial 
application. 
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Amazon Basin biomass burning emission and its correlation with climatology 
and deforestation  

Domingues, Lucas G.* (1,2); Gatti, Luciana Vanni (1,2); Gloor, Manuel (3); Miller, John Bharath 
(4); Aquino, Afonso Rodrigues (2); Aragão, Luiz Eduardo Oliveira e Cruz (1); Anderson, Liana 
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Gomes (1); Borges, Viviane Francisca (2); Ipia, Alber Hamersson Sánchez (1); Basso, Luana 
Santamaria (2); Santos, Ricardo Santana (1,2); Crispim, Stephani Palma (1); Costa, Wellison 
Rodrigues (1)  
1: National Institute for Space Research - INPE, Brazil; 2: National Institute of Nuclear and Energy Research - IPEN, Brazil; 3: 
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Tropical rainforests have great potential to affect the global carbon budget considering their large 
quantities of labile carbon stored in forests and soils. Among the tropical regions, the Amazon forest 
covers the largest area and also hosts the largest carbon pool (~200 PgC), corresponding for 50% of 
its biome globally. It has a total area of approximately 6.7 million km2, of which, 4.2 million km2 is in 
Brazil, which corresponds to approximately 60 % of Amazon territory, and contains one quarter of 
global biodiversity. 
Over recent years, the Amazon Basin hydrological cycle has changed considerably which presented 
severe droughts in 2005, 2010 and 2015. 2015 is likely the largest drought over the past 15 years. 
Droughts in the Amazon are intrinsically correlated to extensive wildfires. At 2004/2005 the number of 
fire hot spots reached its maximum, coincident with the peak in deforestation. However, in the recent 
years, despite the decrease in deforestation rates, increase in fire hot spots have been observed, 
particularly during the years of extreme drought, 2010 and 2015. 2011 had the fewest number of fire 
hot spots, but since 2013 a positive trend was identified, reaching the maximum peak in 2015. 
Although deforestation estimation has decreased strongly over the last decade (71% reduction from 
2004 to 2012), estimates of fire related carbon fluxes to the atmosphere estimated using regular 
atmospheric carbon monoxide concentration measurements indicate that there may be a discrepancy. 
These data do suggest a much smaller decrease, which lead us to believe that deforestation, as 
observed from satellite, is not the only process causing release of carbon by fires. Thus, 
understanding the relation between carbon emissions from biomass burning and climate, fire hot spots 
based on remote sensing and deforestation is important as it may reveal biases in remote sensing 
based estimates of deforestation. In turn it may help to evaluate the effectiveness of actions to 
preserve the forests. 
To elucidate the actual contribution and the carbon emission from biomass burning in the Amazon 
Basin, measurements of carbon monoxide are an important tool.  We will report the results from a 
recently established pan Amazon lower troposphere biweekly to monthly atmospheric sampling 
program for the years 2010 to 2014. Amazon Basin biomass burning carbon emissions have been 
determined by applying a mass balance technique to carbon monoxide measured from vertical profiles 
in four sites over the Amazon Basin. We will present these results from biomass burning and compare 
the carbon monoxide emissions with those from carbon dioxide, resulting in a ratio of carbon biomass 
burning emission which we will analyze with respect to climate, deforestation and number of fire hot 
spots. 
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The Global Climate Observing System (GCOS) and the carbon cycle  

Eggleston, Simon*  
GCOS, WMO, Switzerland  

The Global Climate Observing System (GCOS) aims to ensure the availability of global observations 
for the entire climate system for all users. Following a report on the status of the global climate 
observing system (GCOS 2015), GCOS has produced a new Implementation Plan (GCOS, 2016) that 
was presented to the UNFCCC at COP22 in November 2016. 
One of the new features of this plan is that, as a long-term goal, it explicitly targets the complete 
observation of the three climate cycles: Carbon, Water and Energy. GCOS reviews the needs and 
requirements of global monitoring of the climate and climate change by specifying Essential Climate 
Variables (ECV). To improve the coverage of the carbon cycle there have been a number of changes 
to relevant ECVs. The uptake in the atmosphere and oceans is observed through monitoring the 
ocean carbonate system and atmospheric composition (both ECVs). Land use change, aboveground 
biomass and fire ECVs together support the estimation of the emissions from biogenic sources. 
Estimates of the Global Carbon budget (GCP 2016) have identified some processes that are not 
included in the budget, particularly fluxes of carbon from land to ocean through freshwaters, estuaries 
and coastal areas. GCOS, through its science panels, is developing plans specifically in this area to 
determine the observational improvements needed. The GCP also notes that another missing, but 
small, source is the oxidation of other carbon containing gases such as CH4 and CO to CO2 in the 
atmosphere. Such gases are also ECVs. 
The use of atmospheric composition measurements, both ground- and satellite- based, to infer 
emissions globally and regionally is a growing and developing field. To improve these estimates the 
measurement capabilities need to be improved and GCOS is developing requirements for these 
measurements that will link these efforts to the needs of policy makers such as the UNFCCC. The 
anthropogenic emissions of greenhouse gases is a new ECV that will support these efforts and also 
includs emissions from the use of fossil fuels and industrial emissions such as cement manufacture. 
GCOS works with the various communities to help them contribute and cooperate to ensure a 
complete climate observing system. This paper explores areas where improvements have been 
identified and indicates how all interested parties can contribute to GCOS and to improving our 
understanding of the carbon cycle and climate system.  
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The OCO-3 Mission : Updated Overview of Science Objectives and Status  

Eldering, Annmarie*; Basilio, Ralph; Bennett, Matthew; Pavlick, Ryan  
Jet Propulsion Lab/Caltech, Pasadena, USA  

The Orbiting Carbon Observatory 3 (OCO-3) will continue global CO2 and solar-induced chlorophyll 
fluorescence (SIF) using the flight spare instrument from OCO-2. The instrument is currently being 
tested, and will be packaged for installation on the International Space Station (ISS) (launch readiness 
in early 2018.) This talk will focus on the science objectives as well as updated simulations to predict 
quality of OCO-3 science data products. 
The low-inclination ISS orbit lets OCO-3 sample the tropics and sub-tropics across the full range of 
daylight hours with dense observations at northern and southern mid-latitudes (+/- 52º). The 
combination of these dense CO2 and SIF measurements provides continuity of data for global flux 
estimates as well as a unique opportunity to address key deficiencies in our understanding of the 
global carbon cycle. The instrument utilizes an agile, 2-axis pointing mechanism (PMA), providing the 
capability to look towards the bright reflection from the ocean and validation targets. 
The PMA also allows for a snapshot mapping mode to collect dense datasets over 80km by 80km 
areas. Measurements over urban centers could aid in making estimates of fossil fuel CO2 emissions. 
This is critical because the largest urban areas (25 megacities) account for 75% of the global total 
fossil fuel CO2 emissions, and rapid growth (> 10% per year) is expected in developing regions over 
the coming 10 years. 
Similarly, the snapshot mapping mode can be used to sample regions of interest for the terrestrial 
carbon cycle. For example, snapshot maps of 80km by 80km could be gathered in the Amazon or key 
agricultural regions. In addition, there is potential to utilize data from ISS instruments ECOSTRESS 
(ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station) and GEDI (Global 
Ecosystem Dynamics Investigation), which measure other key variables of the control of carbon 
uptake by plants, to complement OCO-3 data in science analysis. 
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The 2015 Gininnderra CO2 and CH4 release experiment: An evaluation of gas 
detection and quantification techniques  
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Malos, John (11); Kochanek, Mark (11); Wilson, Joel (3); Deutscher, Nicholas (3); Zegelin, Steve 
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Australia; 4: University of Melbourne, Melbourne, Australia; 5: Macquarie University, Sydney, Australia; 6: CSIRO Energy, North 
Ryde, Australia; 7: CSIRO Oceans and Atmosphere, Aspendale, Australia; 8: Western Sydney University, Parramatta, Australia; 
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A two month long methane and carbon dioxide blind release experiment was held in Canberra, 
Australia, during 2015. The primary objective of the experiment was to conduct a simultaneous 
comparison of different atmospheric emissions quantification techniques against a point source 
release. Seven quantification techniques were assessed during the trial: mobile tracer ratio technique 
using acetylene and nitrous oxide; open path tracer ratio technique using N2O; backwards Lagrangian 
stochastic modelling; eddy covariance (3 different approaches); atmospheric tomography using point 
sensors; atmospheric tomography using integrated line sensors; and Gaussian plume fitting to mobile 
traverses taken using an unmanned ground robot. The majority of CH4 estimates were within 20% of 
the actual release rate (5.8 g/min), with the mobile tracer ratio technique providing the closest estimate 
to both the CH4 and CO2 release rates. The majority of revised CH4 rate estimates, once the release 
rate was known, were within 10% of the actual release rate. Less accuracy was obtained with the CO2 
rate (100 g/min) estimates, underscoring the challenge of accurately quantifying small CO2 emissions. 
The release also provided an opportunity to assess the effectiveness of mobile CH4 and CO2 detection 
technologies and other detection technologies. Available sensor detection limits and sampling rates 
were found to be significant limitations for adequate gas detection for many of the mobile and other 
detection technologies deployed. Greater success was found with a hyperspectral imager, which was 
able to clearly image the CH4 release in real time from 100 m distance. Finally, it was demonstrated 
that a TDLAS laser, equipped with a laser tracking system, was able to successfully track a target on 
both a moving crane and unmanned aerial vehicle. This encouraging result suggests it may be 
possible in the future to map gas plumes using a single laser and mobile aerial reflector. 
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Potential of the upcoming IAGOS GHG data stream from passenger aircraft 
measurements  

Gerbig, Christoph*; Baum, Stephan; Filges, Annette; Boschetti, Fabio; Verma, Shreeya; 
Marshall, Julia  
Max Planck Institute for Biogeochemistry, Germany  

Within the European research infrastructure IAGOS, the In-service Aircraft for a Global Observing 
System, globally distributed measurements of greenhouse gases (GHG) like CO2 and CH4, as well as 
CO will start in 2017. The cavity ring-down spectroscopy (CRDS) based measurement system for 
autonomous measurement has been designed, tested, and qualified for deployment on commercial 
airliners. A supplemental type certificate for installation in the avionics bay of Airbus A340 and A330 
has been issued by EASA in late 2016. Near-real time data transmission is foreseen for utilization of 
observations by the Copernicus Atmosphere Monitoring Service (CAMS) and by other users. Within 
the next years, about five aircrafts from various airlines operating out of different parts of the world will 
be equipped, providing about 5000 vertical profiles per year with near-global distribution. Different 
applications of regular vertical GHG profile observations within inverse modeling of CO2 and CH4 will 
be presented. 
In global inverse modeling of CO2, we find that posterior fluxes retrieved using aircraft profiles are less 
susceptible to errors in mixing heights as compared to the ground-based network. We further use 
synthetic vertical profiles of CO2 in an inversion to estimate the potential of these measurements in 
constraining the regional carbon budget. Our results show that regions such as tropical Africa and 
temperate Eurasia, that are under-constrained by the existing surface based network, will benefit the 
most from these measurements. 
For regional inverse modeling, the gradient in GHG abundance between mixed-layer air and free 
tropospheric air is used for constraining surface-atmosphere exchange fluxes. We use a regional 
modeling framework consisting of the Lagrangian particle dispersion model STILT (Stochastic Time-
Inverted Lagrangian Transport), combined with high resolution (10 km x 10 km) EDGARv4.3 
(Emission Database for Global Atmospheric Research) emission inventory, differentiated by emission 
sector and fuel type for CO2, CO, and CH4, and combined with the VPRM (Vegetation Photosynthesis 
and Respiration Model) for biospheric fluxes of CO2. Different species such as CO2 and CO have 
partially overlapping emission patterns for given fuel-combustion related sectors, and thus share part 
of the uncertainties, both related to the a priori knowledge of emissions, and to model-data mismatch 
error. Applying the modeling framework to synthetic IAGOS profile observations, we evaluate the 
benefits of using correlations between different species’ uncertainties on the performance of the 
atmospheric inversion. 
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Long-lived and Robust Carbon Dioxide Flux Bias Estimation via SIF and NEE  

Geyer, Nicholas*; Denning, Scott; Haynes, Katherine; Baker, Ian; Schuh, Andrew  
Colorado State University, United States of America  

The strength of sources and sinks of biospheric carbon dioxide represent one of the most critical, but 
least understood processes in carbon science.  Since the 1990’s, carbon dioxide inversion models 
have estimated the magnitude, location, and uncertainty of carbon sources and sinks.  These 
inversions are underconstrained statistical problems that employ aggressive statistical regularizations 
in both space and time to estimate quantities like net ecosystem exchange (NEE) on weekly 
timescales over fine spatial scales.   We used a new framework that leverages observational 
constraints toward the estimation of only slowly varying biospheric processes, which control time-
averaged sources and sinks of carbon dioxide.  We estimated persistent multiplicative biases to time 
mean and three seasonal timescale harmonics of both gross primary production (GPP) and total 
respiration (RESP), rather than NEE itself.   The method is flexible enough to separately estimate 
component fluxes using additional observational constraints, including data with a high degree of 
uncertainty.   We tested the capabilities of this method by estimating corrections to simulated 
component fluxes from the Simple Biosphere Model 4 (SiB4) at 34 diverse eddy-covariance towers 
with both homogeneous and heterogeneous ecological structures.  We estimated the corrections by 
assimilating scaled Solar Induced Fluorescence (SIF) observations from the GOME-2 and OCO-2 
satellites as an approximate signal of GPP and direct NEE measurements from the AMERIFLUX 
eddy-covariance datasets from 2007 to 2015.   The new regularization was able to produce properly 
timed, accurate and physically realistic flux signals such as seasonality, seasonal onset, annual 
amplitude, and interannual variability for both net and component fluxes.   Furthermore, the time-
filtering methodology also proved to be more robust to uncertainty in the observations when compared 
to a control inversion that represents current global inversions.  
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Mapping the CO2 field in the atmosphere using lidar : current status and 
potential for carbon cycle studies.  

Gibert, Fabien*; Edouart, Dimitri; Cénac, Claire; Pellegrino, Jessica  
Laboratoire de Météorologie Dynamique, CNRS, Ecole Polytechnique, Université de Paris-Saclay, France  

In the framework of bottom-up and top-down approaches to infer surface fluxes, there is a strong need 
to improve our knowledge of sources and sinks pattern and variability in time.  In order to support 
Paris agreement and linked CO2 emission restrictions and quotas, it is also necessary to assess the 
reliability of CO2 emission inventories. Lidar is a unique tool to map the 3D concentration of CO2 
above a given site to make a global budget (carbone  capture and storage experiments, industry, 
city..) and fill the scale gap between in situ and space-borne measurements. In addition, mapping the 
3D gradient of CO2 will help to improve transport models and enable to address the issue of surface 
flux heterogeneity. Direct simultaneous measurement of flux and gradient may open the way to new 
parameterization of CO2 transport in the atmosphere. In this paper, we will present the current status 
of lidar CO2 profiling in the atmosphere and the potential applications in the carbon cycle studies. A 
novel differential absorption lidar (DIAL) has been developed at LMD and tested for simultaneous CO2 
absorption and wind speed fields mapping above Ecole Polytechnique, Université of Paris-Saclay. The 
results of the ground-based instrument will be presented and discussed in the global issue of potential 
CO2 gradient anomalies in the surface layer linked to natural and anthropogenic sources and sinks. 
Recent technology advances in laser and detector make now possible to get long range, high time and 
space resolution and precision ultimately for a future space-borne CO2 lidar mission. Perspectives will 
be discussed.  
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Forests key to mitigation in Paris, but science needed to underpin efforts  

Grassi, Giacomo* (1); House, Joanna Isobel (2); Dentener, Frank (1); Federici, Sandro (3); den 
Elzen, Michel (4)  
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In the lead up to the Paris Climate Agreement, countries submitted their Intended Nationally 
Determined Contributions (INDCs), including mitigation targets. While these targets represent an 
important deviation from previous pledges, there is still a significant ‘emission gap’ to stay within the 2 
oC limit. Forests contribute to greenhouse gas emissions through deforestation, and are part of the 
solution to climate change, through the carbon sink. Yet the inclusion of forests in international climate 
agreements has been complex, often considered a secondary mitigation option or treated separately. 
Based on country information, we quantified the expected mitigation role of the land use sector in the 
INDCs to the year 2030. We focused on CO 2 emissions and removals from Land Use, Land Use 
Change and Forestry (LULUCF) where most of the INDC land use sector contributions lie. We 
analyzed the LULUCF mitigation contribution for 67 countries, including the major forest countries, 
representing around 78% of global net emissions in 2012. We show that countries expect a significant 
mitigation contribution from land use, with a clear focus on forests. Assuming full implementation of 
INDCs, forests emerge as a key component of the Paris Agreement: by turning globally from a current 
net source to a net sink of carbon in 2030 and by providing about a quarter of planned emission 
reductions, forests are essential to close the current emission gap. However, to realize and track this 
mitigation potential, more confidence in numbers is needed. This represents both a challenge and an 
opportunity for the scientific community. 
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A pilot study to evaluate California’s fossil fuel CO2 emissions using 
atmospheric observations  
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Studies of CO2 fluxes using atmospheric CO2 measurements typically focus on natural exchanges and 
assume that CO2 emissions by fossil fuel combustion and cement production are well-known from 
inventory estimates. However, atmospheric observation-based or “top-down” studies could potentially 
provide independent methods for evaluating fossil fuel CO2 emissions, in support of policies to reduce 
greenhouse gas emissions and mitigate climate change. Observation-based estimates of fossil fuel-
derived CO2 may also improve estimates of biospheric CO2 exchange, which could help to 
characterize carbon storage and climate change mitigation by terrestrial ecosystems. We have been 
developing a top-down framework for estimating fossil fuel CO2 emissions in California that uses 
atmospheric observations and modeling. California is implementing the “Global Warming Solutions Act 
of 2006” to reduce total greenhouse gas emissions to 1990 levels by 2020, and it has a diverse array 
of ecosystems that may serve as CO2 sources or sinks. We performed three month-long field 
campaigns in different seasons in 2014-15 to collect flask samples from a state-wide network of 10 
towers. Using measurements of radiocarbon in CO2, we estimate the fossil fuel-derived CO2 present in 
the flask samples, relative to marine background air observed at coastal sites. Radiocarbon (14C) is 
not present in fossil fuel-derived CO2 because of radioactive decay over millions of years, so fossil fuel 
emissions cause a measurable decrease in the 14C/C ratio in atmospheric CO2. We compare the 
observations of fossil fuel-derived CO2 to simulations based on atmospheric transport modeling with 
WRF-STILT and prior fossil fuel flux estimates from Vulcan, and adjust the prior fossil fuel fluxes using 
a Bayesian inversion. The method follows previous work on methane in California using a similar 
observation network. We find that the majority of the observations of fossil fuel-derived CO2 agree with 
the prior simulations to within the uncertainties of ±1.5 ppm or larger. The posterior estimates of fossil 
fuel emissions are consistent with in-state California total fossil fuel emissions from Vulcan and from 
the California Air Resources Board, and they have 95% confidence intervals that are about 15% of the 
posterior emissions. The pilot study indicates that continued atmospheric measurements and 
application of the top-down framework could provide useful validation of fossil fuel emissions 
reductions over the next 13 years to 2030, when California greenhouse gas emissions will be reduced 
to 40% below 2020 levels according to current policy. Further development of the observation network 
and inversion method could lead to additional improvements in top-down fossil fuel emissions 
validation capability. 
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Radon tracer flux measurements of CO2, N2O and CH4 in an agricultural 
environment  

Griffith, David* (1); Wilson, Stephen (1); Griffiths, Alan (2); Chambers, Scott (2); Williams, 
Alastair (2); Werczynski, Sylvester (2); Sisoutham, Ot (2); Howitt, Julia (3); Reardon, Danyon 
(3); Leuning, Ray (4)  
1: University of Wollongong, Australia; 2: Australian Nuclear Science and Technology Organisation (ANSTO), Australia; 3: 
Charles Sturt University (CSU), Australia; 4: CSIRO, Australia  

Estimating regional scale emissions of nitrous oxide from agricultural environments to refine 
greenhouse gas budgets and inventories remains a difficult task because of the low atmospheric 
concentrations, small fluxes and small concentration gradients of N2O. In this work we made 
measurements in a mixed-farming region typical of large areas of SE Australia. We combined 
continuous flux measurements of tracer species Radon and CO2 (by chamber and eddy covariance, 
respectively) with concentration measurements of these gases as well as N2O and CH4 on a 10 m 
tower in a grassed paddock. We utilised correlations between the trace gases and tracers as they 
build up in the nocturnal boundary layer (NBL). Under favourable conditions, the NBL is capped by a 
low inversion and acts as a km-scale “megachamber”; if the flux of tracer and ratio of concentrations of 
trace gas and tracer are measured, the unknown nocturnal flux of the target trace gas can be 
calculated assuming similar source distributions of the unknown and tracer. This allows the 
measurement of regionally averaged soil N2O emission fluxes at the low levels typical of low-nitrogen 
Australian soils. 
The measurement campaign ran from August – December 2016, using radon flux and concentration 
measurements from ANSTO, FTIR and LGR analysis of trace gases from UoW and CSU, and local 
support and infrastructure from CSU.  We will present the measurements with preliminary results and 
calculations of fluxes. 
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Carbonyl sulfide constrains regional GPP spatial placement and industrial era 
global GPP historical trends  

Hilton, Timothy William* (1); Whelan, Mary E. (1); Zumkehr, Andrew (1); Kulkarni, Sarika (2,3); 
Berry, Joseph A. (4); Baker, Ian T. (5); Montzka, Steven A. (6); Sweeney, Colm (6); Miller, 
Benjamin R. (6); Seibt, Ulli (7); Smith, Steven J. (8); Launois, Thomas (9,10); Belviso, Sauveur 
(9); Bopp, Laurent (9); Laine, Marko (11); Campbell, J. Elliott (1)  
1: Sierra Nevada Research Institute, University of California, Merced, USA; 2: University of Iowa, Iowa City, USA; 3: now at: 
California Air Resources Board, Sacramento, USA; 4: Department of Global Ecology, Carnegie Institution, Stanford, USA; 5: 
Atmospheric Science Department, Colorado State University, Fort Collins, USA; 6: Global Monitoring Division, NOAA Earth 
System Research Laboratory, Boulder, USA; 7: Atmospheric and Oceanic Sciences, University of California, Los Angeles, USA; 
8: Joint Global Change Research Institute, PNNL, College Park, USA; 9: Laboratoire des Sciences du Climat et de 
l’Environnement (LSCE), Gif-sur-Yvette, France; 10: now at: INRA, UMR 1391 ISPA, 33140 Villenave d’Ornon, France; 11: 
Finnish Meteorological Institute, Helsinki, Finland  

Gross primary productivity (GPP) is a primary driver of uncertainty in climate prediction, but direct 
observations of GPP are confounded by co-located respiration fluxes of equal magnitude but opposite 
sign. This has led to great uncertainty in model diagnoses of spatial 
placement of GPP local maxima. It has also hampered efforts to understand historical GPP trends 
toward the goal of understanding the potential GPP feedback loop created by increased atmospheric 
CO2 concentrations. Recently carbonyl sulfide (COS or OCS) has emerged as a tool to help trace 
GPP processes. Here we demonstrate that aircraft COS observations provide a useful spatial 
constraint on continental-scale GPP (Hilton et. al., 2017). We also demonstrate that historical COS 
observations from Antarctic ice core, firn, and ambient air samples constrain industrial era GPP growth 
trends to the high end of estimates made from other data sources (Campbell et al., 2017). These 
results demonstrate the potential of carbonyl sulfide to increase understanding of the carbon cycle and 
reduce uncertainty in climate predictions. 
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Separating short-term CO2 variation into biotic and fossil fuel components 
based on the atmospheric O2 and CO2 continuous measurements  

Hoshina, Yu*; Tohjima, Yasunori; Terao, Yukio; Katsumata, Keiichi; Mukai, Hitoshi; Machida, 
Toshinobu; Osonoi, Yumi  
National Institute for Environmental Studies, Japan  

Atmospheric carbon dioxide (CO2) concentrations observed in urban areas and the surroundings often 
show short-term variations on a time scale ranging from several hours to a few days. These variations 
are considered to be attributed to the CO2 emissions from biotic processes and fossil fuels 
combustion. Partitioning the CO2 variations between the biotic and the fossil fuel derived components 
would enhance our understanding of the carbon cycle. The oxidative ratio (OR=–O2/CO2) of fossil fuel 
burning, which vary from 1.1 to 1.95 according to the fuel types, is larger than the –O2/CO2 exchange 
ratio for the land biotic process of 1.1. In this study, we evaluated the contributions of fossil fuel 
combustion to the short-term CO2 variations observed at Tsukuba, Japan, by using the associated 
observation of the atmospheric O2 concentrations. The observed −ΔO2/ΔCO2 changing ratios show 
clear seasonal variation with minimum in summer and maximum in winter, ranging from 1.0 to 1.5. 
Since the average OR for the fossil fuels used in Tsukuba was estimated to be 1.58, we obtained the 
contribution ratios of fossil fuel burning to the CO2 variations were more than 60–90% in winter and 0–
30% in summer. We also conducted flask sampling of air about once a month to measure 14CO2, 
which is a good indicator of the burning of fossil fuels. These flask samples were usually collected for 
each sampling at an interval of 3 hours to detect the diurnal variations. The estimations of fossil fuel 
contribution based on the 14CO2 measurements agreed with those based on the OR within the 
uncertainties of 9%, suggesting that the OR was used as proxies to determine the contribution of the 
fossil fuel CO2. 
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The ESA GHG-CCI multi-model analysis of the combined SCIAMACHY and 
GOSAT satellite XCO2 record  

Houweling, Sander* (1); Chevallier, Frederic (2); Boesch, Hartmut (3); Buchwitz, Michael (4); 
Butz, Andre (5); Detmers, Rob (1); Hasekamp, Otto (1); Kaminski, Thomas (6); Knorr, Wolfgang 
(7); Marshall, Julia (8); Pandey, Sudhanshu (1); Parker, Robert (3); Reuter, Max (4); Schneising, 
Oliver (4); Scholze, Marko (7); Somkuti, Peter (3); Voßbeck, Michael (6); Zehner, Claus (9)  
1: SRON Netherlands Institute for Space Research, The Netherlands; 2: Laboratoire des Sciences du Climat et de 
l'Environnement (LSCE), Gif-sur-Yvette, France; 3: University of Leicester, United Kingdom; 4: Institute of Environmental 
Physics (IUP), University of Bremen, Germany; 5: Deutsches Zentrum für Luft- und Raumfahrt (DLR), Oberpfaffenhofen, 
Germany; 6: The Inversion Lab, Hamburg, Germany; 7: Lund University, Sweden; 8: Max-Planck-Institute for Biogeochemistry, 
Jena, Germany; 9: European Space Agency (ESA), ESRIN, Frascati, Italy  

The Greenhouse Gas Climate Change Initiative (GHG-CCI) is a project of the European Space 
Agency (ESA) with the aim to generate and deliver datasets of the satellite retrieved Essential Climate 
Variables (ECVs) CO2 and CH4, with a quality sufficient to obtain information on the regional sources 
and sinks of these gases. In the second phase of the project, the XCO2 and XCH4 datasets that were 
generated for the period 2003-2015 have been used to estimate trends and inter-annual variations in 
the global sources and sinks of CO2 and CH4 using different inverse modelling methods. Here we 
focus on results for CO2 from five inverse modelling systems, using six retrieval products derived from 
data of the SCIAMACHY and GOSAT satellite instruments. The analysis focuses on differences 
between surface flux estimates derived from inversions using surface and satellite data, to investigate 
the new information that is brought in by the satellites. The main interest is to investigate the inter-
annual variability in the flux time series, spanning more than a decade, for signals of the carbon cycle 
response to climatological variability, such as ENSO. In addition, questions that were raised in 
previous publications using satellite data, for example about the large European carbon sink derived 
from GOSAT data, have been investigated using the extended dataset. Using targeted sensitivity test 
we have tried to gain a better understanding of differences that are found using different models and 
datasets, which will be presented and discussed.  
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Matrix approach to land carbon modeling: a case study with CLM4.5  

Huang, Yuanyuan* (1); Lu, Xingjie (1); Shi, Zheng (1); Xia, Jianyang (2); Lawrence, David (3); 
Koven, Charles (4); Luo, Yiqi (1,5)  
1: University of Oklahoma, United States of America; 2: East China Normal University, China; 3: National Center for 
Atmospheric Research,United States of America; 4: Lawrence Berkeley National Laboratory, United States of America; 5: 
Tsinghua University, China  

We develop a matrix approach to solve the soil biogeochemistry equations in CLM4.5, which brings 
flexibility and new opportunities for land C modeling research. We show that with the matrix approach, 
we can reproduce exactly the litter and soil carbon (C) dynamics of CLM4.5, even with vertically 
resolved soil biogeochemical pools. The matrix approach reorganizes the original soil biogeochemistry 
model into one matrix equation while leaves modeled mechanisms that regulate land C cycling 
unchanged. The matrix approach has several advantages.  (1) The analytical solution of the matrix 
equation shortens the model spin-up time.  (2) Pool-based C observations, such as soil organic 
matter, can be integrated into land C models through data assimilation techniques at the global scale 
to constrain future predictions. (3) The response of litter and soil C pools to CO2 fertilization can be 
easily attributed to relative contributions from total C input, the allocation of external C into different C 
pools, N status, altered soil environmental conditions and slightly change in the vertical mixing across 
the globe through simple manipulation of the matrix equation. The matrix approach is applicable to 
other global land C models and we envision a future with advanced model evaluations, diagnostics 
and applications with an ensemble of matrix equations from several global land models.  
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Satellite observations of global land water storage coupled with the CO2 
growth rate  

Humphrey, Vincent* (1); Zscheischler, Jakob (1); Ciais, Philippe (2); Gudmundsson, Lukas (1); 
Seneviratne, Sonia Isabelle (1)  
1: Institute for Atmospheric and Climate Science, ETH Zurich, Switzerland; 2: Laboratoire des Sciences du Climat et de 
l’Environnement, CEA CNRS UVSQ, Gif-sur-Yvette, France  

Inter-annual variability of the CO2 growth rate has often been related to indices of large-scale 
atmospheric variability (e.g. ENSO) and tropical temperature. While this relation may suggest that 
tropical ecosystems control the inter-annual variability of the CO2 land sink, it has also been recently 
advocated that semi-arid regions actually bear the largest contribution to this inter-annual variability, 
highlighting the role of water-limited ecosystems. However, while the importance of moisture limitation 
for net ecosystem exchange has been widely documented at local and regional scales1,2,3, it has been 
suggested that there is no link between water availability and the land carbon sink at the global scale3. 
In this contribution, we use new evidence from satellite observations of the water cycle, showing a 
strong coupling between global land water storage and the CO2 growth rate. Gravity-based 
observations of terrestrial water storage from the GRACE mission and surface soil moisture estimates 
from combined microwave satellite sensors represent direct proxies for moisture availability at the 
ecosystem level. Unlike model estimates of moisture availability, these observations are not subject to 
biases introduced by errors in the precipitation forcing and do not depend on how dynamic global 
vegetation models represent complex hydrological processes. Instead, they implicitly integrate the 
different impacts of rainfall, evapotranspiration and runoff over different soil and vegetation types. 
Our results show that 1) at the global scale, the coupling between the CO2 growth rate and land water 
storage is as important as with temperature. 2) Most of the relevant land water storage signal 
originates from semi-arid and temperate regions. These results suggest that terrestrial net carbon 
exchange can be constrained by independent observations of the water cycle, which may help 
reducing uncertainties in future carbon cycle projections. They also illustrate how recent developments 
in satellite observations of land water storage can offer a new and valuable perspective for the carbon 
cycle community. 

1Ciais, P., et al. (2005), Europe-wide reduction in primary productivity caused by the heat and drought 
in 2003, Nature, 437(7058), 529-533. 
2Reichstein, M., et al. (2013), Climate extremes and the carbon cycle, Nature, 500(7462), 287-295. 
3Jung, M., et al. (2017), Compensatory water effects link yearly global land CO2 sink changes to 
temperature, Nature, 541(7638), 516-520. 
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On monitoring CO2 emissions from anthropogenic sources by GOSAT 
observations of localized CO2 enhancements  

Janardanan, Rajesh* (1); Maksyutov, Shamil (1); Oda, Tomohiro (2,7); Saito, Makoto (1); Kaiser, 
Johannes (3); Ganshin, Alexander (4,5); Stohl, Andreas (6); Matsunaga, Tsuneo (1); Yoshida, 
Yukio (1); Yokota, Tatsuya (1)  
1: National Institute for Environmental Studies, Tsukuba, Japan; 2: NASA Goddard Space Flight Center, Greenbelt, USA; 3: 
Max Planck Institute for Chemistry, Mainz, Germany; 4: Central Aerological Observatory, Dolgoprudny, Russia; 5: Tomsk State 
University, Tomsk, Russia; 6: Norwegian Institute for Air Research, Kjeller, Norway; 7: Goddard Earth Science Technologies 
and Research, Universities Space Research Association, Columbia, USA  

Growth of atmospheric CO2 abundance is primarily caused by emissions from fossil fuel combustion, 
major part of which happens in large power plants and megacities. A satellite-based capability of 
observing CO2 enhancement due to man-made emissions remotely should help detecting potential 
biases in reported emission inventories. We employed an atmospheric transport model to attribute 
column-averaged CO2 mixing ratios (XCO2) observed by Greenhouse gases Observing SATellite 
(GOSAT) to emissions from large point sources such as megacities and power plants. XCO2 

enhancements estimated from observations were compared to model simulations implemented at the 
spatial resolution of the satellite observation footprint (0.1°×0.1°). We found that the simulated XCO2 

enhancements agree with the observed over several continental regions across the globe, for 
example, for North America with an observation to simulation ratio of 1.05±0.38 (p<0.1), but with a 
larger ratio over East Asia (1.22±0.32; p<0.05). The obtained observation-model discrepancy (22%) 
for East Asia is comparable to the uncertainties in Chinese emission inventories (~15%) suggested by 
recent reports. Our results suggest that by increasing the number of observations around emission 
sources, satellite instruments like GOSAT can provide a tool for detecting biases in reported emission 
inventories. 
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A comprehensive estimate of recent carbon sinks in China using both top-
down and bottom-up approaches  

Jiang, Fei*; Chen, Jinming; Ju, Weimin  
Nanjing University, China, People's Republic of  

Atmospheric inversions use measurements of atmospheric CO2 gradients to constrain regional 
surface fluxes. Current inversions indicate a net terrestrial CO2 sink in China between 0.16 and 0.35 
PgC/yr. The uncertainty of these estimates is as large as the mean because the atmospheric network 
historically contained only one high altitude station in China. Here, we revisit the calculation of the 
terrestrial CO2 flux in China, excluding emissions from fossil fuel burning and cement production, by 
using two inversions with three new CO2 monitoring stations in China as well as aircraft observations 
over Asia. We estimate a net terrestrial CO2 uptake of 0.39–0.51 PgC/yr with a mean of 0.45 PgC/yr 
in 2006–2009. After considering the lateral transport of carbon in air and water and international trade, 
the annual mean carbon sink is adjusted to 0.35 PgC/yr. To evaluate this top-down estimate, we 
constructed an independent bottom-up estimate based on ecosystem data, and giving a net land sink 
of 0.33 PgC/yr. This demonstrates closure between the top-down and bottom-up estimates. Both top-
down and bottom-up estimates give a higher carbon sink than previous estimates made for the 1980s 
and 1990s, suggesting a trend towards increased uptake by land ecosystems in China. 
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Exploiting error correlations between CO and CO2 in a carbon assimilation 
system  

Jiang, Ziqiang*; Jiang, Fei; Wang, Hengmao  
Nanjing University, China, People's Republic of  

Fossil fuel CO2 emissions (ffCO2) have inevitably large uncertainties at regional and monthly scales. 
Atmospheric CO2 shares the common combustion and biospheric sources, and it is nearly impossible 
to give an adequate constraint on ffCO2 in case of making use of CO2 observations alone. As we 
known, atmospheric CO provides a characteristic signature of source regions and source type, imply 
corresponding error correlations between CO2 and CO. Thus, the CO2-CO error correlations, as off-
diagonal entries in the a priori and observation error covariance matrices, can conduct a joint CO2-CO 
flux inversion. This inversion provides information to improve the separation of combustion and 
biospheric CO2 flux estimates. Therefore, we first need to exploit their global and seasonal patterns 
before applied to a carbon assimilation system. Furthermore, We will attempt to implement this system 
in a real scenario to reduce uncertainty on surface carbon fluxes. 
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QuinCe: An online tool for processing and quality control of surface ocean 
CO2 measurements  

Jones, Steve D*  
University of Bergen, Norway  

Scientists collecting surface ocean CO2 measurements must perform data reduction and quality 
control (QC) prior to further usage of the data. The tools for these tasks are typically developed by the 
scientists themselves, leading to dozens of different software programs in use across the community. 
Different interpretations of protocols can lead to inconsistent data handling, and since these self-
developed tools are rarely published there is little transparency and traceability for users of the data – 
increasing the overall uncertainty of these observations.  
The Ocean Thematic Centre (OTC) of the pan-European Integrated Carbon Observation System 
(ICOS) is developing an online tool to provide data reduction and QC tools for all members measuring 
surface ocean CO2. Scientists will submit the raw data from their instruments, which will be processed 
to calculate surface fCO2 using a fully open source set of algorithms based upon internationally agreed 
and defined criteria. A suite of automated QC tools, based on those developed for the Surface Ocean 
CO2 Atlas (SOCAT), will identify basic issues such as out-of-range data, outliers, date/time issues 
etc., and flag them for later verification by the scientist. Plotting and mapping tools will allow detailed 
inspection of the data to locate further potential issues. Each data record will be assigned a WOCE 
flag stating the quality (Good, Questionable or Bad). Once this QC has been completed, the data can 
be exported in a variety of formats, and/or submitted directly to central data archives such as the ICOS 
Carbon Portal or SOCAT. 
Unified tools like QuinCe will streamline data processing, helping to reduce delays in data publishing. 
This is becoming ever more important as demand for up-to-date climate data grows. Planned features 
such as accepting near real time data streams transmitted directly from the instruments themselves 
and more sophisticated automatic QC checks will allow even greater time savings. Easy-to-use data 
inspection tools will reduce the effort required to perform additional manual QC. Data centres will be 
assured that data submitted via QuinCe will have undergone a minimum level of QC, with complete 
records of both the automatic and manual QC providing complete transparency and improved 
stewardship. QuinCe will also ensure automatic data conversion to formats required by data centres, 
reducing the incidence of data transmissions and formatting errors and also reducing the workload of 
both the scientists and data managers. 
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Developing of a model-based soil organic carbon inventory for agricultural 
soils in Switzerland  

Keel, Sonja G.*; Wüst, Chloé; Leifeld, Jens  
Agroscope, Climate / Air Pollution Group, Research Division Agroecology and Environment, Switzerland  

Soils are the largest terrestrial reservoir of organic carbon with 1500-2400 PgC globally. Agricultural 
management affects soil organic carbon (SOC) storage and can lead to SOC losses or gains. 
Understanding whether agricultural soils are sources or sinks for atmospheric CO2 is not only vital to 
understanding their state, but also allows to judge the effects of policy change on SOC storage. 
For greenhouse gas (GHG) reporting under the United Nations Framework Convention on Climate 
Change (UNFCCC), yearly SOC stocks and stock changes are submitted by Annex I Parties. 
Switzerland is currently moving towards more complex reporting, namely the modelling of SOC stocks 
and stock changes. 
Here, we show how we develop a model-based soil C inventory for Swiss agricultural mineral soils. 
Based on simulations for long-term experiments, we have selected two soil C models: RothC and 
Candy Carbon Balance (CCB). We will show that soil C inputs from harvest residues are a significant 
source of uncertainty for simulated SOC stocks. Furthermore, we discuss specific challenges we face 
when scaling up to the whole country due to peculiarities of Switzerland. 
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Atmospheric evidence for a global secular increase in isotopic discrimination 
of land photosynthesis  

Keeling, Ralph* (1); Graven, Heather (2); Welp, Lisa (3); Resplandy, Laure (4); Bi, Jian (1); Piper, 
Stephen (5); Sun, Ying (6); Bollenbacher, Alane (1); Meijer, Harro (7)  
1: UC San Diego, USA; 2: Imperial College London, UK; 3: Purdue University, USA; 4: Princeton University, USA; 5: NASA 
Ames, USA; 6: Cornell University, USA; 7: University of Groningen, NL  

A decrease in the 13C/12C ratio of atmospheric CO2 has been documented by direct observations since 
1978 and from ice-core measurements since the industrial revolution. This decrease, known as the 
13C-Suess effect, is driven primarily by the input of fossil-fuel derived CO2 but is also sensitive to land 
and ocean carbon cycling and uptake. Using updated records, we show that no plausible combination 
of sources and sinks of CO2 from fossil-fuel, land, and oceans can explain the observed 13C Suess 
effect unless an increase has occurred in the 13C/12C isotopic discrimination of land photosynthesis. A 
trend toward greater discrimination under higher CO2 levels is broadly consistent with tree-ring studies 
over the past century, with field and chamber experiments, and with geological records of C3 plants at 
times of altered atmospheric CO2, but increasing discrimination has not previously been included in 
studies of long-term atmospheric 13C/12C measurements. We further show that the inferred 
discrimination increase of 0.012 ± 0.006 ‰ ppm-1 is largely explained by photo-respiratory and 
mesophyll effects. This result implies that, at the global scale, land plants have regulated their 
stomatal conductance so as to allow the CO2 partial pressure within stomatal cavities and their 
intrinsic water-use efficiency to increase in nearly constant proportion to the rise in atmospheric CO2 
concentration. 
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Effect of assimilating aircraft CO2 observations in CarbonTracker  

Kim, Hyunjung* (1); Kim, Hyun Mee (1); Kim, Jinwoong (2); Machida, Toshinobu (3); Jacobson, 
Andrew R. (4,5); Cho, Chun-Ho (6); Goo, Tae-Young (6)  
1: Yonsei university, Korea, Republic of (South Korea); 2: Climate Research Division, Environment and Climate Change 
Canada, Toronto, Canada; 3: Center for Global Environmental Research, National Institute for Environment Studies, Tsukuba, 
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Institute for Research in Environmental Sciences, University of Colorado, Boulder, USA; 6: National Institute of Meteorological 
Sciences, Jeju, Republic of Korea  

The atmospheric inverse modeling method using atmospheric CO2 observations is widely used to 
estimate surface CO2 fluxes. Recently, various types of CO2 observations (e.g., upper air data 
measured by aircraft and satellite data) are available. Assimilation of these observation data 
contributes to the improvement of the inverse modeling results by complementing the lack of 
observation network of surface CO2 measurements. 
In this study, the aircraft CO2 measurement data from the Comprehensive Observation Network for 
Trace gases by Airliner (CONTRAIL) project are used with the surface CO2 observations. The inverse 
modeling system used is CarbonTracker developed by NOAA. Two experiments are conducted: 1) 
using only surface CO2 observation data (CNTL experiment) and 2) using both surface and 
CONTRAIL data (CONTRAIL experiment). The experimental period is from 2010 to 2011. 
Compared with the CNTL experiment, the sources and sinks of the biosphere and ocean CO2 fluxes 
are redistributed regionally for the CONTRAIL experiment, whereas the global balance of surface CO2 
fluxes is maintained. The effect of CONTRAIL data on the surface CO2 flux estimation is especially 
large in the Southern Hemisphere and Asia where observations are relatively sparsely distributed. For 
the CONTRAIL experiment, the absorption of the surface CO2 flux in Eurasian Boreal (i.e., Northern 
part of Asia continent) decrease, whereas that in other regions of Asia (i.e., Eurasian Temperate and 
Tropical Asia) increase. Previous inversion studies assimilating CONTRAIL data showed different 
results for the Asian region, which implies large uncertainties of the surface CO2 flux estimate in Asia. 
For the CONTRAIL experiment, the absorption of the surface CO2 flux in Southern Africa and South 
American Tropical (i.e., Northern part of South America continent) decrease. The differences between 
the CNTL and CONTRAIL experiment are smaller for ocean fluxes than for land biospheric fluxes. By 
assimilating CONTRAIL data additionally, the posterior uncertainty is reduced especially in Asia, which 
implies that CONTRAIL data provides an additional constraint to the regions with sparse observations. 
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Methane Fingerprinting: Isotopic Methane and Ethane-to-Methane Ratio 
Analysis Using a Cavity Ringdown Spectrometer  

Kim-Hak, David; Winkler, Renato*  
Picarro Inc., United States of America  

Natural gas analysis and methane specifically have become increasingly important by virtue of 
methane’s 28‐36x greenhouse warming potential compared to CO2 and accounting for 10% of total 
greenhouse gas emissions in the US alone. Additionally, large uncontrolled leaks, such as the recent 
one from southern California, originating from uncapped wells, storage facilities and coal mines have 
increased the total global contribution of methane missions even further. Determining the specific 
fingerprint of methane sources, by quantifying δ13C values and C2:C1 ratios, provides us with means 
to understand processes yielding methane and allows for sources of methane to be mapped and 
classified through these processes; i.e. biogenic or thermogenic, oil vs. gas vs. coal gas‐related. In 
this study we present a fully developed Cavity Ring‐Down Spectrometer (CRDS) that precisely 
measures 12CH4 concentration and its 13CH4 isotope concentration, yielding δ13C measurements, C2H6 
concentration, along with CO2 and H2O. This provides real-time continuous measurements without an 
upfront separation requirement or multiple analyses to derive the origin of the gas samples. The highly 
sensitive analyzer allows for measurements of scarce molecules down to sub‐ppb 1‐σ precision in 5 
minutes of measurement; with CH4 <0.1ppb, δ13C <1‰, C2H6 <1ppb and CO2 <1ppb. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 182 of 463 

   

Poster Presentation  
Theme 1.2: The Contemporary Carbon Cycle - Emerging Approaches and Novel Observation Techniques  
Keywords: nutrient limitation, photosynthesis, PAR, photosynthetically active radiation, relative growth rate, RGR, 
water limitation  

Plant-growth responses to elevated CO2 – a reanalysis of prior observations  

Kirschbaum, Miko*; Lambie, Suzanne  
Landcare Research, New Zealand  

One of the critical components of the global carbon cycle is CO2 uptake by growing plants and any 
stimulation of that uptake rate by the steadily increasing atmospheric CO2 concentration [CO2]. 
However, despite much research with short-term experiments in elevated [CO2], it has so far failed to 
achieve a conclusive and quantitative understanding of the growth response of plants to elevated 
[CO2]. This may be partly due to a failure to explicitly account for the positive feedback during plants’ 
exponential growth, which can increase an initial physiological enhancement of relative growth rate 
(RGR) into a much larger biomass enhancement. 
We re-analysed experimental data from 78 prior publications to calculate the RGRs of C3 plants and 
their relative enhancement under elevated [CO2]. Overall, the RGR of unstressed plants increased by 
14±2% for doubling [CO2]. Over a wide range of [CO2], the RGR enhancement was linearly correlated 
with the calculated theoretical photosynthetic enhancement, but at only half its numeric value. For 
example, when photosynthesis was calculated to be enhanced by 40% under a specific set of low and 
high [CO2], RGR was observed to be enhanced by 20%. RGR enhancements did not change 
significantly with temperatures over the range from 13–40 °C. Across that range of temperatures, low-
[CO2] RGRs remained moderate, and the enhancement of RGR was not significantly correlated with 
low[CO2] RGRs. This indicated that the absence of a CO2 × temperature interaction was not caused 
by physiological dysfunction under extreme temperatures. Growth responses were reduced when 
plants were nutrient limited, and higher in plants subject to water stress or low irradiance. 
We concluded that short-term experiments can offer simple and cost-effective insights into plant CO2 
responses in interaction with a variety of co-varying factors, provided that results are analysed by 
calculating relative changes in RGR during the initial exponential growth phase. This reanalysis 
improves the confidence of plant responses to changes in atmospheric [CO2], being important for an 
understanding of the current-day global carbon cycle and how it may evolve under the further 
increasing [CO2] over the latter part of this century. 
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Insights into marine biogeochemical model uncertainty from systematic 
parameter calibration  

Kriest, Iris*; Oschlies, Andreas  
GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany  

A high level of parametric uncertainty can pose a challenge for calibration of global models of marine 
biogeochemistry, with possible consequences for their ability to accurately project their response to 
environmental changes. We here present results from a framework for optimization of global 
biogeochemical ocean models in steady state, and discuss implications for the uncertainty range of 
projections. 
The framework combines an offline approach for transport of marine biogeochemical tracers with an 
Estimation of Distribution Algorithm, a type of evolutionary algorithm in which the probability 
distribution is parameterized. Optimization of models of differently complexity against climatologies of 
observed annual mean nutrients and oxygen reveals that parameters, that act on large spatial and 
temporal scales are determined earliest, and with the least spread. Parameters more closely tied to 
surface biology, which act on shorter time scales, are more difficult to determine. Encouragingly, all 
optimized models show a better fit to estimates of global mean biogeochemical fluxes such as 
production, export, and grazing, although these fluxes did not enter the misfit function. A posteriori 
evaluation of the optimization trajectory for different metrics, such as the fit in oxygen minimum zones, 
elucidates connections between model uncertainty, and their representation of these - societal more 
relevant - diagnostics. 
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Carbonyl Sulphide: new ways of Observing the Climate System  

Krol, Maarten* (1,2); Popa, Elena (2)  
1: Wageningen University, the Netherlands; 2: Utrecht University, the Netherlands  

Recently, we aquired funding for a research project focussing on the global budget of carbonyl sulfide 
(COS). The COS loss to the biosphere could potentially be used to quantify photosynthetic CO2 
uptake, while its stratospheric destruction is an important precursor for the formation of stratospheric 
sulfur aerosol. A deeper understanding of atmospheric COS variations would therefore signal a major 
step forward in our ability to diagnose CO2 uptake and SSA formation. 
With this research program, we aim to fundamentally improve our limited understanding of the COS 
budget. The program combines innovative modelling and measurements. We aim to collect samples 
from aircraft, ship cruises, and stations across all latitudes, on which highly challenging analyses of 
COS and its isotopologues will be performed. To characterise the important transition to the 
stratosphere, vertical COS profiles up to 30 km will be sampled with so-called “AirCores”. A larger 
spatial coverage will come from currently untapped satellite data of COS isotopologues. Our program 
will integrate these measurements into the first multispecies and isotope-enabled inverse modelling 
framework for COS, building on techniques we developed during the past decade. The measurements 
and model together will allow breakthroughs in the coupled COS and CO2 budgets, and unlock the 
potential of COS as new climate diagnostic. 
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Gradients of column CO2 across North America from the NOAA Global 
Greenhouse Gas Reference Network  

Lan, Xin* (1,2); Tans, Pieter (1); Sweeney, Colm (1,2); Andrews, Arlyn (1); Crotwell, Molly (1,2); 
Dlugokencky, Edward (1); Kofler, Jonathan (1,2); Lang, Patricia (1); Thoning, Kirk (1); Wolter, 
Sonja (1,2)  
1: ESRL, National Oceanic and Atmospheric Administration, USA; 2: Cooperative Institute for Research in Environmental 
Sciences, University of Colorado, USA  

This study analyzes seasonal and spatial patterns of column carbon dioxide (CO2) over North America 
calculated from aircraft and tall tower measurements from the NOAA Global Greenhouse Gas 
Reference Network from 2004 to 2014. It can serve as a reference for current and future column CO2 
retrievalsfrom both ground and satellite platforms. We find that the largest spatial gradients of CO2 

among eight regions we defined across North America are below 2 km during summer, while spatial 
gradients above 5 km are small. The 11-year mean CO2 dry mole fraction (XCO2) in the column below 
~330 hPa (~ 8 km above sea level) from NOAA’s CO2 data assimilation model,  CarbonTracker 
(CT2015), demonstrates good agreement with those calculated from calibrated measurements on 
aircraft and towers. Total column XCO2 is attained by combining modeled CO2 above ~330 hPa from 
CT2015 with the measurements. The modeled CO2 above ~ 330 hPa agrees reasonably well with the 
vertical profiles from AirCore, an innovative in-situ measurements system.  We find large spatial 
gradients of total column XCO2 during June to August, and the north and northeast regions have ~3 
ppm stronger summer drawdown than the south and southwest regions. The spatial gradients of total 
column XCO2 across North America mainly reflect large-scale circulation patterns rather than regional 
surface sources and sinks. Therefore it is very likely that the long term average spatial patterns from 
satellite retrievals reported for Europe (Reuter el al., 2014) which show larger spatial gradients (~ 6 
ppm) and scattered hot spots and cold spots are not realistic.  Frequent vertical profiles based on 
calibrated measurements are necessary to assess the realism of greenhouse gas patterns inferred 
from remotely sensed column averages, and thus also the realism of sources/sinks that would be 
consistent with those patterns. 
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Catching butterflies with fishing nets: Are atmospheric greenhouse gas models 
adapted to current and future observing systems?  

Lauvaux, Thomas* (1); Schuh, Andrew (2); Crowell, Sean (3); Feng, Sha (1); Davis, Kenneth (1); 
Basu, Sourish (4); Chatterjee, Abhishek (5); Ott, Lesley (5); Jacobson, Andy (4); Andrews, Arlyn 
(4); Miller, John (4); Polavarapu, Saroja (6); Deng, Feng (7); Jones, Dylan (7); Feng, Liang (8); 
Palmer, Paul (8); Baker, David (2); Bowman, Kevin (9); Liu, Junjie (9)  
1: The Pennsylvania State University, United States of America; 2: Colorado State University, United States of America; 3: 
University of Oklahoma, United States of America; 4: NOAA, United States of America; 5: NASA Goddard, United States of 
America; 6: Environment and Climate Change Canada, Canada; 7: University of Toronto, Canada; 8: University of Edinburgh, 
United Kingdom; 9: NASA Jet Propulsion Laboratory, United States of America  

While on the verge of deploying high resolution sensors measuring atmospheric greenhouse gases 
from large continents to constricted urban basins, the atmospheric top-down approach remains 
primarily a research-only method, contemplated by many but used by few. Despite promising results 
at various spatial scales, the scientific community and policy makers still rely heavily on bottom-up 
approaches to produce reliable carbon budgets from global to urban scales. With an unprecedented 
increase in observing systems from spaceborne platforms to high-density networks, time has come to 
take advantage of the validation potential of atmospheric approaches. After a brief overview of the 
modeling tools used in GHG inversion systems, we highlight here the recent progress in atmospheric 
modeling that could feed into state-of-the-art top-down approaches. Data assimilation techniques that 
have considerably improved the capacity of forecasting systems in real-life applications are within 
reach of the carbon cycle community. We discuss here recent technical feats from adaptive spatial 
discretization techniques to the development of hybrid methods that will not only improve the methods 
but opens the door to producing trustworthy and accurate long-term carbon flux assessments. With 
the advent of geostationary missions and active measurement technologies, a systematic review of 
atmospheric modeling capabilities is made with the perspective of developing the next generation of 
assimilation systems for carbon cycle science. 
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Measuring peatland carbon sequestration and emission by remote sensing  

Lees, Kirsten Jennifer* (1); Clark, Joanna (1); Quaife, Tristan (1); Artz, Rebekka (2); Khomik, 
Myroslava (2)  
1: University of Reading, United Kingdom; 2: James Hutton Institute, United Kingdom  

Peatlands are one of the largest terrestrial carbon stores in the world, comprising approximately a third 
of global soil carbon. Consequently, peatlands are an extremely valuable natural resource, although 
many have experienced degradation through human land use. Peatland restoration is therefore a 
potential mechanism for increasing carbon sequestration and combatting climate change, and is being 
considered as such by the Scottish government. It is essential that a reliable and accurate method for 
estimating the carbon uptake of restored peatlands is established. 
Methods previously used to measure carbon uptake in peatland landscapes include flux chambers 
and eddy covariance towers, but these are expensive and can only cover small areas of land. To 
achieve landscape scale estimates of carbon uptake with minimal cost, researchers are increasingly 
turning to remote sensing data. This project aims to explore the accuracy of remote sensing models of 
carbon uptake in peatlands, focusing on the Forsinard Flows RSPB reserve in Northern Scotland 
which comprises near-natural and degraded blanket bog, as well as a chronosequence of sites 
undergoing restoration. 
Work has included testing the MODIS Gross Primary Productivity (GPP) product, MOD17, against 
data from three peatland EC towers (two in Scotland and one in Ireland), and developing a new 
Temperature and Greenness (TG) model which has been shown to have a better agreement with the 
EC data than MOD17. This project has used remote sensing data to show the increase in GPP at six 
peatland sites undergoing restoration. A laboratory study as part of this effort has assessed the 
changes in carbon flux and spectral data from Sphagnum moss (an important peat-forming species) 
during progressive drought. This work has shown that spectral indices such as the Normalised 
Difference Vegetation Index (NDVI) clearly correlate with the extent of drought and associated GPP 
limitation, and will therefore assist in developing remote sensing models of peatland GPP.  

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 188 of 463 

   

Oral Presentation  
Theme 1.2: The Contemporary Carbon Cycle - Emerging Approaches and Novel Observation Techniques  
Keywords: atmosphere, anthropogenic carbon emissions, mobile observations, urban planning, atmospheric 
modeling  

Estimating urban carbon emissions in the “Smart City” age: new approaches, 
measurement systems, and data streams  

Lin, John* (1); Mitchell, Logan (1); Mendoza, Daniel (2); Buchert, Martin (3); Bowling, David (4); 
Pataki, Diane (4); Bares, Ryan (3); Fasoli, Ben (1); Catharine, Doug (1); Strong, Courtenay (1); 
Mallia, Derek (1); Ehleringer, Jim (4)  
1: Dept. of Atmospheric Sciences, University of Utah, United States of America; 2: Division of Pulmonary Medicine, University of 
Utah, United States of America; 3: Global Change and Sustainability Center, University of Utah, United States of America; 4: 
Dept. of Biology, University of Utah, United States of America  

Urban areas are responsible for a significant proportion of the world’s anthropogenic carbon 
emissions.  As the global population increasingly move to cities, the role of urban emissions in 
determining the future trajectory of carbon emissions is magnified.  Evaluating these urban carbon 
emissions presents challenges in accounting for the extreme heterogeneity in land use and human 
activity while considerable opportunities also exist to make use of the diverse data streams and 
infrastructure available in cities.  When these assets are combined with advances in instrumentation, 
computing, and communications that lie at the heart of the "Smart City" revolution, progress can be 
made on quantifying and understanding the underlying processes that control carbon emissions from 
cities.  
We report new modeling and observational approaches to understand carbon emissions from the Salt 
Lake City metropolitan region, which is the locus for one of the longest running urban CO2 
networks.  Four data sets will be highlighted:  (1) A novel automated measurement system on light rail 
train cars for measuring intra-urban gradients in CO2 and other trace species;  (2) Automatic traffic 
recorder and transit data from electronic fare collection systems for quantifying on-road emissions and 
emissions avoided from transit use, with important policy implications; (3) Urban planning and 
development scenarios constructed from an extensive public engagement process;  (4) Air quality 
measurements co-located with CO2 measurements on both stationary and mobile sites.  
The aforementioned data are integrated in a modeling system to estimate urban carbon emissions 
from the city.  The modeling system includes high-resolution atmospheric models    along with 
representations of emissions from traffic, buildings, and the biosphere.  Moreover, the modeling 
framework provides a forward-looking component for predicting urban "carbon futures"—i.e., 
projections of carbon emissions into the future, based on urban development scenarios. 
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Atmospheric GHG measurements in ICOS Sweden  

Lindroth, Anders* (1); Heliasz, Michal (1); Molder, Meelis (1); Holst, Jutta (1); Ottosson 
Lofvenius, Mikaell (2); Rinne, Janne (1); Linderson, Maj-Lena (1)  
1: Lund University, Sweden; 2: Swedish University of Agricultural Sciences, Sweden  

ICOS Sweden is participating in ICOS RI with six ecosystem stations, one ocean station and three 
atmospheric stations. The atmospheric stations are co-located with ecosystem stations in forested 
regions from the north to the south of Sweden covering the latitudinal range 56.1 – 64.25 N and mean 
annual temperature  range 1.8 – 8.0 ⁰C. All atmospheric stations are located in high towers (102-150 
m) with three intakes above canopy and with eddy covariance measurements at lower level 
representing the local ecosystem. All stations are aiming at class 1 labeling certification by ICOS. 
The gas analyses equipment consists of Picarro G2401 gas analyzers for continuous measurements 
of CO2, CH4, CO and H2O and the Heidelberg apparatus for 14CO2 measurements.  All towers are also 
equipped with multi-level (14-15) profiles of CO2, H2O and air temperature from below canopy to the 
top of the towers and with the necessary meteorological measurements. 
We present here the design of the measurement systems and a first analyses of footprints, using a 
tool developed by ICOS Carbon Portal, as well as analyses of the precision and accuracy obtained by 
the systems for all three stations. The reference gases from the ICOS Cal lab have been in operation 
for more than one year at all stations. 
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The Australian Greenhouse Gas Observation Network – current status and 
vision for the future  

Loh, Zoe M (1); Law, Rachel M (1); Ziehn, Tilo (1); van der Schoot, Marcel V (2); Krummel, Paul 
B* (1); Steele, L Paul (1); Etheridge, David M (1); Spencer, Darren A (1); Gregory, Rebecca L (1); 
Langenfelds, Ray L (1); Stavert, Ann R (3); Thornton, David P (1)  
1: CSIRO Oceans and Atmosphere, Aspendale, Australia; 2: EPA Victoria, Carlton, Australia; 3: University of Bristol, Bristol, UK  

In this presentation, we give an overview of the Australian Greenhouse Gas Observation Network 
(AGGON), including a description of the geography of each site. In collaboration with the Bureau of 
Meteorology and the Australian Antarctic Division, AGGON is the CSIRO run network of continuous in 
situ measurements of CO2 and CH4 that provides data to the World Meteorological Organisation 
(WMO) Global Atmosphere Watch (GAW) program via the World Data Centre for Greenhouse Gases 
(WDCGG). 
The instrument types used in the network will be described, along with the calibration strategies that 
link these data to internationally recognised calibration scales, providing comparability with similar 
international datasets available through the WDCGG as hourly means. 
The quality control and data processing protocols used in AGGON will be described, and we will 
present representative data from each site and consider issues such as the impact of moving from 
minutely to hourly data, the effect of the number of minutes contributing to the hourly mean and the 
usefulness of the minutely standard deviation information to better understand the dataset. From these 
examples, we hope to point to some ‘smart’ data selection tools for utilising the data that can help 
validate Australian terrestrial carbon cycle models. 
Finally, we speculate on how we would ideally expand AGGON to provide an optimal dataset for 
carbon cycle model validation and to provide high quality, low uncertainty top-down estimates of 
greenhouse gas emissions on a regional to continental scale in support of decarbonisation initiatives 
and the Paris agreement. 
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Present activities and future plan for CONTRAIL project  

Machida, Toshinobu* (1); Matsueda, Hidekazu (2); Sawa, Yousuke (2); Niwa, Yosuke (2); 
Umezawa, Taku (1); Tsuboi, Kazuhiro (2)  
1: National Institute for Environmental Studies, Japan; 2: Meteorological Research Institute, Japan  

To fill the gap of atmospheric CO2 observation in upper atmosphere, we developed the Continuous 
CO2 Measuring Equipment (CME) and the Automatic air Sampling Equipment (ASE) and installed 
them on commercial airliners operated by Japan Airlines (JAL) under the CONTRAIL project started in 
2005. As of 2017, JAL prepared ten aircraft, eight of Boeing 777-200ER and two of Boeing 777-
300ER, to be able to carry the CME. Five of 777-200ER can be equipped the ASE. 
The CME is downloaded from the aircraft by two months from its installation to replace the 
consumable parts such as standard gases. We maintain three or four aircraft in CME operation 
through the year. Recently 777-200ERs are used mainly for short- or mid- range flight such as 
between Japan and Asian countries or Hawaii. On the other hand, 777-300ERs fly to cities in Europe 
or US and contribute to observe the atmospheric CO2 in global scale. 
The ASE had been used for the flight between Japan and Australia to get the latitudinal distributions of 
CO2 and other greenhouse gases. Since JAL has not used 777-200ER in Tokyo-Sydney route from 
2015, we get the air samples using a Manual air Sampling Equipment (MSE) instead of ASE. MSE 
consists of simply hand-operated pump and metal flasks. The operator boards the cockpit of 777-
300ER aircraft and sucks the air by manual pump from the “eyeball” vent port. MSE is also used for 
the observation in the route between Japan and Europe to get the air in northern high latitudes, where 
the cruise altitudes correspond to UT/LS region. 
We just started the intense measurement of atmospheric multi-species, such as CO2, CH4 and CO, in 
Southeast Asia using ASE in 2017. Vertical profiles of these components are expected to provide 
useful information of anthropogenic emissions, biomass burning and forest absorption. 
To prepare the replacement of aircraft type in the next generation, we have been studying to modify 
Boring 787 aircraft to install CME and ASE. We are planning to finish the design and to modify JAL’s 
787 in these 3-4 years. 
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Observing System Experiments with Multiple Satellites for Carbon Cycle 
Analysis using the Local Ensemble Transform Kalman Filter  

Maki, Takashi* (1); Sekiyama, Tsuyoshi Thomas (1); Miyoshi, Takemasa (2); Nakamura, Takashi 
(3); Iwasaki, Toshiki (4)  
1: Meteorological Research Institute, Japan; 2: RIKEN, Japan; 3: Japan Meteorological Agency, Japan; 4: Tohoku University, 
Japan  

Impacts of CO2 concentration data obtained from multiple satellite measurements from GOSAT and 
OCO-2 on the estimation of global surface CO2 fluxes have been investigated using an ensemble-
based four-dimensional data assimilation system based on the Local Ensemble Transform Kalman 
Filter. An online atmospheric transport model (MJ98-CDTM) is employed in the data assimilation 
system to optimize surface CO2 fluxes from real observations at spatial and temporal resolutions of 6 
days and 2.8°, respectively. MJ98-CDTM is a subset of the Meteorological Research Institute (MRI) 
Earth System Model (MRI/ESM). We selected the localization distance to be 3,000km in the 
horizontal. We also adopted an adaptive multiplicative inflation technique. We used GOSAT L2 Ver. 
2.X and OCO-2 L2 Ver. 7r in our observing system experiments (OSEs). OCO-2 L2 data are superior 
to GOSAT L2 data in their data number and coverage. On the other hand, GOSAT L2 data show a 
smaller standard deviation than OCO-2 L2 data. We estimated and corrected the satellite observation 
bias using an independent CO2 concentration analysis (JMA-CO2). We have tested 4 types of satellite 
bias correction experiments (w/o bias correction (RAW), monthly mean bias correction (MON), all data 
bias correction (ALL) and globally constant bias correction (FIX)) using JMA CO2 in our data 
assimilation system to avoid inconsistency of satellite data. To know the impact of multiple satellite 
data, we examined GOSAT only, OCO-2 only and multiple satellite data assimilation experiments. Our 
OSEs were initiated on 1st September 2014 to 31st December 2015. We also examined the impact of 
the ensemble size in the multiple satellite assimilation experiments and we will report them at the 
conference. Our results showed that estimated CO2 concentration and fluxes are significantly 
sensitive to the bias correction scheme. The MON experiments show the smallest mismatch between 
the JMA CO2 and assimilated CO2 concentrations. The globally averaged RMSE of monthly CO2 
concentration against the analysis at 850hPa of the RAW, MON, ALL and FIX experiments are 
3.9ppm, 2.3ppm, 3.1ppm and 3.6ppm, respectively. In the RAW experiment, estimated CO2 fluxes 
and concentrations show noisy patterns due to inconsistency between GOSAT and OCO-2 data. In 
the preliminary results, the mismatch between multiple satellite assimilation (GOSAT and OCO-2) and 
single satellite assimilation (GOSAT or OCO-2) against JMA-CO2 is almost identical. The result 
implies that we should carefully determine data assimilation parameters. In conclusion, we should 
have a reasonable satellite bias correction scheme in carbon cycle data assimilation. Our satellite data 
bias correction scheme allows us obtaining realistic CO2 concentration and flux field and modifying 
surface CO2 flux over almost entire land surface. We confirmed that this satellite bias correction 
scheme makes it possible to use multiple satellite observation data simultaneously in CO2 data 
assimilation. 
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Global high-resolution inverse model of atmospheric transport: application to 
natural CO2 fluxes  

Maksyutov, Shamil* (1); Janardanan, Rajesh (1); Oda, Tomohiro (2); Saito, Makoto (1); Ito, 
Akihiko (1); Nayagam, Lorna (1); Belikov, Dmitry (1,3); Kaiser, Johannes (4); Ganshin, 
Alexander (5); Zhuravlev, Ruslan (6); Valsala, Vinu (7)  
1: CGER, NIES, Tsukuba, Japan; 2: USRA/NASA GSFC, Greenbelt, USA; 3: Hokkaido University, Sapporo, Japan; 4: MPI 
Chemistry, Mainz, Germany; 5: CAO, Dolgoprudny, Russia; 6: Inst. Appl. Physics, Nizhny Novgorod, Russia; 7: IITM, Pune, 
India  

We report development of a high-resolution Carbon Dioxide (CO2)flux inversion system that is based 
on a Lagrangian-Eulerian coupled tracer transport model. The system is designed to estimate weekly 
surface fluxes at a 0.1 degree spatial resolution from atmospheric CO2 data collected by the global 
ground-based observation network and satellites. We employ the Lagrangian Particle Dispersion 
Model (LPDM) FLEXPART to simulate the near-field (3 days) tracer transport at a 0.1 degree spatial 
resolution. The LPDM is coupled to a global atmospheric tracer transport model NIES-TM that runs at 
a 2.5 degree spatial resolution. We derived an adjoint of the coupled transport model and used it in an 
iterative optimization procedure based on a quasi-Newtonian algorithm (LBFGS) and Lanczos-type 
singular value decomposition. The uncertainty reduction of our inverse estimates is assessed using 
derived singular vectors. A flux error covariance is being implemented via implicit diffusion operator. 
Prior fluxes were prepared also at a 0.1 degree resolution for fossil fuel emissions (ODIAC), biomass 
burning (GFAS), and terrestrial biosphere exchange. The high-resolution terrestrial biospheric fluxes 
were constructed using a vegetation mosaic map and separate simulation of CO2 fluxes at daily time 
step by the VISIT model for each vegetation type. The prior flux uncertainty for terrestrial biosphere 
was scaled proportionally to monthly mean GPP by the MODIS MOD17 product. The inverse system 
yields corrections to the prior fluxes in a form of a relatively smooth field multiplied by high-resolution 
patterns of the prior flux uncertainties for land and ocean, following the coastlines and vegetation 
productivity gradients. Bi-weekly flux corrections to prior flux fields are obtained for the years 2009-
2012 from ground-based and aircraft profile CO2 data included in the Obspack dataset. In contrast to 
conventional transport models running at lower spatial resolutions, our high-resolution coupled 
transport model reproduces continuous observations better at the continental sites, which are 
frequently influenced by plumes with high CO2 concentration lasting for several hours or days, 
especially pronounced in the cold season. Most plumes dominated by anthropogenic contributions are 
detectable in forward simulations of fossil fuel emissions signal with the Lagrangian component of the 
transport model, which filters out the high concentration events when estimating for natural CO2 fluxes. 
A successful implementation of the global high-resolution inversion system provides a wide variety of 
application opportunities for studies of natural, anthropogenic and biomass burning fluxes, using 
ground-based continuous observation networks, airborne observations and satellites. 
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GOSAT and GOSAT-2 : Data Products, Science Achievements, and Future  
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Kamei, Akihide (1); Kawazoe, Fumie (1); Uchino, Osamu (1); Imasu, Ryoichi (2)  
1: National Institute for Environmental Studies, Japan; 2: University of Tokyo, Japan  

Greenhouse Gases Observing Satellite (GOSAT) and its successor, GOSAT-2, are Japanese earth 
observing satellites for greenhouse gases (GHG) measurements from space. Both satellite projects 
are joint efforts among Ministry of the Environment (MOE), Japan Aerospace Exploration Agency 
(JAXA), and National Institute for Environmental Studies (NIES). 
GOSAT was launched in January 2009 and has been operated for more than eight years. It has a 
Fourier transform spectrometer (FTS) for the measurements of columnar abundances of carbon 
dioxide (CO2) and methane and a UV-VIS-NIR-SWIR imager (CAI) for cloud and aerosol detection. 
GOSAT FTS SWIR Level 2 product includes columar concentrations of CO2 and methane and is used 
in various climate change researches such as monitoring of whole-atmosphere monthly mean carbon 
dioxide concentration and evaluation of inventories for anthropogenic emissions of CO2 and methane. 
GOSAT Level 4 product provides regional CO2 fluxes estimated with inverse model of the 
atmospheric transport. The Level 4 data were used in model intercomparison with other inverse model 
estimates, with coherent results in north-south gradient of carbon fluxes. Interannual variability of 
surface CO2 fluxes estimated in Level 4 product over Africa and South America was shown to 
correlate well with climate variability. Also, inverse model study of the regional fluxes estimated with 
the GOSAT data in North Eurasia in 2009-2011 revealed positive impact of including the GOSAT data 
in inversion, demonstrating usefulness of the GOSAT data in data-sparse regions. 
GOSAT-2 will be launched in FY2018. GOSAT-2 instruments (FTS-2 and CAI-2) will be modified or 
improved based on the experiences of GOSAT instruments. FTS-2 will have the extended spectral 
coverage for carbon monoxide measurement and the intelligent pointing capability to avoid cloud 
contamination. CAI-2 will have multiple UV bands for more precise land aerosol monitoring and the 
forward/backward viewing capability to avoid sun glint over oceans.  GOSAT-2's spacecraft, 
instruments, and ground data processing systems are currently being manufactured. 
In this presentation, several scientific achievements based on GOSAT's eight-year GHG data and new 
science expected from GOSAT-2 will be highlighted. 
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Global observed CO2 distributions from the Atmospheric Tomography (ATom) 
Mission and comparison to the NOAA surface reference network, remote 
sensing observations from OCO-2, and a global inversion system  

McKain, Kathryn* (1,2); Sweeney, Colm (1,2); Andrews, Arlyn (2); Jacobson, Andrew R. (2); 
Basu, Sourish (1,2); Wofsy, Steven (3); Diskin, Glenn (4); Daube, Bruce (3); Commane, Roisin 
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The ATom Mission is a global airborne measurement campaign designed to capture the large-scale 
gradients in atmospheric composition with continuous vertical profiles pole-to-pole over the Pacific and 
Atlantic during each of the four seasons. The first two of four ATom campaigns have been completed, 
where long-lived greenhouse gases like CO2 and CH4 were measured along with a comprehensive 
suite of other trace gases and aerosols. We will present a systematic comparison of the global CO2 
gradients observed on ATom to remote sensing observations from OCO-2, the long-running surface 
reference network, and to results from NOAA’s CarbonTracker, a global inversion model systems that 
is used to interpret the observations. By computing column average CO2 from the ~300 vertical 
profiles measured on ATom-1 and 2, we will be able to assess the presence of unresolved biases in 
the OCO-2 data products. A comparison of spatial gradients over the Atlantic and Pacific from ATom 
with those inferred from the surface network will allow us to characterize the representivity of the 
network data, as they are currently assimilated in global CO2 inversion systems, and identify patterns 
or anomalies that were not captured by the existing measurement-model systems. 
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State of play for a European operational monitoring system for fossil CO2 
emissions  
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1: RHEA Group for ESA, Noordwijk, The Netherlands; 2: ESA-ESTEC, Noordwijk, The Netherlands; 3: EC, DG-GROW, 
Brussels, Belgium; 4: Major international institutions  

As part of the European Copernicus Programme, the European Commission (EC) and the European 
Space Agency (ESA) together with the support of Eumetsat and the European Centre for Medium-
range Weather Forecasts (ECMWF) are considering to further develop the first generation Copernicus 
Space Component to include measurements for fossil CO2 emission monitoring. The greatest 
contribution to the increase in atmospheric CO2 comes from emissions from the combustion of fossil 
fuels and cement production. Current uncertainties associated with their emission estimates at 
national and regional scales may translate into ill-informed policy decisions and limitations in 
assessing the effectiveness of CO2 emission strategies. 
In 2015, upon request of the European Commission, a group of experts outlined a holistic vision and a 
preliminary roadmap for a European integrated observation and inversion modelling system dedicated 
to the monitoring of fossil CO2 emissions. The development and operation is proposed to be 
undertaken within the frame of the Copernicus Programme. The atmospheric measurements made by 
a combination of satellites and in-situ networks would be used in an operational system based on 
three complementary components consisting of measurements, bottom-up inventories and data-
assimilation system. 
Satellite and in-situ atmospheric measurements, in addition to bottom-up inventories, would enable the 
transparent and consistent quantitative assessment of CO2 emissions and their trends at the scale of 
megacities, regions, countries, and the globe as well. Such a capacity would provide the European 
Union with a unique and independent source of information, which can be used to inform on the effect 
of policy measures, and to track their impact en-route towards decarbonizing Europe and meeting 
national emission reduction targets. Further, there would be potential synergies at international level 
with observation systems under discussion with other third parties. 
This presentation provides an overview of the essential scientific and technical capabilities that are 
required to enable such an observation system. It also provides a status update of activities and 
dedicated studies currently undertaken to prepare for the implementation of the space component of 
this monitoring system. 
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Invited Keynote: Missing sink to moving target: The expanding landscape of 
top-down studies in carbon cycle science  
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The development of the first approaches for using atmospheric observations to understand the global 
carbon cycle was driven largely by the search for the “missing carbon sink.” This focus set the stage 
for later advances in atmospheric inverse modeling and data assimilation (a.k.a. “top down”) 
approaches, with research questions centering on quantifying biospheric and oceanic carbon fluxes 
for various regions and at various spatiotemporal scales. 
Although these questions remain relevant, a shift is under way, driven by three primary factors. The 
first is that the quantification of the net carbon balance of large regions has proven more elusive than 
anticipated. The carbon budget and its uncertainties have remained largely unchanged for over a 
decade for even the most heavily monitoring regions of the world, i.e. Europe and the United States. 
The second is the more explicit acknowledgment that the search for a net flux is only a steppingstone 
towards the process-based understanding that is critical to constraining projections of carbon balance 
under changing climate conditions. Given the increasing awareness of challenges posed by 
equifinality in mechanistic modeling, getting the right “number” for a snapshot in time is not sufficient to 
anticipate responses to changing conditions. The third is the need to develop approaches for 
monitoring anthropogenic emissions and tracking emission reduction targets, which moves the focus 
from the biosphere to anthropogenic sources. This change presents a challenge, because top-down 
approaches were largely built on the assumption that anthropogenic emissions are known, and 
because observational networks were specifically designed to minimize influence from anthropogenic 
emissions. 
After examining each of these three drivers, this talk will discuss the fundamental shifts in 
observational and modeling strategies that are needed to respond to this changing landscape. 
Observational networks that were designed to monitor large-scale atmospheric gradients need to be 
augmented with long-term sustained observations (both in situ and satellite) in highly heterogeneous 
regions. Inverse modeling approaches that leverage process-based understanding need to be 
sufficiently flexible to test competing hypotheses about driving processes. Statistical frameworks that 
were designed to describe biospheric fluxes need to be adapted to the (even) more heterogeneous 
patterns of anthropogenic emissions. 
The talk will present examples of recent progress in the development of approaches that are 
responsive to the expanding scope of questions addressed by top-down studies. The presentation will 
close with open questions and remaining challenges which the modeling and observational 
communities need to address in order to complete the transition from asking “Where is the carbon 
sink?” to examining “What will the carbon sink be in the future?” and “Are we reaching our emissions 
targets?” 
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Atmospheric observations of CO2 and other greenhouse gases have the potential to constrain 
estimates of terrestrial and oceanic CO2 fluxes through atmospheric inverse modelling.  Yet, applying 
these methods at national scale to verify and improve the National Inventory Report (NIR) and support 
the Paris agreement remains at the frontier of CO2 science.  We will present results from  a national 
CO2 atmospheric inverse model developed for New Zealand, as a case study.     
Our inverse approach infers net air–sea and air–land CO2 fluxes from measurement records, using 
back-trajectory simulations from the Numerical Atmospheric dispersion Modelling Environment 
(NAME) Lagrangian dispersion model, driven by meteorology from the New Zealand Limited 
Area Model (NZLAM) weather prediction model, which is run at 0.1° (10-12 km) resolution. Our first 
results are based on in situ measurements from two fixed sites, Baring Head on the southern tip of 
New Zealand’s North Island (41.41°S, 174.87°E) and Lauder from the central South Island (45.034°S, 
169.68°E), and ship board data from monthly cruises between Japan, New Zealand, and Australia. We 
also show results that include our newest site, Maunga Kākaramea in the central North Island 
(38.33°S, 176.38°E) for the period when data is available for all three in situ sites (2012-2016).  A 
range of scenarios is used to assess the sensitivity of the inversion method to underlying assumptions 
and to ensure robustness of the results. 
We find that the National Inventory Report may under-estimate New Zealand’s land carbon uptake by 
30-60%, when differences between the total uptake observed by the atmosphere and accounting rules 
of the NIR are considered.  Much of this additional uptake occurs in the southwest of New Zealand’s 
South Island, an unihabited region dominated by indigenous forests. First analysis of 13C isotope ratios 
in CO2 confirms the presence of a vigorous land-based carbon sink in this region.  This carbon sink is 
characterised by strong interannual variability, and suggests an unexpectly strong response of New 
Zealand’s land carbon sink to drought stress.  Observations from our newest observing site in the 
central North Island shed new light on carbon fluxes in this subtropical region.    
In addition to addressing the scientific findings of this study, we will disuss the process used to engage 
New Zealand’s NIR and environmental policy communities, starting from the development phase of 
the project.  This will include the strategies used to resolve differences between components of the 
carbon budget counted in the NIR and those detected by the inversion, communicate uncertainties, 
and plan research activities that meet policy needs.   
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CARVE – The Carbon in Arctic Reservoirs Vulnerability Experiment  
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The carbon balance of Arctic ecosystems is not known with confidence since fundamental elements of 
the complex Arctic biological-climatologic-hydrologic system are poorly quantified. The Carbon in 
Arctic Reservoirs Vulnerability Experiment (CARVE) was a 5-year NASA Earth Ventures (EV-S1) 
airborne science investigation to quantify atmospheric mole fractions and surface-atmosphere fluxes 
of carbon dioxide (CO2) and methane (CH4) and correlate these with key surface state variables for 
terrestrial ecosystems in Arctic and boreal Alaska. CARVE bridged critical gaps in our knowledge and 
understanding of Arctic-boreal ecosystems, linkages between the hydrologic and terrestrial carbon 
cycles, and the feedbacks from disturbances such as thawing permafrost and fires. 
The CARVE flight strategy emphasized frequent and sustained airborne measurements. Campaigns 
were conducted monthly, typically April through November, to characterize the spring thaw, the peak 
of the summer growing season, the fall refreeze and early cold season for 2012-2015. CARVE flight 
lines yielded surveys deep in the planetary boundary layer (PBL) with periodic vertical profiles to 
characterize the PBL height, residual layer height, and regional background mole fractions in the free 
troposphere. The CARVE flight strategy delivers measurements that bridge the challenging 
intermediate space and times scales between continuous site measurements and periodic satellite 
remote sensing overpasses. 
We present an overview of the CARVE investigation design, implementation and results from the 2012 
– 2015 campaigns. 
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Unexpected and significant biospheric CO2 fluxes in the Los Angeles Megacity 
indicated by atmospheric radiocarbon  
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NOAA Global Monitoring Division, United States of America  

Cities account for ~70 % of global fossil fuel-CO2 emissions.  With the population of cities projected to 
grow from 54% of global population today to 66% by 2050 (an absolute increase of ~2 billion people), 
it will become imperative to accurately account for urban emissions.  Estimation of fossil fuel-CO2 
emissions typically uses economic statistics to track usage of petroleum, coal and natural gas. At 
national scales these methods are believed to be quite accurate – ~5% for developed countries and 
~10-15% for developing ones – but the quality of emissions estimates at urban scales is unknown.  It 
is therefore important to develop independent methods of estimating emissions for cities.  One such 
method is measurement of atmospheric CO2, and several testbed monitoring networks for CO2 have 
been developed in and around large cities such as Los Angeles, Paris and Washington D.C. in order 
to detect emissions.  However, measurement of CO2 alone can not distinguish biospheric and fossil 
contributions to total measured CO2.  As we will show, the assumption that urban CO2 enhancements 
are purely fossil could lead to substantial biases in atmospheric determination of fossil fuel 
emissions. Here, we report results of an air sampling network for radiocarbon (14C) measurements 
within the Los Angeles network. 14CO2 is the gold standard atmospheric tracer for identifying the 
contribution of CO2 derived from fossil fuel combustion, because fossil fuels are completely devoid of 
14C (in contrast to oceanic and terrestrial biospheric carbon sources, which are very close to 
equilibrium with the atmosphere.)   The Los Angeles 14CO2 measurements are part of NOAA’s larger 
effort to measure radiocarbon for fossil fuel-CO2 identification at regional (~102 – 103 km) scales 
throughout the U.S., but the Los Angeles observations exhibit much bigger CO2 and 14CO2 signals 
than at any other measurement site. Mid-day CO2 enhancements above background at our three sites 
in Los Angeles averaged 16 ppm, but 14CO2 data reveal that only ~ 75% of the enhancement resulted 
from fossil fuel combustion. This necessitates that the remaining 25% originated from biospheric 
sources.  While around 10% of the total enhancement is expected to be biospheric due to mandated 
use of ethanol in gasoline, and 5% is estimated to result from human respiration, the remaining 10% 
likely originates from urban ecosystems.  Our data also show that the biospheric component of Los 
Angeles CO2 exhibits a seasonal cycle with net C uptake in mid summer and net emission in the 
autumn and winter.  We will discuss the implications of these results for urban emissions monitoring 
using surface and space-based approaches and also explore combining CO2, CO, 14CO2, and other 
tracers for improved detection of fossil fuel emissions. 
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Using the CLIMADAT atmospheric CO2 and CH4 dataset to evaluate the 
performance of a transport model over the Iberian Peninsula  
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ClimaDat is a pioneering project with a network of eight observatories in Spain to study the 
interactions between the metabolism of natural systems and climate. The ClimaDat sites were 
designed to be in a sheltered place and to hold a variety of research instruments following the concept 
of Long Term Ecological Research. ClimaDat is offering a collaborative logistic and technical support 
for interested research groups, with an open data policy, a dynamic interface and a strong involvement 
of local-users and society. 
We present the CLIMADAT carbon dataset which aims to monitor the carbon budget and variability 
over the Iberian Peninsula. Iberia is an interesting region with confluence of contrasting air masses 
from Subtropical, Atlantic, Mediterranean and European origins. The stations are strategically placed 
over coastal and elevated sites across the Iberian peninsula allowing for the detection of atmospheric 
CO2 and CH4 anomalies coming from Subtropical, Mediterranean, Atlantic and Northern European 
regions, as well as local sources. Atmospheric concentration measurements are based on both Cavity 
Ring-Down Spectroscopy and Gas Chromatography. 
Since the observations can be made available in near-real time, they can be used to support the 
evaluation of the CO2 and CH4 forecasts of the Copernicus Atmosphere Monitoring System (CAMS) 
based on the ECMWF numerical weather forecast model. The comparison of the CO2 series with the 
model output shows that the CLIMADAT observations provide a valuable source of information to 
assess the seasonal cycle and synoptic/sub-diurnal variability of the model. While some of the stations 
have a background signature, others are more locally influenced. A Lagrangian particle model study 
was also performed to better understand the CO2 plume behaviour for some atmospheric 
synoptic situations with large deviations between the actual series and the CAMS model. 
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The difficulty in determining the amount of mass of greenhouse gas (GHG) that enters an urban area 
(aka background) has been shown to be a limitation of urban GHG estimation approaches that use 
atmospheric observations from tall towers, aircrafts, satellite retrievals, as well as other types of 
measurements. This is particularly true for urban areas that have variable meteorology, are not 
discrete, and are downwind of significant regional and continental sources and sinks, especially if 
those fluxes are subject to strong seasonality.  There are several different options for isolating the 
background signal from atmospheric observations, such as the use of observations from towers 
designated as background locations or from aircraft campaigns.  In addition, emission models can be 
run forward using an atmospheric-transport model to provide a 4 dimensional bounding wall around 
urban areas, which can then be sampled for GHG concentrations.  Surprisingly, given the importance 
of background on urban GHG estimation, the sensitivity of urban emission estimates to the choice of 
background method remains largely unknown. As such, this work explores three different background 
methods and their plausible impact on emission estimates.  Two of the methods involve the 
construction of a 4 dimensional wall around the urban domain.  These include (1) interpolating 
observations from background towers horizontally while using mole-fractions from a global model, 
such as Carbon Tracker, to inform vertical portions of the wall above tower heights and (2) using 
forward runs from the Weather Research Forecasting model with chemistry (WRF-CHEM) adjusted 
with atmospheric observations.  The third method uses differences in the sensitivities from the 
Stochastic Time Inverted Lagrangian Transport (STILT) model associated with in-situ observations 
from urban tower locations and those associated with background tower measurements.  These 
differences are then coupled with regional prior fluxes to provide a measure of the background as 
observed at network tower sites. The methods are applied to the Northeastern urban and suburban 
areas of Washington DC and Baltimore (NEC-BW).  The NEC-BW resides at the eastern edge of the 
U.S., downwind of major power plants located in Pennsylvania, Ohio, and West Virginia along with 
significant industrial activity in the Northeast.  It is also influenced by methane emissions associated 
with oil and natural gas production and coal mines.  Previous work has a large spatial and temporal 
variability for CO2 and CH4 along this urban boundary that will be difficult to capture using background 
towers alone.  Preliminary results include assessments using both synthetic data but also real data 
from the University of Maryland 2016 winter flight campaign over the NEC-BW.  Ultimately, this work 
will help to inform the choice of background to help lessen its role in limiting our ability to understand 
and characterize urban emissions.  
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Deployment of drifting buoys with pCO2 sensor in the Pacific Ocean  
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Accurate estimation of CO2 uptake by the ocean is an important task in predicting global warming, 
because the ocean acts to moderate the warming by absorbing anthropogenic CO2 from the 
atmosphere. Calculation of air-sea fluxes of CO2 is one of straightforward methods to estimate the 
CO2 uptake. For the calculation, data for surface seawater pCO2 are necessary. Surface seawater 
pCO2 data for the world ocean have been collected by such an international activity as SOCAT. 
However, in spite of the effort, a large data gap is still found in the South Pacific. This is because the 
ocean is far away from pCO2 observation-leading countries, which are mostly located in the northern 
hemisphere, and because there scarcely exist regular routes of cargo ships, on which pCO2 
observations can be conducted. Drifting buoys with pCO2 sensor are free from the limitations. 
Therefore we started to deploy the drifting buoys in the South Pacific for the 5 years from 2016 to 
2020. 
The drifting buoys with pCO2 sensor were constructed by NiGK Corporation. For CO2 equilibration 
system, a gas permeable membrane was used. That is, seawater taken into the equilibration device is 
equilibrated for CO2 with indicator solution through the membrane. Amorphous fluoropolymer tube of 
AF-2400 (Teflon AF) was adopted for the membrane, which has a high gas permeability coefficient. 
Equilibration causes changes of pH in the indicator solution, which results in changes of optical 
absorbance. The optical absorbance is measured by a compact photodiode, which is calibrated by 
known concentrations of CO2 gases in a factory. 
7 drifting buoys were deployed in the South Pacific during the cruise of the R/V Mirai (MR16-09) in 
austral summer of 2016/2017. To stay in the data gap area of the South Pacific as long as possible, 
the injection points were decided in advance by a numerical simulation, in which an ocean state 
estimation is applied. The drifting buoys are programed to measure pCO2 6 times in a day once a 
week after deployment. The pCO2 data obtained are opened to public after quality control. 
In the conference, we will show latest measurements of the drifting buoys with pCO2 sensor in the 
South Pacific. 
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Multimodel parameter optimization of JSBACH canopy conductance, GPP and 
ET formulations against micrometeorological flux data at boreal sites  

Mäkelä, Jarmo (1); Susiluoto, Jouni (1); Knauer, Jürgen (2); Aurela, Mika (1); Lohila, Annalea 
(1); Mammarella, Ivan (3); Black, Andrew (4); Margolis, Hank (5); Suzuki, Rikie (6); Heimann, 
Martin (1,2); Varlagin, Andrej (7); Markkanen, Tiina (1); Thum, Tea (2); Zaehle, Sönke (2); Aalto, 
Tuula* (1)  
1: Finnish Meteorological Institute, Finland; 2: Max Planck Institute for Biogeochemistry, Germany; 3: University of Helsinki, 
Finland; 4: University of British Columbia, Canada; 5: Universite Laval, Canada; 6: Japan Agency for Marine-Earth Science and 
Technology, Japan; 7: A.M. Severtsov Institute of Ecology and Evolution, Russia  

We are optimizing key parameters in soil hydrology and forest water and carbon exchange related 
formulations in the ecosystem model JSBACH, which is the land surface component of the Earth 
System model of Max Planck Institute for Meteorology (MPI-ESM). The model has been modified to 
use multiple stomatal/canopy conductance formulations which will vary during the optimization 
process. Previous results have shown that JSBACH is lacking in its response to drought, which is the 
motivation to test the different conductance formulations. The optimization is done with the adaptive 
population importance sampler (APIS) algorithm, which provides a global estimation of the selected 
JSBACH parameters, using all generated samples. Additionally APIS is able to estimate the model 
evidence (or partition function), which can be used to determine the optimal conductance formulation. 
The study focuses on boreal coniferous evergreen forests. The optimization is based on site level 
eddy covariance flux measurements. We use ten measurement sites located in Finland, Russia, USA 
and Canada. Optimization is based on six of these sites while the other four are used for independent 
validation of the results. The parameters are estimated by minimizing the model-data mismatch in 
evapotranspiration (ET) and gross primary production (GPP). We will examine the variation in water 
use efficiency (WUE) and soil moisture conditions at the sites in relation to the choice of the 
conductance formulation and optimized parameter values. 
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In-situ long-term record of CO2 isotopic signatures using high-precision laser 
spectroscopy  

Müller, Michael*; Tuzson, Béla; Henne, Stephan; Emmenegger, Lukas  
Empa, Switzerland  

A competitive alternative measurement technique for high-precision in-situ monitoring of the stable 
CO2 isotopes based on mid-infrared laser absorption spectroscopy is demonstrated. The instrument 
provides both δ13C and δ18O-CO2 at atmospheric abundance with a precision of 0.02 ‰ at 10 minutes 
integration time and, unlike the isotope ratio mass spectrometry (IRMS), it can deliver real-time data 
with unprecedented temporal resolution at moderate cost and instrument size [1]. The spectrometer 
has been continuously operating since December 2008 at the high-altitude research station 
Jungfraujoch (3850 m asl, Switzerland) and generating a unique long-term time series of δ13C 
and δ18O of CO2 at a remote location [2]. 
We present the current instrumental set-up, its performance, show the advantages of measuring with 
high temporal resolution isotopic signatures of CO2 in the atmosphere, and discuss methodologies for 
data analysis. This comprises the estimation of baseline, trend, year-to-year variation, as well as 
placing CO2 into relation to other trace gases (e.g. CO, CH4) measured at the same station.  Finally, 
Lagrangian footprint simulations are used for the seasonal and spatial characterization of CO2 
source/sink regions in Central Europe. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 206 of 463 

   

Poster Presentation  
Theme 1.2: The Contemporary Carbon Cycle - Emerging Approaches and Novel Observation Techniques  
Keywords: atmosphere, GOSAT, GOSAT-2, FTS, CAI  

Current Status of the GOSAT-2 Mission Instruments  

Nakajima, Masakatsu* (1); Imai, Hiroko (1); Suto, Hiroshi (1); Yajima, Yukie (1); Shiomi, Kei (2); 
Hashimoto, Makiko (1)  
1: JAXA, GOSAT-2 Project Team, Tsukuba, Japan; 2: JAXA, EORC, Tsukuba, Japan  

The GOSAT-2 is the successor satellite to the GOSAT which is the first satellite dedicated to the 
measurements of the greenhouse gases such as carbon dioxide and methane. GOSAT was launched 
in January of 2009 and has been operated for more than eight years. 
The development of the GOSAT-2 has been continued for three years, and currently the proto-flight 
model of the mission instruments, TANSO-FTS-2 and TANSO-CAI-2, are under manufacturing. 
TANSO-FTS-2 is the Fourier Transform Spectrometer observing greenhouse gases such as Carbon 
Dioxide and Methane and TANSO-CAI-2 is the imager observing the aerosols and clouds to 
compensate the TANSO-FTS-2 data and to grasp the movements of the aerosols such as PM2.5. 
These mission instruments will follow the observation methods of the GOSAT. But some 
improvements will be carried for the purposes of the estimation of the anthropogenic emission using 
the Carbon Monoxide observation. And the new observation bands will be added to the Clouds and 
Aerosols Imager-2 to improve the aerosol observation performances. 
Based on the critical design, the manufacturing and the test of the proto-flight model was started and a 
part of the items of the proto-flight test will be completed by the August. 
On the other hand, the gap has emerged between the design and manufacturing results through the 
manufacturing and test. Especially, the polarization sensitivity design results of the TANSO-CAI-2 had 
met the requirement of 3% or less and the test manufacturing results was over than 40%. The root 
cause of this anomaly was that the thickness of the anti-reflecting coating had varied from place to 
place. 
Therefore the design of the thickness of the anti-reflecting coating has been changed with 
consideration for the difference of the thickness of the coat between the center and edge of the lens. 
And we could meet the polarization sensitivity requirement. 
In this presentation, the progress of the proto-flight test will be shown with the test results which are 
obtained by August. 
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Improvement of the Upper-Tropospheric CO2 Distributions from a New JMA 
Inversion Analysis  

Nakamura, Takashi* (1); Maki, Takashi (2); Machida, Toshinobu (3); Matsueda, Hidekazu (2); 
Sawa, Yousuke (2)  
1: Japan Meteorological Agency, Japan; 2: Meteorological Research Institute, Japan; 3: National Institute for Environmental 
Studies, Japan  

Introduction: Because of uncertainties in transport processes in numerical models and insufficient 
quantities of observation, CO2 mole fraction distributions from atmospheric inversion analysis could 
have large discrepancies against observation. The inversion analysis at Japan Meteorological Agency 
(JMA) also could have such discrepancies in the upper troposphere. Recently JMA developed a new 
atmospheric transport model with improvements of its dynamical and physical processes, and the CO2 
distributions in the upper troposphere from the analysis were improved by adopting the new on-line 
model instead of JMA’s old off-line model. Here we show some features and evaluations of the CO2 
distributions from the new inversion analysis in the upper troposphere. 
JMA Inversion Analysis and Its Improvements: For better understanding of global carbon cycle, 
JMA analyzes global monthly mean atmospheric CO2 mole fraction distributions using an inversion 
method covering past three decades (Maki et al., 2010, doi:10.1111/j.1600-0889.2010.00488.x). The 
method used in the analysis is Bayesian Synthesis Inversion based on TransCom3 experiments. 
Observation data used in the analysis are monthly mean data reported to WMO World Data Centre for 
Greenhouse Gases (WDCGG). The prior fluxes used in the analysis are, fossil fuel emission map from 
CDIAC, net biosphere flux climatology (CASA), and JMA oceanic CO2 exchange map. The 
atmospheric CO2 distributions are simulated by the newly developed on-line transport model. The 
transport process of the model is directly coupled with a low resolution (TL95) version of JMA’s 
operational numerical weather prediction (NWP) model. This direct coupling allows the transport 
processes to use meteorological fields from the NWP model without interpolation. 
Features and Verification of Simulated Distributions: To evaluate the results of the inversion, we 
used aircraft observation from CONTRAIL project (Machida et al., 2008, 
doi:10.1175/2008JTECHA1082.1). Root mean square errors (RMSE) were reduced generally in each 
1km altitude bin, compared to the analysis with JMA’s old transport model (e.g. RMSE for 10-11km bin 
was reduced from 2.0 ppm to 1.3 ppm). Vertical profiles from the analysis with the new model were 
also improved above some airports (e.g. Narita, Japan). The result of the new inversion analysis 
suggests that seasonal variation above northern mid-latitude airports were represented well in 
general. However in the southern tropical upper troposphere where double-peaked variations are 
found (Sawa et al., 2012, doi:10.1029/2011JD016933), it represented smaller amplitude of the 
seasonal variations than that of observed. 
Future Plans: We plan to look for what components (emission sources and regions) of CO2 cause the 
seasonal variation in the upper troposphere and model-observation mismatches using the new model. 
Acknowledgements: Observation data used in the analysis are from WDCGG. We thank all 
organizations reporting observation data to WDCGG. Observation data used in verification are from 
CONTRAIL project. 
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The effect of drought on the carbon cycle using a joint CO-CO2 inversion 
system  

Nechita-Banda, Narcisa* (1); Krol, Maarten (1,2,3); Basu, Sourish (4); Röckmann, Thomas (1)  
1: Utrecht University, Institute for Marine and Atmospheric Research Utrecht (IMAU), The Netherlands; 2: Wageningen 
University and Research Centre, Department of Meteorology and Air Quality (MAQ), The Netherlands; 3: SRON Netherlands 
Institute for Space Research, The Netherlands; 4: NOAA Earth System Research Laboratory, Global Monitoring Division, USA  

Droughts impact the carbon cycle by enhancing biomass burning, and by reducing the carbon uptake 
by the biosphere. Droughts are expected to increase under future climate change. Therefore a good 
understanding of the feedback processes between droughts and the carbon cycle is important for 
accurately predicting future carbon dioxide (CO2) levels in the atmosphere. An important tracer for 
biomass burning is carbon monoxide (CO). By combining the information from both CO and CO2 
ground-based and satellite data in an inverse modelling setup, it is possible to separately constrain the 
biomass burning and biosphere atmospheric fluxes of CO2. 
Within the TM5-4DVAR inverse modelling system, we implemented a joint CO-CO2 inversion setup. 
Biomass burning CO emissions to the atmosphere are constrained using CO observations. We use 
available CO:CO2 emission ratios to calculate the direct biomass burning CO2 flux based on derived 
CO emissions. The CO2 exchange between the biosphere and atmosphere is then inferred using CO2 
measurements. 
We present a series of Observation System Simulation Experiments (OSSEs) by which we test the 
performance of the coupled system. Synthetic data is produced using known fluxes, which we then 
attempt to retrieve starting from perturbed prior fluxes. The coupled system is able to improve the 
comparison between the modelled CO and CO2 and the synthetic observations, similarly to the 
individual CO and CO2 inversions. By including CO observations as an additional constraint for the 
biomass burning flux to the atmosphere, our inversion system provides a powerful tool for 
investigating the ecosystem sensitivity to droughts. 
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Progress toward satellite estimates of temperate/boreal forest site-index for 
DGVMs  

Neigh, Christopher S.R.* (1); Montesano, Paul M. (1,2); Sexton, Joseph O. (3); Feng, Min (3); 
Channan, Saurabh (3); Carvalhais, Nuno (4); Forkel, Matthias (5); Poulter, Benjamin (1)  
1: NASA Goddard Space Flight Center, Greenbelt, USA; 2: Science Systems Applications Inc., Lanham, USA; 3: University of 
Maryland, College Park, USA; 4: Max Planck Institute for Biogeochemistry, Jena, Germany; 5: Tu Wien, Vienna, Vienna, Austria  

We have studied the growth, disturbance and carbon storage of northern hemisphere forests to 
'improve understanding of... ’Arctic/Boreal terrestrial ecosystems that may be approaching a potential 
tipping point with regard to the release of stored carbon'.  At continental scales, climate change is 
altering vegetation productivity, dynamics and carbon (C) sequestration. These shifts are reflected in 
vegetation canopy structure (cover and height) that vary across the landscape. Currently a need exists 
to understand environmental constraints on canopy structure and to predict impacts of environmental 
change on vegetation cover and C-stock/flux. Dynamic Global Vegetation Models (DGVMs) studies 
thus far have found large increases in productivity and C-flux.  However, turnover rates in models 
remain a large source of divergence between them. Site Index (SI) is a parameter widely used in 
forestry to describe the potential height-growth of trees in a particular location or 'site.' SI knowledge 
will reduce uncertainty of live C turnover into soil C pools. We have successfully estimated SI within 
the Continental U.S. Next we will estimate rates of forest-canopy disturbance, growth, and C-flux 
throughout the circumboreal forest by pairing sub-meter resolution estimates of canopy height/cover 
and structure with a Landsat derived ~40 year time-series of biome-wide records of stand disturbance, 
age and environmental conditions.  These data will be integrated into a DGVM for initialization, 
optimization and benchmarking.  We will provide estimates of temperate forest SI with rates of carbon 
accumulation and discuss current boreal forest SI estimates to capture spatially explicit patterns of 
forest growth.  
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Spatiotemporal variation of CO2 flux in Southeast Asia estimated from 
CONTRAIL  

Niwa, Yosuke* (1); Sawa, Yousuke (1); Machida, Toshinobu (2); Matsueda, Hidekazu (1); 
Umezawa, Taku (2); Saigusa, Nobuko (2)  
1: Meteorological Research Institute, Japan; 2: National Institute for Environmental Studies, Japan  

The global carbon cycle changes in response to climate changes. However, our understanding of the 
mechanisms underlying those carbon cycle changes is still not enough and an earth system model 
with climate–carbon cycle feedback included has significant uncertainties in its global warming 
prediction. Observations of CO2 mole fractions in the atmosphere has revealed significantly large 
impacts of El Nino-Southern Oscillation (ENSO) on the carbon cycle. Anomalous climate events 
associated with ENSO, such as high/low temperatures, dry/wet conditions and fires, may induce CO2 
flux changes at the earth surface and consequently CO2 mole fraction changes in the atmosphere. In 
order to quantitatively estimate spatiotemporal variations of CO2 fluxes from atmospheric 
observations, one uses an inversion analysis, which employs an atmospheric transport model to link 
surface fluxes with atmospheric mole fractions. However, the sparseness of the global CO2 
observation network has limited the reliability of the flux inversion analysis, specifically for tropical 
areas, where surface fluxes seem to have significant sensitivities to ENSO. In recent years, an in-situ 
aircraft measurement project named CONTRAIL (Machida et al., 2008) has extended the global CO2 
observation network; especially, the extension to Southeast Asia is noteworthy. In 2015, the year of 
the biggest El Nino since 1997, a number of fire events in Southeast Asia were clearly captured by 
satellites, suggesting that significant amount of CO2 was released into the atmosphere. In this study, 
we have conducted an inversion analysis using an inversion system named NICAM-TM 4D-Var (Niwa 
et al., 2016, 2017) and estimated CO2 fluxes in Southeast Asia with a focus on changes related to the 
El Nino. 
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Mapping Fossil-Fuel Carbon Dioxide Emissions using Observations from 
Space  

Oda, Tomohiro* (1,2); Maksyutov, Shamil (3); Roman, Miguel (4); Lauvaux, Thomas (5); Ott, 
Lesley (1); Baker, David (6); Pawson, Steven (1)  
1: Global Modeling and Assimilation Office, NASA Goddard Space Flight Center, Greenbelt, USA; 2: Goddard Earth Sciences 
Technology and Research, Universities Space Research Association, Columbia, USA; 3: Center for Global Environmental 
Research, National Institute for Environmental Studies, Tsukuba, Japan; 4: Terrestrial Information Systems laboratory, NASA 
Goddard Space Flight Center, Greenbelt, USA; 5: Department of Meteorology and Atmospheric Science, Penn State University, 
State College, USA; 6: Cooperative Institution for Research in the Atmosphere, Colorado State University, Fort Collins, USA  

Carbon dioxide (CO2) emission from fossil-fuel combustion (FFCO2) is the largest input to the global 
atmospheric carbon loading over decadal time scales. Since FFCO2 is often used as a specified 
reference rather than being optimized in carbon budget analyses, such as atmospheric inversions, 
inaccuracies in the specified FFCO2 will propagate into resulting flux estimates. With recent advances 
in computational capabilities and the availability of dense CO2 data collected by satellites, models are 
being run at a higher spatial resolution. Thus, accurate, fine-scale distributions of FFCO2 are 
necessary, in order to avoid major biases in the simulations.  
We developed the Open-source Data Inventory for Anthropogenic CO2 (ODIAC) high-resolution 
FFCO2 model and emission dataset to prescribe in atmospheric inversions using satellite CO2 data. 
We introduced a novel, combined use of point-source profile and the satellite-observed night-time light 
(NTL) data to estimate sub-national spatial distributions of emissions at a 1x1 km resolution over land. 
The ODIAC data is based on national total emission estimates obtained from the Carbon Dioxide 
Information and Analysis Center (CDIAC). By extrapolating the CDIAC estimates for the recent few 
years, ODIAC can support the near-real time analyses with satellite data. 
We have examined the use of new NTL data collected by the Suomi-National Polar-orbiting 
Partnership (NPP)/Visible Infrared Imaging Radiometer Suite (VIIRS) instrument. The VIIRS NTL data 
introduces numerous improvements over the previous NTL data (e.g., no instrumental saturation, 
calibration, spatial and temporal resolution) and thus should allow us to keep track of the changes in 
source areas in a timey manner. We have also examined the combined use of remote sensing data 
and geospatial data, such as road network databases, to improve emission spatial distributions in and 
around cities. 
The FFCO2 estimates from different emission inventories/datasets often agree well at global and 
national levels. The spatial distributions of emissions at smaller spatial scales are however unique, 
specific to the emission disaggregation methods employed, and subject to uncertainty. The 
assessment of the uncertainty needs to be assessed. However, such uncertainty assessment is 
extremely challenging mainly due to the lack of physical measurements. We have made an attempt to 
assess the uncertainty associated with gridded FFCO2 inventories/datasets by using differences 
among emission distributions from existing gridded inventories as a proxy for the estimate of the 
disaggregation uncertainty. Additionally, we have included the FFCO2 uncertainty in a tracer transport 
simulation with NASA’s GEOS model, in order to translate the uncertainty estimates in emission 
magnitude to uncertainties in atmospheric CO2 concentrations.  
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Aircraft observations of XCO2 and XCH4 for evaluation of g-b FTS, GOSAT, and 
OCO-2 through comparison over TCCON site.  

Oh, Young-Suk*; Tae-Young, Goo  
National Institute of Meteorological Sciences (NIMS), Korea, Republic of (South Korea)  

Aircraft in-situ measurements of CO2 and CH4 conducted over Anmyeondo observation site (36.538 
N, 126.331 E, 30 m above sea level) during a period of 2012 to 2016 were compared with ground-
based high resolution Fourier Transform Spectrometers (g-b FTS), the Greenhouse gases Observing 
SATellite (GOSAT), and the Orbiting Carbon Observatory-2 (OCO-2). Data observed during ascent 
and descent of the aircraft are considered as vertical profiles. These aircraft measurements of vertical 
profiles were limited approximately in the altitude range between 0.4 to a maximum of 5 km so that 
some assumptions were applied for the construction of the profiles below 0.4 and above 5 km. XCO2 
and XCH4 were then computed from their vertical profiles. In addition, it was also assessed their 
uncertainties based on assumptions, and thus suggesting that the suitability of aircraft data for 
evaluation of remote sensing instruments. In order to make a comparison between them, the 
coincidence criteria for spatial is ±1 degree latitude and ±2 degrees longitude and for temporal 
difference is ±1 hour of the satellite observation overpass time were applied, whereas g-b FTS data 
are the mean values measured within ±30 minutes of aircraft observation time. In addition, the 
sensitivity differences of the instruments were taken into account. The g-b FTS and GOSAT 
measurements were compared against aircraft in-situ measurements and it was revealed that FTS 
data were biased low by 0.19 ± 0.42 % for XCO2 and 0.42 ± 0.63 % for XCH4 with respect to aircraft, 
while GOSAT data showed biases that are low by 0.23 ± 0.44 % for XCO2 and low by 0.32 ± 0.92 % 
for XCH4 with respect to aircraft. The OCO-2 retrieval of XCO2 was also compared with aircraft, and 
the bias was estimated to 0.56 ± 0.31 % lower with respect to aircraft. The overall comparison result 
gives the evidence that both g-b FTS and GOSAT showed better agreement with aircraft in-situ 
measurements than OCO-2. The observed mean differences could be explained by the combined 
errors of the instruments. Therefore, we confirmed the suitability of our aircraft data for evaluating 
other correlative datasets over the observation site so that we will keep on exerting further effort in 
examining the variability of those species at different timescales by taking more samples. 
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Closing the budget on uncertainty in atmospheric CO2 simulations using 
NASA’s GEOS modeling system  

Ott, Lesley* (1); Weir, Brad (2,1); Oda, Tomohiro (2,1); Collatz, George J. (1); Gregg, Watson (1); 
Rousseaux, Cecile (2,1); Pawson, Steven (1); Chatterjee, Abhishek (2,1); Kawa, Stephan R. (1); 
Poulter, Benjamin (1)  
1: NASA GSFC, United States of America; 2: USRA/GESTAR, United States of America  

Atmospheric CO2 observations hold the key to better understanding regional carbon dioxide fluxes 
and, ultimately, the processes governing them. However, attempts to use these observations in 
inverse models to directly optimize ‘bottom-up’ flux estimates have been limited by an inability to 
adequately quantify and represent uncertainty in atmospheric transport. Here, we report on novel 
techniques for disentangling uncertainty in transport from those in a priori flux distributions. The work 
uses the Goddard Earth Observing System (GEOS) modeling system, NASA’s primary modeling tool 
used to study contemporary weather and climate processes. The GEOS system has supported 
NASA’s Carbon Monitoring System (CMS), a project designed to facilitate the use of remote sensing 
observations to better understand carbon stocks and fluxes, since its inception in 2010. One major 
focus of CMS has been to characterize uncertainty in GEOS simulations of atmospheric 
concentrations and fluxes, with the goal of better constraining regional and global carbon budgets. 
Uncertainty in sub-grid transport due to convection and turbulent mixing within the planetary boundary 
layer has been estimated using ensembles of GEOS atmospheric general circulation model (AGCM) 
simulations constructed using perturbations to model physical parameters, while uncertainty due to 
advection by large-scale weather systems has been characterized using the difference in wind speed 
from three meteorological reanalyses. These estimates provide a new method for quantifying total 
transport uncertainty in the GEOS system as well as the contributions of different atmospheric 
transport processes.  Uncertainty in land, ocean, and fossil-fuel process models have also been 
estimated using ensemble-based techniques. Together, flux and transport uncertainty estimates have 
been calibrated using differences between simulated and observed CO2 at remote surface and 
ground-based remote sensing stations to ensure realism throughout the atmosphere. We also 
demonstrate two fundamental applications of GEOS uncertainty estimates: 1) when used to inform an 
atmospheric CO2 reanalysis, these more sophisticated uncertainty estimates improve comparisons 
with independent aircraft data, and 2) in a simple inversion framework, incorporating transport 
uncertainty into expected model-data mismatches influences the global distribution of carbon sources 
and sinks.  The dataset and uncertainty estimation techniques presented here can substantially 
improve upon the ability to represent transport uncertainty in inversion modeling frameworks, helping 
advance understanding of regional carbon budgets. 
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Anomalies in terrestrial carbon fluxes as derived from the Orbiting Carbon 
Observatory (OCO-2) in near-real time  

Patra, Prabir* (1); Crisp, David (2); Kaiser, Johannes (3); Wunch, Debra (4); Saeki, Tazu (1); 
Ichii, Kazuhito (1); Wennberg, Paul (5); Feist, Dietrich (6); Pollard, David (7); Griffith, David (8); 
Velazco, Voltaire (8); De Maziere, Martine (9); Sha, Mahesh Kumar (9); Roehl, Coleen (5); 
Chatterjee, Abhishek (10)  
1: JAMSTEC, Japan; 2: NASA/JPL, USA; 3: MPI, Mainz; 4: Univ. Toronto, Canada; 5: Caltech, USA; 6: MPI, Jena; 7: NIWA, 
New Zealand; 8: Univ. Wollongong; 9: BIRA, Belgium; 10: NASA/GSFC, USA  

To improve the time and spatial coverage of the atmospheric CO2 measurements, NASA launched the 
OCO-2 satellite in July 2014. OCO-2 has been routinely returning almost one million soundings each 
day over the sunlit hemisphere. We analyzed the column-averaged CO2 dry-air mole fraction (XCO2) 
observations collected between September 2014 and October 2016. We have also used the longer 
measurement records (2013-2016) from JAXA’s GOSAT, TCCON ground-based XCO2 and NOAA in 
situ CO2 measurements in the analysis. Global simulations using JAMSTEC’s atmospheric chemistry-
transport model (ACTM) are performed for three combinations of terrestrial and oceanic CO2 fluxes: 
CYC64, IAV84 and IAV84+GFAS, and a common field of emissions from fossil fuel consumption and 
cement production. All the satellite data are combined into 2.5o×2.5o grid boxes at monthly time 
intervals for further analysis. We show that the powerful El Niño event of 2015-2016 – the third most 
intense since the 1950s – has exerted a large impact on the Earth’s natural climate system. From the 
differences between satellite (OCO-2) observations and ACTM simulations, we estimate that the most 
recent El Niño has contributed to an excess CO2 emission from the Earth’s surface (land+ocean) to 
the atmosphere in the range of 2.4 ± 0.2 PgC (1 Pg = 1015 g) over the period July 2015 to June 2016, 
relative to the mean annual fluxes for 2013. The excess CO2 flux resulted primarily from reduction in 
vegetation uptake due to drought, and to a lesser degree from increased biomass burning. It is about 
the half of the CO2 flux anomaly (range: 4.4-6.7 PgC) estimated for the 1997/1998 El Niño. The annual 
total sink is estimated to be 3.9 ± 0.2 PgC for the assumed fossil fuel emission of 10.1 PgC. The OCO-
2 based CO2 flux anomaly of 2015-2016 El Niño is comparable to that is estimated from an empirical 
relation of CO2 flux anomaly and ENSO index trends (2.67-2.73 PgC; Patra et al., Tellus, 2005), but 
much higher than the global total anomaly of ~0.2 PgC for 2015 relative 2014 as estimated from 
remote sensing data products (GFED4.1s; van der Werf et al., 2010). The flux corrections based on 
OCO-2 measurements are validated using independent TCCON measurements, which suggest 
systematic reductions in TCCON-ACTM mismatches for the simulations using corrected fluxes 
compared to the a priori fluxes. A mean 1-s standard deviation of 0.7 ppm is achieved for 6 TCCON 
sites for the period of October 2014 to October 2016 using the corrected fluxes. The flux correction 
method is applicable to satellite observations with near global coverage to calculate global CO2 flux 
anomalies at near real-time when a suitable a priori model simulation of atmospheric-CO2 is available. 
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One year of airborne measurements of δ¹³C in CO₂ over the Amazon  

Peters, Wouter* (1); Domingues, Lucas (2); Correia, Caio (2); Crispim, Stéphane (2); Adnew, 
Getachew (3); Scheeren, Bert (4); Paul, Dipayan (4); Röckmann, Thomas (3); Meijer, Harro (4); 
Gloor, Emanuel (5); Miller, John (6); Gatti, Luciana (2)  
1: Wageningen University, The Netherlands; 2: INPE, CCST, Sao Jose dos Campos, Brazil; 3: Utrecht University, The 
Netherlands; 4: University of Groningen, The Netherlands; 5: University of Leeds, United Kingdom; 6: NOAA Earth System 
Research Laboratory, United States  

As part of an international collaboration coordinated from the LaGEE Greenhouse Gas Laboratory  at 
INPE, air samples are collected from vertical profiles flown by light aircraft over four locations in the 
Brazilian Amazon since 2010. Between 12 and 17 samples are collected from the surface to 4.5km, 
and up to two flights per month per site are performed. In each sample collected, the mole fractions of 
CO₂, CO, CH₄, SF6, and N₂O are measured with high precision, and calibrated against the 
international WMO standards. The Gatti-lab deploys a rigorous quality control to ensure long-term 
accuracy of these measurements. 
Partly supported by the Airborne Stable Isotopes of Carbon Dioxide from Amazonia (ASICA) project, 
we aim to additionally measure δ¹³C, δ18O, and Δ17O in CO₂ in the samples collected since mid-2016. 
The interest in these stable isotopes is sparked by the additional information about biosphere-
atmosphere exchange and drought impacts on gross carbon exchange that they can provide. 
Specifically, δ¹³C in CO₂ is gaining attention as an indicator for water-use efficiency of vegetation at 
large scales, while Δ17O in CO₂ is theoretically a powerful tracer for Gross Primary Production (GPP). 
To enable these stable isotopologue measurements, we undertook a number of activities in the past 
year. First, we designed and installed a custom cryogenic trapping system for CO₂ in the Gatti-lab, 
with which we can extract ~12 µmole of pure carbon dioxide from the ~800cc of air left after the mole 
fraction analyses. Since mid-2016, more than 500 of these samples have been secured in glass vials 
and shipped to the Netherlands for analysis. Secondly, we designed and tested a custom drying 
system for the “Programmable Flask Package” samplers used in the aircraft, capable of drying the 
12L/min inflow of air (with 2-4% absolute water vapor) using 3x12” tubes with each 200 strands of 
Nafion. This drying is necessary to prevent isotopic exchange of 17O and 18O in CO₂ with liquid water. 
Finally, during the summer of 2017 we will install an Aerodyne laser spectrometer in the LaGEE lab, to 
simultaneously measure δ¹³C, δ18O and Δ17O in CO₂ in the air samples, which circumvents the need 
to trap CO₂ and ship it to the Netherlands. 
We will present the details of this measurement effort and the activities described above, and show 
the results of our first year of δ¹³C measurements from the Amazon. 
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Multiple data stream assimilation in a Land Surface Model to improve regional 
to global simulated carbon budgets: synthesis and prospective with the 
ORCHIDEE model  

Peylin, Philippe* (1); MacBean, Natasha (2); Bacour, Cedric (3); Maignan, Fabienne (1); 
Bastrikov, Vladislav (1); Chevallier, Chevallier (1)  
1: LSCE, Gif sur Yvette, France; 2: University of Arizona, Tucson, USA; 3: Noveltis, Ramonville-Saint-Agne, France  

Predicting the fate of the ecosystem carbon stocks and their sensitivity to climate change and land use 
/ management changes strongly relies on our ability to accurately model net and gross carbon fluxes 
(i.e. photosynthesis and respiration). To this end, global process-based land surface models (LSMs) 
are crucial. However, the estimated carbon and water fluxes remain subject to large uncertainties, 
partly because of unknown or poorly calibrated parameters. Assimilation of in-situ and remote sensing 
ecosystem data and/or atmospheric trace gas concentrations to optimize the key model parameters 
and initial state has been investigated for more than a decade and appears as a promising way to 
reduce current uncertainties associated to regional carbon budget predictions. 
Using the ORCHIDEE LSM, the land surface component of the Institut Pierre Simon Laplace - Earth 
System Model (IPSL-ESM), we have investigated (Peylin et al., GMD, 2016) the benefit of assimilating 
with a Bayesian approach several data streams, namely FluxNet (net CO2 flux (NEE) and latent heat 
flux (LE)) data at more than 70 sites to constrain the hourly to seasonal time-scale processes, remote 
sensing of the vegetation activity (NDVI) to constrain the phenology and atmospheric CO2 
concentrations (through the use of the LMDz transport model) to provide overall large scale 
constraints on the land carbon sink. 
We will briefly review the main technical issues linked to variational optimization with complex 
process-based models (simultaneous vs step-wise data assimilation, local minima...) before 
investigating the impact of the optimization on key characteristics of the carbon cycle, e.g. the partition 
of the northern latitudes vs tropical land carbon sink, regional trends in the carbon fluxes. Results will 
be compared to more classical atmospheric flux inversion trying to highlight the pro and cons of 
correcting model parameters versus model fluxes to match observed CO2 concentration gradients. 
Finally we will briefly discuss and illustrate the potential of new observation types such as atmospheric 
COS concentration (a tracer of photosynthetic carbon exchanges) and Solar Induce Fluorescence 
from the vegetation (from GOME2 instrument) to constrain the gross carbon fluxes of the ORCHIDEE 
model. The complementarity in terms of information content between all data streams will be 
summarized. 
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Effects of Implementing Multiple Scales in a Global Climate Model on the 
Partitioning of Water in the Vegetation Canopy and Simulated Photosynthesis  

Phillips, Morgan C.*; Denning, Scott A.; Baker, Ian T.; Randall, Dave A.; Branson, Mark D.; 
Dazlich, Don A.; DeMott, Charlotte A.; Haynes, Katherine D.; Vertenstein, Mariana; Craig, 
Cheryl; Edwards, Jim  
Colorado State University, United States of America  

Many atmospheric processes, such as convective clouds and precipitation, occur at physical scales 
below that resolved by Global Climate Models with horizontal resolutions of several hundred 
kilometers. Directly simulating the three-dimensional atmosphere at scales of O[1] kilometer for the 
duration needed to obtain climate length simulations currently exceeds the resources typically 
available for research applications, and instead relies on coarse parameterizations that neglect the 
high degree of variability present at such small temporal and spatial scales. The advent of the Multi-
scale Modeling Framework, whereby parameterizations are replaced with highly idealized models 
discretized at the sub-climate model grid-scale, provides an opportunity to obtain explicit information 
from the sub-climate model scale while at the same time remaining computationally feasible for long 
running simulations. 
In this investigation the Community Earth System Model was modified to run in three unique 
configurations. The first of these is that of a typical global climate model, with a horizontal resolution of 
2 degrees where each coarse atmosphere grid-cell is directly coupled to a single land unit in a Single 
Atmosphere-Single Land configuration. A second configuration replaced the convective cloud 
parameterization in a 2-degree atmosphere grid-cell with a simplified, 2-dimensional, non-hydrostatic 
atmosphere models discretized at a cloud-permitting scale of 4 kilometers. This configuration 
communicated to a single land unit beneath it by spatially averaging the flux of mass and energy from 
the bottom of the cloud-permitting model in a multiple atmosphere-multiple surface configuration. The 
third configuration directly coupled each column from the cloud-permitting model to a unique land unit, 
allowing for the land and atmosphere to interact at the 4-kilometer scale. The three configurations 
were then integrated using prescribed monthly mean sea-surface temperatures from observations for 
the years 1979-2006. 
Results from the simulations show a geographic shift in precipitation away from land to the ocean, as 
well as reducing simulated photosynthesis in the models using a multi-scale atmosphere. When the 
multi-scale atmosphere was allowed to directly interact with the land at the 4-kilometer scale the 
character of precipitation was found to shift towards more intense, but shorter-lived precipitation 
events that resulted in a substantial change to the fate of water in the vegetation canopy. Additional 
reduction in photosynthesis also occurred in the case of the multiple atmosphere-multiple surface 
simulation as compared to both of the other model configurations. 
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The URban Greenhouse gas Emissions assessment through inverse modeling 
(URGE) project: a pilot study in the Oslo area  

Pisso, Ignacio*; Lopez Aparicio, Susana; Schneider, Philipp; Schmidbauer, Norbert; Vogt, 
Matthias  
Norwegian Institute for Aire Research (NILU), Kjeller, Norway  

Norway has set the target of cutting greenhouse gas (GHG) emissions by at least 40% compared to 
1990 levels by 2030. This goal will require the implementation of policy measures aiming at strong 
reductions of GHGs emissions, especially in the urban environment. The implementation of urban 
policy measures is still a challenging task and it requires control and verification for success. The 
URGE project aims at assessing the emission flux of GHGs including comprehensive uncertainty 
estimates based on inverse transport modelling techniques and optimized use of measurements. The 
final goal is to establish a coherent and consistent GHG urban emission inventory. This will be carried 
out in a case study in Oslo (Norway), where CO2 will be the priority compound. The overall outcome of 
the project will provide support in the development of strategies to effectively reduce GHG emissions 
in the urban environment. The overall goal will be reached through the following activities: establish 
the baseline urban CO2 emission inventory for Oslo; determine the optimal measurement locations 
based on transport modelling (flexpart-wrf); design and carry out a pilot measurement campaign of the 
CO2-rich air downwind of the city plume combining state-of-the-art instruments (Picarro) and small 
sensors; assess the feasibility of determining the background concentration surrounding the city with 
satellite measurements (OCO2); and provide optimised estimates of the emissions and their 
uncertainties via inverse modelling (source-receptor relationship). We will present the overall project 
and the preliminary results of the network design.  
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Advancing Environmental Science Through Data Sharing  

Plattner, Gian-Kasper* (1); Steffen, Konrad (1,2,3)  
1: Swiss Federal Research Institute WSL, Switzerland; 2: ETH Zurich, Switzerland; 3: EPF Lausanne, Switzerland  

The amount and quality of environmental data is rapidly increasing worldwide. This opens 
unprecedented opportunities for advancing environmental science by bringing together scientist from 
different disciplines and fostering new national and international collaborations through the distribution 
and sharing of data. Data sets from long-term environmental monitoring and research are particularly 
valuable to work towards an integrated view of the Earth System. 

Managed, simple and efficient access to data sets and meta data would represent a true innovation 
and reflect a change in culture in many scientific fields. In Switzerland, for example, centralized, 
managed access to environmental data sets is missing despite plans to largely move towards open 
data in the mid- to long-term. Currently, however, even a catalogue of existing environmental 
databases or research data sets is not readily available to interested researchers and would require 
significant efforts to be produced. Across Europe, only a few large institutions provide their data in its 
entirety to the international research community. Research institutions worldwide have therefore the 
opportunity to contribute substantially to improving data access across disciplines and thereby 
enabling improved scientific understanding. 
The Swiss Federal Research Institute WSL has a long tradition in data collection, in particular in the 
areas of forest and forest ecosystem research but also extending into other fields such as, e.g., snow 
and natural hazards research. Data sets collected by WSL researchers include time series and spatial 
samplings spanning over 100 years. WSL operates a comprehensive network for environmental 
research that includes more than six thousand monitoring or observation sites for studying the 
terrestrial environment, including the terrestrial carbon cycle and its changes in a changing climate. 
WSL successfully operates web- and data-portals and has extensive experience in the management 
and curation of data from long-term monitoring and other research activities. We will present how WSL 
addresses the growing challenges related to data sharing and access to its environmental monitoring 
and research data to the community through an efficient, unified and managed access portal. The 
Environmental Data Portal EnviDat has been designed as a tool to publish, connect and search 
existing data but is not intended to become a large data centre itself. The sharing of data is centrally 
facilitated, the responsibility however remains with the experts and data originators. Ultimately, 
EnviDat and other similar initiatives aim at enhancing the quality of research and advancing 
environmental science through the sharing of unique and highly-valuable data sets and the fostering of 
new collaborations worldwide. 
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Complementarity of the information provided by in situ and column 
measurements of carbon dioxide in flux inversion analyses  

Polavarapu, Saroja* (1,2); Deng, Feng (2); Byrne, Brendan (2); Jones, Dylan B. A. (2); Neish, 
Michael (1)  
1: Environment and Climate Change Canada, Toronto, Canada; 2: University of Toronto, Dept. of Physics, Canada  

Satellite measurements of total column CO2 from the Greenhouse Gases Observing Satellite 
(GOSAT) and the Orbiting Carbon Observatory-2 (OCO-2) are relatively new additions to the global 
observing system.  Due to their enhanced spatial resolution compared with the ground-based network, 
they raise the prospect of retrieving fluxes on regional scales.  However, with the promise come new 
challenges.  Observations affected by clouds are filtered creating a clear sky bias due to the under 
sampling of convective and frontal conditions and the seasonal variation of latitudinal coverage 
creates a spatial sampling bias.  In addition, a transport model is needed to supplement the vertical 
structure lacking in the column measurement and to devolve the various time scales reflected in CO2 
at different vertical levels in the column.  Thus, the assimilation or flux inversion of satellite 
measurements requires a model with a good ability to depict the mid and upper troposphere as well as 
the near surface flow.  In this work we assess a model’s ability to vertically propagate the flux signal 
retrieved from GOSAT-based inversions and compare it to those based on in situ measurements.  The 
accuracy of CO2 distributions is assessed through comparison to independent measurements from the 
Total Carbon Column Observing Network (TCCON) and the HIAPER Pole-to-Pole Observations 
(HIPPO) aircraft campaign.  Despite the uniform vertical sensitivity of GOSAT data, in situ data are 
found to inform the mid to upper tropospheric zonal mean CO2 field better than GOSAT data 
does.  Although model transport error is a significant problem on regional scales, on the largest scales 
it is less of an issue.  The accurate in situ data combined with model transport provide a constant 
injection of information in the northern midlatitudes, which is transported southward informing the 
tropical upper troposphere.  The seasonal variation of global CO2 differs considerably between 
posterior distributions obtained with the two observing systems suggesting that caution is needed 
when using satellite column measurements to quantify temporal variation of the global CO2 budget on 
seasonal timescales.  On the other hand, the GOSAT data are potentially able to extract more 
meridional information within a zonal band compared to in situ data in the lower troposphere, 
particularly in the northern hemisphere in summer, and in the tropics throughout the year.  Thus, the 
ground-based network of CO2 observations is needed to improve model depictions of CO2 throughout 
the column and to constrain the global budget, while satellite-based column measurements can 
supplement flux estimates with information on regional scales. 
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Enabling teleconnection-based seasonal forecasts of global terrestrial carbon 
cycle dynamics  

Poulter, Ben* (1); Ballantyne, Ashley (2); Bastos, Ana (3); Calle, Leo (4); Chatterjee, Abhishek 
(1); Canadell, Pep (5); Ciais, Philippe (3); Frank, David (6); Ott, Lesley (1); Pillet, Michiel (6); 
Sitch, Stephen (7)  
1: NASA GSFC, United States of America; 2: University of Montana, United States of America; 3: LSCE, France; 4: Montana 
State University, United States of America; 5: CSIRO, Australia; 6: University of Arizona, United States of America; 7: University 
of Exeter  

Over the past fifty years, the net exchange of atmospheric carbon dioxide between the biosphere and 
atmosphere has been roughly proportional to the increase in fossil fuel emissions. Referred to as the 
‘airborne fraction’, (AF), or the ratio of the atmospheric CO2 growth rate to total anthropogenic 
emissions, the stability of the AF index implies that the combined land and ocean carbon uptake has 
increased significantly by 2-3 Gt C yr-1 since 1960. However, the airborne fraction lacks a predictive 
framework partly because of its high interannual variability, which is driven by complex interactions 
including the response of terrestrial ecosystem processes to climate extremes either directly via 
enhanced gross primary production, or indirectly by more severe fires, for example. Climatic 
teleconnections, such as the El Nino Southern Oscillation Index (ENSO) have previously been 
associated with various carbon uptake anomalies, but opportunities remain to empirically model 
interactions between teleconnections, accounting for temporal lags and spatial patterns, and using 
teleconnections to make seasonal forecasts of net carbon uptake. Here, we parameterize an empirical 
model of net carbon uptake using climatic teleconnections fitted with data from the TRENDY dynamic 
global vegetation model ensemble providing fluxes of net ecosystem exchange. The empirical model 
accounts for uncertainties and interactions between teleconnections and their temporal lags on a per-
pixel basis for the past 40 years. Seasonal climate forecasts (one to seven month lead time) from the 
NASA Global Modeling and Assimilation Office Goddard Earth Observing System Model are used to 
forecast teleconnection phases, which are then used to predict net carbon uptake. The model is 
applied to explain recent terrestrial carbon uptake anomalies that occurred in 2011, 2014, and 2016, 
and is used to forecast the 2017 terrestrial land sink. Integrating process-based approaches and 
climatic teleconnections within empirical models can potentially allow for rapid assessment and 
interpretation of historical carbon uptake anomalies and to forecast seasonal anomalies to test our 
predictive capability of how the biosphere responds to global climate dynamics. 
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Coupling of Large Eddy Simulations with Mesoscale Meteorological Models to 
simulate the Aliso Canyon Natural Gas Leak Incident  

Prasad, Kuldeep* (1); Thorpe, Andrew (2); Duren, Riley (2); Thompson, David (2); Kuai, Elva (2); 
Ghosh, Subhomoy (1); Lopez-Coto, Israel (1); Karion, Anna (1); Mueller, Kimberley (1); 
Whetstone, James (1)  
1: NIST, United States of America; 2: Jet Propulsion Lab, United States of America  

The U.S. National Institute of Standards and Technology (NIST) supports the development and 
demonstration of measurement capabilities to accurately locate greenhouse gas sources and measure 
their flux to the atmosphere over urban and regional domains.   However, uncertainties in the transport 
models fundamental to atmospheric observation approaches significantly affect source attribution and 
flux quantification uncertainty. Reducing uncertainties between determination methods may be 
facilitated by high resolution transport models in urban domains. 
Atmospheric transport is usually performed with weather models, e.g., the Weather Research and 
Forecasting (WRF) model that employs a parameterized turbulence model and does not resolve the 
fine scale dynamics generated by the flow around buildings and features comprising a large city. The 
NIST Fire Dynamics Simulator (FDS) is a computational fluid dynamics model that utilizes large eddy 
simulation methods to model flow around buildings at length scales much smaller than is practical with 
models like WRF. FDS has the potential to evaluate the impact of complex urban topography on near-
field dispersion and mixing that is difficult to simulate with a mesoscale atmospheric model. 
A methodology has been developed to couple the FDS model with WRF mesoscale transport models. 
The coupling is based on nudging the FDS flow field towards that computed by WRF, and is currently 
limited to one way coupling performed in an off-line mode. This approach allows the FDS model to 
operate as a sub-grid scale model with in a WRF simulation.  To test and validate the coupled FDS – 
WRF model, the methane leak from the Aliso Canyon underground storage facility was simulated. 
Large eddy simulations were performed over the complex topography surrounding the Aliso Canyon 
leak (north of Los Angeles, CA) at horizontal and vertical resolution of 10 m. The goal of these 
simulations was to improve and validate transport models, test leak hypothesis, and to estimate the 
amount of methane released during the accident. Forward simulation results were compared with 
aircraft and tower based in-situ measurements as well as data from NASA airborne imaging 
spectrometers. Comparison of simulation results with measurement data demonstrate the capability of 
the coupled FDS-WRF models to accurately simulate the transport and dispersion of methane plumes 
over urban domains. Simulated integrated methane enhancements will be presented and compared 
with spectrometer data to estimate the temporally evolving methane flux during the incident. 
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Multi-instrument campaign to improve the characterization of the vertical 
distribution of greenhouse gases at Traînou site in central France  

Ramonet, Michel* (1); Crevoisier, Cyril (2); Lett, Céline (1); Danis, François (2); Membrive, 
Olivier (2); Warneke, Thorsten (3); Té, Yao (4); Langerock, Bavo (5); Agusti-Panareda, Anna (6); 
Massard, Sébastien (6); Thouret, Valérie (7); Delmotte, Marc (1); Laurent, Olivier (1); Marais, 
Joyce (1); Combaz, Delphine (1); Jossoud, Olivier (1); Llido, Olivier (1); Bréon, Francois Marie 
(1); Rivier, Léonard (1); Eskes, Henk (8); Ciais, Philippe (1)  
1: Laboratoire des Sciences du Climat et de l'Environnement, LSCE/IPSL, CEA-CNRS-UVSQ, Université Paris Saclay, Gif sur 
Yvette, France; 2: Laboratoire de Météorologie Dynamique / IPSL, CNRS, Ecole polytechnique, Université Paris-Saclay, 
Palaiseau, France; 3: Institute of Environmental Physics, University of Bremen, Germany; 4: LERMA, CNRS-ENS-OP-UCP-
UPMC, UMR 8112, Paris, France; 5: Belgian Institute for Space Aeronomy, BIRA-IASB, Brussels, Belgium; 6: European Centre 
for Medium-Range Weather Forecasts, Reading, UK; 7: Laboratoire d’Aérologie, UMR 5560, Université Paul Sabatier, 
Toulouse, France; 8: KNMI, Climate research, De Bilt, Netherlands  

In order to improve our knowledge on the carbon cycle and better quantify sources and sinks at 
various scales, we need to develop ambitious observation strategies that are able to capture both the 
horizontal and vertical distribution of atmospheric greenhouse gases (GHGs), namely carbon dioxide 
(CO2), methane (CH4). The last decade has seen an increase in greenhouse gas observations: either 
from surface sites (ICOS, NOAA, AGAGE…), or from airborne mobile platforms (IAGOS, 
CONTRAIL…) and space based remote sensing (GOSAT, OCO-2, IASI/Metop). In order to link these 
different observations we will need both a robust atmospheric transport model and high precision 
reference measurements covering the surface, troposphere and stratosphere domains. To address 
this need, recent development of balloon based instruments such as AirCores make it possible to 
measure GHGs vertical profiles up to 30 km for moderate costs and logistics. These innovative 
systems allow passive sampling of ambient air in a long tubing while descending from high altitude. 
Analysis of trace gas mixing ratios in the sampled air provides information on the vertical distribution of 
these trace gases from the surface up 30 km. Initially invented at NOAA, different versions of this 
instrument have been developed in several research institutes. Since October 2016, LSCE and LMD 
have initiated greenhouse gas observation campaigns in central France at Traînou ICOS station. 
During the intensive campaigns the aim is to combine surface, airborne, balloon-based and remote 
sensing measurements of CO2 and CH4 mole fractions. Lightweight AirCores specifically designed for 
weather balloons have been flown successfully. In parallel, a CRDS analyzer was fitted into an 
airplane flying between 100 m and 3 km above the tall tower. Additionally, at the ground level, the 
Traînou high tower is the only site in Europe where both ICOS and TCCON networks are operated 
making it ideal to benefit from numerous surface observations as well as total column measurements. 
In addition to the Traînou tower which will be the main focus of our campaign, we will try to benefit 
from the ICOS station located at Saclay (100km from Traînou) and TCCON instrument located at 
Jussieu, about 100 km North of Traînou. With this combination we will be in a unique position of 
analyzing both vertical and regional variability. We will present the dataset acquired from these 
campaigns that merge observations from surface, aircraft, and balloon measurements. Hopefully 
some observations made by satellites overpasses from OCO-2, GOSAT or IASI/MetOp will also be 
available for comparisons allowing to investigate the merits of the dataset gathered to characterize the 
vertical distribution of CO2 and CH4 at Traînou site with a particular focus on validation strategies for 
both satellite greenhouse gas measurements and atmospheric transport model. 
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GOSAT observations in global carbon cyle  

Saito, Makoto*; Yoshida, Yukio; Noda, Hibiki; Kamei, Akihide  
NIES, Japan  

Greenhouse gases Observing SATellite (GOSAT) has been monitoring atmospheric column carbon 
dioxide (XCO2) and methane (XCH4) concentrations from space since its launch in January 2009. The 
primary goal of GOSAT project is to successfully estimate global carbon budgets on subcontinental 
scales using spatiotemporal distributions of XCO2 and XCH4. GOSAT observations have provided the 
basis for assessments of the values of space-based measurements of CO2 and CH4 concentrations. 
This work summarizes the benefit of GOSAT observations in the study of global carbon cycle based 
on previous studies using GOSAT observations, together with limitations due to data coverage and 
density. Moreover, we will introduce preliminary hearing results of scientific requirements to near 
future missions of greenhouse gases satellite observations. 
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CO2 vertical profiles in the troposphere observed by GOSAT/TANSO-FTS 
thermal infrared (TIR)  

Saitoh, Naoko* (1); Kosaka, Shingo (1); Yamada, Akinori (1); Imasu, Ryoichi (2); Shiomi, Kei (3); 
Kuze, Akihiko (3); Niwa, Yosuke (4); Machida, Toshinobu (5); Sawa, Yousuke (4); Matsueda, 
Hidekazu (4)  
1: Center for Environmental Remote Sensing, Chiba University, Japan; 2: Atmosphere and Ocean Research Institute, The 
University of Tokyo, Japan; 3: Japan Aerospace Exploration Agency, Japan; 4: Meteorological Research Institute, Japan; 5: 
National Institute for Environmental Studies, Japan  

The Greenhouse Gases Observing Satellite (GOSAT) has continued CO2 observations for almost 8 
years since its launch. The Thermal and Near Infrared Sensor for Carbon Observation (TANSO)–
Fourier Transform Spectrometer (FTS) on board the GOSAT consists of three bands in the short-wave 
infrared region and one band in the thermal infrared (TIR) region. From the TANSO-FTS TIR band, we 
have retrieved CO2 concentrations in 28 vertical grid layers, and released them as the TIR version 1 
(V1) Level 2 (L2) CO2 product (Saitoh et al., 2016). 
We have evaluated biases in the TIR V1 L2 CO2 data based on comparisons with data from the 
Continuous CO2 Measuring Equipment (CME) in the Comprehensive Observation Network for TRace 
gases by AIrLiner (CONTRAIL) project (Machida et al., 2008) in the upper troposphere and lower 
stratosphere (UTLS), the middle troposphere (MT), and the lower troposphere (LT) from 2010 to 2012. 
Here, we used the CME data obtained during the level flights over a wide area and the ascent and 
descent flights over several airports for the comparisons in the UTLS region and the ML and LT 
regions, respectively. Furthermore, we have performed global comparisons between TIR CO2 data 
and CO2 data simulated by the Nonhydrostatic ICosahedral Atmospheric Model (NICAM)-based 
transport model (TM) (Niwa et al., 2011) to confirm the validity of the bias assessment over the 
airports. The comparison results in the UTLS region showed that TIR CO2 data had larger negative 
biases in spring and summer (>2 ppm) than in fall and winter in the northern low and middle latitudes, 
and the biases became larger over time because they were constrained by a priori data with relatively 
low growth rates. However, TIR UT CO2 data displayed seasonal variations that were more similar to 
the CME data than to the a priori data. The amplitudes of the seasonal variations were comparable, 
except at the northern middle latitudes. In the ML and LT regions, TIR CO2 data had negative biases 
against CME CO2 data in the latitude range of 40°S–60°N in all seasons; the largest negative biases 
occurred in retrieval layers 5−6 (541−398 hPa), which is probably caused by using spectra at 10-μm 
CO2 absorption band in conjunction with 15-μm and 9-μm absorption bands in the V1 retrieval 
algorithm. Differences in CO2 concentrations between TIR and NICAM-TM data became closer to zero 
on average after applying the bias-correction values to the TIR CO2 data, which demonstrates that the 
bias-correction values evaluated in limited areas over airports can be applicable to TIR CO2 data in 
entire areas of 40°S–60°N other than the airport locations. This information should be useful for 
scientific analysis such as vertical transport of CO2 emitted from the surface. 
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A global dataset of forest biomass for the year 2010 obtained from multiple 
remote sensing observations: evidences, strengths and limitations  
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Existing estimates of forest above ground biomass (AGB) are highly debated because of the large 
difference between published values from in situ and remote sensing observations (Avitabile et al., 
2016). Remote sensing observations from space have the advantage of providing a synoptic view of 
forest biophysical properties globally; however, none is directly related to forest biomass.  Still, by 
optimally exploiting the information content of the observations available in remote sensing archives, it 
is believed that the knowledge of the spatial distribution of forest biomass can be improved given that 
published estimates have mostly been based on a handful of the observations available. Accordingly, 
it is believed that the use of physically based models relating observations to the forest variable most 
correlated with these can provide more robust estimates.  In this respect, we have developed an 
approach to estimate forest growing stock volume (GSV) and AGB, and thereof carbon stocks, 
combining SAR, LiDAR and optical observations together with auxiliary datasets from forest 
inventories, additional remote sensing observations, climatological variables and ecosystems 
classifications for around the year 2010. The spatially explicit dataset of forest aboveground biomass 
and carbon stocks is the first of its kind that has been obtained with a single retrieval approach, tuned 
locally to account for the spatial variability of forest structure (Santoro et al., 2015; Thurner 2014). 
Here, we present current results from our investigations on the reliability of the biomass estimates and 
compare with existing datasets and estimates.  This work is undertaken within ESA’s GlobBiomass 
project. The spatial distribution of biomass appears to be well captured, with the largest values in 
tropical forests and in temperate forests of the Pacific Northwest, Chile and South Australia. Carbon 
stocks of the northern hemisphere are in line with existing observations from on ground surveys. In the 
tropics, regional averages of the estimates appear to be in agreement with values based on forest field 
inventory observations. Only for Southeast Asia we are currently estimating less biomass. More 
detailed validation at multiple scales (from plot level to regional averages) to be undertaken during this 
year shall support preliminary interpretation of the estimation. At the conference, the current status of 
the investigations will be presented with particular emphasis on the strengths and weaknesses of this 
new dataset of forest biomass.   
References: Avitabile, V. et al,  (2016), An integrated pan-tropical biomass map using multiple 
reference datasets. Glob Change Biol, 22: 1406–1420., Santoro M. et al. (2015), Forest growing stock 
volume of the northern hemisphere: Spatially explicit estimates for 2010 derived from Envisat ASAR. 
Remote Sensing of Environment 168: 316-334., Thurner, M. et al. (2014), Carbon stock and density of 
northern boreal and temperate forests. Global Ecology and Biogeography, 23: 297–310. 
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Four years of continuous CO2/CH4/CO meaurements (2012-2016) at the 
Beromünster tall tower station in Switzerland  
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Tall tower measurements of greenhouse gases can provide important information about diurnal and 
synoptic variability as well as seasonal and multi-annual trends. Due to their large footprint, tall-tower 
measurements are representative for a comparatively large region such that a network of such sites 
can be used to constrain greenhouse gas budgets from regional to continental scales. 
In Switzerland, the CarboCount CH project (2012-2015), established a network of greenhouse gas 
measurement sites in order to estimate greenhouse gas fluxes on the country scale. An important 
component of this network is the Beromünster tower (47° 11′ 23″ N, 8° 10’ 32″ E, 217 m tall, base at 
797 m a.s.l.) that is located on the Swiss plateau between the Alps in the south and the Jura 
mountains in the northwest. Since November 2012 the mixing ratios of CO2, CH4 and CO have been 
measured with a cavity ring down spectroscopy (CRDS) analyzer (Picarro G2401) from five sampling 
lines with inlets at 12.5, 44.6, 71.5, 131.6 and 212.5 m above ground level. Moreover, since April 2016 
a LICOR 7000 instrument has measured the CO2 mixing ratios at the highest sampling line with high 
frequency alongside with 3D turbulence measurements in order to establish the turbulent CO2 flux at 
the top of the tower and further constrain the local carbon budget. 
Here we extend the discussion of the previously published dataset, and present four years (December 
2012-December 2016) of continuous measurements of CO2, CH4 and CO. We investigate the 
seasonal and diurnal variations, the development of the vertical gradients, their resulting flux 
estimates, and draw inferences about the correlations between different species. This multi-species, 
multi-level observation based study aims at discussing typical variability patterns of the different 
species at the Beromünster site in order to investigate influences of sinks and sources of local and 
regional origin. 
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Observing carbon cycle climate feedbacks from space  
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Carbon cycle climate feedbacks remain one of the most uncertain and complex aspects of the Earth 
System.  Considerable theory exists, but in situ observations are sparse and using them to test 
alternative hypotheses and to quantify the strength of feedbacks has proved challenging.  Satellite 
observations of XCO2 provide greater coverage spatially, particularly in some crucial but 
undersampled regions and have the potential to complement more accurate in situ CO2 and more 
process-relevant local flux observations.  We report early analyses of OCO-2 and GOSAT data 
showing evidence for satellite constraints on both positive and negative feedback mechanisms in the 
carbon-climate system.  Satellite CO2, by providing greater resolution on land in over the oceans, in 
the tropics, allows linking both growth, and drought-related emissions from ecosystems to be better 
quantified, allows better linkage of fluxes to mechanisms of disturbance and CO2 fertilization, and 
provides a new and complementary constraint to others currently used.  We show that the tropical 
continents differ in their responses and explore why they may differ, based on their prior disturbance, 
soil and functional diversity. Extratropical feedbacks may also now be becoming evident in 
observations, and we discuss the role of satellite CO2 in constraining positive and negative feedbcks to 
climate in the extratropics. 
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Constraining terrestrial carbon fluxes by simultaneously assimilating 
observations of surface soil moisture and atmospheric CO2 concentration into 
a model of the global terrestrial biosphere  

Scholze, Marko* (1); Kaminski, Thomas (2); Knorr, Wolfgang (1); Vossbeck, Michael (2); 
Blessing, Simon (3); Grant, Jennifer (1); Scipal, Klaus (4)  
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CO2 is the most important anthropogenic greenhouse gas contributing to about half of the 
total anthropogenic change in the Earth's radiation budget. About half of the anthropogenic 
CO2 emissions stay in the atmosphere, the remainder is taken up by land and oceans. In the context 
of climate change it is of paramount importance to understand CO2 sources and sinks and 
their spatio-temporal distribution. This information is needed to improve the projections of future 
trends in carbon sinks and sources, and thus the potential magnitude of climate change. In the 
present study we employ a Carbon Cycle Data Assimilation System to assimilate atmospheric CO2 
flask samples with and without surface soil moisture as derived by the SMOS mission over two 
years into a process-based model of the terrestrial carbon cycle to constrain land surface CO 
exchange fluxes. We find that the assimilation of SMOS data improves the agreement with 
independent soil moisture data from ASCAT. Also the validation against in situ data provided by 
Fluxnet shows considerable improvement when SMOS data is assimilated jointly with CO2, compared 
to assimilating CO2 only. In both cases the assimilation also improves the fit of modelled 
atmospheric CO2 to the observations at flask sampling sites, which have not been used in the 
assimilation. Reduction of uncertainty relative to the prior is generally high for both regional NEP and 
NPP and considerably higher than for assimilating CO2 only, which quantifies the added value of 
SMOS observations as a constraint on the terrestrial carbon cycle. The study demonstrates the 
high potential of a CCDAS employing multiple, independent data streams for rigorously constraining 
the terrestrial carbon fluxes. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 230 of 463 

   

Poster Presentation  
Theme 1.2: The Contemporary Carbon Cycle - Emerging Approaches and Novel Observation Techniques  
Keywords: FRM4GHG, TCCON, Sentinel-5 P, OCO-2, validation  

Measurement of greenhouse gases from novel ground-based remote sensing 
instrumentations during the FRM4GHG campaign at the Sodankylä TCCON site  
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Ground-based infrared remote sensing greenhouse gas (GHG) observations are extensively used for 
the validation of GHG measurements from satellites like SCIAMACHY, GOSAT and OCO-2, as well as 
for model studies. The current standard network providing reference ground-based total column GHG 
data for satellite and model validation is the Total Carbon Column Observing Network (TCCON). 
TCCON is a network of about 23 stations distributed globally and measuring precise and accurate 
(scaled to WMO standards) total column abundances of GHGs using a Fourier-transform infrared 
solar absorption spectrometer of the type Bruker IFS 125HR. However, TCCON has shown some 
deficiencies in terms of the gaps in the coverage, especially in remote locations, locations with 
high/low albedo. Furthermore, setting up a TCCON station is very expensive, requires special 
operational conditions with trained personnel for operation and maintenance, and it is not easy to 
move the station to a new location. This makes it very costly if further expansion of the network is 
desired. 
Presently, several new portable, low cost, easy to operate and maintain spectrometers have been 
developed that have the potential to eliminate those deficiencies and complement the TCCON 
network. However, the performances of these instruments have not been fully characterized. The 
ongoing ESA funded campaign “Fiducial Reference Measurements for Ground-Based Infrared 
Greenhouse Gas Observations (FRM4GHG)” at the Sodankylä TCCON site aims at characterizing 
several of these low cost portable spectrometers performing TCCON type measurements 
simultaneously under different atmospheric conditions in comparison with a TCCON instrument. In 
addition, regular AirCore launches will also be performed from that site and will provide in-situ 
reference profiles of the target gases, which will be useful to verify the instruments calibration. 
The FRM4GHG campaign organized between March – October 2017 will provide significant dataset of 
CO2, CH4 and CO measurements which can be used for validation purpose during the Sentinel-5 
Precursor (S5P) commissioning phase, as well as by other satellites and models validation teams. 
Furthermore, it will also provide a comparative characterization of the participating instruments with 
respect to the standard TCCON in terms of the precision, accuracy, stability, portability and ease of 
deployment, cost factor, etc. The outcome of the campaign will then be a guideline for the further 
development of new observation sites to complement the TCCON network and better support for the 
validation of the existing and future satellite missions and models. This talk will focus on the objectives 
of the campaign and the first results of the measurements performed since the start of the campaign in 
March 2017. 
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Monitoring the variability of the surface marine carbonate system from space  
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Each year about a third of anthropogenic carbon dioxide emissions are taken up, or absorbed, by the 
global oceans. This oceanic uptake of carbon dioxide leads to a change in marine carbonate 
chemistry resulting in a decrease of seawater pH and carbonate ion concentration, a situation that is 
commonly called ‘Ocean Acidification’. 
The international community through the Global Ocean Acidification Observing Network (GOA-ON) 
has highlighted the need to utilise space-based observations for supporting and furthering Ocean 
Acidification research and monitoring.  Space based satellite Earth observation remote sensing has 
yet to be fully exploited, and could play an important role through providing synoptic scale, 
reproducible and well-calibrated measurements for investigating and monitoring processes on global 
scales. 
Our previous work (Land et al., 2015) highlighted the advancement in salinity retrievals from space 
and identified their potential for enabling the study of ocean acidification from space. 
However, until now, no quantitative analysis to evaluate this potential has been forthcoming. We will 
present the results of the first such quantitative analysis. It confirms that satellite Earth observation 
can indeed be used to accurately study the complete surface marine carbonate system, and in some 
regions the approach actually outperforms in-situ-driven methods. These methods allow the synoptic 
scale variability of the surface marine carbonate system to be monitored and studied.  We will also 
demonstrate the potential for using these satellite-derived observations to evaluate Earth System 
Models, such as those used within the Intergovernmental Panel on Climate Change (IPCC) 
assessments.  
References 
Land PE, Shutler JD, Findlay H, Girard-Ardhuin F, Sabia R, Reul N, Piolle J, Chapron B, Quilfen Y, 
Salisbury JE, et al (2015). Salinity from space unlocks satellite-based assessment of ocean 
acidification. Environmental Science & Technology, 49 (4), 1987–1994. 
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Carbon budget of Russian forests in 21st century  
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The presentation considers a spatially and temporally explicit carbon budget of Russian forests for 
2000-2015 using the system methodology developed by the International Institute for Applied Systems 
Analysis (IIASA). The background calculations have been done by the landscape-ecosystem 
approach based on a Land Information System of the country. The results present a reanalysis of 
previous estimates for individual years of the above period combined in an unified system by using 
modified regional models and new sources of information, including 1) a new land cover of Russia at a 
spatial resolution of 150 m; 2) updated information on forest inventory data for 1998-2015; 3) clarified 
regional  models and parameters for assessment of live biomass, Net Primary Production, 
Heterotrophic Soil Respiration, fluxes due to disturbances, 4) new remote sensing products (e.g., 
GOSAT Level 4 products); some others. It is shown that during the considered period Russian forests 
served as a net carbon sink in a range of 450-650 Tg C yr-1 with a statistically significant trend of 
decreasing  due to 1) loss of the forest cover area at 45 Mio ha in forests managed by the state forest 
authority; 2) acceleration of natural disturbances (fire, outbreaks of insects); 3) impact of critical 
climatic conditions on productivity and mortality of forest ecosystems over large regions; and 4) 
deterioration of forest management in the country. Published results on carbon cycling of Russian 
forests that were received by independent methods for individual years and periods (eddy covariance, 
process-based models, stock-based method) were used for comparison and mutual constraints of the 
major intermediate and final results. It is shown that use of long term series allows to assess the 
country-wide Net Ecosystem Carbon Budget of forest ecosystems with the uncertainty, which 
presumably is acceptable for policy makers (at level of 22-25%, CI 0.9). Improving the system 
consistency of input data (with respect to details, accuracy, and spatial coverage) is a major 
prerequisite of further enhancement of quality of carbon account of forest ecosystems. 
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A novel 2-micron IPDA lidar for ground, air and space-borne measurement of 
carbon dioxide  
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Sustained high-quality carbon dioxide (CO2) measurements from space are required to improve 
estimates of regional and global scale sources and sinks to attribute them to specific biogeochemical 
processes for improving models of carbon-climate interactions and to reduce uncertainties in 
projecting future change. Several studies show that space-borne CO2 measurements offer advantages 
particularly over high latitudes, tropics and southern oceans. Current satellite-based passive remote 
sensors provide rapid CO2 monitoring with global-scale coverage and high spatial resolution. 
However, these sensors have limitations, such as full seasonal and high latitude coverage, retrieval 
complexities and path length uncertainties. CO2 active optical remote sensing is an alternative 
technique that has the potential to overcome these limitations. Integrated Path Differential Absorption 
(IPDA) lidar is one technique that has been advocated as a potential candidate for a space-based 
mission through several studies. Space-based IPDA systems can provide sustained, high precision 
and low-bias column CO2 in presence of thin clouds and aerosols while covering critical regions such 
as high latitude ecosystems, tropical ecosystems, southern ocean, managed ecosystems, urban and 
industrial systems and coastal systems. This system provides simultaneous ranging; information on 
aerosol and cloud distributions; measurements over region of broken clouds; and reduces influences 
of surface complexities. NASA Langley Research Center (LaRC) has been involved in developing 2-
mm lidar technologies for the past two decades [1]. These technologies targets active remote sensing 
of winds, water vapor (H2O) and CO2. Currently, a novel airborne 2-μm triple-pulse IPDA lidar is under 
development at NASA LaRC [2]. This instrument is an update for the successful development, 
demonstration and validation for an airborne 2-mm double-pulse CO2 IPDA lidar [3]. This IPDA lidar 
targets both atmospheric CO2 and H2O column measurements, simultaneously and independently. 
This IPDA lidar leverage advanced two-micron triple-pulse high-energy laser transmitter and a state-
of-the-art detection system based on a newly developed HgCdTe (MCT) electron-initiated avalanche 
photodiode array. The IPDA design targets the capabilities of future space-based CO2 sensors set by 
major world-wide space agencies [1]. Advancements in IPDA lidar development and scaling for space-
based measurement will be presented. 
[1] U. Singh, B. Walsh, J. Yu, M. Petros, M. Kavaya, T. Refaat, and N. Barnes, “Twenty years of 
Tm:Ho:YLF and LuLiF laser development for global wind and carbon dioxide active remote sensing”, 
Opt. Mater. Express, 5, 827–837, 2015. [2] T. Refaat, U. Singh, J. Yu, M. Petros, S. Ismail, M. Kavaya, 
and K. Davis, “Evaluation of an airborne triple-pulsed 2-μm IPDA lidar for simultaneous and 
independent atmospheric water vapor and carbon dioxide measurements,” Appl. Opt. 54, 1387-1398, 
2015. [3] T. Refaat, U. Singh, J. Yu, M. Petros, R. Remus, and S. Ismail, “Double-pulse 2-micron 
integrated path differential absorption lidar airborne validation for atmospheric carbon dioxide 
measurement. Appl. Opt., 55, 4232–4246, 2016. 
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Soil moisture effects are underestimated by global GPP datasets  
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Water availability controls ecosystem productivity not only in semi-arid regions, but also in other 
biomes, low soil moisture during drought events can have overriding consequences on productivity 
and ecosystem C balance. C cycle impacts of drought events are commonly quantified relying on the 
remotely sensed fraction of absorbed photosynthetically active radiation (fAPAR), fAPAR-driven light 
use efficiency models, or upscaled flux measurements to estimate GPP across the globe. Except for 
the latter, daily varying soil moisture is commonly not accounted for although changes in the light use 
efficiency of photosynthesis under dry soil conditions are well documented and may reduce GPP 
before any structural ecosystem change can be sensed remotely. 
Here we present an empirical quantification of soil moisture effects on light use efficiency and GPP by 
combining multiple soil moisture datasets and models, eddy-covariance CO2 flux measurements 
(FLUXNET 2015 dataset) and remotely sensed vegetation data (MODIS EVI and fAPAR). Artificial 
neural networks are trained on this data to derive a functional relationship between soil moisture and 
the ratio of “potential to actual GPP” (termed fGPP).  
We find that changes in fAPAR substantially underestimate the magnitude of drought impacts on GPP 
across multiple FLUXNET sites. Our fGPP quantification reveals recurring patterns in seasonal light 
use efficiency reductions by up to 70% in evergreen tropical, subtropical and mediterranean 
ecosystems and thereby identifies “GPP droughts”  that are not identified as ‘anomalous' by traditional 
extreme event detection methods or remotely sensed fAPAR. We further show that widely used global 
GPP products (MODIS GPP and MTE-GPP) consistently overestimate GPP during such “GPP 
droughts”. The empirical functional relationship between fGPP and soil moisture is used to resolve this 
bias in an alternative global light use efficiency model for GPP. This new upscaling reveals how 
variations in climate and soil moisture affect GPP and the annual global C balance. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 235 of 463 

   

Poster Presentation  
Theme 1.2: The Contemporary Carbon Cycle - Emerging Approaches and Novel Observation Techniques  
Keywords: atmosphere, urban, anthropogenic, data assimilation, multi-tracer  

A multi-tracer constraint on CO2 emissions from an urban-industrial complex  
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In-situ observations of the greenhouse gas CO2 around cities can provide constraints for independent 
verification of city-scale fossil fuel emissions. Since different source types have distinct emission 
characteristics, the observations of co-emitted species provide additional information on the source 
type responsible for a CO2 increment over the city. We explored the ability of a small network of hourly 
CO2 and CO concentration observations to quantify fossil fuel CO2 emissions from Rotterdam, an 
urban-industrial complex in the Netherlands with about 1.2 million inhabitants and Europe’s largest 
sea port. For this purpose, we used the CarbonTracker Data Assimilation Shell (CTDAS) with two 
tracers, the WRF/STILT and OPS transport models, and prior emissions with a high spatiotemporal 
resolution. This is the first urban application of the CTDAS data assimilation system. The multi-tracer 
setup allows us to increase the number of parameters to optimize and thus gain more information from 
the CO2 observations. Our measurement network proves able to provide an integral signal of the 
anthropogenic urban emissions, and to separate between the inner city, industrial sea port and 
glasshouse area. We will show the value of CO observations, and possibly of other co-emitted 
species, in our data assimilation system. 
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Moored autonomous observing of air-sea CO2 flux and ocean acidification: A 
growing global network  
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The global ocean is a major sink of anthropogenic CO2, absorbing approximately 30% of CO2 
emissions since the beginning of the industrial revolution and altering seawater carbonate chemistry. 
Novel technological advances have allowed the establishment of a global network of sustained, 
autonomous measurements of surface buoy partial pressure of CO2 (pCO2) begun in 2004, and the 
addition of pH and other biogeochemical sensors in 2007.  These 36 fixed time series assets in open 
ocean and coastal regions of the Pacific, Atlantic, and Indian oceans bring unique opportunities to the 
ocean observing system by 1) characterizing daily to decadal variability and change in ocean 
biogeochemistry and 2) serving as a platform for multi-disciplinary research linking surface ocean 
pCO2 processes to both carbon export and ecosystem impacts of ocean acidification. Here we present 
an overview of recent synthesis efforts to interrogate natural variability and trends in CO2 flux and 
carbonate chemistry within the network.  In the subtropical and tropical Pacific where time series 
records are over 10 years, we observe more interannual to decadal variability in seawater pCO2 and 
CO2 flux than what the models predict, suggesting that model-based estimates of time of emergence 
(i.e., years of observations necessary to detect anthropogenic trends above natural variability) is 
longer than predicted.  We also use moored pCO2 and pH observations to predict the range of 
preindustrial variability at 12 open ocean and coastal locations in each of these ocean basins and find 
that marine life is currently exposed to conditions outside preindustrial bounds at all sites. Present day 
seasonal conditions in the California Current Ecosystem and the Gulf of Maine also exceed aragonite 
saturation state thresholds shown to impact shellfish larvae.  These high-resolution observations place 
long-term change in the context of natural variability: one critical gap in understanding how climate 
impacts will manifest in often highly-variable oceanic regions.  Although these moored autonomous 
technologies are still underutilized, they are a critical component of the global ocean observing system 
for climate. 
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AirCore: The gold standard for comparing remote sensing observations to the 
ground network and for capturing changes in stratospheric circulation  

Sweeney, Colm* (1); Bent, Jonathan (1); Andrews, Arlyn (1); Newberger, Timothy (1); Tans, 
Pieter (1); Chen, Huilin (2); Crevoisier, Cyril (3)  
1: CIRES, University of Colorado and NOAA/GMD, United States of America; 2: University of Groningen, Netherlands; 3: Ecole 
Polytechnique, France  

After a decade of development the balloon-borne AirCore sampling system is now being used by 
several groups around the world as a relatively cost efficient way to capture and subsequently 
measure more than 95% of the atmospheric column. The AirCore, which is essentially a long tube with 
one end open and one end closed thatis lifted by balloon to altitudes as high as 30 km and returned to 
the ground by parachute. Ittakes advantage of the fact that molecular diffusion length scales in afew 
hours to a day are small relative to its length (>50 m). By analyzing the air captured on descent with a 
high precision calibrated analyzer it is possible to get a detailed profile of the atmospheric CO2, CH4 
and CO. The resulting dataset of measurements has provided us with critical constraints for remote 
measurements of the total column and upper free troposphere/stratospheric CO2, CH4 and CO. 
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Observations of atmospheric radiocarbon in carbon dioxide at Hateruma Island 
and Cape Ochi-ishi, Japan  

Terao, Yukio*; Mukai, Hitoshi; Osonoi, Yumi  
National Institute for Environmental Studies, Japan  

Atmospheric radiocarbon in carbon dioxide (14CO2) is a powerful tracer for understanding of carbon 
cycles, e.g. oceanic and biospheric CO2 exchanges and CO2 emissions from fossil fuel combustion. 
Observation sites for radiocarbon concentrations are not many enough to evaluate the global and 
regional carbon flux. We present an analysis of trends, seasonal cycle, and synoptic-scale variations 
in 14CO2 at two monitoring stations; Hateruma Island (HAT; latitude 24.06°N, longitude 123.81°E) and 
Cape Ochi-ishi (COI; latitude 43.16°N, longitude 145.50°E). We performed monthly air samplings to 
detect the trends and seasonal cycle of background air at HAT and COI. We also developed a remote-
controlled air sampling system to collect the air with several-hour intervals to capture the rapid CO2 

variations. The object of high-frequency air samplings is Asian outflow with high CO2 concentrations 
observed at HAT in winters and CO2 emitted from terrestrial biosphere observed at COI in summer. 
CO2 was extracted from the whole air and CO2 samples were converted to graphite and analyzed 
ratios of 14C/12C by compact carbon accelerator mass spectrometry (CAMS, National Electrostatics 
Corp., 1.5SDH). Analytical precision in Δ14C (sum of statistical uncertainty based on number of 14C 
counts and deviations in measurements of standard materials) was 2-3‰ for most samples. A 
decreasing trend in Δ14C was −5‰ yr−1 in average but large interannual variations were observed: 
large decreases in 2007-2008 and in 2010-2011 (−8 to −9 ‰ yr−1) and almost zero decrease in 2009. 
The peak-to-peak amplitudes in the seasonal cycle determined from the smooth curve fits were 7‰ at 
both stations and the maximum of D14C appeared in July and the minimum in January at HAT, and the 
maximum in September and the minimum in May at COI. The differences in phase of Δ14C seasonal 
cycle between HAT and COI suggested that the atmospheric Δ14C at COI was influenced by CO2 
emitted from terrestrial biosphere. We analysed air samples of Asian outflow collected at HAT and 
found regional differences in the ratio of fossil fuel-derived CO2 component (Cff) to CO2 increases from 
the background level (d[CO2]): The Cff/d[CO2] ratio was lower for the air from China (61% in average) 
than from others (Japan and Korea) (81% in average). The air samples collected at COI in summer 
showed that Δ14C increased by 7‰ while CO2 increased by 9 ppm during nighttime. The results 
indicted that our radiocarbon measurements were very valuable; HAT data for monitoring the fossil 
fuel-derived CO2 in East Asia and COI data for biospheric CO2 emissions 
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Synthesis of urban greenhouse gas emission estimates from the Indianapolis 
Flux Experiment (INFLUX)  

Turnbull, Jocelyn* (1,2); Davis, Kenneth (3); Lauvaux, Thomas (3); Miles, Natasha (3); 
Richardson, Scott (3); Wu, Kai (3); Deng, Aijun (3); Sarmiento, Daniel (3); Brewer, Alan (4); 
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Kevin (6); Patarasuk, Risa (6); O'Keeffe, Darragh (6); Liang, Jianming (6); Shepson, Paul (7); 
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The Indianapolis Flux Experiment (INFLUX) is testing the boundaries of our ability to use atmospheric 
measurements to quantify urban greenhouse gas (GHG) emissions. 
The project brings together high-resolution (in both space and time) inventory assessments, a multi-
year record of in situ CO2, CH4 and CO from tower-based and aircraft-based atmospheric 
measurements along with a complementary suite of 50 trace gases and isotopes from flasks collected 
at the same sites, and atmospheric modelling. Together, these provide high-accuracy, high-resolution, 
continuous monitoring of emissions of GHGs from the city.   
Here we synthesize the results to date, and demonstrate broad agreement amongst city-wide 
emission rates determined from the various top-down and bottom-up methods. We highlight the areas 
where ongoing efforts are reducing uncertainties in the overall flux estimation, including accurate 
representation of atmospheric transport, partitioning of GHG source types and the influence of 
background atmospheric GHG mole fractions. 
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Forest Biomass Change over a Coniferous Forest Landscape Based on Tree-
level Analysis from Repeated Lidar Surveys  

Turner, Sabrina B (1); Turner, David P* (2); Gray, Andrew (3)  
1: Penn State University, United States of America; 2: Oregon State University, United States of America; 3: USDA Forest 
Service, United States of America  

Forests represent a significant opportunity for carbon sequestration, but quantifying biomass change 
at the landscape scale and larger remains a challenge.  Here we develop an approach based on 
repeated tree-level analysis using high resolution airborne lidar (8 points m-2).  The study area was 53 
km2 of actively managed coniferous forest land in the Coast Range Mountains in western 
Oregon.  The study interval was 2006-2012.  Tree heights and crown areas were determined from the 
lidar data using point cloud clustering.  Biomass per tree was estimated with allometry.  Tree-level 
data (N = 14,709) from local USDA Forest Service Forest Inventory and Analysis plots provided the 
basis for the allometry.  Biomass change over the 6-year interval averaged -1.3 kg m-2 yr-1. Mean 
biomass increase in undisturbed areas was 1.0 kg m-2 yr-1.  Full harvest occurred on an average of 3% 
of the area per year.  For surviving trees, the mean change in height was 0.5 m yr-1 (SD = 0.3) and the 
mean change in biomass was 45.3 kg yr-1 (SD = 6.7).  The maximum bin-average increase in biomass 
(57.3 kg yr-1) was observed in trees of intermediate height (35 - 40 m).  Besides highly spatially 
resolved tracking of forest biomass change, potential applications of repeated tree-level surveys 
include analysis of mortality.  In this relatively productive forest landscape, an interval of 6 years 
between lidar acquisitions was adequate to resolve significant changes in tree height and area-wide 
biomass. 
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Variations of tropospheric CO2 over the Asia-Pacific region observed by the 
CONTRAIL commercial airliner measurements  

Umezawa, Taku* (1); Matsueda, Hidekazu (2); Sawa, Yousuke (2); Niwa, Yosuke (2); Machida, 
Toshinobu (1); Zhou, Lingxi (3)  
1: National Institute for Environmental Studies, Japan; 2: Meteorological Research Institute, Japan; 3: Chinese Academy of 
Meteorological Sciences, China  

We examine climatological distributions of CO2 over the Asia-Pacific region comprehensively based on 
measurements as part of the CONTRAIL (Comprehensive Observation Network for Trace gases by 
Airliner) project. The high-frequency in-flight CO2 measurements revealed clear seasonal variations of 
CO2 in the upper troposphere (UT) with a maximum in April–May and a minimum in August–
September. The CO2 in the UT north of 40° N is highly variable in June–August when signals of 
seasonally peaking biospheric CO2 uptake in boreal Eurasia arrive. In August–September, the UT CO2 
is distinctly low within the Asian summer monsoon anticyclone since strong biospheric CO2 uptake 
signals over South Asia are uplifted by convection. Vertical profiles of CO2 over cities across the Asia-
Pacific region show expanse of the low CO2 in the UT in September as the anticyclone decays. 
Simulation results indicate significant interplay of anthropogenic and biospheric CO2 fluxes in seasonal 
CO2 distribution over the Asia-Pacific region. It is indicated that the region of substantial contribution to 
the UT CO2 over the northwestern Pacific switches from the continental East Asia in spring to South 
Asia in the summer monsoon season. It was found that variability of CO2 over East Asia is increased 
in spring presumably in association with active cyclonic passage combined with the continental East 
Asian emissions. We also found that the variability of CO2 is large in the lowermost altitude layers over 
Asian major cities, indicating that commercial airliner measurements are useful for verifying city CO2 
emissions. 
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A New Approach to estimate GHG content of air entering the Amazon basin for 
purpose of GHG fluxes using air column budgets  

V. Gatti, Luciana (1,2); G. Domingues, Lucas (1,2); S. C. Correia, Caio* (1,2); Sanchez, Alber (1); 
Gloor, Manuel (3); B. Miller, John (4); Alden, Caroline (4); Marani, Luciano (2); S. Santos, 
Ricardo (1,2); R. Costa, Wellison (2); P. Crispim, Stephane (2); F. Borges, Viviane (1); R. 
Aquino, Afonso (2)  
1: INPE - Instituto Nacional de Pesquisas Espaciais, Brazil; 2: IPEN - Instituto de Pesquisas Energéticas Nucleares, Brazil; 3: 
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Amazon humid forests are an important part of the tropical climate system and are a large pool of 
organic carbon which can be released rapidly both as a result of human destruction as well possibly in 
response to changing climate. In 2000 we started to measure regularly vertical profiles over the 
Brazilian Amazon Basin to estimate GHG balances as a large scale diagnostic of longer-term changes 
and short term responses to climate anomalies. To estimate Amazon Basin regional fluxes based on 
vertical profile data, we use an air column budget technique. To do so we profit from the primary air 
flow pattern over the basin with trade winds entering the basin along the North-east Atlantic coast, 
then travelling westwards towards the Andes, from where the air flow is bent south-eats-wards 
returning back towards the sea. Thus we can estimate fluxes from the difference in air column 
greenhouse gas content at a site in the Amazon basin and the air column content of air entering the 
basin, and an estimate of the time it takes for air parcels to travel from the Atlantic coast to the site in 
the Amazon. To estimate travel time we use back-trajectories calculated based on meteorological 
fields [Hysplit1 GDAS 1degree] One approach to estimate the greenhouse gas air column content of 
air entering the basin is to express air entering the basin as a mixture of northern hemisphere and 
southern hemisphere air. Specifically we use as end-members air concentrations measured at 
Barbados (RPB, NOAA  site) and Ascension (ASC, NOAA site) respectively. To estimate fractional 
contributions we use a linear mixing model expressing in situ measured SF6 as a weighted sum of SF6 
measured at the two NOAA background sites. Because flux estimates are very sensitive to SF6 
precision and accuracy we have developed an alternative approach. Instead of determining weights 
from SF6 we base the weights on the latitude where a back-trajectory extending backwards in time 
from the site intersects a line connecting RPB, ASC (until 30°S). Now we use RPB, ASC and CPT 
(Cape Point; 34.35°S, 18.49°E). We will describe in detail the method and show tests of the approach 
using the SF6 based method which we trust for the years 2010 and 2011, but less for the following 
years because the NOAA quantification method change and our continue during more 4 years in the 
old linear quantification method. This difference produce slightly bias over time. 
While we developed this method for the Amazon it similarly could be applied to other regions with 
clearly defined wind patterns. 
Acknowledgment: CNPq, FAPESP, NERC, Unversity of Leeds, MCTI, NOAA, INPE and IPEN 
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Advances in urban GHG emission estimates over Paris and Recife (Brazil) 
based on atmospheric inversion  

Vogel, Felix* (1); Staufer, Johannes (1); Wu, Lin (1); Broquet, Gregoire (1); Xueref-Remy, Irene 
(1); Ramonet, Michel (1); Breon, Francois-Marie (1); Chevallier, Frederic (1); Bregonzio-Rozier, 
Lola (1); Arzoumanian, Emmanuel (1); Paris, Jean-Daniel (1); Chiappero, Marc (2); Pinheiro, 
Samya (2); Zanutto, Larissa (2); Barros, Paulo (3); Souza, Simone (3); Hase, Frank (4); Frey, 
Matthias (4); Dobler, Jeremy (5); Zaccheo, T. Scott (6); Ciais, Philippe (1)  
1: LSCE-IPSL CEA/CNRS/UVSQ, University of Paris-Saclay, France; 2: ARIA technologies, Boulogne-Billancourt, France; 3: 
CPRH, Recife, Brasil; 4: Karlsruhe Institute of Technology, Karlsruhe, Germany; 5: Harris Corporation, Fort Wayne, USA; 6: 
Atmospheric Environmental Research, Lexington, USA  

Currently, over half of the world’s population live in metropolitan areas1 and future population growth is 
also predicted to occur mostly in these urban centers. While emissions of carbon dioxide can be 
estimated quite precisely on national scale using fuel consumption statistics, typically to about 3%-
40%2 higher uncertainties of 20%-50% are reported3 for urban emissions. Uncertainties for non-CO2 
GHGs are expected to be even larger at both global and regional scales4. The combination of (novel) 
atmospheric observations, transport modelling and prior emission data can help us to support and 
better understand new, simplified city-specific emission inventories that have emerged in recent years 
to support decision making, e.g. within the GPC initiative5. This study presents the recent advances in 
observational and modelling techniques used in the LSCE test-bed region (Paris) as well as our 
demonstration of the commutability of a simplified system to Recife (Brazil), to allow for the first time, 
to estimate urban GHG fluxes. The progress made is also intended to contribute to the future work on 
urban GHG monitoring within the Integrated Global Greenhouse Gas Information System (IG3IS) of 
WMO. Our Recife demonstration included: developing a prior emission model based on publicly 
available data, atmospheric observations (3 month) and an inversion framework. Besides the good 
agreement between the newly developed CO2 emission inventory and the observations, we also 
unveiled unexpectedly large CH4 emissions in this region.    In addition to classical in-situ 
measurements, our study also presents an overview of new observational systems deployed in our 
test-bed region Paris a) low-resolution total column FTS observations6, b) horizontal 2-D scanning of 
CO2 using a laser-based instrument (GreenLITE) and c) the development of new low-cost medium 
precision CO2 sensors. These observations are compared to modelled CO2 concentrations based on 
the routinely operated inversion framework established by LSCE7, and with especiallyadapted 
modelling systems. We also present results of our model-based investigations (OSSE) of the potential 
gains from using low-cost medium precision sensors in dense deployment over Paris and 5m-
resolution modelling results to assess sub-grid variability, which can be expected to be a main 
limitation for urban-scale modelling (and inverse modelling) systems.   
1United Nations, Department of Economic and Social Affairs, Population Division (2014). World 
Urbanization Prospects: The 2014 Revision 2Anders et al. 2014, Tellus B 2014, 66, 23616, 
http://dx.doi.org/10.3402/tellusb.v66.23616 3Wu et al. 2016, Atmos. Chem. Phys., 16, 7743-7771, 
doi:10.5194/acp-16-7743-2016 4Saunois et al. 2016, Earth Syst. Sci. Data, 8,697-761, 
doi :10.5194/essd-8-697-2016 5http://www.ghgprotocol.org/city-accounting 6Hase et al. 2015, Atmos. 
Meas. Tech., 8, 3047-3057, doi :10.5194/amt-8-3047-2015 7Staufer et al. 2016, Atmos. Chem. 
Phys.,16.14703-14726, doi:10.5194/acp-16-14703-2016 
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Regional Carbon Flux Estimates Using OCO-2 XCO2 Observations  

Wang, Hengmao*; Jiang, Fei; Jiang, Ziqiang; Ju, Weimin  
Nanjing University, China, People's Republic of  

Space-based observation of CO2 concentrations is expected to improve scientific understanding of 
global carbon cycle. The recently launched Orbiting Carbon Observatory-2 (OCO-2) satellite, with finer 
spatial resolution and much more observations over oceans, will enhance our capability to better 
quantify carbon sinks and sources at regional and global scales. Thus it is important to evaluate the 
potentials of OCO-2 observations to improve carbon flux estimates over oceans and regions such as 
China with large fossil fuel CO2 emissions.  In this study, we use the 4-dimentional variational data 
assimilation (4DVAR) schemes in the GEOS-Chem adjoint model to constrain surface carbon flux with 
OCO-2 XCO2 product. The inverted surface carbon fluxes are compared with results from other 
studies. The impact of OCO-2 measurements on inferring surface fluxes over oceans and the potential 
of OCO-2 to monitor fossil fuel CO2 emissions in China are investigated. 
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An Inversion Analysis of Recent Variability in CO2 Fluxes Using GOSAT and In 
Situ Observations  

Wang, James Shih* (1,2); Kawa, S. Randolph (2); Baker, David F. (3); Collatz, G. James (2); Liu, 
Yuping (4,2); Manyin, Michael E. (4,2)  
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About one-half of the global CO2 emissions from fossil fuel combustion and deforestation accumulates 
in the atmosphere, where it contributes to global warming.  The rest is taken up by land vegetation and 
the ocean.  The precise contribution of the two sinks and their location and year-to-year variability are 
not well characterized and understood.  We use two different approaches, batch Bayesian synthesis 
inversion and variational data assimilation, to deduce the global spatiotemporal distributions of CO2 
fluxes during 2009-2010.  One of our objectives is to assess sources of uncertainties in the inferred 
fluxes, including uncertainties in prior flux estimates and observations, and differences in inversion 
techniques.  For prior constraints, we utilize fluxes from the CASA-GFED model of the terrestrial 
biosphere and biomass burning. We also use measurement-based ocean flux estimates and fixed 
fossil CO2 emissions.  Our inversions incorporate column CO2 measurements from the GOSAT 
satellite (ACOS retrieval, bias-corrected) and individual in situ observations to estimate fluxes in 108 
regions over 8-day intervals for the batch inversion and at 3° x 3.75° weekly for the variational 
system.  Relationships between fluxes and atmospheric concentrations are derived consistently for the 
two inversion systems using the PCTM transport model with MERRA meteorology.  We compare the 
posterior fluxes and uncertainties derived using different data sets and the two inversion approaches, 
and evaluate the posterior atmospheric concentrations against independent data including aircraft 
measurements.  The optimized fluxes generally resemble each other and those from other 
studies.  For example, a GOSAT-only inversion suggests a shift in the global sink from the tropics to 
the north and south relative to the prior and an in-situ-only inversion.  The posterior fluxes of the 
GOSAT inversion are better constrained in most regions than those of the in situ inversion because of 
the greater spatial coverage of GOSAT; nevertheless, the spatial and temporal gaps in GOSAT 
sampling limit the ability to accurately resolve fluxes down to the sub-continental scale.  While the shift 
in the global sink appears to be robust, the partitioning of the sink between land and ocean in the 
inversions using either in situ or GOSAT data is found to be sensitive to prior uncertainties because of 
negative correlations in the flux errors.  The GOSAT inversion also indicates a significantly smaller 
terrestrial sink in higher-latitude northern regions in boreal summer of 2010 relative to 2009, consistent 
with observed severe heat and drought in those regions although possibly exaggerated. 
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The NIST Urban Greenhouse Gas Testbed Project: A Platform for 
Harmonization and Standardization  
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Urban greenhouse gas (GHG) emissions account for a large portion of national GHG emission 
inventory reports.  City governments worldwide have committed to targets that may eventually rival or 
exceed, on a relative basis, those of their respective national governments defined through Intended 
Nationally Determined Contributions (INDCs) under the Paris Climate Agreement.  Thus, city and 
regional governments are essential implementers of effective GHG mitigation efforts and ultimately of 
quantification tools fundamental to effective management and for attestation of reduction levels.  The 
latter, in the context of the Paris Agreement, are sub-national actions and, although not directly 
addressed, will quite likely be scrutinized within the Agreement’s yet to be fully developed stocktaking 
procedures and analyses.  Enhancing the scientific credibility of all types of emissions quantifications 
approaches and developing methods for realization of a common reference frame for comparison of 
results will substantially facilitate analysis of the accuracy of emissions estimates.  Addressing these 
measurement challenges is a central focus of the U.S. National Institute of Standards and 
Technology’s (NIST) urban GHG measurements testbed system. 
This U.S. testbed system is cooperative with other U.S. government research agencies (NOAA and 
NASA), and academic and private sector partners.  It seeks to develop and demonstrate improved 
performance of urban GHG emissions quantification methods and comparison of independently 
determined results.  The testbeds, located in three U.S. metropolitan areas: Indianapolis (INFLUX – 
the Indianapolis Flux Experiment), Los Angeles (the Megacities project), and the 
Washington/Baltimore area (the Northeast Corridor GHG Measurements project), are diverse in 
meteorological, terrain, demographic, and emissions characteristics.  Multiple measurement systems 
are employed (e.g. meteorological, LIDARs, GHG concentration, etc.) along with integrated observing 
approaches (e.g. aircraft mass balance, inventory-based emissions modeling (Hestia), statistical 
models based on atmospheric GHG measurements and transport-dispersion models.  It is expected 
that the lessons learned are applicable to other cities both domestically and internationally.  The 
current state of the U.S. GHG measurements testbed system will be presented along with comments 
concerning advances in the reconciliation of differences in results derived from diverse emissions 
quantification methods are an active area of research and support concept development of a common 
comparison reference frame.  
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Top-down carbon dioxide flux estimates for the UK using a high-density tall 
tower network and a hierarchical Bayesian inversion scheme  
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A high-density, high-frequency greenhouse gas (GHG) monitoring network has been established in 
the UK with the goal to get a much better handle on the country’s GHG emissions. Here we set out an 
inverse modelling framework for CO2 emissions inventory verification that uses atmospheric CO2 
concentration data from this network and a Lagrangian atmospheric transport model, NAME, 
developed by the UK Met Office. As a first step, we estimate a total UK CO2 budget from both 
anthropogenic and biospheric sources and sinks for the period 2014-2015. We evaluate the impact on 
the inversion result of using 3 different biosphere models to produce biospheric prior fluxes. 
The monitoring network is a combination of 2 projects: UK Deriving Emissions related to Climate 
Change (DECC) and Greenhouse gAs UK and Global Emissions (GAUGE). We use continuous data 
from 5 tall tower sites in the UK and one background site in Ireland. 
Prior information has high temporal resolution (approximately 2 hourly) in order to capture the extreme 
diurnal cycle of biospheric sources and sinks and the temporal variations in fossil fuel 
usage.  Anthropogenic fluxes are from a new inventory that will feed into the UK’s UNFCCC reports. 
We compare biospheric fluxes from NASA-CASA, JULES and CARDAMOM, looking at both the ability 
of the models to recreate CO2 molfractions in forward modelling and the updates to these models 
provided by inverse modelling. 
Our inverse modelling set-up looks to address some of the common problems in the field: 

1. Using a hierarchical Bayesian approach, we allow the inversion to determine certain extra 
parameters, such as the uncertainty of the prior probability density function (PDF). This moves 
away from prescriptive inversions where parameter decisions have a strong influence on the 
outcome. 

2. Using reversible jump “trans-dimensional” basis function selection means that the data can 
determine the resolved spatial scales in the solution. This provides a solution to the trade off 
between aggregation error and uncertainty reduction. 

Our approach provides a constraint on the net CO2 flux from the UK, however, separation of the 
biogenic and anthropogenic components remains challenging. Furthermore, we find that the outcome 
of our inversion is somewhat sensitive to the choice of biospheric flux model. 
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A Decadal Scale Record of Total Column and Lower-Tropospheric Methane  

Worden, John*  
JPL / Caltech, United States of America  

Evaluating carbon / climate interactions and feedbacks and their effects on global fluxes of methane 
require a record of well-calibrated and validated methane data that is long enough to span several 
perturbations to rain and drought related to ENSO or other climactic perturbations along with the 
spatial sampling that can infer how these changes in the water and carbon cycles affect methane 
fluxes from wetlands and fires.  Here we describe the first version of a decadal scale record of total 
column and lower-tropospheric methane derived from reflected sunlight and thermal IR measurements 
(SCIAMACHY, GOSAT, TES, and AIRS).  We describe the validation of these data sets using 
independent data such as from TCCON, the surface network, and aircraft and how they can be inter-
calibrated using a global atmospheric model as a transfer function to construct a long-term data 
record.  We show how the new lower-tropospheric measurements can potentially provide new insights 
into wetland fluxes and how they vary inter-annually with rainfall and temperature perturbations. 
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Improved global simulations of gross primary product based on a new 
definition of water stress factor and a separate treatment of C3 and C4 plants 
from 2000 to 2014  

Yan, Hao*  
National Meteorological Center, China, People's Republic of  

Accurate simulation of terrestrial gross primary production (GPP), the largest global carbon flux, 
benefits our understanding of carbon cycle and its source of variation.  This paper presents a novel 
light use efficiency-based GPP model called the Terrestrial Ecosystem Carbon flux model (TEC) 
driven by MODIS FPAR and climate data coupled with a precipitation driven-evapotranspiration (E) 
model (Yan et al., 2012).  TEC incorporated a new water stress factor, defined as the ratio of actual E 
to Priestley and Taylor (1972) potential evaporation (EPT).  A maximum light use efficiency (ε*) of 1.8 
gC MJ−1 and 2.76 gC MJ−1 was applied to C3 and C4 ecosystems, respectively.  An evaluation at 18 
eddy covariance flux towers representing various ecosystem types under various climates indicates 
that the TEC model predicted monthly average GPP for all sites with overall statistics of r = 0.85, 
RMSE = 2.20 gC m−2 day−1, and bias = −0.05 gC m−2 day−1.  For comparison the MODIS GPP 
products (MOD17A2) had overall statistics of r = 0.73, RMSE = 2.82 gC m−2 day−1, and bias = −0.31 
gC m−2 day−1 for this same set of data.  In this case, the TEC model performed better than MOD17A2 
products, especially for C4 plants.  We obtained an estimate of global mean annual GPP flux at 130.5 
± 1.6 Pg C yr−1 from monthly MODIS FPAR and European Centre for Medium-Range Weather 
Forecasts (ECMWF) ERA reanalysis data at a 1.0° spatial resolution over 15 year period from 2000 to 
2014.  This falls in the range of published land GPP estimates that consider the effect of C4 and C3 
species. The TEC model with its new definition of water stress factor and its parameterization of C4 
and C3 plants should help better understand the coupled climate-carbon cycle processes.  
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Overview of the GOSAT and GOSAT-2 SWIR products  

Yoshida, Yukio*; Oshio, Haruki; Kamei, Akihide; Morino, Isamu; Uchino, Osamu; Saito, Makoto; 
Noda, Hibiki; Yokuta, Tatsuya; Matsunaga, Tsuneo  
National Institute for Environmental Studies, Japan  

The Greenhouse gases Observing SATellite (GOSAT) has been operating for more than eight years, 
and the column-averaged dry air mole fractions of carbon dioxide, methane, and water vapor (XCO2, 
XCH4, and XH2O; hereafter called Xgas) have been retrieved globally from the Short-Wavelength 
InfraRed (SWIR) spectral data observed with Thermal And Near-infrared Sensor for carbon 
Observation Fourier Transform Spectrometer (TANSO-FTS) onboard GOSAT.  TANSO-FTS covers 
0.76 μm O2 A band, 1.6 and 2.0 μm CO2 bands, and 1.67 μm CH4 band, and Xgas are simultaneously 
retrieved using a so-called full-physics retrieval method.  The retrieval results are released as the 
GOSAT TANSO-FTS SWIR L2 product and available via GOSAT Data Archive Service (GDAS; 
https://data2.gosat.nies.go.jp/).   
As a successor mission to the GOSAT, GOSAT-2 is planned to be launched in FY2018.  According to 
the latest design of the TANSO-FTS-2 (FTS onboard the GOSAT-2), its SNR is higher than or almost 
equal to the TANSO-FTS, and its spectral range is expanded to cover the 2.3 μm carbon monoxide 
(CO) band.  The SWIR L2 retrieval algorithm for GOSAT-2 is developing based on the latest retrieval 
algorithm for GOSAT.  Our preliminary sensitivity test shows that the SNR improvement in SWIR 
bands reduces the retrieval random error (precision) about 15% for XCO2 and 35% for XCH4 than 
those of GOSAT.  In addition to the full-physics based XCO2, XCH4, XH2O, and XCO products, we are 
planning to provide the proxy-based XCH4 product as well as solar induced chlorophyll fluorescence 
(SIF) product.  
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Different carbon cycle sensitivities in transient simulations initialized from 
glacial and preindustrial conditions  

Adloff, Markus* (2,1); Claussen, Martin (2,3); Reick, Christian (2)  
1: School of Geography, University of Bristol, United Kingdom; 2: Max-Planck Institut für Meteorologie, Hamburg, Germany; 3: 
Meteorologisches Institut, Universität Hamburg, Germany  

The lower vegetation cover extent and net primary production at the last glacial maximum (LGM) 
compared to the 19th century (PI) had been mainly attributed to the lower atmospheric CO2 
concentration in previous studies (Claussen et al 2013, Woillez et al. 2011). Our simulations with the 
coupled Earth System Model MPI-ESM now suggest that the lower CO2 concentration, combined with 
lower temperatures and less extratropical vegetation also increased the buffering capacity of the 
glacial terrestrial carbon reservoir against rising CO2 concentrations. Using the MPI Earth system 
model, we performed C4MIP type sensitivity simulations for the glacial terrestrial carbon cycle and 
compared them with existing similar simulations initialized from a preindustrial state. Our analysis 
shows that rising CO2 concentrations and subsequent climate change cause similar reactions of the 
terrestrial carbon cycle under glacial and preindustrial conditions but their quantitative effect on the 
carbon budget is different, leading to a larger terrestrial carbon gain factor for the carbon cycle 
feedback in the LGM simulation. This result can be traced back to differences between the glacial and 
preindustrial biosphere and climate and shows that the carbon cycle sensitivities are climate state 
dependent. 
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Mean ocean temperature change during the last glacial transition  

Bereiter, Bernhard* (1,2,3); Severinghaus, Jeff (1); Shackleton, Sarah (1); Baggenstos, Daniel 
(1,2); Kawamura, Kenji (4)  
1: Scripps Institution of Oceanography, University of California San Diego, La Jolla, USA; 2: University of Bern, Climate and 
Environmental Physics Division, Switzerland; 3: Laboratory for Air Pollution and Environmental Technology, Empa, Dübendorf, 
Switzerland; 4: National Institute of Polar Research, Tokyo, Japan  

Variations of atmospheric CO2 during glacial cycles and their close correlation to global temperature 
represent a fundamental element of our understanding of global climate change. The exact timing and 
leverage of the different mechanisms causing these natural CO2 variations, however, are still not fully 
resolved. One of these mechanisms is change in ocean temperature which is associated with changes 
in dissolved carbon and, hence, has wide-ranging effects on the different ways the ocean can take up 
and store carbon (solubility pump, biological pump, carbonate cycle…). Here we present a record of 
reconstructed global mean ocean temperature (MOT) for the last glacial transition (20,000 – 10,000 
years ago) that provides unprecedented insights into this element of the paleo-carbon-cycle. We use a 
novel MOT proxy based on heavy noble gases in the atmosphere (krypton and xenon), which are 
conserved in the atmosphere-ocean system and are passively cycled through this system. Due to the 
characteristic temperature dependency of the gas solubility in sea water, the atmospheric noble gas 
content is unambiguously linked to MOT. Based on measurements of trapped air in the WAIS Divide 
ice core, we reconstruct past changes in atmospheric Kr/N2, Xe/N2 and Xe/Kr ratios that allow us to 
infer MOT with unprecedented precision for the last glacial transition. Our new record shows a LGM-
Holocene MOT difference of 2.6 +/- 0.24°C, which is on the lower end of what earlier studies have 
suggested (3 +/- 1°C). Furthermore, we find a very close correlation of MOT and Antarctic 
temperatures which suggests a clear effect of Atlantic overturning circulation changes on MOT. 
Finally, our record shows a MOT warming rate during the Younger Dryas (13,000 – 11,000 years ago) 
that is almost double to that estimated for the current anthropogenic MOT warming. This Younger 
Dryas warming represents the strongest MOT warming on record to our knowledge and challenges 
our current understanding of how the global ocean sets its temperature. In addition, these findings 
provide new constraints on the ocean temperature part of the global carbon cycle for a time period of 
large reorganizations in the climate system.  
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Carbon feedbacks in the high-resolution transient Holocene simulations using 
the MPI Earth system model  

Brovkin, Victor*; Lorenz, Stephan; Raddatz, Thomas; Team, The Holocene Hamburg  
Max Planck Institute for Meteorology, Hamburg, Germany  

One of the interesting periods to investigate interactions between climate and carbon cycle is the 
Holocene, when, despite of the relatively steady global climate, the atmospheric CO2 concentration 
grew by about 20 ppm from 7 kyr BP to pre-industrial. We use a new setup of the Max Planck Institute 
Earth System Model MPI-ESM1 consisting of the latest version of the atmospheric model ECHAM6, 
including the land surface model JSBACH3 with carbon cycle and vegetation dynamics, coupled to the 
ocean circulation model MPI-OM, which includes the HAMOCC model of ocean biogeochemistry. The 
model has been run over the Holocene period of the last 8000 years under the forcing data sets of 
orbital insolation, atmospheric greenhouse gases, volcanic aerosols, solar irradiance and stratospheric 
ozone, as well as land-use changes. In response to this forcing, the land carbon storage increased by 
about 60 PgC between 8 and 4 kyr BP, stayed relatively constant until 2 kyr BP, and decreased by 90 
PgC by 1850 AD due to land use changes. The ocean carbon storage increased in this simulation by 
150 PgC, leading to a deficit of ca. 170 PgC in the coupled land-ocean-atmosphere system. If the 
atmospheric CO2 concentration had been interactive in this experiment, the atmospheric CO2 increase 
during the Holocene would be much smaller than in the ice-core reconstructions. We also performed a 
simulation with the interactive atmospheric CO2 in a “nudged” setup. In this case, we reduced the 
ocean surface alkalinity when the simulated CO2 concentration dipped below the target (ice-core CO2). 
This simulation resulted in the atmospheric CO2 concentration closed to reconstructed and the ocean 
being a source of about 40 PgC by the end of the simulation. Interpretation of this nudged CO2 
experiment will be presented. We also investigated dynamics of carbon reservoirs during periods of 
strong volcanic eruptions. In response to the eruption-caused cooling, the land initially stores more 
carbon as respiration decreases, but then it releases even more carbon due to productivity decline. 
This decadal-scale variability helps to quantify the land and ocean carbon feedbacks during the past 
periods when the temporal resolution of the ice-core CO2 record is not sufficient to capture fast CO2 
variations. From a set of Holocene simulations with prescribed or interactive atmospheric CO2, we get 
estimates of climate-carbon feedback useful for future climate studies. 

Members of the Hamburg Holocene Team: Jürgen Bader1, Sebastian Bathiany3, Victor Brovkin1, 
Martin Claussen1,2, Traute Crüger1, Roberta D’agostino1, Anne Dallmeyer1, Sabine Egerer1, Vivienne 
Groner1, Matthias Heinze1, Tatiana Ilyina1, Johann Jungclaus1, Thomas Kleinen1, Alexander 
Lemburg1, Stephan Lorenz1, Thomas Raddatz1, Hauke Schmidt1, Gerhard Schmiedl2, Bjorn Stevens1, 
Claudia Timmreck1, Matthew Toohey4 ///// 1Max-Planck-Institut für Meteorologie, D  2CEN, Universität 
Hamburg, D 3Wageningen University, NL 4GEOMAR – Helmholtz Zentrum für Ozeanforschung Kiel, D 
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Invited Keynote: Radiocarbon constraints on high-latitude ocean circulation 
and carbon cycling over the last deglaciation  

Burke, Andrea*  
University of St Andrews, Department of Earth and Environmental Sciences, St Andrews, United Kingdom  

Changes in the circulation of the high latitude oceans are thought to be important for glacial-
interglacial atmospheric CO2 variations because the high latitudes provide a connection between the 
sea surface and the carbon-rich waters of the deep.  Radiocarbon is a sensitive tracer of past 
circulation and carbon cycle dynamics because it is produced in the atmosphere, enters the ocean 
through air-sea gas exchange at the surface, and then decays away as it is isolated from the 
atmosphere.  Records of past variations in surface and deep radiocarbon are thus key for 
understanding the mechanisms and sequence of events that led from the last glacial maximum (LGM) 
to the warm and stable Holocene.  Here I present high-resolution radiocarbon records from the North 
Atlantic and Southern Oceans to pinpoint the timing and examine the potential causes of 
millennial/centennial scale variations in circulation and carbon cycling during the last glacial and 
deglacial periods.  
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Exploring glacial–interglacial variations of the marine carbon isotope record 
with RECOM-ciso  

Butzin, Martin*; Köhler, Peter; Völker, Christoph; Zhang, Xu  
AWI Helmholtz Centre for Polar and Marine Research, Germany  

We explore the impact of glacial–interglacial climate variations on the marine carbon-isotope record by 
means of the sophisticated marine biogeochemistry model RECOM. Different to most other marine 
carbon cycle models, RECOM does not rely on fixed Redfield ratios for organic soft tissue. Instead, 
the ratios of C:N and C:Chl in phytoplankton are explicitly calculated as a response to light, 
temperature and nutrient supply, which allows for assessing potential shifts in marine autotroph 
stoichiometry. Our sensitivity studies feature a recently developed model version equipped with 
carbon isotopes, RECOM-ciso, forced with model output from fully coupled climate simulations. 
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Comparison of the atmospheric CO2 sink due to the marine soft tissue pump 
during the LGM and MIS 4  

Eggleston, Sarah* (1); Galbraith, Eric D. (1,2); Jaccard, Samuel L. (3); Kienast, Markus (4); 
Cartapanis, Olivier (3)  
1: Universitat Autònoma de Barcelona, Spain; 2: Institució Catalana de Recerca i Estudis Avançats, Spain; 3: University of Bern, 
Switzerland; 4: Dalhousie University, Halifax, Canada  

Proxy reconstructions indicate that the Last Glacial Maximum (LGM, approximately 21 ka) and Marine 
Isotope Stage (MIS) 4 (approximately 65 ka) were the coldest periods of the last glacial cycle. At these 
times, atmospheric CO2 was also close to the lowest known values in the Earth’s history. Because the 
ocean represents a large carbon pool that interacts with the atmosphere on these timescales, changes 
in this reservoir have the potential to explain the large fluctuations in atmospheric CO2 observed in ice 
cores. One mechanism that is thought to be significant in driving the drawdown of atmospheric CO2 
into the ocean is an increase in the export efficiency of the biological soft tissue pump. 
Here, we present a compilation of marine, terrestrial, and ice core records to characterize and 
compare various aspects of the LGM and MIS 4, in order to better understand the similarities and 
differences in the Earth system during these periods as well as the deglaciation and the transition from 
MIS 4 to MIS 3. For example, dust records in the Southern Ocean indicate that the aeolian iron flux 
may have been similar during the LGM and MIS 4, potentially increasing the efficiency of the soft 
tissue pump through iron fertilization. Records of nitrogen isotopes corroborate this theory, indicating 
that the export efficiency may have even been greater during MIS 4, despite the fact that atmospheric 
CO2 was 10 ppmv higher compared to the LGM. 
The different evolution histories of atmospheric CO2 during these periods allow us to place some 
constraints on the impact of the soft tissue pump on the global carbon cycle. Not only is this important 
in understanding natural variations in CO2, this also has the potential to indicate the likely impact of 
possible future geoengineering strategies involving iron fertilization of the world’s oceans on millennial 
timescales. 
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The past 2000 years: climate feedbacks, radiative forcing and anthropogenic 
impacts in the ice core record of CO2, isotopes and tracers.  

Etheridge, David* (1); Rubino, Mauro (1,2); Trudinger, Cathy (1); Thornton, David (1); Allison, 
Colin (1); Howden, Russell (1); Langenfelds, Ray (1); Smith, Andrew (3); Enting, Ian (1); Rayner, 
Peter (4); Curran, Mark (5); Mulvaney, Robert (6)  
1: CSIRO, Oceans and Atmosphere, Aspendale, Australia; 2: Second University of Naples, Caserta, Italy; 3: ANSTO, Menai, 
Australia; 4: University of Melbourne, Melbourne, Australia; 5: Australian Antarctic Division, Kingston, Australia; 6: British 
Antarctic Survey, Cambridge, UK  

The 2000 year record of atmospheric CO2 provides evidence of natural variations of the carbon cycle 
and the impact of anthropogenic activities. These records have been used extensively to quantify the 
anthropogenic CO2 increase, to identify the start of the anthropocene, to provide radiative forcing for 
earth system models and to infer carbon-climate feedbacks. 
We will present a revised record of CO2 concentrations from Antarctic firn and ice cores. The 
measurements are mainly of the highly age-resolved Law Dome cores but also include the lower 
resolution and colder Dronning Maud Land (DML) ice core and the new Aurora Basin North (ABN) ice 
core. Previously published measurements have been updated with new calibration, dating and sample 
selection criteria. Measurements from the Law Dome ice cores overlap with firn air measurements and 
with early direct observations at South Pole and Cape Grim, producing an essentially continuous 
record to the present day. Decadal variability in atmospheric concentrations is preserved by the 
narrow air age spread. 
The main features and variability in the Law Dome core CO2 record are supported by the revised 
measurements. They will be compared with measurements of the lower resolution DML and ABN 
cores and with published CO2 records from the same period. Measurements of 13CO2 from Law Dome 
and DML and a Kalman filter double deconvolution attribute pre-industrial variations in CO2 to net 
uptake by the terrestrial biosphere. A simple model of published carbonyl sulfide (COS) data shows 
that temperature changes, not vegetation regrowth, was the main cause of the lower CO2 during the 
Little Ice Age (1500 to 1750 AD) and allows the derivation of the temperature sensitivity of the 
terrestrial biosphere which implies a positive carbon-climate feedback. 
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Invited Keynote: The paleorecord of global carbon cycle changes in polar ice 
cores – a journey in time  

Fischer, Hubertus*  
Climate and Environmental Physics, Physics Institute & Oeschger Centre for Climate Change Research, University of Bern, 
Switzerland  

The International Carbon Dioxide Conference was initiated in Bern in the early 1980s when 
atmospheric CO2 levels were still at around 340 ppm, i.e. about 60 ppm lower than at present. 
Interestingly, this was also the time when first reliable CO2 reconstructions from Antarctic ice cores 
became available. These drastically revealed the disaster of anthropogenic CO2 emissions by 
documenting CO2 concentrations at that time being already elevated by about 60 ppm over 
preindustrial levels. 
In the meantime ice core science on the global carbon cycle has soared providing high-resolution CO2 
records back to the last glacial maximum and an extended view of long-term changes of CO2 in the 
Quaternary back to 800,000 yr before present. These measurements support a tight coupling of 
atmospheric CO2 and global climate and an important role of increasing CO2 levels in driving 
glaciation/deglaciation sequences, where CO2 levels were 100 ppm lower during glacials than during 
the preindustrial period and showed concentrations lower than 300 ppm during past interglacials. 
However, the amplitude of these CO2 changes and the responsible changes in the global carbon cycle 
cannot be explained by a single process only. Recent progress in isotopic studies of CO2 in ice cores, 
in carbon cycle reconstructions using marine sediment records as well as in carbon cycle modeling 
point to a combination of processes being responsible for the glacial/interglacial CO2 amplitude and 
millennial variations in atmospheric CO2. These processes comprise biological, physical but also 
geological effects to quantitatively explain the observed records. This presentation will summarize the 
steps taken in ice research over the last decades to reconstruct carbon cycle changes over the last 
800,000 years and implications of these results for future CO2 changes. 
While we all hope that the next decades will bring rapidly leveling atmospheric CO2 concentrations in 
order to achieve the 1.5-2°C global warming target, the ice core community itself also hopes to obtain 
an even longer ice core view of carbon cycle changes over the last 1.5 million years in the near future. 
Based on new ice core drillings currently planned in East Antarctica, such a record would also cover 
the Mid Pleistocene Transition and would allow us to study the role of greenhouse gases in the 
change of cyclicity of ice age/warm age sequences from 40 to 100 kyr over that interval. 
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Simulating the silicon stable isotopic distribution in the Last Glacial Maximum  

Gao, Shuang (1); Wolf-Gladrow, Dieter A. (2); Völker, Christoph* (2)  
1: Geophysical Institute & Bjerknes Centre for Climate Research, University of Bergen, Norway; 2: Alfred Wegener Institute 
Helmholtz Centre for Polar and Marine Research, Germany  

Variations in the silicon stable isotopic composition (δ30Si) of sedimentary biogenic silica (BSi) are 
used to reconstruct the utilization level of dissolved silicic acid (DSi) by diatoms in the geological past 
and to explore the influence of diatoms on past oceanic biogeochemistry and climate. A Last Glacial 
Maximum (LGM) climate simulation has been performed with a coupled ocean-sediment model that 
includes a prognostic formulation of BSi production with concurrent silicon isotopic fractionation. The 
model results show reduced DSi utilization by diatoms in high latitudes during the LGM, likely due to 
the extended ice cover in the model. There is a 23% decrease in BSi export production in the 
Southern Ocean during the LGM compared to a present-day climate experiment. This leads to an 
increased equator-ward transport of DSi in Subantarctic Mode Water and Antarctic Intermediate 
Water, and a shift in the distribution of DSi from the deep Pacific into the deep Atlantic. The mean 
δ30Si value of DSi in the upper ocean shows a 0.14 per mil decrease in the LGM experiment, while 
there is an increase in the low-latitude Pacific compared with the present-day experiment. Although 
these model runs do not take into account an effect of changed iron suppy in the Southern Ocean on 
the Si:N drawdown ratio, our results agree qualitatively with the silicic acid leakage hypothesis during 
a glacial-interglacial cycle. We discuss the possible sensitivity of our results to changes in weathering 
fluxes of silicate and/or dust deposition. 
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Ventilation changes and carbon cycle dynamics in the deep South Indian 
Ocean: an important component of atmospheric CO2 changes during the last 
deglaciation?  

Gottschalk, Julia* (1); Szidat, Sönke (2); Michel, Elisabeth (3); Mazaud, Alain (3); Studer, Anja 
(4); Thöle, Lena (1); Martinez-Garcia, Alfredo (4); Jaccard, Samuel (1)  
1: Institute of Geological Sciences and Oeschger Center for Climate Change Research, University of Bern, Switzerland; 2: 
Department of Chemistry and Biochemistry and Oeschger Centre for Climate Change Research, University of Bern, 
Switzerland; 3: Laboratoire des Sciences du Climat et de l'Environnement, LSCE/IPSL, CNRS-CEA-UVSQ, Université de Paris-
Saclay, Gif-sur-Yvette, France; 4: Max Planck Institute for Chemistry, Climate Geochemistry Department, Mainz, Germany  

The deglacial radiocarbon (14C) history of the ocean and the atmosphere gives valuable insights into 
the mechanisms governing atmospheric CO2 (CO2,atm) levels, and hence global climate. Deep-ocean 
14C ventilation changes are linked to the efficiency of air-sea CO2 exchange and the degree of respired 
carbon sequestration. Estimates of deglacial 14C ventilation ages become increasingly available for the 
global ocean; yet, they remain lacking for the Indian Ocean, likely owing to low foraminifer 
abundances. We present a new suite of paired benthic and planktonic foraminifer 14C ages from the 
deep sub-Antarctic Indian Ocean (i.e., sediment core MD12-3396CQ; 47°43.88′S, 86°41.71′E, 3615 m 
water depth) obtained by small-sample 14C analyses (0.3-1 mg CaCO3) with the Mini-radioCArbon 
DAting System (MICADAS) at the University of Bern, Switzerland. (Sub-)surface ocean temperature 
estimates allow stratigraphic alignments to Antarctic (ice core) temperature variations, thereby 
providing independent and robust chronological control as well as surface ocean 14C disequilibrium 
estimates. Our new data indicate that glacial 14C (i.e. benthic-atmospheric and benthic-planktonic) 
ventilation ages were higher than mean Holocene levels at our core site, but were smaller than those 
found in the South Atlantic for instance. The transition from a poorly ventilated glacial- to a well 
ventilated Holocene sub-Antarctic Indian Ocean coincided with a rapid change in CO2,atm during the 
Bølling-Allerod stadial-interstadial transition observed in numerous Northern-Hemisphere climate 
records. Our findings indicate a role of dynamical changes in the Indian Ocean in driving CO2,atm, but 
raise questions on its quantitative impact on the atmospheric carbon budget throughout the last 
deglaciation. They further point at a major link between Northern-Hemisphere climate change and 
increased CO2 outgassing from the sub-Antarctic Indian Ocean, which emphasizes the existence of 
rapid global teleconnections significantly affecting the marine carbon cycle in this region. 
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Tree growth in a low CO2 world: confirmation of the importance of changes in 
biomass allocation as a response to changing CO2  

Harrison, Sandy P.* (1); Gerhart, Laci M. (2); Li, Guangqi (1); Prentice, I. Colin (3); Ward, Joy (4)  
1: University of Reading, UK; 2: University of Hawai’i, USA; 3: Imperial College London, UK; 4: University of Kansas, USA  

Tree-ring records from multiple sites dated to the last glaciation, when the ambient atmospheric [CO2] 
(ca) was ~180 ppm, show no apparent impact of the low [CO2] on radial growth. Here we use evidence 
from junipers growing at La Brea, California, during the last glaciation to explore this apparent 
homeostasis. Isotopic measurements on the La Brea junipers show the leaf-internal [CO2] (ci) was 
approaching the modern CO2 compensation point for C3 plants, but stem growth rates were similar to 
today (Gerhart et al., 2012). Using a coupled light-use efficiency and tree growth model (Li et al., 
2014), we show that the ci/ca ratio was stable because both vapor pressure deficit and temperature 
were decreased with compensating effects. Reduced photorespiration at lower temperatures partly 
mitigated the effect of low ci on gross primary production, but maintenance of present-day radial 
growth also required a ~25% reduction in the ratio of fine root mass to leaf area (Li et al., 2016). Such 
a shift was possible due to reduced drought stress during the glacial in this region. A growing body of 
experimental and field evidence suggests that increasing [CO2] results in changes in carbon allocation 
between aboveground and underground biomass pools. Thus, our finding that radial growth could be 
maintained under low [CO2] because of reduced underground allocation is consistent with current 
understanding of the impact of changes in ca today. The potential for changes in allocation in response 
to any environmental changes (including nutrient availability) has profound implications for 
physiological ecology, evolutionary biology, dendroclimatology and our understanding of future 
changes in the carbon cycle, and deserves more attention. 
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Particle ballasting in the Hamburg Ocean Carbon Cycle model HAMOCC: 
uncertainties and effect on glacial-interglacial pCO2  

Heinemann, Malte*; Segschneider, Joachim; Piwonski, Jaroslaw; Schneider, Birgit  
Kiel University, Germany  

Particle ballasting – the acceleration of detritus by aggregation with heavier particles – influences the 
strength of the biological carbon pump in the ocean. In other words, the presence of mineral dust, 
calcite shells or opal shells, which are heavier than the organic soft tissue, affects the rate of the 
organic carbon export to the deep ocean and sediment. Since, for example, the deposition rates of 
Aeolian dust were probably larger during glacial periods than during interglacials, enhanced particle 
ballasting during glacial periods may have contributed to the reconstructed reduction of the 
atmospheric CO2 concentration. 
We aim at a quantification of the effect that particle ballasting changes may have had on the ocean-
atmosphere CO2 fluxes during the Last Glacial Cycle. To this end, we are using the Hamburg Ocean 
Carbon Cycle model HAMOCC, which is part of the ocean model MPIOM, combined with a new 
parameterization of particle ballasting that accounts for the acceleration of the sinking of detritus by 
denser particles, including the effect of mineral dust. In our sensitivity experiments we can therefore 
quantify not only biologically-driven changes in ocean interior nutrient cycling and productivity affecting 
opal and calcite production, but also the impact of externally driven dust fluxes.  
To improve the particle ballasting parameterization, and to estimate model uncertainties in a 
computationally more feasible way, we use the new Marine Ecosystem Toolkit for Optimization and 
Simulation in 3-D (Metos3D), which employs the transport matrix method for global offline transport, 
and includes an implementation of HAMOCC. 
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Core-top calibration of sediment proxy indicators to phytoplankton growth rate 
for improving past pCO2 estimates  

Hernández Almeida, Iván*; Guitian-Bermejo, Jose; Maria Mejia, Luz; Stoll, Heather  
ETH, Switzerland  

Phytoplankton growth rate is an essential parameter required to estimate pCO2 from carbon isotopic 
fractionation in coccoliths (ep). However, this factor has not been adequately accounted for in many 
published phytoplankton pCO2 estimates. The current approach is based on determination of ep which 
is correlated with the PO4 concentrations in the photic zone. There is not direct proxy for PO4 
concentration in surface waters in the past, and consequently, this parameter is ussually assumed as 
constant. Changes in the water column structure over glacial-interglacial timescales involve also 
changes in the PO4 concentration. Thus, estimates of past [CO2aq] using ep and same constant PO4 as 
observed in the modern water column are likely biased. We propose the estimation of past growth 
rates based on several microfossils proxies and their modern relationship to changes in photic zone. 
The relative abundance of lower photic coccolithophorid Florisphaera profunda is proportional to water 
column stratification and nutricline depth. We hypothesize the %F. profunda will vary inversely with 
the  growth rate/CO2 enhancement factor. We will evaluate a similar construction based on 
foraminiferal δ18O gradients and planktonic foraminifera assemblages ratios between the upper mixed 
layer (e.g. Globigerinoides sacculifer) to deep thermocline (e.g. Globorotalia truncatulinoides) taxa. 
These proxies reflect the upper photic zone temperature and salinity gradients, which control 
stratification of the water column, and hence related to past PO4 of the surface waters and 
phytoplankton growth rate. 
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Invited Keynote: Atmospheric CO2 evolution in Earth history  

Hönisch, Bärbel*  
Lamont-Doherty Earth Observatory of Columbia University, United States of America  

The contribution of atmospheric carbon dioxide to Earth’s greenhouse effect has been known for more 
than a century, ice core records document the intricate relationship between pCO2 and temperature 
over the past 800,000 years, and for nearly 60 years scientists have monitored the accumulation of 
anthropogenic CO2 in our atmosphere and associated warming of our planet. However, despite this 
wealth of information, the detailed impacts of higher atmospheric CO2 concentrations on climate, 
terrestrial and marine ecosystems are still subject to considerable uncertainty. 
Earth history can aide us in improving our understanding of pCO2 and its impact on Earth climate, but 
ice core records miss the significantly larger climate variations that characterize Earth’s descent from 
a greenhouse to an ice house world. Studying Earth climate history and pCO2 beyond ice core time 
scales therefore requires the use of proxies, i.e. measureable surrogates for environmental 
parameters that can no longer be measured directly. Such proxies include CO2-sensitive variations in 
the isotopic and mineral composition of terrestrial and marine organic compounds, skeletal and 
mineral precipitates, as well as the stomatal distribution in tree leaves, which have all been applied to 
reconstruct paleo-pCO2 of the Cenozoic era and beyond. These studies have revealed that carbon 
cycle perturbations similar in magnitude to anthropogenic CO2 release have occurred naturally in the 
past, but the rate of release associated with past events was at least an order of magnitude slower 
than currently observed, and yet ecosystems responded to the associated warming, ocean 
acidification and deoxygenation. 
While such comparisons help to put the anthropogenic CO2 release and associated climate change 
into perspective, our understanding of the CO2-climate linkage still remains incomplete. Relatively 
large discrepancies exist between reconstructions, making it difficult to know how much confidence 
can be placed in individual records based on different proxies and from discrete locations. A Research 
Coordination Network (RCN) recently funded by the US National Science Foundation aims to resolve 
these issues, by bringing the international paleo-community together with the goal of openly 
recognizing uncertainties, constructively and jointly working to reduce them, and advancing our 
understanding of paleoclimate by orchestrating high resolution and high fidelity pCO2 reconstructions 
using all available proxies and archives. Following an overview of the current state of knowledge on 
paleo-pCO2, I will report on the activities and progress of this RCN, including ongoing projects in my 
laboratory. 
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Covariation of deep Southern Ocean oxygenation and atmospheric CO2 
through the last ice age  

Jaccard, Samuel* (1); Galbraith, Eric (2); Martinez-Garcia, Alfredo (3); Gottschalk, Julia (1); 
Anderson, Robert (4)  
1: Institute of Geological Sciences, University of Bern, Switzerland; 2: Universitat Autonoma de Barcelona, Spain; 3: Max Planck 
Institute for Chemistry, Mainz, Germany; 4: Lamont Doherty Earth Observatory, Columbia University, USA  

No single mechanism can account for the full amplitude of past atmospheric carbon dioxide (CO2) 
variability over glacial-interglacial cycles. Among the possible candidates, a build-up of carbon in the 
deep ocean has emerged as a central mechanism for lowering atmospheric CO2 concentrations during 
the Last Glacial Maximum (LGM). However, the mechanisms responsible for the release of the deeply 
sequestered carbon to the atmosphere at deglaciation, and the relative importance each played in 
controlling variations in atmospheric CO2 concentrations prior to the LGM, have remained subjects of 
debate. Here we present sedimentary redox-sensitive trace metal records from the Antarctic Zone of 
the Southern Ocean that provide a reconstruction of transient changes in deep ocean oxygenation 
and, by inference, respired carbon storage throughout the last glacial cycle. Our data suggest that 
respired carbon was removed from the abyssal Southern Ocean during the northern hemisphere cold 
phases of the deglaciation, when atmospheric CO2 concentrations increased rapidly, reflecting - at 
least in part - a combination of dwindling iron fertilization by dust and enhanced deep ocean 
ventilation. Furthermore, our records show that the observed correlation between atmospheric 
CO2 concentrations and abyssal Southern Ocean oxygenation was maintained throughout most of the 
past 80 kyrs. This suggests that on millennial timescales deep ocean circulation and iron fertilization in 
the Southern Ocean played a consistent role in controlling atmospheric CO2 concentrations. 
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Modeling carbon and δ13C in the coupled atmosphere-ocean-land-sediment 
system on glacial/interglacial timescales  

Jeltsch-Thömmes, Aurich* (1,2); Battaglia, Gianna (1,2); Schmitt, Jochen (1,2); Fischer, 
Hubertus (1,2); Joos, Fortunat (1,2)  
1: Climate and Environmental Physics, Physics Institute, University of Bern, Switzerland; 2: Oeschger Centre for Climate 
Change Research, University of Bern, Switzerland  

The understanding of glacial-interglacial variations in atmospheric CO2 and δ13CO2 and δ13Cocean 
remains limited. Recent ice core studies on δ13CO2, covering the period from 155 kyrBP to present, 
reveal a difference in atmospheric δ13CO2 between the last two full glacial states of about 0.3 ‰ with 
the depletion occurring towards the LGM. A similar difference is also found in marine sediment 
records. What is the reason for this change in δ13C in the atmosphere-ocean system? 
This question is addressed by performing 100-kyr long carbon isotope-enabled simulations with the 
Bern3D Earth System Model of Intermediate Complexity. Potential mechanisms such as pulse 
releases of carbon from land as anticipated for glacial conditions and increases in the weathering rate 
of organic matter by erosion due to, e.g. differing sealevel stands or vegetation cover, are simulated. 
Evolution of climate, physical and biogeochemical tracers, and their fluxes through the atmosphere, 
ocean, ocean-sediment, and land biosphere model components is monitored. Characteristic spatio-
temporal patterns are extracted by Principal Component Analysis. 
The δ13CO2 signal from a pulse release of isotopically-light land carbon evolves differently than that of 
CO2. Initially, the δ13CO2 perturbation of the atmosphere is removed much faster than the CO2 
perturbation itself as gross exchange with mainly the ocean dilutes the isotopic signal. On multi-
millennial to 100-kyr timescales, the 13C perturbation is removed by dissolution of isotopically-enriched 
CaCO3 from sediments and the burial of biogenic particles with perturbed δ13C signature. 
A step increase in the rate of organic weathering leads to a depletion in atmospheric δ13CO2 and 
pronounced changes in oceanic and sedimentary carbon and alkalinity/CaCO3 budgets on millennial 
timescales. Input of isotopically-light carbon into the ocean from enhanced organic weathering is 
countered by dissolution of isotopically-enriched CaCO3 from sediments on multi-millenial timescales. 
The change in δ13C of atmospheric CO2 and of carbon dissolved in the ocean is persistent and leads 
to new steady state conditions. Atmospheric CO2 concentrations increase in response to increased 
organic weathering and stabilize on higher levels on 100-kyr timescales. 
Due to the residence time of carbon in the ocean-biosphere-atmosphere system of ~100 kyr any short-
term perturbation of the system will be gradually lost over the course of one glacial cycle. Therefore, 
long-term changes, like imbalances of weathering-burial of organic matter or reservoir changes of 
"slow carbon pools" on land (e.g. peat or yedoma) are needed to explain the observed long-term δ13C 
changes. 
Additional experiments, including CaCO3 and CaSiO3 weathering feedbacks, land biosphere 
fertilization and Neogene ocean cooling will provide additional insight. Further, comparison of model 
results with a multitude of proxy data, including for example marine [CO3

2-] or atmospheric oxygen will 
further constrain mechanisms of climate-biogeochemical changes and feedbacks. 
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How well do benthic-planktonic radiocarbon ages approximate ocean 
ventilation?  

Mouchet, Anne* (1); Beckers, Jean-Marie (2); Deleersnijder, Eric (3); Delhez, Eric (4); 
Mikolajewicz, Uwe (1)  
1: Max-Planck Institute for Meteorology, Hamburg, Germany; 2: Université de Liège, Astrophysics, Geophysics and 
Oceanography Department, Liège, Belgium; 3: Université catholique de Louvain, Institute of Mechanics, Materials and Civil 
Engineering & Earth and Life Institute, Louvain-la-Neuve, Belgium; 4: Université de Liège, Aerospace and Mechanical 
Engineering Department, Liège, Belgium  

The assessment of past ocean ventilation changes often relies on the difference between radiocarbon 
ages of co-existing benthic and planktonic species (B-P ages). However, several factors limit the 
potential of the B-P ages method in this purpose. The radiocarbon distribution in the ocean is 
controlled by atmospheric 14C level, by air-sea exchange rate, by mixing in the ocean interior, as well 
as, by water mass pathways. The complex interplay between these processes may result in significant 
departures of the B-P ages from the actual ventilation timescale. 
Here we examine the sensitivity of B-P ages to circulation and air-sea processes in 3-D OGCMs by 
means of idealized radioactive tracers. The equations describing the evolution of such tracers are 
established in the framework of The Constituent-oriented Age and Residence time Theory (CART, 
www.climate.be/cart). Theoretical developments yield that for a given radioactive decay rate the 
difference between the ventilation age and the radio-age increases with decreasing air-sea exchange 
rate. 
The long time needed for radiocarbon exchange with the atmosphere result in B-P ages 
overestimating the true ventilation time. This bias may reach several hundred years in numerical 
experiments with 3-D OGCMs. Further, B-P age biases, that is the difference between radiocarbon 
and ventilation B-P ages, are not uniform. They exhibit marked vertical and horizontal structures, even 
when homogeneous boundary conditions are applied at the surface. 
Taking advantage of partial ages (Mouchet et al., 2016) we investigate the reasons for such significant 
departures. These ages allow to evidence that contributions from distant ocean regions to the local 
ventilation increase as the air-sea exchange rate decreases. 
We further examine the role of atmospheric evolution of radiocarbon concentrations over the last 40 
kyr and different OGCMs circulation in shaping these differences. 
B-P age biases depend in a non-linear way on the air-sea exchange and circulation rates while 
heterogeneity in the air-sea exchange rate only plays a secondary role. 
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Towards a novel continuous sublimation extraction/laser spectroscopy method 
to unlock the greenhouse gas record in deepest ice  

Mächler, Lars* (1); Bereiter, Bernhard (1,2); Schmitt, Jochen (1); Walther, Remo (1); 
Scheidegger, Philipp (2); Tuszon, Béla (2); Emmenegger, Lukas (2); Fischer, Hubertus (1)  
1: Climate and Environmental Physics & Oeschger Centre for Climate Change Research, University of Bern; 2: Empa, Swiss 
Federal Laboratories for Materials Science and Technology, Dübendorf, Switzerland  

Ice cores are unique archives of ancient air providing the only direct record of past greenhouse gases 
– key in reconstructing the roles of greenhouse gases in past climate changes. The European 
Partnership in Ice Core Sciences (EuroPICS) plans to drill an ice core extending over 1.5 Ma, nearly 
doubling the time span of the existing greenhouse record and covering the time period of the Mid 
Pleistocene Transition. The ice covering the time interval from 1-1.5 Ma is close to the bedrock and, 
due to glacial flow, extremely thinned. A 10,000 yr glacial/interglacial transition can be compressed in 
1 m of ice. The targeted 100 yr resolution therefore constrains the sample size to 15-30 g containing 
only 1-2mlSTP air. 
Within the deepSlice project we aim to unlock such atmospheric archives in extremely thinned ice by 
developing a novel coupled semi-continuous sublimation extraction/laser spectroscopy 
system.  Vacuum sublimation, with an infrared source, is the best method that allows 100% gas 
extraction of all gas species from ice without changing the isotopic composition of CO2.  In order to 
reduce ice waste and accelerate sample throughput, we are building an extraction system able to 
continuously sublimate an ice-core section and subsequently collect discrete full air samples. For the 
gas analytics we develop a custom-made mid-infrared laser spectrometer allowing simultaneous 
measurement of the CO2, CH4 and N2O concentrations as well as the isotopic composition of CO2 on 
air samples of only 1-2 mlSTP. The two systems will be coupled via cryo-trapping of the sample air in 
dip tubes, followed by expansion of the sample air into the laser spectrometer. Due to the 
nondestructive laser technique, the air sample can be recollected and reused for further analytics. 
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A high-resolution record of millennial scale atmospheric CO2 variations during 
Marine Isotope Stage 9-11  

Nehrbass-Ahles, Christoph* (1); Shin, Jinhwa (2); Schmitt, Jochen (1); Bereiter, Bernhard (1); 
Schmidley, Loïc (1); Teste, Grégory (2); Chappellaz, Jérôme (2); Stocker, Thomas (1); Fischer, 
Hubertus (1)  
1: Climate and Environmental Physics, Physics Institute, and Oeschger Center for Climate Change, University of Bern, 
Switzerland; 2: CNRS, Univ. Grenoble-Alpes, Institut des Géosciences de l’Environnement (IGE), Grenoble, France  

Antarctic temperature and atmospheric CO2 are highly correlated over the last eight glacial cycles (i.e. 
the last 800’000 years). Investigating millennial scale variability in CO2 can help to understand 
variations of the bipolar seesaw and its impact on the global carbon cycle. However, high-resolution 
CO2 records are only available for roughly the last 100’000 years. 
This raises the question whether the specific phenomena we observe in the last glacial period are a 
prevalent feature throughout previous glacials. In order to investigate this phenomenon highest 
resolution and precision CO2 and CH4 data from ice cores are required that allow us to directly 
determine the effects of bipolar seesaw fluctuations onto atmospheric CO2 concentrations. 
To date, the pioneering Vostok CO2 record provides the only available data for the period between 
150’000 to 400’000 years (Petit et al., 1999), but the time resolution is not sufficient to study millennial-
scale variations. We have now filled the first part of this “low-resolution” gap with a new record based 
on the EDC ice core that has a three times better measurement precision and five times higher 
temporal resolution. 
This record allows us to investigate natural CO2 variability in MIS 11, a key interglacial period that is 
intensively studied due its orbital similarity to the Holocene. During the glacial inception in MIS 10 we 
have identified five distinct CO2 maxima coinciding with Antarctic Isotope Maxima, similar to the 
observation for the last glacial period. Furthermore, we report the highest CO2 value of 305 ppm over 
the last 800’000 years at the onset (“overshoot”) of the MIS 9 interglacial and investigate its phase 
relationship with CH4 and temperature changes at that time. 
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Circulation patterns of the glacial Southern Ocean  

Ronge, Thomas* (1); Tiedemann, Ralf (1); Geibert, Walter (1); Lippold, Jörg (2); Lamy, Frank (1)  
1: Alfred Wegener Institute, Germany; 2: Universität Heidelberg, Germany  

Better insight into the glacial whereabouts of CO2 is crucial to achieve a comprehensive overview of 
processes driving the global carbon cycle. Opposing patterns of increasing atmospheric CO2 and 
decreasing D14C values point toward the release of ancient 14C-depleted CO2 during Heinrich Stadial 1 
(HS1) and the Younger Dryas (YD). Today, the deep ocean below ~2000 m, stores up to 60-times 
more carbon than the atmosphere and is therefore considered to be a major driver of the atmospheric 
CO2 pattern, storing CO2 during glacials, releasing it during deglacial transitions. 
Throughout the last deglaciation, two pronounced phases show a collapse of the Atlantic Meridional 
Overturning Circulation (AMOC) that coincided with the HS1 and YD rise in atmospheric CO2. These 
collapses are thought to have reduced the efficiency of the biological pump and might have therefore 
contributed to rising CO2-levels. Yet, these AMOC-induced changes in the biological pump fail to 
explain the significant drop in atmospheric D14C. In this respect, several studies point to the presence 
of very old, 14C-depleted deep-waters in the deep glacial Southern Ocean, which rejuvenated during 
the last termination. 
However, to allow for the aging of water masses and thus the accumulation of CO2 in the deep 
Southern Ocean, circulation patterns must have been significantly different from today’s layout. 
Here we present a multiproxy approach to reconstruct circulation patterns of glacial Southern Ocean 
intermediate- and deep-waters and their evolution throughout the deglacial period. Our data point to a 
significant slowdown of Southern Ocean overturning throughout the glacial, which might have 
culminated in the accumulation of CO2 in Circumpolar Deep Waters. Parallel to rising atmospheric 
CO2-levels, the deep water masses pick up their pace, ultimately transporting the 14C-depleted deep-
waters to the surface, where their load of ancient CO2 could be released back to the atmosphere. 
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A reconstruction of global granite weathering from atmospheric 
tetrafluoromethane trapped in ice cores  

Schmitt, Jochen* (1); Seth, Barbara (1); Köhler, Peter (2); Willenbring, Jane (3); Fischer, 
Hubertus (1)  
1: Climate and Environmental Physics, Physics Institute & Oeschger Centre for Climate Change Research, Switzerland; 2: 
Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung (AWI), Bremerhaven, Germany; 3: University of 
Pennsylvania, Department of Earth & Environmental Sciences, Philadelphia, USA.  

Atmospheric CO2 variations on orbital timescales mainly depend on variations in the carbon content of 
the ocean (including its sediments) and of the terrestrial biosphere. However, the input fluxes to this 
subsystem of the global carbon cycle (namely volcanic CO2 emissions, oxidative weathering of organic 
matter and carbonate weathering), and the outgoing fluxes (burial of organic matter and carbonate 
sediments) result in a carbon turnover of the ocean-atmosphere-biosphere system of only 100 kyr. 
Without negative feedbacks, even small flux imbalances would lead to a gradual rise or drop in mean 
atmospheric CO2 over the last 800 kyrs that is not observed (Bereiter et al., 2015). Weathering is 
thought to provide this negative feedback since weathering is sensitive to temperature and runoff. 
Here we present a new, ice core-based record of tetrafluoromethane (CF4) that serves as proxy for 
silicate weathering, since it is released only from weathering of granites. CF4 is a very inert gas with an 
atmospheric lifetime on the order of 100 kyr and therefore it accumulates in the atmosphere and can 
be measured in air bubbles in ice cores. Our CF4 concentration record from the EPICA Dome C ice 
core covers the last 800 kyr and reveals clear glacial/interglacial cyclicity. Owing to its long lifetime, 
CF4 concentrations have to be inverted into CF4 fluxes to yield a metric proportional to changes in 
granite weathering. This CF4 flux shows a tight positive correlation with CO2 and temperature 
suggesting the existence of a glacial/interglacial response in global granite weathering to climate 
change. Furthermore, we identify an intensification in weathering after the Mid Brunhes Event (MBE) 
ca. 430 kyr ago. On average, global CF4 emissions after the MBE, and thus the inferred weathering 
rate, are higher by about 15% than before the MBE. As the MBE affects only the intensity of 
interglacials, which typically comprise less than 30% of the entire glacial/interglacial cycle, the 15% 
rise in weathering after the MBE is connected to these short interglacials only. 
Accordingly, our data suggest that the global weathering rate may be rather sensitive to climate-
related changes, either directly through temperature or runoff for a given area, through enhanced 
chemical weathering following glacial erosion, or indirectly by increasing the size of the affected land 
area. Consequently, any long-term imbalance in carbon or alkalinity fluxes which would otherwise 
cause a drift in mean CO2 is counter-balanced by the sensitivity of weathering rates. Our data thus 
support the observations of a declining atmospheric O2 level over the last 800 kyr (Stolper et al., 2016) 
while at the same time CO2 during the Quaternary stayed within narrow boundaries. 
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Atmospheric CO2 variations on millennial-scale during MIS 6  

Shin, Jinhwa* (1); Nehrbass-Ahles, Christoph (2); Grilli, Roberto (1); Chappellaz, Jérôme (1); 
Teste, Grégory (1); Schmidely, Loïc (2); Schmitt, Jochen (2); Stocker, Thomas (2); Fischer, 
Hubertus (2)  
1: CNRS, Univ. Grenoble-Alpes, Institut des Géosciences de l’Environnement (IGE), Grenoble, France; 2: Climate and 
Environmental Physics, Physics Institute, and Oeschger Center for Climate Change, University of Bern, Switzerland  

Understanding natural carbon cycle/climate feedbacks on various time scales is highly important for 
predicting future climate changes. Paleoclimate records of Antarctic temperatures, relative sea level 
and foraminiferal isotope and pollen records in sediment cores from the Portuguese margin have 
shown climate variations on millennial time scale over the Marine Isotope Stage 6 (MIS 6; from 
approximately 135 to 185 kyr BP). These proxy data suggested that an intensified hydrological cycle 
and iceberg calving in the North Atlantic may impact on Atlantic Meridional Overturning Circulation. 
This leads to cooling of the Northern hemisphere and warming of Antarctica, which is explained by the 
bipolar seesaw mechanism in the ocean (Margari et al., 2010). Atmospheric CO2 reconstruction from 
Antarctic ice cores can provide key information on how atmospheric CO2 concentrations are linked to 
millennial-scale climate changes. However, existing CO2 records cannot be used to address this 
relationship because of the lack of suitable temporal resolution. In this work, we will present 
preliminary new CO2 data with an improved time resolution, obtained from the Dome C ice core 
(75°06'S, 123°24'E) spanning the MIS 6 period, using dry extraction methods. We will examine 
millennial-scale features in atmospheric CO2, and their possible links with other proxies covering MIS 
6. 

Margari, V., Skinner, L. C., Tzedakis, P. C., Ganopolski, A., Vautravers, M., and Shackleton, N. J.: The 
nature of millennial scale climate variability during the past two glacial periods, Nat.Geosci., 3, 127–
131, 2010. 
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Reconceiving the phytoplankton proxy for reconstruction of atmospheric CO2 
beyond the ice cores  

Stoll, Heather*; Mejia, Luz Maria; Guitian Bermejo, Jose; Hernandez, Ivan  
ETH Zurich, Switzerland  

The current and future anthropogenic pCO2 will significantly exceed the range encompassed by 
glacial-interglacial variations recorded in polar ice cores of the last 800000 years.  Consequently, 
reconstructing earth’s system climate sensitivity to the Miocene and Pliocene periods of warmer than 
preindustrial temperatures, higher sea levels, and smaller ice caps will require robust proxy-based 
estimates of atmospheric pCO2 for these times.  Previous proxy reconstructions have estimated very 
low and constant pCO2 for the Miocene.   We describe a reconception of the phytoplankton pCO2 
proxy, accounting for the adaptation of algae to CO2 limitation using quantitative models of intracellular 
C transport, and accounting for changing cell size among coccolithophorids.  pCO2 records from 
diatoms of constant cell size, and pCO2 records from alkenone biomarkers produced by 
coccolithophorids, show a significant decline in atmospheric pCO2 between 10 and 6 Ma, consistent 
with evidence for significant high latitude cooling.   Accounting for cellular adaptation leads to pCO2 
estimates of up to 800 ppmv at 11 Ma in the Miocene.  We show that the existing published 
phytoplankton pCO2 estimates which do not account for changes in active carbon uptake and cell size, 
are significantly compromised  in both trends and magnitudes for the last 20 Ma and largely 
underestimate pCO2. This result has important consequences for estimates of climate sensitivity, and 
indicates new time intervals in which the causes of changes in the carbon cycle need to be explored.   

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 275 of 463 

   

Poster Presentation  
Theme 2: The Paleo Perspective: Patterns, Processes and Planetary Boundaries  
Keywords: land, permafrost thaw, deglaciation, carbon cycle model, atmospheric CO2 rise  

Mobilization of old terrestrial carbon in the North Pacific realm caused by 
permafrost thawing, sea-level rise and ice-sheet melting during the last 
deglaciation  

Winterfeld, Maria (1); Meyer, Vera* (1); Mollenhauer, Gesine (1); Dummann, Wolf (2); Lembke-
Jene, Lester (1); Köhler, Peter (1); Hefter, Jens (1); McIntyre, Cameron (3); Wacker, Lukas (4); 
Haghipour, Negar (5); Kokfelt, Ulla (6); Gersonde, Rainer (1); Tiedemann, Ralf (1)  
1: Alfred Wegener Institute Helmholtz Centre for polar and marine research, Bremerhaven, Germany; 2: Institute of Geology 
and Mineralogy, University of Cologne, Germany; 3: Scottish Universities Environmental Research Centre, East Kilbride, UK; 4: 
Department of Physics, Laboratory for Ion Beam Physics, ETH Zürich, Switzerland; 5: Department of Earth Sciences, 
Geological Institute, ETH Zürich, Switzerland; 6: Geological Survey of Denmark and Greenland, Copenhagen, Denmark  

The last deglaciation was characterized by rising concentration in atmospheric CO2 (CO2atm) and a 
decrease in its radiocarbon content (Δ14Catm). Mobilization of 14C-depleted terrestrial organic carbon, 
which was previously frozen in extensive boreal permafrost soils, might have contributed to both 
changes, and was potentially caused by coastal erosion during deglacial sea-level rise and warming. 
Since parts of this potentially mobilized organic carbon was reburied in marine sediments, records of 
accumulation of terrigenous biomarkers and their compound-specific radiocarbon ages can provide 
insights into the timing and controls on permafrost decomposition. We present data from three marine 
sediment cores, two cores off the Amur River draining into the Sea of Okhotsk, and one core from the 
Northeastern Bering Sea adjacent to the Bering shelf (one the largest shelf areas flooded during the 
deglaciation) receiving input from the Yukon River. During the Last Glacial Maximum all catchments 
were completely covered with permafrost. Today, the Amur drainage basin is free of permafrost while 
the Yukon catchment is covered by discontinuous permafrost. All sites show three distinct deglacial 
maxima (at 16.5, 14.5, 11.5 ka BP) in accumulation of old terrigenous biomarkers (5-20 kyr old at the 
time of deposition). The peaks occurred during meltwater pulses suggesting that sea-level rise 
remobilized old terrestrial carbon from permafrost on the flooded shelfs. In the Bering Sea fossil, 
mature organic matter, mobilized by erosion of organic rich rocks during the retreat of Brooks Range 
glaciers and the Laurentide ice sheet additionally contributed to the first peak via increased fluvial 
runoff. Deglacial changes in abundance ratios of long-chain n-alkanes record gradual changes in 
vegetation type and wetland extent in the Amur-river catchment. Since wetland expansion is closely 
linked to permafrost thaw this implies that permafrost decomposition in the Amur drainage basin was a 
gradual process. By contrast sea-level rise caused abrupt decomposition events across the Okhotsk 
and Bering Shelfs. We extrapolate our localized findings to an overall potential carbon release during 
deglaciation of 285 PgC from coastal erosion in the Arctic Ocean and the related permafrost 
decomposition. By analysing some idealized scenarios using the global carbon cycle model BICYCLE 
we estimate the impact of such a release on the atmosphere. We find that it might have accounted for 
a deglacial rise in CO2atm of up to 15 ppm, and to a decline in ∆14Catm of 15‰. These results, if 
restricted to the three peak events connected to rapid sea-level rise, as supported by our data, might 
have contributed particularly to abrupt changes in CO2atm and ∆14Catm, corresponding to 15-20% of 
both, the observed rise in CO2atm of ~90 ppm, and the residual in ∆14Catm that is unexplained by 
changes in the 14C production rate. 
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Peat Formation and Dynamics in Arctic Tundra: Implications for Regional 
Carbon Balance  

Yu, Zicheng*; Cleary, Kathleen  
Lehigh University, United States of America  

Amplified climate warming in the Arctic in recent decades has caused a multitude of changes in 
terrestrial ecosystems, including permafrost soil thaw and shrub expansion. Most of these changes 
have the potential for strong carbon (C) cycle–climate feedbacks. However, the impacts of these 
changes on belowground processes are still poorly understood. Some Arctic tundra landscapes have 
shallow "peat patches", which have organic layers too thin (<30 cm) to be classified as peatland, but 
still represent a significant net C sink at decadal-centennial timescales. Furthermore, these peat 
patches may represent the initial stage of peatland formation in the pan-Arctic region, as peatland 
conditions migrate northward in a warming climate. 
Here we present results from multiple soil cores collected along a hillslope covered by Eriophorum-
dominated tussock tundra with widespread Sphagnum peat patches in upper Imnavait Creek on the 
North Slope of Alaska (68°36’N, 149°18’W), as a case study, to investigate responses of organic soil 
development, vegetation composition, and C accumulation to climate change. All cores show a 
consistent organic soil development sequence from mineral soil to sedge peat to Sphagnum peat. 
Sedge peat initiation occurred at ~440 cal yr BP on average, largely during the cold Little Ice Age, 
suggesting the importance of preservation of organic matter during initial peat buildup at this hillslope. 
The onset of Sphagnum peat occurred on average at ca. 1930 AD, likely caused by progressive soil 
drying as a result of regional climate warming and active layer deepening as well as earlier snowmelt. 
Fossil pollen analysis shows that the vegetation was dominated by sedges from 650 years ago to 
1875 AD, followed by increases in dwarf birches first and then willows since the early 2000s. This 
suggests that the recent observed shrub expansion was preceded by birch expansion more than a 
century ago. Since the 1850s after Sphagnum peatinitiation, a doubling of carbon accumulation has 
occurred at the study site. On average, Sphagnum peat has an accumulation rate of 80 ± 33 (S.D.) 
gC/m2/yr. In the last two decades, carbon accumulation shows a dramatic increase to ~200 gC/m2/yr, 
suggesting a widespread ecosystem response likely to the recent accelerated Arctic warming. 
Previous studies of eddy flux measurements over the last decade from similar tundra sites indicate 
that these ecosystems as a whole are a net source of C to the atmosphere, due to elevated C release 
during the snow-covered season. However, our results show that Sphagnum patches on the tussock 
tundra have been a sustained C sink. If Sphagnum patches expand on the tundra landscape in the 
future, the region could become a net C sink of atmospheric CO2, impacting the regional and even 
global C balance. 
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Development of an automated system for high-precision determination of ∆17O 
of carbon dioxide  

Adnew, Getachew Agmuas* (1); Hofmann, Magdalena E.G (1); Koren, Gerbrand (2); Peters, 
Wouter (2,3); Röckmann, Thomas (1)  
1: Institute of Marine and Atmospheric Research Utrecht (IMAU), Utrecht University, The Netherlands; 2: Wageningen 
University, Department of Meteorology and Air Quality, Wageningen, The Netherlands; 3: University of Groningen, Centre for 
Isotope Research, Groningen, The Netherlands  

Gross primary production (GPP), the total carbon dioxide uptake during photosynthesis, is one of the 
major components of the global carbon cycle, but estimates for global GPP are highly uncertain [1]. 
Small variations in the relative abundance of the stable isotopes of oxygen (16O, 17O, 18O) in CO₂ can 
be quantified as ∆17O, also referred to δ17O-excess which is defined as ∆17O=ln(δ17O+1)-λln(δ18O+1), 
with a triple isotope coefficiente λ of 0.528.). ∆17O might be a better tracer for GPP than the more 
commonly known δ18O since it is less dependent on the isotopic composition of leaf water and soil 
water [2,3]. We are currently developing an analytical system for high-precision measurements of ∆17O 
in CO2 to investigate the GPP of the Amazonian forest, the largest tropical forest. 
Due to the mass interference between 13C16O2 and 12C17O16O, measurement of ∆17O of carbon dioxide 
is challenging. Our analytical system is based on the technique developed by Mahata et al. [4] and 
Barkan et al. [5], which uses isotope exchange between oxygen and carbon dioxide (≈70 μmol each) 
on hot platinum (750oC). Repeated CO2-O2 isotope exchange showed that the precision in ∆17O 
analysis of pure CO2 samples from a cylinder is < 0.01‰. In order to calibrate the CO2-O2 exchange 
system, we converted O2 to CO2 in the presence of a hot graphite rod to obtain carbon dioxide with a 
known triple oxygen isotope composition. The difference in the δ18O value between the oxygen used 
to generate the carbon dioxide and the final carbon dioxide is ≤ 0.06‰. The small difference in the 
δ18O value may arise due to scale differences between the two gases and/or possible formation of 
CO. The system will soon be applied to analyze the oxygen isotope composition of CO2 extracted from 
atmospheric air samples. Ultimately, we will analyze tropospheric carbon dioxide from the Amazon 
forest, stratospheric carbon dioxide, and we will also study different CO2 source and sink processes, 
such as photosynthesis, combustion and photochemical reactions to better understand 17O 
fractionation processes. 

Reference: 1.S. Piao, s.Sitch P.Ciais, et al. Global Change Biology. 19,2117-2132(2013). 2.K.Hoag, 
C. Still, I. Fung and K. Boering. Geophys Res Lett.32(2), 1-5 (2005). 3. M.E.G. Hofmann, B. Horvath, 
L. Schneider, W. Peters, K. Schutzenmeister, A. Pack. Geochim Cosmochim Ac.199,143-
163(2017). 4.S. Mahata, S. Bhattacherya and M-C. Liang. Rapid Commun. Mass Spectrom.30(1),119-
131(2016). 5.E. Barkan, I. Musan and B. Luz. Rapid Commun. Mass Spectrom.29(23),2219-
224(2015). 
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The potential carbon storage in soils and vegetation  

Ahlström, Anders* (1,2); Hugelius, Gustaf (3,2); Erb, Karlheinz (4); Luo, Yiqi (5); Harden, 
Jennifer (2); Canadell, Pep (6); Jackson, Robert B (2)  
1: Lund University, Sweden; 2: Stanford University, USA; 3: Stockholm University, Sweden; 4: Alpen-Adria University, Austria; 
5: University of Oklahoma, USA; 6: CSIRO, Global Carbon Project, Australia  

Recent modelling and measurement analyses suggest that CO2 emissions from land use are much 
higher when land management and human alterations of the carbon cycle that accompany land use 
changes are accounted for. This more complete accounting also suggests that the difference between 
current and potential storage of carbon in vegetation and soils of natural ecosystems may be larger 
than most current models predict. Here we investigate the losses of vegetation and soil carbon 
through time using diverse empirical datasets and a mass balance approach. We compare current 
carbon storage in vegetation, soils and anthropogenic products (e.g. wood, paper, land fills) with the 
potential for carbon storage in unaltered vegetation and soils assuming that ecosystems have the 
capacity to restore carbon to their pre-anthropogenic capacity. The difference between the potential 
and current carbon storage in vegetation and soils, “the carbon debt”, is further decomposed into 
processes such as harvest of crops and wood and replacement of trees with grasses. We present 
estimates of 1) the global potential carbon storage, 2) when losses occurred in time (8k years BP-
present), 3) what caused the losses, and 4) how long time it would take to reach the potential. Our 
results suggest that soil and vegetation in ecosystems unaffected by humans may be a better carbon 
storage and climate change mitigation strategy than previously thought. 
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Sediment erosion as a component of the global Carbon cycle; assessing the 
sediment erosion fluxes at the European scale  

Androulakakis, Andreas* (1); van Gils, Jos (1); Regnier, Pierre (2)  
1: Deltares, the Netherlands; 2: Université Libre de Bruxelles, Brussels, Belgium  

Soil erosion transports fine particle soil material from the hillslopes down to low-lying land areas, which 
leads to an established carbon loss from the topsoil layer. Sediments mobilized by erosion are often 
highly enriched in soil organic carbon on their way towards the stream and within the river system. 
Although exhaustive studies of the drivers of carbon transport by means of sediment erosion can be 
found in the literature, the exact mechanism of the sediment movement is still not fully explored. As a 
consequence, small or regional scale erosion models do not provide a proper spatial representation of 
POC erosion and deposition, especially with regards to the stability of the organic matter in the 
sediment and the emission of greenhouse gases. 
We have developed a European scale sediment erosion model as a transport agent for POC to 
simulate the hillslope carbon losses and loading into the river network. We are aiming to better 
understand the role of lateral sediment and carbon fluxes at the continental level as a key component 
of the global carbon cycle across the Land-Ocean Aquatic Continuum. Our study is based on the 
RMMF model, where sediment transport is driven by sediment mobilisation processes in relation to the 
calculated transport capacity of the surface runoff. The model uses validated soil class maps, as well 
as crop cover and slope estimates from EDIT geoplatform and HydroSHEDS & GMTED2010, 
respectively. The Hydrology was derived using the HYPE model dataset (SMHI, 2008). Calculated 
annual fluxes of sediments entering the inland water network depict the variety in erosion rates for the 
32 European catchments modelled in this research. The interannual variability of particle fluxes for 
iconic river systems such as the Rhine and the Danube is analysed as well. The output of the pan-
European model is compared against field data collected by different national and international 
authorities (i.e. Waterbase.nl, ICPDR, UPMC) and will be the basis for the simulation of fluvial POC 
exports to the coast. 
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Invited Keynote: Quantification of the ocean carbon sink using surface ocean 
observations  

Bakker, Dorothee C. E.* (1); Olsen, Are (2,3); Sabine, Chris (4); Pfeil, Benjamin (2,3); Alin, 
Simone R. (4); Cosca, Cathy (4); Currie, Kim (5); Feely, Richard A. (4); Jones, Stephen D. (2,3); 
Kozyr, Alex (6); Landa, Camilla (2,3); Landschützer, Peter (7); Lefèvre, Nathalie (8); Metzl, 
Nicolas (8); Nakaoka, Shin-ichiro (9); Nojiri, Yukihiro (9); O'Brien, Kevin M. (4,10); Pierrot, Denis 
(11,12); Rödenbeck, Christian (13); Schuster, Ute (14); Smith, Karl (4,10); Takahashi, Taro (15); 
Telszewski, Maciej (16); Tilbrook, Bronte (17,18); Wanninkhof, Rik (11); contributors, SOCAT (2)  
1: Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, University of East Anglia, Norwich, United 
Kingdom; 2: Geophysical Institute, University of Bergen, Norway; 3: Bjerknes Centre for Climate Research, Bergen, Norway; 4: 
Pacific Marine Environmental Laboratory, National Oceanic and Atmospheric Administration, Seattle, USA; 5: National Institute 
of Water and Atmospheric Research, Dunedin, New Zealand; 6: Carbon Dioxide Information Analysis Center, Environmental 
Sciences Division, Oak Ridge National Laboratory, USA; 7: Max Planck Institute for Meteorology, Hamburg, Germany; 8: 
Sorbonne Universités (UPMC, Univ Paris 06), CNRS, IRD, MNHN, LOCEAN/IPSL Laboratory, Paris, France; 9: National 
Institute for Environmental Studies, Tsukuba, Ibaraki, Japan; 10: Joint Institute for the Study of the Atmosphere and Ocean, 
University of Washington, Seattle, USA; 11: Atlantic Oceanographic and Meteorological Laboratory, National Oceanic and 
Atmospheric Administration, Miami, USA; 12: Cooperative Institute for Marine and Atmospheric Studies, Rosenstiel School for 
Marine and Atmospheric Science, University of Miami, Miami, USA; 13: Max Planck Institute for Biogeochemistry, Jena, 
Germany; 14: College of Life and Environmental Sciences, University of Exeter, United Kingdom; 15: Lamont Doherty Earth 
Observatory, Columbia University, Palisades, USA; 16: International Ocean Carbon Coordination Project, Institute of 
Oceanology of the Polish Academy of Sciences, Sopot, Poland; 17: CSIRO Oceans and Atmosphere, Hobart, Australia; 18: 
Antarctic Climate and Ecosystems Cooperative Research Centre, University of Tasmania, Hobart, Australia  

The oceans take up approximately 27% of the carbon dioxide (CO2) emissions by human activity. 
Quantification of the ocean carbon sink, its variation and the drivers of this variability are essential for 
assessments of climate change, ocean acidification and the land carbon sink. Measurement of surface 
ocean partial pressures of CO2 (pCO2) commenced in the 1950s. Synthesis of these measurements into a 
monthly climatology by T. Takahashi and colleagues provided the first comprehensive picture of patterns of 
CO2 air-sea exchange across the global oceans. In order to accommodate the rapid increase in the number 
of pCO2 measurements on ships, moorings and drifters, seagoing ocean carbon scientists share their data 
through the Surface Ocean CO2 Atlas (SOCAT, www.socat.info), a publicly available, quality controlled, 
synthesis of surface ocean CO2 measurements with regular updates. SOCAT version 4, made public in 
2016, has 18.5 million surface ocean CO2 values from the years 1957 to 2015, spanning the global oceans 
and coastal seas. In summer 2017, as SOCAT celebrates its tenth anniversary, the 5th version will be 
released. This will be the second annual release since the implementation of a data management 
automation framework. Data synthesis products such as SOCAT are used for quantification of the ocean 
carbon sink, its variation and the drivers of this variation, for studies of trends in ocean acidification, and for 
evaluation of ocean biogeochemical and climate models. SOCAT used in combination with atmospheric 
measurements and CO2 emission estimates enables to constrain the land carbon sink and to close the 
global carbon budget. SOCAT-based estimates of the ocean carbon sink highlight the interannual and 
decadal variation in regional air-sea CO2 exchanges. However, challenges remain in reconciling differences 
in the extent and timing of air-sea CO2 exchanges derived using different mapping techniques. Part of the 
difficulty in quantifying the variation in the ocean carbon sink stems from data sparsity, for example in the 
polar oceans, as well as in the Southern Hemisphere oceans in general. Moreover, the average partial 
pressure difference driving the global ocean CO2 uptake is very small (≈ 5 μatm) requiring accurate and 
unbiased data. Limited data records, with denser global coverage only available since the 1990s, present 
another formidable challenge in estimating the long-term variation of the ocean carbon sink. Research into 
the processes driving the variation in the ocean carbon sink will benefit from linking SOCAT data records to 
other extensive and ideally long-term observations of ocean biogeochemistry, physics and biology, such as 
GLODAPv2 and BioArgo. The success of SOCAT underlines the need for sustained ocean carbon 
observations and their synthesis, as well as the power of a bottom-up, community-driven approach and the 
efficiency benefits of a modern data management automation framework. 
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Amazon CH4 budget and its controls inferred from regular vertical profile 
sampling of the lower troposphere  

Basso, Luana; Gatti, Luciana; Gloor, Emanuel*; Miller, John; Domingues, Lucas; Correia, Caio; 
Borges, Viviane; Wilson, Chris; McNorton, Joe; Boesch, Hartmut; Chipperfield, Martyn  
University of Leeds, United Kingdom  

Tropical land regions, like the Amazon basin, host some of the largest wetlands / seasonally flooded 
areas on the globe. However until recently they have been poorly observed with large-scale 
integrating in-situ observations. Thus large-scale CH4 flux estimates, based primarily on atmospheric 
concentration data at background sites and atmospheric transport inverse modelling, vary widely. The 
role of these regions in the global CH4 balance has thus remained uncertain. For example it is unclear 
to what extent biogenic emissions from these regions are responsible for recent increases in global 
atmospheric methane and decreases in its 13C isotope  (Nisbet et al. 2016). To help remedy this 
situation we have started a lower-troposphere greenhouse gas-monitoring program in tropical South 
America. Vertical profiles are sampled regularly along the main airstream using light aircraft, followed 
by high-precision greenhouse gas and carbon monoxide analysis of flask air at INPE, Sao Jose dos 
Campos, Brazil. We will present an analysis of these data using various ancillary information and 
forward and inverse transport modelling (HYSPLIT trajectory model, TOMCAT atmospheric chemistry 
and transport models, Chipperfield et al. 2006).  Over the full observation period (2010-2013) the 
Amazon Basin was a CH4 source of 42.7 Tg ± 5.3 which is approximately 8% of the global CH4 flux to 
the atmosphere. Based on CO we estimate that emissions from biomass burning contribute only 
between 2 and 18% of the total flux, thus the majority of Amazon fluxes are from wetlands. CH4 fluxes 
from different parts of the basin vary markedly. There are particularly high fluxes from the eastern part 
of the basin peaking in the early wet season (January to March) and surprisingly again during the dry 
season. The cause of the generally high emissions as well as the twin peaks is unclear. Interestingly 
these findings are consistent with inverse transport modelling results applied to CH4 measured from 
space. In contrast to the eastern Amazon, fluxes from the Central and Western Amazon exhibit a clear 
seasonal cycle peaking at the beginning of the wet season (January-March). Wetland CH4 fluxes (net 
minus biomass burning emissions) correlate strongly with terrestrial water storage anomalies 
estimated by the GRACE satellite mission, suggesting that the flux seasonality is primarily controlled 
by seasonally flooded area. We will also discuss what the data tell us about possible ongoing 
feedbacks to warming and precipitation increases. 

Nisbet, E. G. et al. (2016) Rising atmospheric methane: 2007–2014 growth and isotopic shift, Global 
Biogeochem. Cycles 
L. S. Basso et al. (2016) Seasonality and Inter-annual variability of CH4 flux from Eastern Amazon 
Basin inferred from atmospheric concentration profiles, J. Geophys. Res. 
C. Wilson, et al. (2014) Development of a Variational Flux Inversion System within the TOMCAT 
Chemical Transport Model, Geosci. Model Dev., 7 
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Measurements of the O2/CO2 exchange ratio at Harvard Forest  

Battle, Mark Owen* (1); Munger, J. William (2); Sofen, Eric (1); Perry, Rebecca (1); Hart, Ryan 
(1); Davis, Zane (1); Scheckman, Jacob (1); Woogerd, Jayme (1); Graeter, Karina (1); Seekins, 
Samuel (1); Carpenter, John (1)  
1: Bowdoin College, Dept. of Physics & Astronomy, Brunswick , United States of America; 2: Harvard University, Environmental 
Science and Engineering, Cambridge, United States  

The exchange ratio of O2 to CO2 in terrestrial photosynthesis and respiration is an important factor in 
O2-based calculations of large-scale air-sea-land carbon fluxes.  In addition, ecosystem-scale 
measurements have the potential to provide insight into ecosystem physiologies. 
We present measurements of atmospheric O2 and CO2 collected over  a six-year period from a mixed 
deciduous forest in central  Massachusettes, USA (42.537 N, 72.171 W). 
Using a differential fuel-cell based  instrument for O2 and a non-dispersive infrared analyzer for CO2, 
we analyzed air streams originating within and ~6m above the forest canopy. Averaged over the entire 
period of record, we find that for every mole of CO2 taken up by the forest ecosystem, ~1.1 moles of 
O2  are released.  This value seems to be roughly constant over time.  We also explore the 
dependence of this exchange ratio on season, time of day, altitude (within/above canopy)  and 
environmental conditions.  
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Pan-Arctic modeling of permafrost DOC and its lateral transport and evasion in 
a global land surface model  

Bowring, Simon P.K.* (1); Lauerwald, Ronny (2); Guenet, Bertrand (1); Ciais, Philippe (1)  
1: Laboratoire des sciences de climat et de l'environnement (LSCE), Gif-sur-Yvette, France; 2: Department of Engineering and 
Mathematics, Laver Building, University of Exeter, UK  

The modelled production, transport and atmospheric release of dissolved organic carbon (DOC) from 
high-latitude permafrost soils into inland waters and the ocean is explicitly represented for the first time 
in the land surface component (ORCHIDEE) of a CMIP6 global climate model (IPSL). This work 
merges two models that are able to mechanistically simulate complex processes for 1) snow, ice and 
soil phenomena in high latitude environments, and 2) DOC production and lateral transport through 
soils and the river network, respectively, at 0.5° to 2° resolution. We present results for the Pan-Arctic 
and Eurasia, with a focus on the Lena River basin, and show that soil DOC concentrations, their 
riverine transport and atmospheric evasion are reasonably well represented as compared to observed 
stocks, fluxes and their respective seasonality. Surface warming caused by anthropogenic climate 
change can be reasonably expected to destabilize permfrost stores via microbial or hydrological 
mobilization following thaw, and as the permafrost line migrates pole-ward over time (Schuur et al., 
2015). Most global climate models do not represent the unique permafrost soil environment and its 
respective processes. This significantly contributes to uncertainty in estimating their responses, and 
that of the planet at large, to warming.  The riverine component of this ‘boundless carbon cycle’ is 
likewise little-recognised in global climate modelling (Regnier et al., 2013).   Hydrological mobilisation 
to the river network results either in sedimentary settling or atmospheric ‘evasion’, the latter amounting 
to 480-850TgC yr-1 globally (Lauerwald et al., 2015). Potential feedbacks owing to such a response 
are of particular relevance, given the magnitude of the permafrost carbon pool.  Our work aims at 
filling in these knowledge gaps, and the response of these DOC-related processes to thermal forcing.  
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Carbon Uptake and Ocean Acidification in Eastern Boundary Upwelling 
Systems  

Brady, Riley Xavier*; Lovenduski, Nicole S.  
University of Colorado Boulder, United States of America  

Eastern Boundary Upwelling Systems (EBUS) are mediated by alongshore, equatorward winds which 
force deep carbon- and nutrient-rich waters to upwell to the surface. These waters interact directly with 
the atmosphere, exchanging a significant amount of heat and CO2. Further, their elevated nutrient 
concentrations fuel high levels of primary productivity and sustain commercially valuable fisheries. In 
this study, we quantify forced trends and internal variability in sea-air CO2 flux and the ocean 
carbonate system in the four major EBUS (California, Humboldt, Canary, and Benguela Currents). We 
do so by utilizing biogeochemical output from the CESM Large Ensemble, a single model climate 
ensemble in which divergences between simulations can be attributed entirely to internal climate 
variability. Our projections indicate a forced suppression of outgassing in EBUS with increasing 
atmospheric CO2, with these changes becoming detectable between 2020 and 2050. We find that 
internal variability differs between the four EBUS, and that the Humboldt Current has significantly 
higher internal variability than the other three EBUS. Further, internal variability is expected to 
increase with climate change in all EBUS but the Benguela Current. Lastly, we note that the Canary 
and Benguela Currents are expected to shift from being primarily outgassing sites to 
becoming primarily uptake sites. The California and Humboldt Currents trend toward becoming net-
zero CO2 flux sites. Here, we further explore the implications of enhanced CO2 uptake on 
carbonate chemistry and shell-forming organisms in EBUS. 
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Annual and monthly climatologies of seawater CO2 chemistry variables: A 
neural network approach.  

Broullón Durán, Daniel* (1); Fernández Pérez, Fiz (1); Velo Lanchas, Antón (1); Olsen, Are (2); 
Key, Robert M (3); van Heuven, Steven (4); Lauvset, Siv K (2,5); Lin, Xiaohua (3); Schirnick, 
Carsten (6); Kozyr, Alex (7); Tanhua, Toste (6); Hoppema, Mario (8); Jutterström, Sara (9); 
Steinfeldt, Reiner (10); Jeansson, Emil (5); Ishii, Masao (11); Suzuki, Toru (12)  
1: Instituto de Investigaciones Marinas (CSIC), Vigo, Spain; 2: Geophysical Institute, University of Bergen and Bjerknes Centre 
for Climate Research, Bergen, Norway; 3: Atmospheric and Oceanic Sciences, Princeton University, USA; 4: Royal Netherlands 
Institute for Sea Research (NIOZ) and Utrecht University, The Netherlands; 5: Uni Research Climate and Bjerknes Centre for 
Climate Research, Bergen, Norway; 6: GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany; 7: Carbon Dioxide 
Information Analysis Center, Environmental Sciences Division, Oak Ridge National Laboratory, U.S. Department of Energy, Oak 
Ridge, U.S.A.; 8: Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Bremerhaven, Germany; 9: IVL 
Swedish Environmental Research Institute, Göteborg, Sweden; 10: University of Bremen, Institute of Environmental Physics, 
Bremen, Germany; 11: Oceanography and Geochemistry Research Department, Meteorological Research Institute, Japan 
Meteorological Agency, Tsukuba, Japan; 12: Marine Information Research Center, Japan Hydrographic Association, Tokyo, 
Japan  

For decades, the anthropogenic modification of the carbon cycle has been widely studied. More 
recently, ocean acidification studies have increased significantly. Establishing robust climatologies of 
seawater CO2 chemistry variables and building models are a key point for a better understanding of 
the associated processes. The availability and quality of data is crucial for the evaluation of climate 
models and, consequently, to improve their predictions. 
Version 2 of the Global Ocean Data Analysis Project (GLODAPv2) is an internally consistent data 
product composed of data from 724 scientific cruises covering the entire global ocean. Among others, 
it contains seawater CO2 chemistry variables such as total alkalinity (AT), total dissolved inorganic 
carbon (TCO2) and pH. This sparse dataset has been subjected to extensive quality control and 
different interpolation techniques have been applied to extend the data coverage on a homogeneous 
grid (Lauvset et al. 2016). We propose a novel neural network approach to generate annual and 
monthly climatologies of AT, TCO2, pH and both calcite and aragonite saturation state from the 
GLODAPv2 dataset for the preindustrial and current periods. These climatologies are fitted to the 
World Ocean Atlas 2013 version 2 (WOA13v2) grid. WOA13v2 is a set of objectively analyzed (1° 
grid) climatological fields of different oceanographic variables (but not CO2 system) at standard depth 
levels for annual, seasonal, and monthly compositing periods for the World Ocean. 
A feed-forward neural network was chosen in a multi-layer architecture, which allows linear and non-
linear variability to be assimilated by the network. The proposed configuration is able to approximate 
most functions arbitrarily well (Hagan et al., 2014). We have tested different neural network designs 
and sizes to obtain the minimum error. For that, the number of neurons in the network was varied and 
different training techniques were used. The input variables introduced in the network, which must be 
related to AT and TCO2 variability, were latitude, longitude, depth, potential temperature, phosphate, 
nitrate, silicate, year, month and atmospheric pCO2. First, the network was trained with GLODAPv2 
data and then AT and TCO2 fields were derived from WOA13v2 data. Saturation states and pH were 
computed from these two variables. 
The monthly pre-industrial climatology will be generated by eliminating anthropogenic carbon from the 
ocean. 
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Biospheric-atmospheric gas exchange, carbon sequestration and climate 
sensitivity of two mountain forests  

Buchmann, Nina* (1); Baur, Thomas (1); Brinkmann N, Nadine (1); Burri, Susanne (1); Etzold, 
Sophia (2); Haeni, Matthias (2); Haesler, Ruedi (2); Hörtnagl, Lukas (1); Käslin, Florian (1); 
Koller, Patrick (1); Meier, Philip (1); Merbold, Lutz (3); Paul-Limoges, Eugenie (1); Plüss, Peter 
(1); Zielis, Sebastian (1); Eugster, Werner (1)  
1: ETH Zurich, Switzerland; 2: WSL, Switzerland; 3: International Livestock Research Institute, ILRI, Kenia  

Although mountains cover a large area of the globe, and mountain forests are expected to be strongly 
affected by climate change, their representation in global flux networks is rather sparse. The Swiss 
FluxNet, a network of agricultural and forest sites with long-term measurements of net ecosystem CO2 
(NEE) and H2Ov (ET) exchange, includes two mountain forests: a mixed beech forest (Lägeren; 
running since 2004) and a Norway spruce forest (Davos; running since 1997). The Davos site also 
belongs to the international ICOS Research Infrastructure project, as a Class 1 candidate site within 
ICOS Switzerland (ICOS-CH). 
Both forests have been CO2 sinks ever since NEE measurements started, even in 2003. Intra-annual 
variability and magnitude of NEE differs between the two sites, with largest CO2 uptake in summer for 
the mixed forest but in spring for the spruce forest. Over the last 130 years, spring temperatures 
became increasingly relevant for tree-ring growth of spruce, also contributing significantly to inter-
annual variations of NEE. Thus, climate change is expected to increase carbon sequestration unless 
water becomes severely limiting. Moderate drought did not impair growth nor NEE of the mixed forest, 
with deciduous tree species being rather resilient to late summer drought. Ecosystem and soil CH4 
and N2O fluxes are currently being investigated to better understand the full GHG budget of the ICOS-
CH forest site Davos. 
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Modelling climate change impacts on fire and feedbacks on the carbon cycle  

Burton, Chantelle Amanda* (1,2); Betts, Richard (1,2); Burke, Eleanor (1); Ellis, Richard (3); 
Feldpausch, Ted (1,2); Gedney, Nicola (1); Harper, Anna (2); Jones, Chris (1); Kelley, Douglas 
(3); Liddicoat, Spencer (1); Robertson, Eddy (1); Sellar, Alistair (1); Stringer, Marc (4); Tang, 
Yongming (1); Wiltshire, Andy (1)  
1: Met Office Hadley Centre, United Kingdom; 2: University of Exeter, United Kingdom; 3: CEH, United Kingdom; 4: National 
Centre for Atmospheric Science, University of Reading, United Kingdom  

Terrestrial ecosystems are subject to complex interactions between climate and land-use. Over the 
coming decades we are likely to see increasing shifts in global climate conditions such as rising 
temperatures, heat extremes, droughts and altered precipitation patterns as a result of climate 
change, as demonstrated in the latest IPCC AR5 WGI report (2013). Coupled with socio-economic 
drivers of deforestation, these shifts could have a substantial impact on the risks and resilience of 
ecosystems to fire.   
Due to their humid climate and high precipitation, tropical forests have not historically been at high risk 
of wildfire. Today fires are still almost all anthropogenically initiated, however the risk of these fires, 
once initiated, becoming out of control and burning vast areas of forest is increasing with hotter, drier 
conditions, and more points of ignition through forest fragmentation, deforestation and agriculture. 
Some early simulations over the Amazon for example notably predicted irreversible large-scale 
Amazon dieback with future warming and drying. More recent climate models show dramatic forest 
loss is unlikely as a result of climate change alone, but together with fire and land-use change which is 
not currently well represented, this could still be a plausible risk.   
This work is focused on exploring the interaction between changes in the climate and changes in 
vegetation (through climate and through anthropogenic land-use), and the impact this could have on 
vegetation mortality due to fire occurrence. A new interactive version of the global fire model 
INFERNO has been developed in JULES to assess the impact of fire on vegetation, and is used for 
the first time to consider future fire impacts on vegetation dynamics and the carbon cycle. We will 
show some initial assessment of vegetation changes over the Amazon, and some global projections of 
changes in fire risk under different mitigation scenarios aiming to achieve 1.5 and 2 degree climate 
targets.  
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Carbon uptake and Biogeochemical changes in the Southern Ocean, South of 
Tasmania  

C. Pardo, Paula* (1); Tilbrook, Bronte (1,2); Langlais, Clothilde (2); Trull, Tom (1,2); Rintoul, 
Steve R. (1,2)  
1: Antarctic Climate and Ecosystems Cooperative Research Centre, Hobart, Tasmania, Australia.; 2: Commonwealth Scientific 
and Industrial Research Organisation, Oceans and Atmosphere, Hobart, Tasmania, Australia.  

A reduction of the carbon sink of the Southern Ocean was observed between the 1980s and the 
earlies 2000s (Le Quéré et al., 2007), with more recent studies suggesting a recovery and even 
intensification of the CO2 uptake by 2011-2012 (Landschützer et al., 2015). DeVries et al. (2017), 
using a global inverse model, postulated that changes in circulation are responsible for most of the 
variability in the oceanic CO2 uptake, with the weakening of the upper-ocean circulation being 
responsible for the past-decade increase in oceanic carbon uptake. Considering the lack of 
observational estimates for recent biogeochemical changes and the large changes in CO2 uptake and 
storage and especially in the Australian-Antarctic Basin (A-AB), there is a need to provide a full ocean 
depth observational perspective on how the ocean is changing. We present decadal biogeochemical 
change in the waters of the A-AB region, south of Tasmania, for the 16-year period between 1995 and 
2011, disentangling the effects that solubility, circulation and anthropogenic carbon (CANT) uptake have 
on the variability of dissolved inorganic carbon (DIC). We used data from four summer repeats of the 
WOCE/JGOFS/CLIVAR/GO-SHIP hydrodynamic section SR03 (at ~140°E), one of the most revisited 
in the Southern Ocean. Trends in oxygen, nutrients, and the carbon system, i.e., DIC, total alkalinity, 
CANT, total pH (pHT) and % of aragonite saturation (ΩAr) are presented for 8 water mass layers defined 
by neutral surfaces (ϒn) and covering the whole volume of SR03 section. From all our results, we 
conclude a scenario of increased transport of deep waters into the section and enhanced upwelling at 
high latitudes for the 1995-2011 period, probably linked to variability in the Southern Annular Mode. 
Although enhanced upwelling lowered the capacity of the upper layers of the region to uptake 
atmospheric CO2, it did not limit that of the newly forming Subantarctic Mode Water (SAMW) and 
recently ventilated Antarctic Intermediate Water (AAIW), which exhibited CANT storage rates twice that 
of the upper layers. Thus, while the increase in DIC in deep layers is mostly due to advection of old 
DIC-rich waters to the section, the process of ventilation drive the increase in atmospheric CO2 uptake 
in upper to intermediate layers of the region south of Tasmania, overpowering the effect of the 
enhanced upwelling. The changes obtained in pHT and ΩAr reflect the high sensitivity of the region 
south of Tasmania to changes in the carbon content of the water masses. 
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Importance of temperature-dependent metabolic rates in simulated ocean 
carbon cycle response to global warming  

Cao, Long*; Zhang, Han  
Department of Atmospheric Sciences, Zhejiang University, China, People's Republic of  

The ocean acts as a large sink of anthropogenic CO2 by absorbing about one quarter of CO2 emitted 
from fossil fuel burning and land use change each year. Ocean's absorption of atmospheric CO2 
involves a number of chemical, physical, and biological processes, all of which are sensitive to 
temperature. Here we use an Earth system of intermediate complexity to investigate how temperature-
induced changes in carbonate chemistry, ocean physics, and marine biology would affect oceanic 
uptake of atmospheric CO2. Particular attention is paid to the effect of temperature-induced changes 
in metabolic rates on the ocean carbon cycle, which has been largely overlooked. We conduct a set of 
century-scale simulations under the representative CO2 concentration pathway RCP 8.5 and its 
extension. Our simulations show that warming-induced changes in CO2 solubility and ocean 
ventilation acts to reduce ocean's ability to absorb atmospheric CO2. Furthermore, our simulations 
show that warming-induced changes in metabolic rates of a few biological processes, including 
phytoplankton growth, phytoplankton mortality, and detritus remineralization, play an import role in air-
sea CO2 exchange. We analyze the pathways through which temperature-induced changes in marine 
biology affect oceanic uptake of atmospheric CO2, and compare the effect of temperature-induced 
changes in marine biology with that of changes in ocean chemistry and physics. We highlight the 
potentially important role of temperature-dependent metabolic rates in the ocean carbon cycle and 
oceanic uptake of atmospheric CO2.     
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Carbon dioxide exchange over the Arctic tundra in Council, Alaska: Controlling 
factors and contribution of vegetation  

Chae, Namyi* (1,2,4); Park, Sang-Jong (2); Kim, Yongwon (3); Kang, Hojeong (4); Yoon, Young 
Jun (2); Choi, Taejin (2); Hinzman, Larry (3); Lee, Bang yong (2)  
1: Korea University, Seoul, South Korea; 2: Korea Polar Research Institute, Incheon, South Korea; 3: International Arctic 
Research Center, University of Alaska Fairbanks, USA; 4: Yonsei University, Seoul, South Korea  

Response of the Arctic to global warming is seen as a high-sensitivity indicator of climate change. 
Considering that 25% of Earth’s terrestrial surface is underlain by permafrost, warming permafrost 
may play important roles in carbon cycle of the Arctic. The CO2 efflux from representative tundra 
ecosystems in the Arctic should be monitored in order to evaluate the potential future sensitivity of the 
carbon cycle to climate change. Carbon dioxide exchange was measured in the Council, Alaska using 
automated chamber system to understand interaction between of atmosphere, vegetation, soil in 
carbon cycle of permafrost region from 2012 to 2015 except 2013. The site (64°50'38"N, 
163°42'38"W) is comprised of shrub (e.g. Betula nana), grass (e.g. Erophorum scheuchzeri), moss 
(e.g. Sphagnum lenese pohle and Sphagnum russowii Warnst) and lichen (e.g. Cladonia stellaris). Net 
CO2 exchange was -0.1 ~ 0.2 CO2 mg m-2 s-1(shrub and moss), -0.2 ~ 0.2 CO2 mg m-2 s-1 (grass) and 
0 ~ 0.1 (lichen) and CO2 efflux was 0.05 ~ 0.3 CO2 mg m-2 s-1, 0.05 ~ 0.2 CO2 mg m-2 s-1 and 0 ~ 0.1, 
respectively. The magnitudes of CO2 efflux was influenced by the soil temperature and duration and 
rate of precipitation. This study was supported by a National Research Foundation of Korea grant 
funded by the Korean government (MSIP) (NRF-2016M1A5A1901790 and NRF-
2015R1C1A1A02037763). 
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Modeling the Biogeochemistry of Coral Ecosystems under Ocean Acidification 
and Global Warming  

Disa, Deniz*; Munnich, Matthias; Gruber, Nicolas  
ETH Zurich, Switzerland  

Driven by the rise of atmospheric carbon dioxide, the ocean has warmed and become more acidic, the 
latter leading also to a major shift in the carbonate balance of the ocean. The resulting decrease in the 
calcium carbonate saturation level significantly impacts calcifying  marine organisms, and especially 
corals, which are among those organisms that respond most sensitively to changes in this state. 
Numerous experiments have shown that corals begin to reduce their net calcification already at 
saturation states well above 2. So far, most impact studies assumed that the corals are exposed to 
seawater conditions that are the same as those of the large-scale surrounding ocean, neglecting the 
fact that the high photosynthesis and calcification rate on the reef interacting with the three-
dimensional flow leads to high spatiotemporal variations in the pH and saturation state over the reef, 
i.e., the individual coral are exposed to rather different conditions than the large-scale mean. Thus, in 
order to quantify the response of a coral reef to ocean acidification it is key to investigate the time-
space structure of the chemical conditions over a reef, which requires the development of complex 
predictive models. To this end, we coupled a numerical model for coral calcification, which simulates 
polyp respiration, photosynthesis and calcification, into a 3D coupled ocean-atmosphere-wave-
sediment (COAWST) model to understand how reef biogeochemistry responds to change in the 
environmental conditions, more specifically, higher CO2 and lower pH levels. Preliminary results show 
that coral calcification is strongly influenced by the flow conditions, nutrient availability and ocean 
acidification. Beside calcification, other metabolic activities of corals also respond to the changing 
physical conditions. For instance, photosynthesis and respiration of corals are enhanced by available 
light. The metabolic rates of the corals show spatial-temporal variability as a response to spatial-
temporal variability of physical, chemical and physiological conditions. Alkalinity, dissolved inorganic 
carbon, and dissolved oxygen in the water column vary as a result of material transfer between corals 
and the ambient environment, structuring the chemical conditions of the entire reef in a major manner. 
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Constraints on ocean heat uptake during the hiatus from atmospheric 
measurements of O2 and CO2  

Eddebbar, Yassir Art* (1); Keeling, Ralph (1); Resplandy, Laure (2); Long, Matt (3); Rodgers, 
Keith (2)  
1: Scripps Institution of Oceanography, University of California San Diego, United States of America; 2: Program in Atmospheric 
and Oceanic Sciences, Princeton University, Princeton, United States of America; 3: National Center for Atmospheric Research, 
Boulder, United States of America  

Global mean surface temperature (GMST) warming significantly slowed down during the past decade 
and a half, despite increasing CO2 concentrations. A leading explanation for this surface warming 
“hiatus” is a redistribution of energy imbalance through intensified ocean heat uptake. Estimates of 
ocean heat uptake, however, diverge significantly prior to the global ARGO coverage period (~2006), 
casting doubt on the driving cause for the hiatus. Ocean heat uptake is tightly related to ocean O2 loss 
due to the dependence of gas solubility on temperature and the effects of warming on stratification 
and ventilation rates. Based on this tight negative coupling between heat and O2 exchange, we 
examine long-term time series of Atmospheric Potential Oxygen (APO≈O2 +1.1.CO2), as a unique 
tracer of ocean heat content during the hiatus. An observed anomalous trend towards increased 
ocean uptake of APO since 2000 suggests that ocean heat uptake has actually slowed down during 
the hiatus period. This finding, however, rests on the assumption that heat and APO are tightly and 
negatively coupled on interannual to decadal timescales. Here we examine how this relation varies in 
time and space in Large Ensemble experiments and hindcast simulations of CESM and GFDL, and 
investigate the roles and mechanisms of modes of natural variability in driving the coupling or 
decoupling of heat and APO exchange. We find distinct coupling between heat and APO exchange 
under natural variability that differs from the coupling induced by anthropogenic warming. This 
difference arises mainly from tropical Pacific dynamics, which positively couple heat and 
APO exchange. Still, the relation between APO and heat remains negative globally on interannual to 
decadal timescales due to the dominance of strongly negative coupling at higher latitudes associated 
with intermediate and deep water formation and ventilation. These observed APO trends and model 
findings suggest reduced ocean heat uptake during the hiatus, but leaves open the possibility for 
intensified sequestration of heat in the tropical Pacific, where O2 and heat budgets are modulated in 
the same direction. 
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The Anthropocene in the marine carbon isotope record  

Eide, Marie* (1,2); Olsen, Are (1,2); Fröb, Friederike (1,2); Becker, Meike (1,2); Mørkved, Pål Tore 
(1); Stöven, Tim (3); Tanhua, Toste (3); Jeansson, Emil (2,4)  
1: Geophysical Institute, University of Bergen, Norway; 2: Bjerknes Centre for Climate Research, Bergen, Norway; 3: Helmholtz 
Centre for Ocean Research Kiel, GEOMAR, Kiel, Germany; 4: Uni Climate, Uni Research, Bergen, Norway  

Oceanic δ13C of dissolved inorganic carbon is commonly used as a frame of reference to interpret 
δ13C variations observed in fossil foraminifera, and is the primary tracer used to understand changes 
in past water mass distribution and ventilation. However, isotopically light anthropogenic CO2 from 
fossil fuel combustion is propagating into the ocean, primarily in well-ventilated water where δ13C 
concentrations are naturally high. This anthropogenic influence alters the δ13C distribution and masks 
the natural gradients and water mass signatures. Here, the back calculation technique of Olsen and 
Ninnemann [2010] has been used on data from several sections in the Nordic Seas to estimate the 
anthropogenic influence on δ13C over the industrial period, and reconstruct the preindustrial δ13C, 
providing an extension of the global δ13C climatology of Eide et al. [2017a; 2017b] into the high 
northern latitudes. This reveals that there has been a complete reversal in the gradient in δ13C in this 
region from the preindustrial to the modern ocean, with a lower δ13C in the upper more ventilated 
waters than at depth today. Further we discuss the inherent loss of information with a continuing 
anthropogenically induced decrease in δ13C.  

Eide, M., A. Olsen, U. Ninnemann, and T. Eldevik (2017a), A Global Estimate of the Full Oceanic 13C 
Suess Effect Since the Preindustrial, Global Biogeochem. Cycles, doi:10.1002/2016GB005472. 
Eide, M., A. Olsen, U. Ninnemann, and T. Johannessen (2017b), A Global Ocean Climatology of 
Preindustrial and Modern Ocean δ13C, Global Biogeochem. Cycles, doi:10.1002/2016GB005473. 
Olsen, A., and U. Ninnemann (2010), Large δ13C gradients in the preindustrial North Atlantic revealed, 
Science, 330(6004), 658-659, doi:10.1126/science.1193769. 
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Quantifying and mapping human impacts on the carbon state of global 
vegetation based on data-rich reconstructions  

Erb, Karlheinz; Plutzar, Christoph; Lauk, Christian; Mayer, Andreas; Niedertscheider, Maria; 
Haberl, Helmut*  
Alpen Adria University Klagenfurt - Vienna - Graz, Austria  

Stocks and flows of carbon in vegetation play a key role in the climate system, but many key issues 
remain unknown. For the design and development of climate-change mitigation strategies, as well as 
for predictions of future global carbon cycle dynamics and climate change, robust information on the 
human impact on carbon in ecosystems is required. By using the land, society alters many ecosystem 
properties, including energy and carbon flows (e.g. NPP), the amount of carbon stored in biomass, 
and the mean residence time of carbon in biomass. Systematically analysing land-use induced 
alterations of these two key variables is crucial for advancing our understanding of the global carbon 
cycle and its spatio-temporal variability. Based on global, data-rich reconstructions we compare the 
amount of biomass storage and biomass turnover rates of the actual vegetation with a hypothetical 
state assuming no land use under current climate conditions. This approach allows us to quantify and 
map the role of individual land uses and their impacts, as well as to separate the effects of land 
conversions and land modifications. We can show, for example, that land use massively accelerates 
turnover rates (factor 1.9 on the global average) with little variation across the world’s biomes. By 
systematically integrating best-available global datasets, we also quantify data uncertainties related to 
C stocks and flows in vegetation, identifying inconsistencies in widely used datasets, and considerable 
knowledge gaps related to e.g. the effects of land use on non-humid tropical forests. Our data-based 
approach allows to show that management impacts on C are almost as large as those resulting from 
land cover conversion. However, management effects on C not related to land-cover change remain 
poorly quantified today. We discuss likely futures of human impacts on the carbon state of global 
vegetation and the role of uncertainties for the stock-taking exercises in the framework of the Paris 
Agreement. We conclude that furthering the understanding of the fundamental trade-off between 
carbon turnover and carbon stocks that emerges from land use will be key for forging efficient climate-
change mitigation strategies. 
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Impacts of diffuse radiation on crop canopy photosynthesis: a model 
evaluation at a Swiss crop rotation site  

Eugster, Werner; Revill, Andrew*; Emmel, Carmen; Burri, Susanne; Buchmann, Nina  
ETH Zürich, Dept. Environmental Systems Science, Institute of Agricultural Sciences, Switzerland  

Diffuse radiation plays an important role in ecosystem productivity. However, its effect on the cropland 
carbon (C) budget is largely unknown. Global crop yield modeled by Mercado et al. (2009) indicate a 
25% increase in the net C sink due to increased diffuse radiation (years 1960–1999). However, direct 
field measurements are scarce. At the Swiss FluxNet cropland site CH-OE2 (Oensingen), diffuse and 
direct PAR (photosynthetic active radiation, 400–700 nm) have been measured using a Delta-T BF3 
sensor from 2004–2014 and a BF5 sensor since 2014. The site has a 4-year crop rotation dominated 
by winter wheat, which is grown every second year with winter barley, rapeseed/canola or peas in the 
intervening years. The farming system is intensive, but follows the IP Suisse rules for sustainable 
farming which aim at maintaining soil fertility and ecologically sound production. We will present 
results from ten cropping seasons of model–data comparisons of net CO2 exchange, gross primary 
production, and ecosystem respiration, to study the effect of diffuse radiation on the crops grown at 
our site. We hypothesize that the main effect of diffuse versus direct radiation is the deeper 
penetration depth of diffuse radiation into the canopy. This potentially affects (a) CO2 assimilation by 
plants, but also (b) soil climate below the canopy, thereby modulating (c) decomposition of litter and 
harvest residuals, and thus (d) increasing respiration losses. We use the Soil-Plant-Atmosphere Crop 
(SPA-Crop; Sus et al. 2010) model to simulate leaf-level photosynthesis at half-hourly resolutions. 
SPA-Crop employs a detailed radiative transfer scheme that calculates the fraction of sunlit and 
shaded leaf areas for multiple canopy layers, which allows for the tracking of direct and diffuse light. 
Thus, our site-scale observations of diffuse radiation are included in the meteorological variables used 
to drive the model. In order to model the effects of diffuse radiation, the crop types investigated are 
characterized in the radiative transfer scheme by very different leaf transmittance, absorption, 
reflectance and structural properties. For instance, wheat and barley have more vertical leaves that 
allow direct light to penetrate deeper into the canopy when compared to peas. Around the period of 
peak productivity, increases in the diffuse fraction raised the amount of radiation received by the 
shaded leaf fractions and, through changes to the leaf microclimate, generally enhanced 
photosynthesis. While model runs for four wheat seasons are available, the simulations for the other 
crop types are in progress. We expect the largest effects in rapeseed, a relatively tall forb with a 
slightly inclined leaf orientation, where the penetration depth of diffuse light is much greater than that 
of direct light. 
Acknowledgments: This study was supported by the Swiss National Science Foundation (SNF), grant 
146373. 
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Large-scale changes in sea-air CO2 fluxes in the tropical and subtropical 
Pacific during the strong 2015-2016 El Niño event  

Feely, Richard Alan* (1); Cosca, Catherine (1); Sutton, Adrienne (1); Wanninkhof, Rik (2); 
Landschützer, Peter (3); Jacobson, Andrew (4); Chatterjee, Abhishek (5)  
1: Pacific Marine Environmental Laboratory/NOAA, Seattle, USA; 2: Atlantic Oceanographic and Meteorological 
Laboratory/NOAA, Miami, USA; 3: Max Planck Institute for Meteorology, Hamburg, Germany; 4: University of Colorado Boulder, 
Broadway Boulder, Colorado, USA; 5: NASA Global Modeling and Assimilation Office, Greenbelt, USA  

The strong 2015-2016 El Niño event was characterized by prolonged temperature anomalies (>0.5°C) 
in the central and eastern Pacific from February 2015 thru April 2016. In the past, observations of sea-
air CO2 flux have relied primarily on ship-based underway measurements of partial pressure of CO2 
(pCO2) combined with satellite, model, or multi-platform wind products.  The new pCO2 measurements 
from moored platforms now allow for the calculation of high-resolution CO2 fluxes.  In this study, 
surface seawater pCO2 measurements from shipboard underway and moored observations revealed 
both the timing and spatial extent of the decreased CO2 sea-air fluxes during this event. Consistent 
with the warm temperature anomalies significantly lower pCO2 values and sea-air fluxes were 
observed beginning in boreal winter-spring 2015 and lasting through early winter-spring 2016 at the 
110°W, 125°W, 140°W, 155°W, 170°W and 165°E mooring sites, as well as the surface shipboard 
underway measurements that crossed the equator in the region between 120-170°W in April and 
November 2015, and February 2016.  The lower CO2 sea-to-air fluxes are attributed to the increased 
stratification and reduced upwelling along the equatorial waveguide during this event. In contrast, 
higher-than-normal CO2 values were observed in subtropical waters of the northeastern Pacific due to 
the prolonged warm water conditions off the North American Coast (Bond et al., 2015). The 
implications of these contrasting results for the carbon budget of the North Pacific will be discussed. 

References 
Bond, N.A., M.F. Cronin, H. Freeland, and N. Mantua (2015): Causes and impacts of the 2014 warm 
anomaly in the NE Pacific. Geophys. Res. Lett., 42(9), 3414–3420, doi: 10.1002/2015GL063306. 
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Interannual variability versus anthropogenic trends in ocean acidification in the 
Humboldt Current System  

Franco, Ana C.*; Gruber, Nicolas; Frölicher, Thomas; Münnich, Matthias  
Environmental Physics, ETH Zürich, Switzerland  

The Humboldt Current System (HCS) off the west coast of South America is among the most 
productive regions in the world. This high productivity is sustained by a large input of nutrients from 
the subsurface layers due to year-round upwelling. However, upwelling also brings waters with low pH 
and low calcium carbonate (CaCO3) saturation states to the surface, making this region particularly 
susceptible to the effects of ocean acidification as atmospheric CO2 rises. The influence, extent and 
source of upwelled water vary substantially on interannual timescales in association with the El 
Niño/Southern Oscillation (ENSO) phenomenon, generating natural interannual variability of the 
biogeochemistry and productivity of this system. Here we use an eddy-resolving basin-scale ocean 
model that covers the whole Pacific Ocean with higher resolution near the coast off South America (~4 
km) to investigate the role of ENSO on low pH and CaCO3 saturation episodes. We contrast these 
natural episodes with the anthropogenic-driven long-term ocean acidification effect by comparing 2 
simulations: a hindcast simulation that spans the last 30 years and a future scenario that represents 
year 2090 (following IPCC's “business-as-usual” scenario). Between a strong El Niño and a strong La 
Niña, we find in the region near the coast off Peru a decrease in surface pH of up to 0.15 units and in 
omega aragonite of almost 2 units, as well as a shoaling of the aragonite saturation depth of  ~200 m. 
These variations are of the same order of magnitude as the projected changes for the end of this 
century. The lower pH, the lower aragonite saturation state and the shallower saturation horizon 
during a La Niña phase are a direct consequence of the enhanced upwelling characterizing this state. 
The potential impact on marine organisms may be moderated by the increased net primary 
productivity, which leads also to higher oxygen concentrations in the surface layer. The opposite is 
true during El Niño events, where high values of pH and omega aragonite occur in conjunction with 
extraordinarily low net primary productivity values.  
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2015-16 El Niño impacts on the global carbon cycle  

Friedlingstein, Pierre* (1); Sitch, Stephen (1); Arora, Vivek (2); Chen, Chi (3); Canadell, Pep (4); 
Ciais, Philippe (5); Delire, Christine (6); Haverd, Vanessa (7); Jain, Atul (8); Joos, Fortunat (9); 
Kato, Etsushi (10); Lawrence, David (11); LeQuéré, Corinne (12); Lienert, Sebastian (9); Melton, 
Joe (2); Myneni, Ranga (3); Nabel, Julia (13); Pongratz, Julia (13); Poulter, Benjamin (14); 
Séférian, Roland (6); Tian, Hanqin (15); Viovy, Nicolas (5); Walker, Anthony (16); Wiltshire, 
Andy (17); Zaehle, Soenke (18); Zhu, Dan (5)  
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University of Illinois, Urbana, USA; 9: University of Bern, Switzerland; 10: Institute of Applied Energy, Tokyo, Japan; 11: NCAR, 
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University, USA.; 16: ORNL, Oak Ridge, USA; 17: MetOffice, Exeter, UK; 18: MPI Biogeochemistry, Jena, Germany  

El Nino Southern Oscillation (ENSO) is the main mode of variability of the global carbon cycle. Typical, 
El Niño years are characterized by larger than average atmospheric CO2 growth rate, mainly 
attributed to large anomalies in terrestrial carbon uptake (via plant photosynthesis) and/or release (via 
soil organic decomposition and fires).  The 2015-2016 El Niño is considered to be one of the three 
strongest recent El Nino events (together with 1982-83 and 1997-98). 
Here we present a new set of TRENDY experiments with 15 dynamic global vegetation models 
performing historical simulations in order to investigate the impact of the 2015-16 El Niño on the 
terrestrial carbon cycle, and how it differed from previous strong El Niño events in terms of spatially 
extent and impact on terrestrial productivity and decomposition. To further identify the drivers of 
carbon fluxes anomalies, additional sensitivity experiments are performed where some components of 
the climate forcing (eg. temperature or precipitation) are held at their climatological mean state. In 
addition, remote sensing products of Leaf Area Index (NDVI and MODIS) are also analyzed to quantify 
the impact of the 2015-16 El Niño on vegetation activity. Numerical simulations with a global ocean 
biogeochemistry model allow quantifying in parallel the oceanic response to the 2015-16 El Nino. The 
combination of the observed atmospheric CO2 growth rate and the modelled land and ocean 
responses will be a key to test our understanding of the dynamic of the global carbon cycle on 
interannual times scales. 
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Interannual variability of air-sea CO2 exchange, biological production and 
carbon export in the California Current System from 1979 to 2016  

Frischknecht, Martin*; Münnich, Matthias; Gruber, Nicolas  
ETH Zürich, Switzerland  

As an eastern boundary upwelling system, the California Current System (CalCS) belongs to those 
highly productive oceanic environments that sustain a complex ecosystem structure and food supply 
chains of high economic value. Its intense coastal biogeochemical cycling of carbon and nutrients 
varies substantially from year-to-year. Most of this variability is associated with the El Niño-Southern 
Oscillation (ENSO). Here, we assess the response of the air-sea CO2 exchange and the coastal 
cycling of carbon and nutrients to ENSO within the CalCS between 1979 and 2016 based on a high-
resolution modeling study. We use the Regional Oceanic Modeling System coupled to a 
biogeochemical/ecological model with three plankton functional types. Our basin-scale model setup 
with substantial grid refinement toward the coastal region facilitates an investigation of the complex 
coastal dynamics while still permitting large-scale connectivity to the tropical Pacific, where ENSO is 
originating. 
Our findings underpin the substantial changes in, nutrient supply, biological production and carbon 
export associated with ENSO. Composite means based on all El Niño events falling into the analysis 
period reveal strong reductions in the upwelling of inorganic nutrients to the coastal euphotic zone (-
30%) and a subsequent drop in coastal production (-35%) along central California, consistent with in 
situ observations for the major events. Air-sea CO2 fluxes respond to the large-scale climatic forcing 
as well. The strong reduction of dissolved inorganic carbon supply to surface waters during El Niño 
periods causes reductions in the outgassing of CO2 in nearshore regions and outweighs the 
counteracting effect associated with the drop in coastal production. The observed changes in nutrient 
supply and production further translate into changes in the redistribution of organic and inorganic 
matter. In response to the lower production during El Niño events, vertical export (-30%) and offshore 
transport of organic carbon from coastal to open ocean regions are strongly reduced (-40%) as well. 
This is essentially a result of the strong decrease in production that is mainly confined to the coastal 
ocean, but effectively communicates ENSO induced changes along the coast to regions beyond the 
upwelling front. Reflecting the coastal El Niño response, water masses characterized by negative 
anomalies of inorganic nutrient and organic carbon concentrations thus reach offshore regions up to 
500km from the coast with several months delay. During La Niña conditions, the observed tendencies 
are reversed with similar magnitudes. ENSO induced modifications within the upwelling region thus 
not only pertain to the magnitude of coastal production (which has profound implications for ocean 
management). They also have repercussions for ecosystems of adjacent waters, whose metabolism is 
partly supported by the offshore transport of carbon and nutrients from the coastal region.  
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Long-Term Atmospheric Carbon Dioxide and Radiative Forcing Implications of 
Persistent Loss of Tropical Peat Carbon Following Land-Use Conversion  

Frolking, Steve* (1); Dommain, Rene (2); Jeltsch-Thommes, Aurich (3); Joos, Fortunat (3); 
Glaser, Paul (4)  
1: University of New Hampshire, USA; 2: Smithsonian Institution, USA & Potsdam University, Germany; 3: University of Bern, 
Switzerland; 4: University of Minnesota, USA  

The climate mitigation potential of tropical peatlands has gained increased attention as Southeast 
Asian tropical peat swamp forests are being deforested, drained and burned at very high rates, 
causing globally significant carbon dioxide emissions to the atmosphere. We used a simple force-
restore model to represent the perturbation to the atmospheric carbon dioxide and methane burdens, 
and net radiative forcing, resulting from long-term conversion of tropical peat swamp forests to oil palm 
or acacia plantations. Drainage ditches are installed in land-use conversion to both oil palm and 
acacia, leading to a persistent change in the system greenhouse gas balance with the 
atmosphere.  Drainage causes the net carbon dioxide exchange to switch from a weak sink (removal 
from the atmosphere) in the accumulating peat of a swamp forest to a relatively strong source as the 
peat is oxidized.  Methane emissions increase due to relatively high emissions from the ditches 
themselves. For these systems, persistent carbon dioxide fluxes have a much stronger impact on 
atmospheric radiative forcing than do the methane fluxes.  Prior to conversion, slow peat accumulation 
(net carbon dioxide uptake) for millennia establishes a slowly increasing net radiative cooling 
perturbation to the atmosphere.  Upon conversion, carbon dioxide loss rates are 16-32 times higher 
than pre-conversion uptake rates. Rapid loss rates cause the net radiative forcing perturbation to 
quickly (decades) become a net warming, which can persist for centuries after the peat has all been 
oxidized. 
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Spatial and seasonal carbonate parameters variation in the northeastern 
Brazilian continental shelf  

Gaspar, Felipe (1); Flores Montes, Manuel de Jesus* (1); Lefevre, Nathalie (2)  
1: UFPE, Brazil; 2: IRD-LOCEAN, France  

CO2 data in tropical environments are scarce and studies in the tropical coastal areas of Brazil are 
new. This study aimed at assessing the spatial and seasonal variability of the carbonate parameters 
over the latitudes -7.5° to -9.0° in northeastern Brazil. The continental shelf in this area is relatively 
narrow and shallow (≈ 35km wide, 50–65 m deep), and the water mass  presents an annual sea 
surface temperature (SST) mean  of ≈ 27±2°C, while the average sea surface salinity (SSS) is around 
36. In order to characterize the carbonate parameters we determined  total alkalinity (TA) and total 
inorganic carbon (TCO2)  along two longitudinal transects in an urbanized (n= 34) and a  non-
urbanized (n=30) area of the Pernambuco state continental shelf. Salinities ≤32 were excluded in 
order to eliminate direct riverine influences. The TCO2 spatial distribution during the dry season was 
similar between urbanized (2065±16 µmol kg-1; n=22) and non-urbanized areas (2064±19 µmol kg-1; 
n=20). During the wet season lower TCO2 values were observed in the inner shelf stations of the 
urbanized area (2027±7 µmol kg-1; n=12) and both, pCO2 and pH showed seasonal variability. The 
pCO2 was higher in the urbanized section with an overall average of 463.8 ± 72.2 µatm, while the 
lowest values were registered in the shelf break with an average of 412.8 ± 8.6 µatm. The pH range 
was 7.98±0.04 (dry season) and 8.02±0.02 (wet season). The TA was higher during the dry season in 
the non-urbanized area (2393±30 µmol kg-1; n= 20) and lower during the wet season in the urbanized 
area (2334±21 µmol kg-1 n=12). The highest alkalinity, above 2300 µmol kg-1, was found closer to the 
river mouths SSS<32 probably caused by organic alkalinity. The pCO2 values over the eastern 
Brazilian shelf decreased toward the ocean. Due to the strong stratification and the absence of large 
river discharge to sustain high planktonic productivity, the coastal shelf environments of Northeastern 
Brazil are expected to behave as a source of CO2 to the atmosphere. 
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Invited Keynote: Inter-annual variation of Amazon greenhouse balances 2010-
2014: nature and causes  
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Net carbon exchange between tropical land and the atmosphere is potentially important because the 
vast amounts of carbon in forests and soils can be released on short time-scales e.g. via deforestation 
or changes in temperature and moisture. Such changes may thus cause feedbacks on global climate, 
as have been predicted in earth system models. In the tropics, the Amazon is most significant in the 
global carbon cycle, hosting by far the largest carbon vegetation and soil carbon pools (~200 PgC). 
Because of the very large precipitation amounts, approximately 20-25% of its area is seasonally 
flooded and thus it is also an important region for methane emissions. From 2010 onwards we have 
extended an earlier greenhouse gas measurement program to include regular vertical profiles of CO2, 
CH4, N2O, CO, SF6, from the ground up to 4.5 km height at four sites along the main air-stream over 
the Amazon Basin. Our measurements demonstrate that surface flux signals are primarily 
concentrated to the lower 2 km and thus vertical profile measurements are ideally suited to estimate 
greenhouse gas balances. Clearly a higher measurement density is desirable.  We are in the process 
of expanding the number of surface and airborne sampling sites as well as the number of trace gases 
measured.  Nonetheless, because of the homogeneity of the vegetation (forests) and the coherent 
east to west trade-winds over the Basin, these data already permit a range of insights about the 
magnitude, seasonality, inter-annual variation of carbon fluxes and their controls. Most recent years 
have been anomalously hot with the southern part of the Basin having warmed the most. Precipitation 
regimes also seem to have shifted with an increase in extreme floods. Approximately 20 percent of 
Amazon forests have been deforested by now and development pressure on forests continues. For 
the specific period we will discuss the year 2010 was anomalously dry, followed by 4 years wet (2011, 
2012, 2013 and 2014) and another dry year (2015/16 -El Nino year). This period provides an 
interesting contrast of climatic conditions in a warming world with increasing human pressures. We will 
analyze the effect of this climate variability on annual and seasonal carbon balances for these five 
years using our atmospheric data.  We will estimate fluxes using a simple, but powerful back-trajectory 
based atmospheric mass balance approach. Our data permit us not only to estimate net CO2 and CH4 
fluxes, but using carbon monoxide we estimate carbon release via fires and thus the net carbon 
balance of the unburned land vegetation. We will relate fire emissions to controls of land vegetation 
functioning and independent diagnostics like fire counts. We will also discuss what our results suggest 
for the role of the tropics of the global carbon balance. 
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Coupling between the carbon cycle and the lateral hydrology: First 
implementation of riverine organic carbon transport within MPI-ESM  

Gehlot, Swati*; Hagemann, Stefan; Brovkin, Victor  
Max-Planck Institute for Meteorology, Germany  

Permafrost and peat carbon storage is much larger than the global atmospheric carbon storage. The 
thawing of permafrost leads to a substantial addition of riverine organic carbon along with the emission 
of greenhouse gases. The current state of the art Earth System Models (ESMs) do not consider the 
lateral transport of carbon from land to ocean via rivers/streams and account only on vertical gas 
exchange processes between land or ocean carbon reservoirsin the evaluation of the global carbon 
budget. Moreover, the vertical gas exchange processes are active during the lateral transport but are 
not considered in the impact of thawing permafrost on global climate. 
In this research, we propose a framework of combining the soil carbon transport via rivers using the 
hydrological discharge scheme of MPI-ESM (HD model). The soil carbon classification is based on the 
water solubility (YASSO carbon pools) and their subsequent attribution to the dissolved organic 
carbon (DOC) via runoff and baseflow. The HD model will be extended by the inclusion of the DOC as 
a tracer and evaluated over selected test areas. Evaluation of DOC transport scheme is intended at 
reservoir level via available site measurements. Decomposition of DOC en-route land to ocean via 
vertical gas exchange processes will be included. 
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Climate-carbon-nitrogen interactions in an Earth System model framework  
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Recent advances in the representation of soil carbon decomposition (Goll et al., 2015) and carbon-
nitrogen interactions (Goll et al., 2012) implemented previously into separate versions of the land 
surface scheme JSBACH are combined in a single version which is set to be used in the upcoming 6th 
phase of the coupled model intercomparison project (CMIP6).  
We demonstrate that the new version of JSBACH is able to reproduce the spatial variability in the 
reactive nitrogen loss pathways as derived from a compilation of δ15 N data (r=.63, RMSE=.26, Taylor 
score=.81). In line with evidence from elevated CO2 manipulation experiments (Liang et al., 2016), 
pronounced nitrogen scarcity is alleviated by the accumulation of nitrogen due to enhanced nitrogen 
inputs by biological nitrogen fixation, reduced losses by leaching and volatilization, and the enhanced 
turnover of organic nitrogen. 
So, the inclusion of carbon-nitrogen interactions leads to an only moderate reduction (-10%) of the 
carbon-concentration feedback (βL ) and has a negligible effect on the sensitivity of the land carbon 
cycle to warming (γL ) compared to the same version of the model without carbon-nitrogen interactions 
in idealized simulations (1% increase in atmospheric CO2 per yr). 
The strengths of the land carbon feedbacks of the recent version of JSBACH, with βL = 0.61 PgC 
ppm−1 and γL = −27.5 PgC K−1 , are 34% and 53% less than the averages of CMIP5 models, 
although the CMIP5 version of JSBACH simulated βL and γL which are 59% and 42% higher than the 
multi-model average. These changes are primarily due to the new decomposition model, stressing the 
importance of the uncertainties in this process in comparison to carbon-nitrogen interactions. 
So, to complete the picture, the interdependence of the carbon-nitrogen model with further processes 
(climate driven shifts in natural vegetation distribution, vegetation fires, anthropogenic land cover 
change, wood harvest) is now implemented in JSBACH and is planned to be active in many CMIP6 
simulations performed with the complete Earth System model MPI-ESM. 
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Elucidating the mechanisms of sedimentary alkalinity release and its impact on 
the Baltic Sea carbonate system  

Hagens, Mathilde* (1); Gustafsson, Erik (2); Reed, Daniel C. (3); Humborg, Christoph (4); Sun, 
Xiaole (4); Gustafsson, Bo G. (2); Slomp, Caroline P. (1)  
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Low oxygen concentrations in seawater are widespread in both coastal and open oceans. Together 
with ocean acidification, the change in carbonate chemistry due to the uptake of atmospheric carbon 
dioxide (CO2), low oxygen is one of the major human-induced threats to marine life in the current and 
upcoming decades. Enhanced release of alkalinity from the seafloor, principally driven by anaerobic 
degradation of organic matter under low-oxygen conditions and associated secondary redox reactions, 
can increase the CO2 buffering capacity of the overlying seawater and therefore oceanic CO2 uptake. 
This mechanism is however poorly, if at all, incorporated in large system-scale models that are used to 
project future changes in carbonate chemistry. 
The Baltic Sea, the largest anthropogenic dead zone worldwide, has undergone severe changes in 
both oxygenation state and alkalinity concentration over the past decades. The possible link between 
these concurrent changes has not yet been investigated in detail. A present-day system-wide alkalinity 
budget constructed using BALTSEM, a coupled physical-biogeochemical model for the whole Baltic 
Sea area, has indicated the lack of an important alkalinity source. Based on both data sets and one-
dimensional reactive transport modelling of sediment processes at key sites in this region, we propose 
that this missing source is alkalinity release from the seafloor, ultimately driven by the amount of iron 
burial as iron sulphide minerals. 
In this work, we quantify the importance and underlying mechanisms of alkalinity generation and 
release for the Baltic Sea as a whole for the past and current decades. We combine results of 
BALTSEM and the detailed sediment models to show that the iron and sulphur cycles are key to the 
release of alkalinity from the sediment. We also find that this release makes up a substantial part of 
the alkalinity source currently not represented by BALTSEM. Ultimately, by using key indicators as 
seawater oxygen concentration and sedimentary organic carbon and iron contents, we aim to develop 
model formulations that can be incorporated into BALTSEM and other large-scale models. This will not 
only close the Baltic Sea alkalinity budget, but will also substantially improve the accuracy of estimates 
of how much CO2 can be stored in marine waters, and thus amend coastal ocean acidification 
projections. 
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Natural and anthropogenic-forced variability in oceanic oxygen and oxygen 
minimum zones: results from an Earth System Model simulation over the last 
millennium and the 21st century.  

Hameau, Angélique* (1,2); Joos, Fortunat (1,2); Mignot, Juliette (3); Keller, Kathrin (1,2)  
1: Climate and Environmental Physics, Physics Institute, University of Bern, Switzerland; 2: Oeschger Centre for Climate 
Change Research, University of Bern, Switzerland; 3: LOCEAN Laboratory, Sorbonne Universités, Paris, France  

Dissolved oxygen (O2) concentrations in the ocean and the global ocean O2 inventory are observed 
to decrease and oxygen minimum zones (OMZ) to expand (Schmidtko et al., 2017). Consistently, 
Earth System Models project a continued decrease in O2 under anthropogenic global warming. Yet, 
the exact mechanisms forcing these changes are not completely understood.  Similarly, the time of 
emergence (ToE, Keller et al., 2014) of anthropogenic O2 trends from the “noise” caused by chaotic 
internal variability, and natural-forced variations, e.g., in response to volcanic eruptions and solar 
irradiance changes, awaits further investigations. 
In this study, the evolution of dissolved oxygen and OMZs is analyzed in a climate simulation of the 
Community Earth System Model (CESM) from 850 to 2100 AD (Lehner et al., 2015). Anthropogenic, 
solar and volcanic forcing is prescribed from reconstructions and follows the high-emission RCP8.5 
greenhouse gas scenario over the 21st century.  
We find that modeled global-scale O2 variations due to natural solar and volcanic forcing and internal 
variability are much smaller than those caused by anthropogenic emissions. Global mean oxygen 
concentration is decreasing under anthropogenic forcing and becomes smaller than the preindustrial 
range around 1900 AD. Similarly, the simulated global expansion of the OMZ (O2  < 20 mmol m-3) 
over the industrial period and the 21st century is due to anthropogenic forcing and much larger than 
natural variability. The volume of OMZ waters increases above its preindustrial range during the 
second half of the 20th century and OMZ waters are projected to expand by almost a third until 2100 
AD.  In contrast, explosive volcanic eruptions cause O2 concentrations and OMZ to shrink. 
The ToE for the modern trends in O2 in the thermocline and of ocean temperature is quantified 
regionally. ToE is defined as the point in time when the trend signal reaches twice the standard 
deviation of the signal during the preindustrial period. Anthropogenic trends in O2 emerge faster than 
those for temperature.  
Physical and biogeochemical processes, including stratification and O2 supply by surface-to-deep 
water exchange, the temperature-dependency of O2 solubility, and O2 consumption during organic 
matter remineralization, influence dissolved O2 and OMZ.  The role of these processes and magnitude 
and timescales of simulated responses in marine O2 will be discussed. 
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Modeling net primary production across global croplands from 1961 to 2010  

Han, Pengfei* (1); Zeng, Ning (1,2); Zhao, Fang (3); Lin, Xiaohui (1)  
1: LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences, People's Republic of China; 2: Department of 
Atmospheric and Oceanic Science, and Earth System Science Interdisciplinary Center, University of Maryland, United States; 3: 
Potsdam Institute for Climate Impact Research, Germany  

Global cropland net primary production (NPP) has tripled over the last fifty years, contributing 17-45% 
to the increase of global atmospheric CO2 seasonal amplitude. Although there were many regional 
scale comparisons between statistical data and modelling results, the long-term national level 
comparison across the global croplands is scarce due to unavailability of detailed spatial-temporal 
management data. Here, we conducted a simulation study of global cropland net primary production 
from 1961 to 2010 using a process-based model-VEGAS, and compared the results with Food and 
Agriculture Organization of the United Nations (FAO) statistical data on both continental and national 
scales. It was estimated that the global cropland NPP was 1.3 ± 0.1 (mean ± SD), 1.8 ± 0.2, 2.2 ± 0.1, 
2.6 ± 0.1,  3.0 ± 0.2 and 3.6 ± 0.2 Pg C yr-1 in the 1960s, 1970s, 1980s, 1990s, 2000s and 2010s, 
respectively. The NPP increased most notably in U.S. Midwest, Western Europe and North China 
Plain, in contrast, it was increased slowly in Africa and Oceania. To adapt VEGAS for different major 
regions, we optimized/modified the default values of management intensity reflecting agricultural 
Green Revolution differences across various regions based on FAO statistical data. We highlight a 
great difference in model parameterization among regions when simulating the crop NPP due to 
social-economical imbalance, and to better reproduce and predict the future crop NPP trends, it is 
necessary to calibrate key parameters at regional scales. 
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Carbon dioxide evasion from boreal lakes: revised estimate, drivers of spatial 
variability, and future projections  
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Carbon dioxide evasion (FCO2) from lakes (incl. reservoirs) is established as an important component 
of the global carbon (C) cycle, a significance reflected by the inclusion of this flux in the most recent 
IPCC assessment report. In the context of lakes, the boreal region is disproportionately important 
containing both the greatest abundance, and total area of lakes of any biome. In this study, we 
developed a model driven by globally available environmental geodata, to predict CO2 partial pressure 
(pCO2) in boreal lakes, and to create the first high resolution, circumboreal maps (0.5°) of lake pCO2 
and FCO2. A multilinear regression was used to derive a prediction equation for lake pCO2 as a 
function of lake area, terrestrial net primary productivity (NPP) and precipitation (r2= 0.56). The map of 
pCO2 was combined with lake area from the recently published GLOWABO database and estimates of 
gas transfer velocity k to produce the resulting map of FCO2. For the boreal region we estimate an 
average, lake area weighted, pCO2 of 966 (678- 1325) μatm and FCO2 of 189 (74-347) Tg C yr-1, 
substantially higher than in previous studies based on lower estimates of lake area.  Our approach 
also incorporates a mathematically transparent calculation of uncertainty (5th and 95th percentiles), 
using a Monte Carlo simulation comprising 10,000 runs. We use our maps along with spatially 
resolved data of FCO2 from rivers and estuaries, as well as lateral land-ocean C exports to derive an 
aquatic carbon budget for the boreal region. Finally, based on spatially resolved projections of 
terrestrial NPP and precipitation, we use the model to predict changes in lake pCO2 and FCO2 over 
the 21st century.  
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Comparison of CO2 and O2 fluxes demonstrate retention of respired CO2 in 
tree stems from a range of tree species  
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Tree stem respiration is an important yet poorly understood component of the terrestrial carbon cycle. 
The apparent respiratory quotient (ARQ), measured as the ratio of stem CO2 efflux to oxygen (O2) 
influx, is expected to be 1.0 for tree stems that mainly metabolize carbohydrates for respiration. 
However, ARQ values measured from a range of tropical, temperate and Mediterranean forest trees 
are much lower than unity, with mean values ranging between 0.39 and 0.78. The ARQ was not 
correlated with predictable diurnal or seasonal changes of sap flow or with height of sampling along 
the tree stem. Vertical transport of dissolved CO2 in the xylem thus seems unlikely to explain the 
observed low ARQ values. Furthermore, ARQ values measured on incubated live stem cores were 
similar to those measured in stem chambers, supporting the conclusion that low ARQ values are the 
result of a local process, rather than xylem transport. In repeated incubations of Quercus ilex stem 
cores, ARQ increased from 0.44±0.08 (mean ±SD, n=4) to 0.94 ±0.03 after 32 h, while O2 uptake rates 
stayed almost constant. This trend may reflect self-inhibition due to accumulation of products of the 
process that removes CO2. Uptake of 13CO2 into tissues demonstrated dark fixation in the stem cores, 
implying that the process removing CO2 is possibly mediated by the enzyme phosphoenolpyruvate 
carboxylase (PEPC). We suggest that substantial amounts of the respired CO2 in tree stems, 41% on 
average and up to 73%, are recaptured locally in stems. When extrapolating the average ARQ to the 
whole stem, and to global stem emissions, we estimate the annual flux of respired CO2 remaining in 
tree stems to be 4.6 ±1.1 Pg C yr-1, which is 7.7% of the annual global NPP. 
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The effects of forest loss on reginal carbon balance of tropical peat forests in 
Borneo island  
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National Institute for Environmental Studies, Japan  

While tropical peat forest occupies 0.25% of surface area on globe, it accounts 3% of soil organic 
carbon on earth (Hergoualc’h and Verchot, 2011). Tropical peat forest, which forest grows on peat 
which depth is from 1 to 10 m, spreads in southeast Asia such as Borneo or Sumatra Island. Recently, 
the area of tropical peat forest is rapidly decreasing because of fire or plantation, and has resulted in 
large carbon lost. Therefore, carbon management and control for tropical peat forest is very important 
with the objective of development, conservation and disaster prevention. Ecosystem model is useful 
for evaluating carbon balance at reginal scale. 
In this study, we evaluate reginal changes in carbon balance of tropical peat forests in Borneo island 
by using a terrestrial ecosystem model, VISIT. We also develop a land-use change map including 
forest fire and plantation as input data for the model by using MODIS data. Carbon balance in 
southern part of Borneo island was strongly affected by wild fire. Especially in 2002, 2006 and 2015, 
wild fire was spread widely because of ENSO. Large carbon was emitted in these years. Carbon loss 
in northern part of Borneo was mainly caused by conversion from forest to oil palm. 
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Seasonal responses of terrestrial ecosystem water-use efficiency to climate 
change  
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Ecosystem water-use efficiency (EWUE) is an indicator of carbon-water interactions and is defined as 
the ratio of carbon assimilation (GPP) to evapotranspiration (ET). Previous research suggests an 
increasing long-term trend in annual EWUE over many regions, and is largely attributed to the 
physiological effects of rising CO2. The seasonal trends in EWUE, however, have not yet been 
analyzed. In this study, we investigate seasonal EWUE trends and responses to various drivers during 
1982-2008. The seasonal cycle for two variants of EWUE, water-use efficiency (WUE, GPP/ET) and 
transpiration-based WUE (WUEt, the ratio of GPP and transpiration), is analyzed from 0.5° gridded 
fields from four process-based models and satellite-based products, as well as a network of 63 local 
flux tower observations. WUE derived from flux tower observations shows moderate seasonal 
variation for most latitude bands, which is in agreement with satellite-based products. In contrast, the 
seasonal EWUE trends are not well captured by the same satellite-based products. Trend analysis, 
based on process-model factorial simulations separating effects of climate, CO2 and nitrogen 
deposition (NDEP), further suggests that the seasonal EWUE trends are mainly associated with 
seasonal trends of climate, whereas CO2 and NDEP do not show obvious seasonal difference in 
EWUE trends. About 66% grid cells show positive annual WUE trends, mainly over mid- and high 
northern latitudes. In these regions, spring climate change has amplified the effect of CO2 in 
increasing WUE by more than 0.005 gC m-2 mm-1 yr-1 for 41% pixels. Multiple regression analysis 
further shows that the increase in springtime WUE in the northern hemisphere is the result of GPP 
increasing faster than ET because of the higher temperature sensitivity of GPP relative to ET. The 
partitioning of annual EWUE to seasonal components provides new insight into the relative 
sensitivities of GPP and ET to climate, CO2 and NDEP. 
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Towards a more complete carbon balance: Quantifying fluvial carbon fluxes in 
a wet-dry tropical catchment in north Australia  
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Understanding the movement of carbon (C) through the terrestrial–aquatic–atmospheric continuum is 
critical for accurate C accounting. Failure to account for the transport of soil derived CO2 to surface 
aquifers, streams will result in a considerable overestimation of the C uptake by the biosphere. It can 
be argued that the mismatch between global C exchange estimates and the observed atmospheric 
growth rate of CO2 is in large part due to the inaccurate representation of riverine and estuarine CO2 
losses. Here we examine the magnitude of this C pathway in a small catchment in the wet-dry tropics 
of north Australia. The catchment is dominated by tropical savanna, a highly productive yet 
disturbance-prone ecosystem that occurs across 2 million km2 of northern Australia. Observations of 
eddy covariance derived CO2 fluxes, ET, rainfall, soil moisture and river discharge have been made for 
the last 17 years, one of the longest flux records in a tropical savanna ecosystem. To compliment flux 
observations, long-term assessments of vegetation biomass change has also been made to examine 
the net gain or loss of C in vegetation. 
During significant wet season rainfalls, a fraction of soil respired CO2 is recharged to aquifers via the 
soil solution, transported as dissolved inorganic carbon (DIC).  This and other components of fluvial 
export, namely riverine fluxes of particulate organic C (POC), DOC and DIC, were measured in situ 
during wet season river flow periods. POC is a more conservative parameter and was estimated using 
existing literature values. The combination of long-term tower based CO2 fluxes in combination with C 
stored in sub-surface aquifers as DIC plus DIC and DOC that is discharged by river flow provides a 
near-complete carbon (and water balance) for this catchment. The magnitude of this fluvial flux can 
then be compared to the net atmospheric C inputs and storage in vegetation. 
Measurements of DIC concentration and isotopic C ratios (d13CDIC) showed that groundwater was 
supersaturated with plant derived CO2. This concentration data was combined with existing 
hydrological data to estimate annual transport of C from the terrestrial vegetation to sub-surface 
aquifers at ~0.3 Mg C ha-1 y-1 , close to an order of magnitude higher than previously thought and of a 
similar magnitude to that of tree increment (0.45 Mg C ha-1 y-1). DOC and DIC from river flow suggests 
that in a high rainfall, monsoonal systems, fluvial losses may be 30% or more of sequestered C as 
measured by the flux tower and reliance on tower observations alone will overestimate sink strength. 
These findings improve our understanding of the savanna carbon cycle, with implications for regional 
and global C balance modelling. 
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Strong effect of depositional environment on the preservation of organic 
carbon in sediment or its degradation to carbon dioxide or methane  
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As organic carbon (OC) moves from headwaters to the sea, it can be deposited in a variety of aquatic 
environments where it can be transformed into greenhouse gas and emitted to the atmosphere, or 
become buried in the sediment. However it is not entirely clear what effect environmental conditions 
(e.g. degree of oxygenation, water chemistry, sediment mixing) have on the fate of deposited OC, e.g. 
if the OC will be transformed into carbon dioxide (CO2), methane (CH4) or will be buried. Hydropower 
dams are man-made depositional environments that trap OC and may affect the fate of OC 
transported by the river, potentially leading to increased CO2 and CH4 emission, or increased burial, or 
both.  
We hypothesized that OC that is deposited in environments with high oxygen content and intensive 
mixing of the water column (river, oxygenated saline and freshwater environment), or environments 
highly exposed to atmosphere (floodplains), will be characterized by high CO2 emissions, while high 
carbon burial and CH4 production hotspots are expected for anoxic zones in freshwater reservoirs. To 
test our hypothesis we carried out incubations of sediment in six different conditions, simulating river 
(oxygenated, intensely mixed), drawdown zone (oxygenated atmosphere), anoxic and oxic freshwater 
reservoir, and anoxic and oxic sea environments. Incubations were carried out in sediment with low 
OC content of primarily terrestrial origin, and repeated with the same sediment enriched with aquatic 
OC (phytoplankton debris). 
Our results show that oxic conditions enhance CO2 production from terrestrial OC by a factor of 2 
compared to anoxic environments. If terrestrial OC is trapped in anoxic freshwater sediment, a 
significantly lower share of it is mineralized into CO2, but also a larger part of it can be mineralized into 
CH4 (15-24%) compared to oxic environments (0-3%). The addition of aquatic organic matter to the 
sediment boosted sediment carbon emissions, especially CH4 ebullition. Intensive bubbling was 
observed in all treatments. On average 67% of the aquatic OC added to the sediment was lost through 
gas emissions during 57 days of incubation regardless of the treatment. 
We conclude that the environment in which sediment OC is deposited and processed exerts strong 
control on the fate of OC; in oxic environments terrestrial OC is likely to be processed into CO2, while 
anoxic environments can increase CH4 emission and burial. However, fresh labile OC deposition in 
any environment leads to very high CH4 ebullition rates. The construction of reservoirs is therefore 
likely to increase terrestrial OC burial at the river basin-scale, but may also lead to increased CH4 
emission, particularly if the reservoirs are affected by eutrophication. 
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Responses of the terrestrial carbon cycle to drought: modeling sensitivities of 
the interactive nitrogen and dynamic vegetation  
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Drought can trigger both immediate and time-lagged responses of terrestrial ecosystems and even 
cause sizeable positive feedbacks to climate warming. In this study, the influences of interactive 
nitrogen (N) and dynamic vegetation (DV) on the response of the carbon cycle in terrestrial 
ecosystems of China to drought were investigated using the Community Land Model version 4.5 
(CLM4.5). Model simulations from three configurations of CLM4.5 (C, carbon cycle only; CN, dynamic 
carbon and nitrogen cycle; CNDV, dynamic carbon and nitrogen cycle as well as dynamic vegetation) 
between 1961 and 2010 showed that the incorporation of a prognostic N cycle and DV into CLM4.5 
reduce the predicted annual means and inter-annual variability of predicted gross primary production 
(GPP) and net ecosystem production (NEP), except for a slight increase in NEP for CNDV compared 
to CN. These model improvements resulted in better agreement with observations (7.0 PgC yr−1) of 
annual GPP over the terrestrial ecosystems in China for CLM45-CN (7.5 PgC yr−1) and CLM45-CNDV 
(7.3 PgC yr−1) than for CLM45-C (10.9 PgC yr−1). Compared to the CLM45-C, the carbon-nitrogen 
coupling strengthened the predicted response of GPP to drought, resulting in a higher correlation with 
the standardized precipitation index (SPI; rC = 0.62, rCN = 0.67), but led to a weaker sensitivity of NEP 
to SPI (rC = 0.51, rCN = 0.45). The CLM45-CNDV had the longest lagged responses of GPP to drought 
among the three configurations. These results enhance our understanding of the response of the 
terrestrial carbon cycle to drought. 
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pH distributions and controlling mechanisms in the global ocean  
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In this study, we describe both surface and subsurface pH distributions in the global ocean based on 
the recently released Global Ocean Data Analysis Project Version 2 (GLODAPv2) database, and 
discuss the mechanisms that control them. Gridded surface ocean pH in the year of 2002 ranged 
between 7.77 and 8.35 globally, with an area-averaged surface pH of 8.08. Surface pH does not show 
much basin-to-basin variation and has much smaller latitudinal gradients than the calcium carbonate 
mineral saturation states. The surface pH distribution is mainly controlled by the latitudinal gradient of 
water temperature and the subsequent differences in total alkalinity and dissolved inorganic carbon 
(TA/DIC) ratio at air-sea exchange equilibrium, as well as the temperature effect on the carbonic 
system equilibrium. Freshwater input/output and air-sea gas disequilibrium also affect surface pH to a 
lesser degree. Vertically, pH is highest in the surface mixed layer and at a minimum in mid-depths 
(200 to 2000 m) where oxygen concentrations are lowest. This is in contrast to carbonate mineral 
saturation states which are often at a minimum in the deepest waters due to the large impact of 
pressure on carbonate mineral saturation. Subsurface pH shows large differences among the major 
ocean basins. Aerobic respiration within the global thermohaline circulation plays a major role in 
shaping the subsurface pH distribution. It helps to lower down pH by as much as 0.6 unit. Calcium 
carbonate dissolution shows opposite influence on pH. It enhances pH by about 0.1 unit in waters 
below 2000 m. In addition, subsurface pH is strongly controlled by temperature and pressure. 
Decreasing temperature with depth increases pH and increasing pressure lowers pH. Multi-Linear 
regression analyses in the subsurface ocean at 160 nodes show that temperature, salinity, pressure 
and dissolved oxygen (DO) account for the majority of the pH variations in the global subsurface 
ocean. 
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Biological Carbon Sequestration in the Ocean: Current Understanding and 
Future Research Trends  

Jiao, Nianzhi*  
Xiamen University, People's Republic of China  

The ocean absorbs approximately 30% of anthropogenic CO2 (IPCC, 2013), mitigating global warming 
in a profound way. However, the biological mechanisms for long-term carbon sequestration in the 
ocean are not yet fully understood. The biological pump (BP) is the collective term for a suite of 
processes for carbon fixation and export to the deep ocean. The microbial carbon pump (MCP) 
describes the microbial transformation of labile to refractory dissolved organic carbon (RDOC) 
throughout the water column. Most RDOC compounds maintain their levels of recalcitrance only in a 
specific environmental context (RDOCt). The ocean RDOC pool also contains compounds that is 
inaccessible to microbes just due to their extremely low concentration (RDOCc). This differentiation 
allows us to appreciate the linkage between microbial source and RDOC composition on a range of 
temporal and spatial scales. In addition to its present-day role, the MCP may have been crucial in the 
formation of a huge RDOC reservoir in the ancient oceans. For future research, we suggest that 1) 
state-of-the-art analytical chemical and genomic methods should be used to determine the microbial 
source and composition of RDOC and assess the environmental conditions which influence the 
recalcitrance of RDOC; 2) molecular biomarkers and isotopic tracers should be employed to link water 
column processes to sediment records, as well as to link present-day observations to paleo-evolution; 
3) ecosystem models need to be developed based on empirical relationships derived from bioassay 
experiments and field investigations in order to predict the dynamics of carbon cycling along the 
stability continuum of POC and RDOC under potential global change scenarios; 4) inorganic nutrient 
input to coastal waters may reduce the capacity for carbon sequestration as RDOC. The nutrient 
regime enabling maximum carbon storage from combined POC flux and RDOC formation should 
therefore be sought. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 318 of 463 

   

Poster Presentation  
Theme 3.1: Biogeochemical Processes - Processes Understanding and Human Impacts  
Keywords: land, carbon isotope, water use efficiency, tree-ring records, Earth System Models  

20th century changes in carbon isotopes and water-use efficiency: tree-ring-
based evaluation of the CLM4.5 and LPX-Bern models  

Keller, Kathrin (1); Lienert, Sebastian (1); Bozbiyik, Anil (1); Stocker, Thomas F. (1); Churakova 
(Sidorova), Olga V. (2,3); Frank, David C. (1,4,5); Klesse, Stefan (1,4,5); Koven, Charles D. (6); 
Leuenberger, Markus (1); Riley, William J. (6); Saurer, Matthias (4,7); Siegwolf, Rolf (4,7); Weigt, 
Rosemarie B. (7); Joos, Fortunat* (1)  
1: University of Bern, Switzerland; 2: University of Geneva, Switzerland; 3: Siberian Federal University, Krasnoyarsk, Russia; 4: 
Swiss Federal Research Institute WSL, Switzerland; 5: University of Arizona, USA; 6: Lawrence Berkeley National Lab, USA; 7: 
Paul Scherrer Institute, Switzerland  

Measurements of the stable carbon isotope ratio (13C/12C) on annual tree rings offer new 
opportunities to evaluate mechanisms of variations in photosynthesis and stomatal conductance under 
changing CO2 and climate conditions, especially in conjunction with process-based biogeochemical 
model simulations. The isotopic discrimination is indicative of the ratio between the CO2 partial 
pressure in the intercellular cavities and the atmosphere (ci:ca) and of the ratio of assimilation to 
stomatal conductance, termed intrinsic water use efficiency (iWUE). 
We compiled a novel set of 76 century-scale tree-ring records, mainly from Europe, boreal Asia, and 
western North America. This compilation suggests on average small 20th century changes in isotopic 
discrimination and in ci:ca and an increase in iWUE of about 27% since 1900. 
We performed isotope-enabled simulations over the industrial period with the land biosphere module 
(CLM4.5) of the Community Earth System Model and the Land Surface Processes and Exchanges 
(LPX-Bern) dynamic global vegetation model LPX-Bern. Results for C3 tree species show good 
agreement with a global compilation of modern δ13C measurements on leaves, though modeled 13C 
discrimination by C3 trees is smaller in arid regions than measured. 
LPX-Bern results match the century-scale tree-ring reconstructions of trends in isotopic discrimination 
and iWUE, supporting the idea that the physiology of stomata has evolved to optimize trade-offs 
between carbon gain by assimilation and water loss by transpiration. In contrast, CLM4.5 simulates an 
increase in discrimination and in turn a change in iWUE that is almost twice as large as that revealed 
by the tree-ring data. Factorial simulations show that these changes are mainly in response to rising 
atmospheric CO2. The results suggest that the downregulation of ci:ca and of photosynthesis by 
nitrogen limitation is possibly too strong in the standard setup of CLM4.5 or that there may be 
problems associated with the implementation of conductance, assimilation, and related adjustment 
processes on long-term environmental changes. 
Ongoing work includes the coupling of the land modules to atmosphere and ocean model components 
to evaluate the global carbon isotope budget over the industrial period. 

Reference: 
K. M. Keller and S. Lienert and A. Bozbiyik and T. F. Stocker and O. V. Churakova and D. C. Frank 
and S. Klesse and C. D. Koven and M. Leuenberger and W. J. Riley and M. Saurer and R. Siegwolf 
and R. B. Weigt and F. Joos, 20th century changes in carbon isotopes and water-use efficiency: tree-
ring-based evaluation of the CLM4.5 and LPX-Bern models. Biogeosciences, 14(10): p. 2641-2673, 
10.5194/bg-14-2641-2017, 2017 
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Separating temperature- and moisture-driven variations in terrestrial carbon 
uptake using multiple remote sensing constraints  

Keppel-Aleks, Gretchen*; Butterfield, Zachary; Torres, Anthony; Steiner, Allison  
University of Michigan, United States of America  

Identifying the geographic, climatic, and human drivers of variations in atmospheric CO2 observations 
across a range of timescales is crucial for developing a mechanistic understanding of carbon 
cycling.  On seasonal and interannual timescales, variations in atmospheric CO2 primarily reflect 
variations in terrestrial ecosystem fluxes and their response to climate drivers.  Because atmospheric 
CO2 integrates fluxes over large spatial scales, it provides complementary information to ecosystem 
observations using techniques such as eddy covariance and can be used to evaluate how local 
relationships among carbon fluxes and environmental drivers scale to larger regions.  Recent work 
from Jung et al., (2017) used eddy covariance observations to show that while global CO2 growth rate 
may be determined primarily by temperature sensitivities, local fluxes may be more sensitive to 
precipitation and subsequent soil moisture variations.  This result is consistent with analysis of 
variations in marine boundary layer CO2 (Keppel-Aleks et al., 2014), where we showed that separately 
considering atmospheric CO2 observations in zonal bands revealed strong sensitivities to drought 
stress and fire emissions that were masked by a global analysis.  
Here, we extend this analysis by using a combination of remote sensing and in situ observations of 
atmospheric CO2 together with satellite observations related to moisture stress (IMERG precipitation, 
GRACE total water storage and SMAP soil moisture) to gain additional insight into regional to 
continental scale responses to temperature and moisture stress.   We analyze atmospheric CO2 
observations from both the NOAA surface network and remote sensing platforms, including the Total 
Carbon Column Observing Network (TCCON) and the Orbiting Carbon Observatory-2 (OCO-2).  We 
relate variations in these drivers to variations in the timing and magnitude of the mean annual cycle 
and to interannual variations in the growth rate.  We find a clear relationship of the Northern 
Hemisphere annual drawdown with the timing of moisture variations in temperate regions and a clear 
relationship between water storage and net uptake regionally. 
These results may be useful for evaluating the fidelity of land models within Earth system 
models.  Because most ESMs are resolved at spatial scales of order 1 deg (102 km), information from 
eddy covariance towers is subjected to spatial representation errors.  By combining insights from 
small-scale and large-scale measurements, we will better be able to evaluate functional responses in 
ESMs in benchmarking systems.  This approach also elucidates regions where understanding the 
local scale response may not scale up to the regional scale captured by atmospheric CO2 variations.   
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Effect of crustose lichen on soil CO2 efflux in sphagnum moss regime of 
tundra, west Alaska  

Kim, Yongwon* (1); Park, Sang-Jong (2); Lee, Bang-Yong (2)  
1: University of Alaska Fairbanks, United States of America; 2: Korea Polar Research Institute, Korea  

Increasing ambient temperatures across the Arctic have induced changes in plant extent and 
phenology, degradation of permafrost, snow depth and covered extent, decomposition of soil organic 
matter, and subsequently, soil carbon emission to the atmosphere. However, there is fully not 
understood on the effect of crustose lichen on soil CO2 emission to the atmosphere. Although the 
spores of lichen are spread by wind and animals, the crustose lichen is infected to the only sphagnum 
moss widely distributed in the Arctic, and is terminally killed the moss. Here, we report the research 
findings on the soil CO2 efflux-measurement with forced diffusion (FD) chamber system that is 
continuously monitored in sphagnum moss regime of west Alaska for the growing season of 2016. The 
environmental parameters (e.g., soil temperature and moisture) were measured at intact and infected 
sphagnum moss regime. The FD chamber is measured at an interval of 10-min and 30-min, which is 
not significant difference between both intervals (R2 = 0.94; n = 1360; PMSE = 0.043; p < 0.001) 
based on a one-way ANOVA at the 95% confidence level. Mean soil CO2 effluxes (standard deviation) 
in June, July, August, and September of 2016 were 0.47(0.22), 0.52(0.21), 0.55(0.31), and 0.32(0.54) 
in infected sphagnum moss, and 0.27(0.47), 0.45(0.17), 0.50(0.22), and 0.31(0.49) in intact sphagnum 
moss, respectively. This finding demonstrates that 1) soil CO2 in infected sphagnum moss is one of 
atmospheric CO2 source in June and July, and 2) soil CO2 efflux is not significant difference between 
both regimes for August and September of 2016. 
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Modelling carbon in permafrost soils from preindustrial to the future  

Kleinen, Thomas*; Brovkin, Victor  
Max Planck Institute for Meteorology, Germany  

The carbon release from thawing permafrost soils constitutes one of the large uncertainties in the 
carbon cycle under future climate change. Analysing the problem further, this uncertainty results from 
an uncertainty about the total amount of C that is stored in frozen soils, combined with an uncertainty 
about the areas where soils might thaw under a particular climate change scenario, as well as an 
uncertainty about the decomposition product since some of the decomposed C might result the 
release of CH4 as well as CO2. 
We use the land surface model JSBACH, part of the Max Planck Institute Earth System Model MPI-
ESM, to quantify the release of soil carbon from thawing permafrost soils. We have extended the soil 
carbon model YASSO by introducing carbon storages in frozen soils, with increasing fractions of C 
being available to decomposition as permafrost thaws. In order to quantify the amount of carbon 
released as CH4, as opposed to CO2, we have also implemented a TOPMODEL-based wetland 
scheme, as well as anaerobic C decomposition and methane transport. 
We initialise the soil C pools for the preindustrial climate state from the Northern Circumpolar Soil 
Carbon Database to insure initial C pool sizes close to measurements. We then determine changes in 
soil C storage in transient model experiments following historical and future climate changes under 
RCPs 2.6, 4.5, and 8.5. Based on these experiments, we quantify the greenhouse gas release from 
permafrost C decomposition, determining both CH4 and CO2 emissions. 
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Oxygen flux measurements as a new tracer for the carbon and nitrogen cycles 
in terrestrial ecosystems  

Knohl, Alexander* (1,2); Blei, Emanuel (1); Manning, Andrew C. (3); Pickers, Penelope A. (3); 
Yan, Yuan (1)  
1: University of Goettingen, Bioclimatology, Germany; 2: University of Goettingen, Centre of Biodiversity and Sustainable Land 
Use (CBL), Germany; 3: Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, University of East 
Anglia, Norwich, United Kingdom  

Atmospheric oxygen (O2) measurements have proven to be one of the most powerful tools to study 
the carbon cycle at global scale, for example, quantifying the net global carbon dioxide (CO2) sinks of 
terrestrial ecosystems and oceans [Keeling and Manning, 2014]. At ecosystem level, O2 is closely 
related to CO2 through the processes of photosynthesis and respiration, and is also influenced by 
sources of nitrogen during plant uptake. Oxygen measurements thus carry valuable information about 
terrestrial ecosystem processes that cannot be gained from CO2 measurements alone. The potential 
of O2 measurements at ecosystem level, however, has not been exploited. The major hindrance has 
been the significant technical challenges to measure atmospheric O2 at ppm-level against the high 
background concentration of ~21% [e.g. Kozlova and Manning, 2009]. 
We present the new European Research Council-funded project, ‘OXYFLUX’, that aims to develop 
high precision O2 flux measurement as a new tool for carbon and nitrogen cycle processes at 
ecosystem level in the terrestrial biosphere. Commercially available O2 analysers, including a brand 
new prototype from Aerodyne Research Inc., will be optimised for applications with leaf and soil gas 
exchange chambers, as well as with micrometeorological approaches at ecosystem scale, that is, flux 
gradient, eddy accumulation and eddy covariance approaches [e.g. Sturm et al. 2012]. These 
measurements will be further utilised in modelling work where we will integrate O2 into two 
complementary terrestrial ecosystem models at canopy (CANVEG) and global scale (CLM). The 
models will be used to infer the sensitivity of the ecosystem net O2 exchange to the O2 exchange of 
various ecosystem components as well as to upscale O2 fluxes to global levels. In this presentation we 
discuss the overall concept and plans for OXYFLUX, and we show first test results demonstrating the 
performance of the new Aerodyne instrument. 
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Carbonyl sulfide as a tracer for gross primary production (GPP): integrating 
soil, branch and ecosystem fluxes  

Kooijmans, Linda M.J.* (1); Sun, Wu (2); Aalto, Juho (3,4); Erkkilä, Kukka-Maaria (3); Kadmiel, 
Kadmiel (5); Seibt, Ulli (2); Vesala, Timo (3,6); Mammarella, Ivan (3); Chen, Huilin (1,7)  
1: Centre for Isotope Research, University of Groningen, The Netherlands.; 2: Department of Atmospheric and Oceanic 
Sciences, University of California, Los Angeles, USA.; 3: Department of Physics, University of Helsinki, Finland.; 4: SMEAR II, 
Hyytiälä Forestry Field Station, University of Helsinki, Korkeakoski, Finland.; 5: Department of Environment, Earth and 
Ecosystems, The Open University, Milton Keynes, United Kingdom.; 6: Department of Forest Sciences, University of Helsinki, 
Finland.; 7: Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, USA  

Carbonyl Sulfide (COS) is a promising new tracer that can potentially be used to partition net 
ecosystem exchange into respiration and gross primary production (GPP) based on the similar uptake 
pathways of COS and CO2 into plant stomata. The realization of the COS tracer method requires 
proper characterization of all ecosystem components in the COS budget. Besides that, the leaf-scale 
relative uptake (LRU) ratio, which is the normalized ratio of COS to CO2 uptake, needs to be better 
determined to accurately translate COS ecosystem fluxes into GPP estimates. 
We performed two campaigns in the growing seasons of 2015 and 2016 at the SMEAR II site in 
Hyytiälä, Finland to provide better constrained COS flux data for boreal forests. A combination of COS 
measurements were made during both years, i.e. atmospheric profile concentrations up to 125 m, 
eddy-covariance fluxes, and soil chamber fluxes. In addition to these, branch chamber measurements 
were done in 2016 in an attempt to observe the LRU throughout the whole season. 
The results reveal that soils are a small sink of COS and contribute to 11 % of the total ecosystem 
COS flux during daytime and do not show significant diurnal or seasonal variability. The soil COS 
uptake is therefore not a large source of uncertainty when using COS as a tracer for GPP estimates 
on the ecosystem level. We infer that nighttime COS uptake is dominated by the tree canopy and is 35 
- 44 % of the daily maximum COS uptake, thereby playing a substantial role in the total COS budget. 
The measured LRU ratio is exponentially correlated with photosynthetic active radiation (PAR) but is 
constant for PAR levels above 500 µmol m-2s-1. Mid-day LRU values are 1.7 (aspen) and 1.4 (pine). 
The correlation between LRU and PAR can be explained by the fact that COS is hydrolyzed with the 
presence of the enzyme carbonic anhydrase, and is not light dependent, whereas the photosynthetic 
uptake of CO2 is. Furthermore, we show that the light-dependence of LRU needs to be taken into 
account when deriving COS-based GPP estimates. 
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Forest response to rising CO2 drives zonally asymmetric rainfall change over 
tropical continents  

Kooperman, Gabriel (1); Chen, Yang (1); Hoffman, Forrest (2); Koven, Charles (3); Lindsay, 
Keith (4); Pritchard, Michael (1); Swann, Abigail (5); Randerson, James* (1)  
1: University of California, Irvine, United States of America; 2: Oak Ridge National Laboratory, United States of America; 3: 
Lawrence Berkeley National Laboratory, United States of America; 4: National Center for Atmospheric Research, United States 
of America; 5: University of Washington, United States of America  

Understanding how anthropogenic CO2 emissions may impact future precipitation is critical for 
sustainably managing ecosystems, particularly for drought-sensitive tropical forests. While there is 
much uncertainty about tropical precipitation change, nearly all models from the Coupled Model 
Intercomparison Project Phase 5 predict a strengthening zonal precipitation asymmetry by 2100, with 
increases over Asian and African forests and decreases over lowland South American forests. Here 
we show that the plant physiological response to increasing CO2 is a primary mechanism responsible 
for this pattern. Using the Community Earth System Model with an experimental design in which CO2 
increases were isolated over individual continents, we find that contrasting regional circulation and 
moisture flux anomalies are driven by local decreases in transpiration. In response to mostly uniform 
decreases in stomatal conductance and increases in sensible heat, moisture convergence remains 
about the same in the Amazon and is not enough to compensate for decreases in evapotranspiration- 
and thus precipitaton recycling. In contrast, moisture convergence increases considerably across the 
Maritime Continent, yielding higher precipitation rates over the islands. These simulations indicate that 
dynamical responses to rising CO2 are fundamentally different across the different continents and that 
the sum of local responses mostly explains the pan-tropical precipitation asymmetry. Our analysis 
suggests that forests in South America may be more vulnerable to rising CO2 than forests in Asia or 
Africa. 
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A global 3D model for the triple oxygen isotopic ratios in atmospheric CO2  

Koren, Gerbrand* (1); Schneider, Linda (2); van der Velde, Ivar R. (3); Adnew, Getachew A. (4); 
Hofmann, Magdalena E.G. (4); Röckmann, Thomas (4); Peters, Wouter (1,5)  
1: Wageningen University & Research, Department of Meteorology and Air Quality, The Netherlands; 2: Karlsruhe Institute of 
Technology, Institute of Meteorology and Climate Research (IMK-TRO), Germany; 3: NOAA Earth System Research 
Laboratory, Global Monitoring Division, Colorado, USA; 4: Utrecht University, Institute for Marine and Atmospheric Research, 
The Netherlands; 5: Groningen University, Centre for Isotope Research, The Netherlands  

The gross uptake of CO2 by vegetation through photosynthesis, widely known as gross primary 
production (GPP), is a key process in the carbon cycle that strongly affects the atmospheric 
CO2 abundance, yet its magnitude is currently poorly constrained. The triple oxygen isotopic ratios of 
atmospheric CO2, denoted by Δ17O (or 17O-excess), was recently put forward as a potential tracer of 
GPP. In this study a global modeling framework has been developed for predicting the temporal 
variation and spatial distribution of Δ17O in atmospheric CO2 (defined as: Δ17O = ln(δ17O+1) – 
0.5229 ∙ ln(δ18O+1)). 
The Δ17O signature of atmospheric CO2 (~50 per meg near the surface) originates from photolysis of 
O3 in the stratosphere where mass-independent fractionation of the stable oxygen isotopes 16O, 17O 
and 18O occurs. This fractionation signal is transferred from O3 to many other oxygen-containing 
gases, including CO2 (+1500 per meg in the lower stratosphere). Following transport to the 
troposphere, the Δ17O of this CO2 is ‘reset’ (to nearly 0 per meg) by isotope exchange with liquid 
water, mostly in the leaves of vegetation where isotopic equilibration occurs with the more abundant 
H2O. Due to the presence of the enzyme carbonic anhydrase (CA), the effectiveness of 
exchanging oxygen isotopes between CO2 and H2O in vegetation is high. The dominance of 
this biospheric loss term in determining the Δ17O tropospheric abundance makes it a potential tracer 
for GPP. 
Our 3D model for Δ17O in CO2 is based on the global atmospheric transport model TM5 driven by 
meteorological fields from the European Centre for Medium-Range Weather Forecasts (ECMWF) and 
uses CO2 surface fluxes from the data assimilation system CarbonTracker. We model the 
stratospheric source of the Δ17O signal in CO2 by imposing the observed N2O-Δ17O correlation for 
stratospheric CO2 on Δ17O through our simulated N2O mixing ratios, with a user-specified relaxation 
time constant. The vegetation sink of Δ17O is modeled with the Simple Biosphere/Carnegie-Ames-
Stanford Approach (SiBCASA) model, which allows for explicit calculation of gross CO2 fluxes, based 
on internal and external CO2 concentrations of leaf stomata for C3 and C4 vegetation types. Also, 
the effect of soil invasion fluxes, ocean exchange, fossil fuel combustion and biomass burning is 
incorporated into the Δ17O model. 
In addition to the resulting Δ17O global and regional balances, we will present the magnitude and 
variability of the simulated tropospheric Δ17O signal, and the amplitude and timing of its seasonal 
fluctuation compared with existing measurement series for Δ17O in tropospheric CO2. Parallel to this 
modeling study a measurement program for Δ17O in CO2 over the Amazon with small aircraft is 
performed. The ultimate goal of the project is to combine our Δ17O model with measurements over the 
Amazon to constrain the Amazonian GPP. 
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Concurrent underway measurements of surface pCO2 and total alkalinity in 
Kuroshio-Oyashio transition region  

Kosugi, Naohiro*; Sasano, Daisuke; Ishii, Masao  
Meteorological Research Institute, Japan  

Ocean acidification is a major concern especially in coastal area because of its adverse impacts on 
local fishery and tourism. As a method of monitoring ocean acidification, underway measurements of 
surface partial pressure of CO2 (pCO2) using an equilibrator combined with detection instruments such 
as NDIR and CRDS are have been made widely. However, measurement of pCO2 alone is insufficient 
to assess ocean acidification in the region where spatial variation of total alkalinity (TA) is large. Here, 
we developed a simultaneous measurement system of surface pCO2 and TA. CRDS (Picarro, G2301) 
was applied as an instrument for measuring CO2. TA is the optimal parameter for underway 
measurement since it does not require a gastight sample injection. Single point titration and 
colorimetric pH determination were applied for measuring TA. Spatial resolution of TA was 6 km in 
case of cruising at 12 knot as the system can measure TA every 15 minutes. 
We made measurements of surface pCO2 and TA in Kuroshio-Oyashio transition region off the 
eastern Japan in June 2016. This area shows quite a large variation of carbonate species because of 
the mixture of warm Kuroshio water and cold Oyashio water. The data of TA were calibrated with 
certified reference material (CRM) supplied by Scripps Institution of Oceanography once a day. 
Standard deviation of the measurements of CRM was 1.4 μmol kg-1. TA estimated by empirical 
equations given by Lee et al., [2006] overestimated measured TA by up to 30μmol kg-1 in this region. 
Surface DIC was calculated from pCO2 an TA obtained by the underway measurements. Calculated 
DIC was in good agreement with the measured DIC taken from nearby CTD station. Mean difference 
and standard deviation between calculated and measured value were 0.8 and 5.4 μmol kg-1 
respectively (N = 38). Underway measurement of pCO2 and TA can reproduce fine spatial variation of 
DIC and thereby other carbonate species such as pH and Ω accurately. For example, the 
measurements figured out high pCO2 and DIC area with 20 km width possibly due to upwelling at the 
edge of Kuroshio extension. These results confirmed that the system is also applicable to monitor 
ocean acidification in coastal region. Technical developments such as downsizing of the system and 
reduction of chemicals and waste will promote the further installation into many research vessels as 
well as at the coastal monitoring sites. 
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Rapid decline in pH of coral calcification fluid due to ocean acidification  

Kubota, Kaoru* (1); Yokoyama, Yusuke (2); Ishikawa, Tsuyoshi (1); Suzuki, Atsushi (3); Ishii, 
Masao (4)  
1: Japan Agency for Marine-Earth Science and Technology, Japan; 2: Atmosphere and Ocean Research Institute, University of 
Tokyo, Japan; 3: National Institute of Advanced Industrial Science and Technology, Japan; 4: Meteorological Research Institute, 
Japan  

Marine calcifying organisms such as stony corals are being threatened by rapid ocean acidification 
(OA) due to the oceanic uptake of anthropogenic CO2. To better understand how organisms and 
ecosystems will adapt to or be damaged by the resulting environmental changes, field observations 
are crucial. Here we show, based on boron isotopic ratio (δ11B) measurements, that OA is affecting 
the pH of calcification fluid (pHCF) in long-lived massive Porites corals within the western North Pacific 
Subtropical Gyre at two separate locations, Chichijima (Ogasawara Archipelago) and Kikaijima. Corals 
from each location exhibit a rapid decline of δ11B since 1960. When compared to pH in ambient 
seawater (pHSW) near these islands, as estimated from a large number of shipboard measurements of 
seawater CO2 chemistry and atmospheric CO2, results indicate that pHCF is sensitive to changes in 
pHSW. This suggests that the calcification fluid of corals will become less super-saturated with respect 
to aragonite by the middle of this century (pHCF = ca. 8.3 when pHSW = ca. 8.0 in 2050) earlier than 
previously expected, despite the pHCF up-regulation mechanism of coral. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 328 of 463 

   

Poster Presentation  
Theme 3.1: Biogeochemical Processes - Processes Understanding and Human Impacts  
Keywords: ocean, high CO2, CO2 leakage, accute effects, marine medaka  

Acute effects of high CO2 on marine medaka, Oryzias melastigma  

Kwon, Bong-Oh*; Lee, Changkeun; Khim, Jong Seong  
Seoul National University, Korea, Republic of (South Korea)  

A possible leakage from the marine CO2 storage in geological reservoirs is increasingly concerned, 
but lesser studies have been performed on potential adverse effects on marine organisms.  One of the 
top predators in marine environment such as fishes should be one representative species being 
essential for water column toxicity test in response to marine CO2 leakage.  In addition, the life cycle 
assessment is important to fully understand the toxicity mechanism through development.  In the 
present study, the lethal and sub-lethal effects of elevated CO2 exposure on different developmental 
stages of marine medaka, Oryzias melastigma were investigated.  Each developmental stage of test 
organisms was exposed to varying concentrations of CO2 (g) (control air, 5, 10, 20 and 30%) resulted 
in drastic pH changes (from 8.2 to 5.5) during 96 hours.  The lethal and sub-lethal effects 
encompassing several endpoints of mortality, early developmental delay, and heartbeat inhibition of 
fish were daily monitored.  As for embryo test, significant damages such as cardiac edema, tail 
abnormality and mortality were observed at pH <6.30.  In the juvenile and adult stage, significant 
mortality was observed at pH <5.70.  Those results collectively indicated that elevated concentration of 
CO2 exposure to fish might cause various adverse effects, even during a short-term exposure 
period.  Adult marine medaka have more various isoforms of ion exchangers for osmoregulation; 
therefore, they have strong capacity for regulating acid-base balance than embryonic stages.  It 
should be noted that early embryonic stage was found to be more sensitive to CO2 exposure than 
those to the other life stages.  Overall, the present study provided better understandings for potential 
adverse impacts of CO2 leakage on different stages of fishes in marine ecosystems. 
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Implications of riverine nutrient and carbon fluxes derived from a weathering 
model on the ocean biogeochemistry  

Lacroix, Fabrice* (1,2); Tatiana, Ilyina (1)  
1: Max Planck Institute for Meteorology, Switzerland; 2: Université Libre de Bruxelles, Belgium  

The coastal ocean is widely viewed as a hotspot for oceanic primary production, partly due to the 
supply of nutrients by rivers. Furthermore, river loads of C, P, N, Si and alkalinity can be considered as 
compensation fluxes for any sedimentation processes which occurs within the global ocean. By 
implementing riverine nutrient and carbon fluxes into the Earth System Model MPI-ESM, we aim to 
better represent these fluxes from land to the ocean, as well as investigate their effects on the carbon 
cycle of the coastal ocean, as well as of the global ocean. 
We use a first order weathering model (Hartmann et al., 2013) to estimate weathering fluxes of 
dissolved phosphate, silicate, inorganic carbon as well as alkalinity. We thereby generate a spatial 
distribution of weathering yields that are dependent on temperature, runoff, lithology and soil 
properties. Such an approach permits an implementation of dynamical riverine fluxes in the ESM, in a 
way that they are sensitive to changes in hydrology and climate. The state of art NEWS database 
(Mayorga et al., 2010) is used to derive the fluxes of organic carbon as well as nitrate, which are from 
non-weathering sources. The fluxes are routed to the ocean through hydrological catchments from the 
MPI-ESM. 
Our preliminary results show weathering hotspots, more specifically in Southeast Asia, the Amazon, 
Northern Europe and Siberia. These areas also deliver large fluxes of carbon and nutrients to the 
coastal ocean. In comparison to a model run without riverine nutrient and carbon fluxes, the total 
ocean global primary production is only slightly affected by these fluxes, whereas changes in the 
spatial distribution of the primary production can be observed, as it is enhanced in the proximity of the 
rivers but is decreased in some areas of the open ocean. The carbon sink of many major coastal 
regions is thereby enhanced. Other regions in the high latitudes show a source of carbon in 
comparison to the control run. Furthermore, we make carbon budgets for several well-known coastal 
shelves, to determine how much of the carbon input from rivers is buried within the shelf, or if it is 
transported offshore. 
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Stationary Rossby waves dominate subduction of anthropogenic carbon in the 
Southern Ocean  

Langlais, Clothilde* (1); Lenton, Andrew (1,2); Matear, Richard (1); Monselesan, Didier (1); 
Legresy, Benoit (1); Cougnon, Eva (3); Rintoul, Steve (1,2)  
1: CSIRO, Australia; 2: ACE CRC, Hobart, Australia; 3: IMAS, Hobart, Australia  

The Southern Ocean has taken up more than 40% of the total anthropogenic carbon (Cant) stored in 
the oceans since the preindustrial era, mainly in Subantarctic mode and intermediate waters (SAMW-
AAIW). Modelling these ventilated waters is challenging, with formation rate usually weaker than 
observational rate. Here, we use high resolution (1/10°) ocean simulations to investigate the physical 
mechanisms responsible for the transfer of Cant from the surface to the interior. Mesoscale Standing 
Rossby Waves (SRWs) in the Antarctic Circumpolar Current make the dominant contribution (72%) to 
the Cant transfer in SAMW-AAIW. While eddy-resolving simulations reproduce the observed Cant 
sequestration in SAWM-AAIW density layers, lower spatial resolution models only reproduce half of it, 
sequestring Cant in denser density classes. A key implication is that climate model simulations that lack 
sufficient resolution to represent SRWs underestimate the sequestration of Cant in SAMW-AAIW, 
critical for projecting and understanding the role the Southern Ocean plays in the Global Carbon 
Cycle. 
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Simulating C transfers through the terrestrial-aquatic continuum of the Amazon  

Lauerwald, Ronny* (1); Regnier, Pierre (2); Camino-Serrano, Marta (3); Guenet, Bertrand (4); 
Guimberteau, Matthieu (4); Ducharne, Agnès (5); Polcher, Jan (6); Ciais, Philippe (4)  
1: University of Exeter, United Kingdom; 2: Universite Libre de Bruxelles, Belgium; 3: CREAF, Barcelona, Catalonia; 4: IPSL-
LSCE, Gif-sur-Yvette, France; 5: UPMC, UMR Metis, Paris, France; 6: IPSL-LMD, Paris, France  

Lateral transfer of carbon (C) from terrestrial ecosystems through the in-land water network is an 
important component of the Global C Cycle, which sustains a large aquatic CO2 evasion flux fueled by 
the decomposition of allochthonous C inputs. Globally, estimates of the total C exports through the 
terrestrial-aquatic interface range from 1.5 to 2.7 Pg C yr-1 (Cole et al. 2007; Battin et al. 2009; Tranvik 
et al. 2009), i.e. in the order of 2-5% of the terrestrial NPP. Earth System Models (ESM) of the climate 
system ignore these lateral transfers of C, and thus overestimate the terrestrial C sink. 
In this study, we present the implementation of fluvial transport of dissolved organic carbon (DOC) and 
CO2 into ORCHIDEE, the land surface scheme of the Institut Pierre-Simon Laplace ESM. This new 
model branch, called ORCHILEAK, represents DOC production from canopy and soils, DOC and CO2 
leaching from soils to streams, DOC decomposition and CO2 evasion to the atmosphere during its 
lateral transport in rivers, as well as exchange with the soil carbon and litter stocks in riparian 
wetlands. We parametrized and validated ORCHILEAK for the Amazon basin, the world’s largest river 
system with regard to discharge and one of the most productive ecosystem of the world. The CO2 
evasion from rivers and wetlands in the Amazon basin has been estimated to 0.5 Pg C yr-1 (Richey et 
al., 2002), i.e. more than one order of magnitude higher than the lateral exports to the ocean. 
However, it is not easy to compare this value with the terrestrial C budget for the Amazon, as it is not 
clear in how far this CO2 evasion is fueled by displaced, terrestrial C or by e.g. wetland plant 
production (Abril et al., 2014). 
With ORCHILEAK, we are able to reproduce observed fluxes of DOC and CO2, both in terms of spatial 
patterns and seasonality. In addition, we are able to resolve the spatio-temporal variability in C fluxes 
along the canopy-soil-aquatic continuum and to decompose the origin of these C fluxes.  We simulate 
that more than 2/3 of Amazon’s fluvial DOC export is contributed by the decomposition of submerged 
litter. Throughfall DOC fluxes from canopy to ground are about as high as total DOC inputs to inland 
waters. The latter, however, are mainly sustained by decomposition of litter. Decomposition of DOC 
and submerged plant litter contributes slightly more than half of the CO2 evasion from the water 
surface, while the remainder is contributed by soil respiration. Total CO2 evasion from the water 
surface equals about 5% of the terrestrial NPP. Finally, we run future simulations to predict how 
increasing atmospheric CO2, land use and climate change will affect the C transfers through the 
terrestrial-aquatic continuum. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 332 of 463 

   

Poster Presentation  
Theme 3.1: Biogeochemical Processes - Processes Understanding and Human Impacts  
Keywords: ocean, air-sea CO2 flux, Amazon plume, French Guiana shelf  

Air-sea CO2 flux on the continental shelves of the western tropical Atlantic  

Lefevre, Nathalie* (1); Flores Montes, Manuel (2); Gaspar, Felipe (2); Rocha, Carlos (3); Jiang, 
Shan (3); Barbosa Camargo, Plinio (4); Araujo, Moacyr (2); Ibanhez, Severino (2)  
1: IRD, Paris, France; 2: UFPE, Recife, Brazil; 3: Trinity College, Dublin, Ireland; 4: CENA, Sao Paulo, Brazil  

Using carbon data collected on the continental shelves of the Maranhão, the Amazon in 2013-2014 
and French Guiana from 2006 to 2016, we follow the dispersal of the Amazon plume and the 
transformation of carbon along its way. Due to its strong discharge, the Amazon River significantly 
alters the physical and biogeochemical properties of the tropical Atlantic. From January-February to 
May, the Amazon plume flows mainly northwestward towards the Caribbean Sea. Beginning in May, 
the retroflection of the North Brazil Current (NBC) transports about 70% of the Amazon plume 
eastward in the North Equatorial Counter-Current (NECC) while the remaining 30% flows toward the 
Caribbean. The Amazon River is a strong source of CO2 to the atmosphere but leads to a sink of CO2 
when it mixes with oceanic waters. The Amazon continental shelf appears as a transition zone 
between a source and a sink of CO2 to the atmosphere. Nevertheless, net CO2 outgassing dominates 
in the shelf ranging from 8.5 to 43.9 mmol m-2d-1. Determining the CO2 flux in the Amazon shelf led to 
a revisited estimate of the net ocean carbon export of 26-39 mol m-2yr-1 from the shelf. The strongest 
CO2 drawdowns are observed close to the French Guiana coast, in the outer Amazon plume, with 
fCO2 values below 150 matm associated with high chlorophyll concentrations. These low values, 
usually observed at salinity lower than 34, lead to a strong sink of CO2 almost throughout the year 
ranging from -9.2 mmol m-2d-1 in June 2015 to 1.3 mmol m-2d-1 in March 2015. South of the Amazon 
mouth, the continental shelf of the Maranhão is not affected by the Amazon waters and is a source of 
CO2 throughout the year similar to the CO2 flux of the open ocean. 
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Disentangling biotic and climatic effects on interannual variability in water use 
efficiency across terrestrial ecosystems in China  

Li, Yue* (1,2); Zhou, Lei (1); Shi, Hao (3); Wang, Shaoqiang (1,2)  
1: Institute of Geographical Sciences and Nature Resources Research, Chinese Academy of Sciences, China; 2: College of 
Resources and Environment, University of Chinese Academy of Sciences, China; 3: State Key Laboratory of Soil Erosion and 
Dryland Farming on the Loess Plateau, Northwest A&F University, China  

Evaluating the independent contributions of environmental variability to the interannual variability (IAV) 
in ecosystem water use efficiency (WUE) and understanding their controlling mechanisms help us 
better understand the interactions between carbon and water cycles. However, few studies have 
separated the interaction effects of environmental factors to examine the individual contribution of 
environmental factors to ecosystem WUE over a long term. We synthesized flux and 
micrometeorological observations (2003-2010) in growing season from 7 eddy covariance flux sites 
across China, and analyzed the sensitivity of ecosystem gross primary productivity (GPP), 
evapotranspiration (ET) and WUE to biotic and climatic factors based on the combined method of 
principal component analysis (PCR) and partial least squares regression (PLSR) at annual scale. Our 
results showed that there was a significant positive correlation between the IAV in GPP, ET and their 
annual values, which revealed different water management strategies in across ecosystems. 
Generally, ecosystem GPP showed relatively high sensitivity to air temperature (Ta), and ET showed 
strongly sensitive to solar radiation (Rad). WUE was highly sensitive to Rad across ecosystems and 
sensitive to soil water content (SWC) for dry areas. The sensitivity of ecosystem WUE to climatic and 
biotic factors depends on different responses of GPP and ET. Ecosystem ET showed more sensitive 
to environmental factors than GPP, so the sensitivity of ecosystem WUE to environmental factors was 
mostly negative among ecosystems. The inter-site different sensitivity of GPP, ET and WUE to LAI 
was related to the climatic effects. Rad was strongly correlated with sensitivity of GPP to LAI (SLAI_GPP) 
and sensitivity of ET to LAI (SLAI_ET). The inflection point of the correlation between SLAI_WUE and Ta 
occurred at about 18  and of the correlation between SLAI_WUE to SWC occurred at about 0.18 m3m-3. 
Our approach effectively estimates the independent contribution of climatic and biotic factors to the 
variation of ecosystem GPP, ET and WUE, which can fill the gap between field experiments and 
model simulation at ecosystem scale.  
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Variability of methane ebullition across timescales in a tropical reservoir  

Linkhorst, Annika* (1); Paranaíba, José Reinaldo (2); Hiller, Carolin (1); Millen Azevedo, 
Guilherme (2); DelSontro, Tonya (3); Barros, Nathan (2); Isidorova, Anastasija (1); Mendonça, 
Raquel (1,2); Sobek, Sebastian (1)  
1: Department of Ecology and Genetics, Limnology, Uppsala University, Sweden; 2: Institute of Biological Sciences, Federal 
University of Juiz de Fora, Brazil; 3: Department of Biological Sciences, University of Quebec at Montreal, Canada  

Reservoirs are important atmospheric sources of methane (CH4), a greenhouse gas at least 28 times 
more potent than carbon dioxide in a 100 year cycle assuming no carbon feedback loop. Ebullition, the 
release of gases through bubbles that are formed in the sediments and travel through the water 
column, is typically the major pathway of CH4 emission from reservoirs. Since the formation and rise of 
bubbles depends on several factors that vary in both time and space, CH4 emission from reservoirs is 
highly heterogeneous in time and space, making the upscaling of measurements to annual averages 
highly uncertain. 
We measured methane ebullition in a reservoir in Brazil, and investigated the variability of CH4 
ebullition at different time scales, encompassing variability at seasonal, monthly, daily and diurnal 
scales. We have ebullition data for comparison of wet and dry season, measured variability in 
ebullition in one bay of the reservoir at a monthly scale over a one-year cycle, and at a daily scale over 
one month, and we performed a study on diurnal variability of CH4 emission. For ebullition estimates, 
we used custom-built bubble traps and a hydroacoustic echosounder. In addition, floating gas flux 
chambers were used to measure diffusive and total fluxes. 
With respect to diurnal cycles, we found that CH4 ebullition peaked during the day, with peak fluxes 
being up to four times higher than low fluxes. We further found that ebullition can substantially vary 
from day to day, and also the variability at the monthly and seasonal scales were pronounced. The 
exact timing and magnitude of high gas flux events varied for the different sampling events, and could 
be partly linked to physical factors such as hydrostatic pressure changes or wind events. 
Our data show that the timing of methane ebullition measurements can have a substantial effect on 
the resulting estimate of the CH4 ebullition flux for a system, and needs to be accounted for when 
upscaling from discrete measurements to whole-system, long-term average fluxes. 
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Biophysical effects on the interannual variation in carbon dioxide exchange of 
an alpine meadow on the Tibetan Plateau  

Liu, Huizhi*; Wang, lei  
Institute of Atmospheric Physics, Chinese Academy of Sciences, China, People's Republic of  

Eddy covariance measurements from 2012 to 2015 were used to investigate  the interannual variation 
in carbon dioxide exchange and its control over an alpine  meadow on the southeast margin of the 
Tibetan Plateau. The annual net ecosystem  exchange (NEE) from 2012 to 2015 was -114.2, -158.5, -
159.9 and -212.6 g C m-2 yr-1  and generally decreased with the mean annual air temperature (MAT). 
An exception occurred in 2014, which had the highest MAT. This was attributed to higher ecosystem 
respiration (RE) and similar gross primary production (GPP) in 2014  because the GPP increased with 
MAT but became saturated due to the photosynthesis  capacity limit. In the spring (March to May) of 
2012, lower air temperature (Ta) and drought events delayed grass germination and reduced GPP. In 
the late wet season (September to October) of 2012 and 2013, the lower Ta in September and its 
negative effects on vegetation growth caused earlier grass senescence and significantly lower GPP. 
This indicates that the seasonal pattern of Ta greatly affected the annual total GPP, which is 
consistent with the result of the homogeneity-of-slopes model. The model shows that the climatic 
seasonal variation explained 48.6% of the GPP  variability, and the percentage of climatic interannual 
variation and the ecosystem  functional change were 9.7% and 10.6%, respectively. 
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Responses of tropical terrestrial biosphere carbon cycle to the 2015-2016 El 
Niño  

Liu, Junjie* (1); Bowman, Kevin (1); Schimel, David (1); Parazoo, Nicolas (1); Jiang, Zhe (2); 
Lee, Meemong (1); Bloom, Anthony (1); Wunch, Debra (3); Frankenberg, Christian (4); Sun, 
Ying (5); O'Dell, Chris (6); Gurney, Kevin (7); Menemenlis, Dimitris (1); Girerach, Michelle (1); 
Crisp, David (1); Eldering, Annmarie (1)  
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The 2015-2016 El Niño, the 2nd strongest since the 1950s, led to historic high temperature and low 
precipitation over the tropics while the atmospheric CO2 growth rate was the largest on record. The 
launch of the Orbiting Carbon Observatory-2 (OCO-2) shortly before the 2015-2016 El Niño event 
provides an opportunity to understand how tropical land carbon fluxes respond to the warm and dry 
climate characteristics of the El Niño conditions. The El Niño events may also provide a natural 
experiment to study the response of tropical land carbon fluxes to future climate, since anomalously 
warm and dry tropical environments typical of El Niño are expected to be more frequent under most 
emission scenarios. Here we quantified the response of net biosphere exchange (NBE) and biomass 
burning to these climate anomalies by assimilating column CO2 from Greenhouse Gases Observing 
Satellite (GOSAT) and Orbiting Carbon Observatory-2, and CO from Measurements of Pollution in the 
Troposphere (MOPITT) into an atmospheric inversion framework. We further quantified Gross Primary 
Production with the Solar Induced Fluorescence (SIF) from GOSAT), and calculated the respiration as 
a residual term. Relative to the 2011 La Niña, the pantropical biosphere released 2.4 ± 0.34 Gt more 
carbon into the atmosphere, with an approximately equal distribution over three tropical continents. 
However, the dominant processes were different: GPP reduced (0.9 ± 0.22 GtC) in tropical South 
America, fire increased (0.4 ± 0.10 GtC) in tropical Asia, and respiration increased (0.6 ± 0.34 GtC) in 
Africa. Our results imply a positive carbon-climate feedback if the frequency of El Niño-like climate 
anomaly increase in the future.  
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CarbonTracker Switzerland: Quantifying the net terrestrial biospheric carbon 
fluxes in central Europe and Switzerland for 2013  

Liu, Yu* (1); Peters, Wouter (2); Brunner, Dominik (3); Gruber, Nicolas (4)  
1: ETH Zurich, Environmental Physics, Zurich, Switzerland; 2: Wageningen University, Meteorology and Air Quality, the 
Netherlands; 3: Centre for Isotope Research, University of Groningen, the Netherlands; 4: Empa, Air Pollution and 
Environmental Technology, Dübendorf, Switzerland  

Regional observing and inversion systems that can resolve the local (<100 km) and regional (order 
100-1000 km) scales are crucial to improve our understanding of the contemporary carbon cycle, as 
they permit us to resolve individual emission sources, the response of different vegetation types to 
climate drivers, and the impact of human interventions (land-use change and land management) on 
land-atmosphere fluxes. Here we report on the results and sensitivity tests of such a high-resolution 
greenhouse gas assimilation system to determine and understand the fluxes and balance of CO2 in 
central Europe, mainly in Switzerland in 2013. This high-resolution atmospheric CO2 inversion system 
uses an Ensemble Kalman Filter to assimilate atmospheric CO2 observations from the 4 CarboCount 
CH sites in Switzerland into an atmospheric transport model COSMO at 7 km resolution to optimize an 
initial (prior) estimate of the net ecosystem exchange (NEE) from the Vegetation Photosynthesis and 
Respiration Model (VPRM). As Switzerland has a highly heterogeneous landscape with a complex 
mixture of agricultural lands, forests, pastures, villages and cities, we adopted a subgrid tiling strategy. 
By assimilating the measured CO2 data from Switzerland, the inversion system successfully improves 
the fit to observation from 3 independent atmospheric measurement sites and exhibits the same 
magnitude of inverted total carbon budget as the inventory data in Switzerland in 2013. The 
robustness of this system is assessed and tested with synthetic observations obtained from the 
forward simulation, showing that the system could generate robust inverted fluxes from May to 
December in 2013 in Switzerland(with only 2.6%  error in the posterior fluxes comparing with the true 
fluxes) when considering both fossil fuel and background CO2 errors. 
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The impact of the Amazon River plume on the CO2 sea-air exchange in the 
Tropical Atlantic Ocean  

Louchard, Domitille*; Gruber, Nicolas; Münnich, Matthias  
ETH Zürich, Department of Environmental Systems Science, Switzerland  

The Amazon River delivers large amounts of nutrients to the ocean, enhancing phytoplankton 
production in the otherwise oligotrophic tropical North Atlantic substantially. Observations suggest a 
progression of the phytoplankton community composition from the mouth of the river to the open 
ocean, with diatom-diazotroph assemblages (DDAs) becoming increasingly dominant. These diatom-
diazotroph assemblages have been hypothesized to fuel carbon sequestration and to explain the 
observed anomalously low pCO2 values in the areas influenced by the Amazon plume. Here we aim 
to better constrain and understand the complex interplay of physical and biogeochemical processes 
that leads to this unique effect of the Amazon plume on the tropical North Atlantic. To this end, we 
embedded the Biogeochemical Elemental Cycle model (BEC) within an eddy-resolving configuration 
of the Regional Oceanic Modeling System (ROMS) and using a novel telescopic grid with a high 
resolution at the mouth of the river (4 km) while covering nearly the entire Atlantic Ocean. The model 
reproduces the basin-scale currents structure and the variability of the plume pathways; it also 
generates phytoplankton blooms that compare well with observational data-sets. In agreement with in 
situ measurements, mesohaline waters (20 – 24 PSU) that are rich in phosphate and silicic acid but 
poor in nitrate constitute a niche for DDAs associated with high rates of N-fixation. These blooms 
support important carbon export (net flux between 1.5 and 15 Tg C yr-1) which changes the air-sea 
pCO2 gradient and turns these waters into a sink of CO2. Our sensitivity analysis shows that the 
magnitude of the carbon sequestration is highly dependent on the amount and properties of the 
nutrients supplied by the Amazon River. However, physical components such as advection and 
residence time of the waters are also crucial as they determine the onset and the length of the blooms, 
and subsequently the efficiency of the biological pump. Any disturbance of this balance related to 
climate change or land use changes will affect the CO2 uptake of the Amazon River plume. 
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Global perturbation of organic carbon cycling by river damming  

Maavara, Taylor* (1); Lauerwald, Ronny (2); Regnier, Pierre (3); Van Cappellen, Philippe (1)  
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The damming of rivers represents one of the most far-reaching human modifications of the flows of 
water and associated matter from land to sea. There is currently an ongoing boom in dam 
construction, particularly focused in emerging economies, which is expected to double the 
fragmentation of rivers on Earth. Dam reservoirs are hotspots of sediment accumulation, primary 
productivity (P) and carbon mineralization (R) along the river continuum. In this study we developed 
the first spatially explicit global estimate of organic carbon (OC) burial, photosynthesis and 
mineralization in dam reservoirs for the years 1970, 2000, 2030 and 2050. We followed a mechanistic 
modeling approach that overcomes the limitations of relying on data-limited empirical models. Our 
model includes major in-reservoir fluxes, transformations and OC pools, and distinguishes between 
allochthonous and autochthonous OC burial and mineralization. The model is fully coupled to an 
existing reservoir phosphorus model to quantify nutrient-dependent changes in primary productivity 
(PP). For the period 1970-2030, we show that global carbon mineralization in reservoirs exceeds 
carbon fixation (P < R); the global P/R ratio, however, varies significantly, from 0.20 to 0.58 because of 
the changing age distribution of dams. We further estimate that at the start of the 21st Century, in-
reservoir burial plus mineralization eliminated 4.0 ± 0.9 Tmol yr-1 (48 ± 11 Tg C yr-1) or 13% of total 
organic carbon (OC) carried by rivers to the oceans. Because of the ongoing boom in dam building, in 
particular in emerging economies, this value could rise to 6.9 ± 1.5 Tmol yr-1 (83 ± 18 Tg C yr-1) or 
19% by 2030. 

Session:  
C2: The Coupled System (part 2)  
Thu, 24 August 2017: 11:10 - 12:30  



ICDC10 Abstracts 

14 August 2017  Page 340 of 463 

   

Poster Presentation  
Theme 3.1: Biogeochemical Processes - Processes Understanding and Human Impacts  
Keywords: Coupled Eart System, Land, Vegetation, Ecosystem, Resilience, Resistance  

Droughts trigger reduction of net primary production in the Amazon  

Machado-Silva, Fausto (1); Peres, Leonardo Faria (1); Gouveia, Celia Marina Pedroso* (2); 
Enrich-Prast, Alex (3); Libonati, Renata (1)  
1: Universidade Federal do Rio de Janeiro, Brazil; 2: Universidade de Lisboa, Portugal; 3: Linköping Universitet, Sweden  

Drought is defined as an anomalous period of water deficit which happen stochastically in all 
environments. Tropical forests are specially affected because species are less adapted to drier 
periods. Such an example is the Amazon forest which has experienced several droughts last century, 
very often related to climate variation in the Pacific and Atlantic Oceans. Theoretical models suggest 
extreme droughts will be even more frequent in the Amazon region and effects on ecosystems and 
carbon cycling are still unknown. Here we show the net primary production (NPP) of the Amazon 
forest has decreased since 2000 when the MODIS sensor started to operate. The linear model 
predicts the Amazon forest has lost 0,76 Pg C over 15 years with an average of 0,05 Pg C y-1. The 
extreme droughts of 2005, 2010 and 2015 have contributed together to a loss of 1,90 Pg C, exceeding 
all positive C budgets of non-drought years. Our analysis indicates extreme droughts compromise the 
resilience of the Amazon forest resulting in a negative balance between forest greening and browning. 
Regional stable equilibrium between carbon production and consumption may decrease net 
production in discrete jumps, depending on drought intensity. Acknowledgements: This work was 
partially supported by national funds through FCT (Fundação para a Ciência e a Tecnologia, Portugal) 
under project UID/GEO/50019/2013 - Instituto Dom Luiz. 
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Evaluating the relevance of microscale processes for carbon fluxes with a 
global ocean carbon cycle model  

Maerz, Joeran*; Six, Katharina D.; Stemmler, Irene; Ilyina, Tatiana  
Max Planck Institute for Meteorology, Germany  

The global oceanic biological carbon pump sequesters carbon dioxide (CO2) from the atmosphere and 
can thus have profound implications on the climate system. We aim to improve its representation in 
the global HAMburg Ocean Carbon Cycle model (HAMOCC) to evaluate the relevance of microscale 
processes for carbon sedimentation. Thus far, the sinking velocity of particulate organic matter (POM) 
is prescribed and increases with depth. For projecting future climate, however, Earth system models 
strive to implement a process-based representation of the biological carbon pump. In the euphotic 
zone of the ocean, phytoplankton converts CO2 to POM that can undergo flocculation processes. As a 
result, aggregates are formed and exert higher sinking velocities than single cells. Aggregates thus 
pose as an effective carrier of carbon to the deep ocean and likely play a key role in the biological 
carbon pump. During the passage of aggregates through the water column, microbial degradation 
takes place. The degradation of POM affects spatio-temporal distribution of oxygen and nutrients, and 
eventually the burial of carbon into the sediment. 
Within the Multi-scale Approach on the Role of Marine Aggregates (MARMA) project, we attempt to 
represent aggregate-related small scale processes in the micro-to-millimeter range that potentially 
have wide implication for the global ocean and climate. We aim to implement efficient process-based 
formulation of microfluid effects on POM sinking velocities and biogeochemical kinetics, such as a 
refined degradation representation, in HAMOCC. This allows for an upscaling of microscale processes 
and a deeper understanding of their relevance to the global carbon cycle. 
HAMOCC is coupled to the Max Planck Institute Ocean Model (MPIOM) and comprises the full 
inorganic carbon chemistry and features an extended representation of a fixed stoichiometry 
phosphor-based NPZD (nutrients, phytoplankton, zooplankton, detritus) ecosystem model. Guiding 
key questions for the envisaged model refinements are  

 What effects does water stratification have on remineralization and thus formation of oxygen 
minimum zones (OMZs)?  

 How are the extensions of OMZs linked to a potentially varying sinking speed-to-
remineralization rate ratio? 

 How can spatio-temporal variability in POM fluxes be explained? 

As a first approach, we developed and implemented a new sinking velocity parametrization in 
HAMOCC. The representation accounts for aggregation, fragmentation, and for variable composition 
and microstructure of marine aggregates. The process-based parametrization enables the 
representation of a spatio-temporally variable sinking velocity and features an efficient link to 
aggregate size-dependent microbial degradation processes. Indeed, preliminary results indicate a 
spatio-temporal variable sinking velocity of aggregates. We will present an evaluation of the 
aggregates composition and microstucture effect on modeled spatio-temporal POM fluxes. 
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Spatial and temporal variations of CO2 and CH4 fluxes in the Danube Delta  

Maier, Marie-Sophie* (1,2); Teodoru, Cristian (2); Kalvelage, Tim (1); Wehrli, Bernhard (1,2)  
1: ETH Zurich, Switzerland; 2: EAWAG, Switzerland  

In freshwater systems, carbon dioxide (CO2) and methane (CH4) are produced during organic matter 
degradation. Globally, the release of these greenhouse gases from inland waters to the atmosphere is 
estimated to be of the same order of magnitude as terrestrial carbon fixation. However, large 
uncertainties on the spatial and temporal dynamics of aquatic CO2 and CH4 evasions and the 
underlying processes persist. As part of the EU Horizon 2020 project C-CASCADES, we investigated 
the carbon cycling in Europe’s second largest river delta, the Danube Delta, to better constrain the 
spatio-temporal variability of carbon fluxes from temperate deltaic systems. The Danube receives 
water from 19 European countries and is the major source of freshwater to the Black Sea. Before 
discharging into the Black Sea, parts of the Danube waters pass an extensive wetland area. While 
much of the northern Danube Delta has been transformed into agricultural land, the southern delta is 
still largely pristine and a UNESCO biosphere reserve. The delta is composed of three main river 
branches and a network of closely connected channels and flow-through lakes between vast reed 
stands. Hence, it offers an ideal setting to study the seasonal variability of carbon fluxes in different 
aquatic compartments of a river delta. Throughout the delta, we took monthly measurements of 
greenhouse gas concentrations and carbon fluxes as well as various physico-chemical parameters at 
19 sampling sites over a complete annual cycle. The sampling campaigns were complemented by 
continuous multi-probe measurements in the upper delta and at the terminus at each of the three main 
branches. Our time-series study revealed a strong seasonal variability for both CO2 and CH4 
concentrations and fluxes. We also observed large differences in carbon cycling between the different 
aquatic compartments (main river branches, channels, lakes) and identified channels in the inner delta 
as hot spots of greenhouse gas emissions. 
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Measuring the CO2 isotopic composition in terrestrial ecosystems Studies in 
natural and controlled environments  

Mandic, Magda* (1); Ruehr, Nadine (2); Braden-Behrens, Jelka (3); Knohl, Alexander (3)  
1: Thermo Fisher Scientific, Bremen, Germany; 2: Karlsruhe Institute of Technology (KIT), Institute of Meteorology and Climate 
Research - Atmospheric Environmental Research (IMK-IFU), Garmisch-Partenkirchen, Germany; 3: Bioclimatology, Faculty of 
Forest Science and Forest Ecology, Georg-August University Göttingen, Germany  

Respiration is one of the largest CO2 fluxes in terrestrial ecosystems. It provides important information 
about the carbon cycle, which is highly sensitive to changes in the environment. 
Measuring  the isotopic signal of 13C and 18O of CO2 allows to quantify two main fluxes, net 
photosynthesis, as CO2 uptake by plants, and respiration, as CO2 loss by plants and soils. 
Our experiments were done by integrating the Delta Ray in a field setup and also in a plant chamber 
experiment under controlled environmental conditions. 
Delta Ray is an optical spectrometer that enables a simple direct absorption approach. The 
fundamental bands of CO2 at 4.3 microns are accessed to simultaneously determine δ18O and δ13C of 
CO2 by measuring major isotopologues (12C16O16O, 12C16O18O and 13C16O16O) at atmospheric 
concentration. 
In this work we will present both experimental setups on how the Delta Ray was used under field 
conditions in a temperate beech forest and how it was applied in a controlled environment with several 
plant chambers. 
We will show the application of a Keeling plot approach and its interpretation, calculations of the 
photosynthetic discrimination and determination of mesophyll conductance.  
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Evolution of the carbonate properties in the Gerlache Strait, Northern Antarctic 
Peninsula  

Marquez Lencina Avila, Jannine* (1,2,5); Goyet, Catherine (1,2); Kerr, Rodrigo (3,4,5); Touratier, 
Franck (1,2)  
1: IMAGES ESPACE-DEV, Université de Perpignan Via Domitia (UPVD), Perpignan, France; 2: ESPACE-DEV UMR UG UA 
UM IRD, Maison de télédétection, Montpellier, France; 3: Laboratório de Estudos dos Oceanos e Clima, Instituto de 
Oceanografia, Universidade Federal do Rio Grande (FURG), Rio Grande, Brazil; 4: Instituto Nacional de Ciência e Tecnologia 
da Criosfera (INCT-CRIOSFERA), Rio Grande, Brazil; 5: Brazilian Ocean Acidification Network (BrOA), Rio Grande, Brazil  

The Antarctic Peninsula area is one of the most affected areas by the penetration of anthropogenic 
CO2. The Gerlache Strait is a semi-closed basin, enclosed by the Palmer Archipelago and the 
Antarctic Peninsula, which connects the Bellingshausen Sea and the Bransfield Strait. As a marginal 
ice zone, it is an important region to be studied as it can be an atmospheric CO2 sink and is a 
biologically fragile ecosystem. An initial study from the Spanish FRUELA program did a 
comprehensive work on sea-air CO2 flux and particulate carbon export during the austral summer 
(December and January) of 1995/96. Twenty years later, we assess the evolution of carbonate 
properties and how the observed changes may play in a scenario where ocean acidification is already 
happening. 
Data used in this study were collected throughout the whole water column during the austral summer 
(February) of 2016 as part of the Brazilian NAUTILUS II program. Total alkalinity and total inorganic 
carbon were measured directly on board R/V Almirante MAXIMIANO using a potentiometric titration in 
a closed cell with controlled temperature at 25 ± 0.1°C and hydrochloric acid (0.1 N) adjusted to the 
ionic strength of local seawater. 
These results, compared with those from the earlier 1996 FRUELA cruise, show significant changes in 
the carbonate system towards more alkaline waters, especially below the mixed layer. We only 
compare with the January 1996 FRUELA data due to local hydrodynamic. The observed changes are 
closely related to the hydrography dynamic of the region. Given these changes, we assess the 
penetration of anthropogenic carbon during these 20 years. The results suggest that microorganisms 
in this region may soon suffer from ocean acidification. However, the variations of the carbonate 
system show a counteraction from total alkalinity, which may slow this process. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 345 of 463 

   

Poster Presentation  
Theme 3.1: Biogeochemical Processes - Processes Understanding and Human Impacts  
Keywords: Land, organic carbon burial, lakes, reservoirs, global estimate  

Organic Carbon Burial in Global Lakes and Reservoirs  

Mendonça, Raquel* (1,2); Müller, Roger A. (2); Clow, David (3); Verpoorter, Charles (4); 
Raymond, Peter (5); Tranvik, Lars (2); Sobek, Sebastian (2)  
1: Department of Biology, Federal University of Juiz de Fora, Minas Gerais, Brazil; 2: Department of Ecology and Genetics, 
Limnology, Uppsala University, Sweden; 3: U.S. Geological Survey, Colorado Water Science Center, Denver, USA; 4: 
Laboratoire d’Océanologie et des Géosciences, Université du Littoral Cote d’Opale, Wimereux, France; 5: Yale School of 
Forestry and Environmental Studies, New Haven, USA  

Approximately one half of the total terrestrial carbon pool transported by inland waters reaches the 
sea, due to large amounts of carbon being both emitted to the atmosphere and sequestered in 
sediments. Carbon gases emitted from inland waters to the atmosphere act as greenhouse gases but 
are recycled in the biosphere on contemporary time scales, while carbon stored in sediments enters 
the long-term geological cycle. Even though the rate of burial of organic carbon (OC) is orders of 
magnitudes faster in inland waters than at the ocean floor, global estimates of OC burial in inland 
waters are not well constrained, as they typically rely on few data of limited geographical distribution, 
and many assumptions. 
To provide a better-constrained estimate of this fundamental and significant term of the continental 
carbon balance, we have compiled ‘modern’ (last ~150 years) whole-basin OC burial data in lakes and 
reservoirs from the literature. We performed upscaling using multiple scenarios consisting of different 
predictive equations from OC burial models, and different inventories of inland water area, thereby 
providing a range of estimates that is intended to reflect the uncertainty caused by data scarcity. 
Yearly global OC burial resulting from our scenarios varied from 0.06 to 0.25 Pg C, of which about 
30% to 50% is stored in reservoirs, even though they occupy a total area ~10 times smaller than that 
of natural lakes. Our average OC burial represents ~20% of the estimated total CO2 emission from 
lakes and reservoirs, with burial exceeding emissions in some of the world’s watersheds. The highest 
OC burial rates were predicted in warm and dry regions, although these are the regions where the 
estimates are more uncertain, owing to lack of data. While we report lower OC burial than previous 
studies, inland waters are an important carbon sink that is likely to increase with anthropogenic 
eutrophication and river damming. 
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Impacts of diffuse radiation on tropical forest functioning  

Mercado, Lina M* (1,); Oliver, Becky (2); Malavelle, Floret (1); Rap, Alex (3); Soares Moreira, 
Demerval (4); Restrepo-Coupe, Natalia (5)  
1: University of Exeter, United Kingdom; 2: Centre for Ecology and Hydrology, United Kingdom; 3: University of Leeds, United 
Kingdom; 4: Universidaded Estadual Paulista, Sao Paulo, Brazil; 5: University of Arizona, USA  

Tropical forests are known to be radiation limited with changes in cloud cover from wet to dry season 
influencing the increase in photosynthetic uptake during dry season periods. Decreases in cloud cover 
and associated increase in solar radiation during the 1982-1999 period have been associated with 
increase tropical forest productivity. The dominant rainfall pattern across the Amazon forest consist of 
a dry season defined as months with less than 100 mm of rainfall with varying length depending on 
location with zero months in the north west up to 5 months in the east, with remaining months having 
more than 100 mm rainfall. The wet season is characterised by high levels of cloud cover, high diffuse 
radiation fraction and thus lower total radiation than during the dry season. In contrast, during the dry 
season there is decline in cloud cover, higher levels of total radiation and increased smoke from 
biomass burning, with lower diffuse fraction than during the wet season. Here we quantify the impacts 
of seasonal changes in diffuse radiation across the amazon region using the UK Joint UK Land 
environment Simulator (JULES) forced with diffuse radiation fields for the Amazon but also coupled to 
the UK Earth system Model and to BRAMS, the Brazilian regional climate model. We evaluate JULES 
using eddy flux observations under high and low diffuse radiation conditions, and quantify the impacts 
of biomass burning aerosols on forest Net ecosystem exchange and gross primary productivity, via 
changes in diffuse radiation, decreases in total radiation and decreases in surface temperature.  We 
then quantify the contribution of diffuse radiation on seasonality of carbon uptake in equatorial 
evergreen Amazon forests. 
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The seasonal cycle of CO2 in the Southern Ocean: Diagnosing anomalies in 
CMIP5 Earth System Models  

Mongwe, Precious* (1,2); Vichi, Marcello (2); Monteiro, Pedro (1)  
1: Council for Scientific and Industrial Research(CSIR), University of Cape Town, South Africa; 2: Department of Oceanography, 
University of Cape Town, South Africa  

The Southern Ocean forms a key component of global carbon budget: taking up about a 
third  (1.0±0.5 PgC yr-1) of the total global oceanic annual uptake of anthropogenic CO2 and 
accounting for most of the uncertainty in the global ocean CO2 fluxes.  A recent synthesis study 
(Lenton et al., 2013), showed that although ocean biogeochemical models agree on the mean annual 
flux of CO2 in the Southern Ocean, they disagree on both amplitude and phasing of the seasonal cycle 
and compare poorly to observations. In this study, we used a diagnostic analysis based on the 
representation of the seasonal cycle of CO2 air-sea fluxes (FCO2), (Mongwe et al., 2016) on 10 CMIP5 
earth system models. Our approach shows how an understanding of the seasonal variability of drivers 
of CO2 at a seasonal scale helps explain the anomalies between observations and CMIP5 models.  In 
this study, we show that the model –observations FCO2 seasonal cycle anomalies are due to 
differences in the magnitude of the seasonal cycle of dominant drivers of pCO2 i.e. thermal and 
physical-biogeochemical drivers. We found that 6 of the 10 CMIP5 models overestimate the role of 
solubility (temperature driven) during autumn, which delays the impact of winter sub-surface DIC 
entrainment to surface pCO2 and thus causing a divergence from observations FCO2. We found that 3 
of the 10 overestimate the physical –biogeochemical driver on pCO2 due to overestimation of the net 
CO2 biological uptake. We found that convective CO2 winter entrainment, as well as the impact of 
summer biological CO2 uptake, have a compound effect on the amplitude of the seasonal cycle of DIC 
and hence FCO2. 
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Transfrontal carbon transport by an Antarctic Circumpolar Current eddy  

Moreau, Sebastien* (1,2,3); Della Penna, Alice (1,4,5); Llort, Joan (1,6); Patel, Ramkrushnbhai 
(1,6); Langlais, Clothilde (3); Boyd, Philip (1,2); Matear, Richard (3); Philips, Helen (1,6); Trull, 
Thomas (1,3,4); Tilbrook, Bronte (3,4); Lenton, Andrew (1,3,4); Strutton, Peter (1,2,6)  
1: IMAS, Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Australia; 2: Antarctic Gateway Partnership, 
University of Tasmania, Hobart, Australia; 3: CSIRO, Commonwealth Scientific and Industrial Research Organisation, Oceans 
and Atmosphere, Hobart, Tasmania, Australia; 4: Antarctic Climate and Ecosystems Co-operative Research Centre, University 
of Tasmania, Hobart, Autralia; 5: Université d’Aix-Marseille, Luminy, France; 6: ARC Centre of Excellence in Climate Systems 
Science, Hobart, Australia  

The role of mesoscale eddies in the Southern Ocean carbon cycle is examined with in situ 
observations. We studied carbon dynamics inside a large (~190 km diameter) cyclonic eddy that spun 
off the Subantarctic Front (SAF) south of Tasmania in March 2016. The eddy lived for 2 months in the 
Subantarctic Zone (SAZ), a region of strong atmospheric CO2 uptake, before it was re-absorbed into 
the SAF. We sampled the eddy during the middle of its life, 1 month after it spawned. Compared to the 
surrounding SAZ waters, the eddy was ~3ºC colder, 0.5 PSU fresher and biologically unproductive. 
The eddy was also richer in dissolved inorganic carbon (DIC) and had lower saturation states for 
aragonite and calcite. As a consequence, it was a strong CO2 source to the atmosphere (with fluxes 
up to +25 mmol C m-2 d-1) when SAZ waters are typically a CO2 sink throughout the year. Compared to 
the SAF from which it originated, DIC concentration in the eddy was ~30 µmol kg-1 lower, indicating 
lateral mixing with lower-DIC SAZ waters. As they are commonly spawned from the Antarctic 
Circumpolar Current (ACC), these types of eddies significantly alter the carbon properties of SAZ 
waters and diminish their CO2 sink. Future changes in the Southern Ocean wind field will change the 
number and nature of Southern Ocean eddies, with potential impacts on the total Southern Ocean 
sink. 
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Pathogens, plant productivity and climate change: what is our current 
knowledge?  

Morfopoulos, Catherine* (1); Bebber, Dan (1); Sitch, Stephen (1); Betts, Richard (1,2)  
1: University of Exeter, United Kingdom; 2: Met Office, United Kingdom  

Recently, the world had witnessed an alarming increase of virulent infectious plant diseases caused 
by fungi in both natural and human managed ecosystems (Fisher et al., Nature 2012). This increase is 
particularly strong in plant-infecting fungi, raising the question about the risk linked to future pathogen 
outbreaks for plant productivity and food security. Fungal infections result in decreases in 
photosynthesis that in turn could affect the carbon sink of infected plants. Yet, very little is known 
about how we expect future climates to influence fungal pathogen’s outbreaks. 
These invasive organisms need optimal climatic conditions to germinate, grow and finally cause the 
infection by penetrating the host and feeding on its nutrients. The important factors influencing the 
outbreak and severity of plant disease are primarily temperature and leaf wetness duration (LWD). 
In this study, we investigate, at the global scale, last century historical trends of favourable climatic 
conditions for development of six fungal pathogens affecting crops (i.e. wheat, soybean, rice) and 
natural vegetation (i.e. poplar, eucalyptus). Different observations-based historical climate datasets 
(WATCH, PGv2, GSWP3) are used to force off-line a modified version UK land surface model JULES 
including a pathogen development module. Differences between simulations are analysed in regards 
to the influence of the chosen historical dataset. Simulation results are compared with observation 
when available.  
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Tropospheric Gradients of CO2 and O2 Over the Southern Ocean  

Morgan, Eric* (1); Stephens, Britt (2); Bent, Jonathan (1,2); Long, Matthew (2); Sweeney, Colm 
(3,4); McKain, Kathryn (3,4); Keeling, Ralph (1)  
1: University of California, San Diego, United States of America; 2: National Center for Atmospheric Research, Boulder, United 
States of America; 3: NOAA/ESRL, Boulder, United States of America; 4: CIRES, Boulder, United States of America  

Drawing on data from several airborne campaigns over the last decade (HIPPO1--5, ORCAS, ATom1-
-2), an analysis of vertical, zonal, and meridional gradients of atmospheric CO2 over the Southern 
Ocean is presented, with reference to accompanying observations of δ(O2/N2). Zonal and meridional 
gradients were patchy and associated with synoptic events and transport. Vertical gradients of CO2 
rarely showed enhancements at the surface, even in austral winter, when some models and 
observations indicate net outgassing should be occurring, to varying degrees. While local and regional 
sources of fossil fuel emissions are minimal in this remote region, the contribution of Northern 
Hemisphere air enriched in CO2 is significant to the magnitude of the vertical gradient. The 
summertime depletion of CO2 in the boundary layer was typically on the order of 0.5 to 2 ppm, relative 
to the mid-troposphere. In contrast, oxygen gradients showed a strong seasonality, ranging from 
greater than +20 per meg to less than -20 per meg. During ORCAS, the campaign with the greatest 
density of observations, the strength of the vertical gradient in both species varied from flight to flight, 
but converged on the regional scale to a molar ratio of -2.8 +/- 0.3. As the exact molar ratio and 
vertical gradient of CO2 and O2 in the troposphere is a result of the influence of many biogeochemical 
processes, this airborne dataset provided an opportunity to rigorously test model simulations from a 
coupled earth system model, and a Bayesian atmospheric inversion. 
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Carbon burial and land building in low-laying tropical coastal wetlands: a new 
way to integrate climate change mitigation and adaptation  

Murdiyarso, Daniel* (1); Sidik, Frida (2); Sasmito, Sigit (3); Friess, Dan (4); MacKenzie, Rich (5)  
1: Center for International Forestry Research, Jalan CIFOR, Bogor, Indonesia; 2: Institute for Marine Research and 
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Geography, National University of Singapore, Singapore; 5: Institute of Pacific Islands Forestry, Pacific Southwest Research 
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Coastal wetlands ecosystems, including mangrove forests are known to sequester large amount of 
carbon (C), typically around 1,000 Mg C ha-1 – more than three times as large as terrestrial forests. 
Most of these are stored in the sediments below the ground. The burial rates depend on net primary 
production of the mangrove forests and the quality and quantity of sediments transported laterally. If 
the entire catchment is managed properly, coastal wetlands are potential for climate change 
mitigation. Depending on the hydro-geomorphic settings and management regimes, mangroves are 
capable accrete sediments between 2.3 – 11.6 mm yr-1, sufficient to cope with the IPCC high scenario 
(RCP 8.5) of sea level rise of 0.7 m in less than 100 years. An adaptation capacity that has been 
undervalued.   Supported by worldwide-published data on coastal surface elevation change and C 
burial, our sporadic direct measurements in diverse tropical mangroves in the ecosystems 
demonstrate that high rates of contemporary accretion and C burial are maintained up to 6 mm yr-1 
and 7 Mg C ha-1 yr-1 respectively. We confidence that integrating mitigation and adaptation measures 
has multiple benefits, economically, socially and environmentally. The implementation will be globally 
more attractive as it gains technical support from the IPCC, who provide the standard accounting 
system. In addition, global mechanisms such as Nationally Determined Contributions (NDC) and Joint 
Mitigation and Adaptation (JMA) provide the means for integration. Moreover, the Green Climate Fund 
(GCF) will look at mitigation and adaptation strategies in a balanced manner. 
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Testing Dissolved Organic Carbon representation in the JULES-DOCM and 
ORCHIDEE-SOM  

Nakhavali, Mahdi* (1); Friedlingstein, Pierre (1); Guenet, Bertrand (2); Lauerwald, Ronny (1)  
1: University of Exeter, United Kingdom; 2: CNRS-IPSL, Paris, France  

Current global models of the carbon cycle consider only vertical gas exchanges between terrestrial or 
oceanic reservoirs and the atmosphere, hence not considering lateral transport of carbon from the 
continent to the oceans. This also means that such models implicitly consider that all the CO2 which is 
not respired to the atmosphere is stored on land, hence overestimating the land sink of carbon. 
Moving toward a boundless carbon cycle that is integrating the whole land to ocean continuum and its 
interactions with the atmosphere is needed in order to better understand Earth’s carbon cycle and to 
make more reliable projection of its future. 
Here we are presenting two newly developed land surface models which are capable of representing 
the production and cycling of dissolved organic carbon (DOC) within soils and the export of DOC from 
soils to inland waters, JULES-DOCM and ORCHIDE-SOM, and evaluate their performance. Both 
models represent updated versions of land surface schemes that are routinely used in Earth System 
simulations. They simulate vegetation growth and litter inputs to the soils as well as soil hydrology and 
soil temperature that control production, cycling, decomposition and finally leaching of DOC within the 
soils, thus allowing an integrated, physical based, spatially distributed model approach. 
Both models were tested against specific sites (Brasschaat, Hainich and Carlow), for which 
observations of DOC concentration and leaching are available. Simulation were performed over the 
same period and by means of the same climate forcing data. Results of both models were compared 
with each other and with observations. Simulations with JULES-DOCM reproduced observed DOC 
concentration profiles better than ORCHIDE-SOM, which shows a strong tendency to overestimate 
DOC concentrations, in particular in the topsoil. Generally, DOC leaching rates simulated by 
ORCHIDEE-SOM are higher, consistent with higher simulated DOC concentrations. Differences in 
simulation results between both models are discussed in the light of the different representation of 
DOC production, decomposition and export. 
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Moderate effect of allochthonous organic carbon input on CO2 production in a 
well-buffered mesotrophic lake  

Nydahl, Anna C*; Wallin, Marcus B; Tranvik, Lars J; Weyhenmeyer, Gesa A  
Uppsala University, Sweden  

Inland waters are important sources of carbon dioxide (CO2) to the atmosphere due to outgassing of 
imported dissolved inorganic carbon (DIC) as well as mineralization of imported organic carbon. In 
eutrophic and mesotrophic lakes these sources may however be outweighed by fixation of CO2 by 
primary production, making them net CO2 sinks. Nonetheless, these lakes are often neglected in 
research on carbon processing in inland waters. Allochthonous dissolved organic carbon (DOC) input 
has increased in many inland waters and the effects of enhanced DOC are two-fold. Firstly, 
allochthonous DOC may function as a carbon source to heterotrophs, stimulating CO2 production. 
Secondly, DOC contributes to water color, hence increasing light attenuation and potentially 
hampering CO2 consumption by primary producers. Here we used two crossed full factorial design 
mesocosm experiments in Lake Erken, Sweden to test the effect of allochthonous DOC input and 
increased light attenuation via shading on CO2 dynamics in mesotrophic lake water. We found that 
DOC input from two sources (a reverse osmosis concentrate from a headwater humic stream and 
HuminFeed®, an extract from Leonardite) as well as shading promoted CO2 production. Although the 
DOC enrichments stimulated heterotrophic processes, we found that the regulatory effects of DOC on 
primary production via shading dominated the DOC effect on DIC. Furthermore, alkaline (pH ~8.3) 
lake water resulted in the DIC pool largely buffering variations in CO2 from metabolism of 
allochthonous DOC. Despite substantial input of allochthonous DOC (5-10 mg/L) and subsequent 
mineralization, the relative effect on the CO2 production was moderate and by the end of the second 
experiment water CO2 concentrations were undersaturated with respect to the atmosphere in all 
treatments. Regardless of future increase in allochthonous DOC, we expect the CO2 production in 
productive well-buffered lakes to continue to be driven mainly by autochthonous primary production 
dynamics. Consequently, our results could have important implications for assessments of future 
carbon budgets.      
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What caused the abrupt increase in the methane growth rate during 2014?  

Pandey, Sudhanshu* (1,2); Houweling, Sander (1,2); Krol, Maarten (1,2); Aben, Ilse (1); 
Rõckmann, Thomas (2); Nechita-Banda, Narcissa (2)  
1: SRON Netherlands institute for Space Research, Utrecht, The Netherlands; 2: Institute of Marine and Atmospheric Research 
Utrecht (IMAU), Utrecht University, The Netherlands  

CH4 is the second most important anthropogenic greenhouse gas, after CO2, and is directly 
responsible for approximately 20% of the human-induced greenhouse effect. Year-to-year variations in 
the atmospheric methane growth rate have been puzzling, but show significant correlation with 
climatic drivers.  The CH4 mole fraction increased by ~14 ppb/yr during 2014. This was the largest 
annual growth in global CH4 since the strong El Niño of 1998 (15 ppb/yr). Interestingly, unlike 1998, 
the 2014 enhancement happened before the strong El Niño of 2015. Here we try to decipher the 
causes of 2014 enhancement using the TM5-4DVAR inverse modelling system applied to GOSAT 
total column and NOAA surface-flask CH4 measurements. To further constrain the source/sink 
processes responsible for this enhancement, CH4 isotope measurements have been analyzed, along 
with biomass burning data from GFED and CO total column retrievals from MOPPIT. To constraint 
variation in atmospheric chemistry, a TM5-full chemistry run was performed. We will present a 
synthesis of this analysis, discussing the role of the main drivers of the 2014 growth rate anomaly.    
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New insights into oceanic oxygen outgassing and atmospheric transport over 
the Atlantic Ocean  

Pickers, Penelope* (1); Manning, Andrew C. (1); Fleming, Leigh (1); Sturges, William T. (1); Le 
Quere, Corinne (2); Mikaloff Fletcher, Sara E. (3)  
1: Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, University of East Anglia, Norwich, United 
Kingdom; 2: Tyndall Centre for Climate Change Research, University of East Anglia, Norwich, United Kingdom; 3: National 
Institute of Water and Atmospheric Research, Wellington, New Zealand  

We present the first meridional transects of atmospheric O2 and CO2 measurements made over the 
Atlantic Ocean (55°N to 35°S) from an automated in situ system deployed on board a commercial 
container ship during 2015-2016. We combine these measurements into the tracer Atmospheric 
Potential Oxygen (APO), which is a measure of the oceanic contribution to atmospheric O2 variations. 
Our measurement system performs as well as or better than existing similar atmospheric O2 and CO2 
measurement systems. The data show small short-term variability (hours to days), a step-change 
corresponding to the position of the Intertropical Convergence Zone (ITCZ), and seasonal cycles that 
change phase around the equator. 
In contrast to data from the Pacific Ocean (Tohjima et al., 2015) and to previous modelling studies 
(Gruber et al., 2001), our Atlantic Ocean APO data show no significant outgassing peak in the tropics. 
This discrepancy cannot be accounted for by interannual variability in the position of the ITCZ or the 
Atlantic Meridional Mode Index and appears to be a permanent feature of the Atlantic Ocean system. 
We produce modelled APO for the same Atlantic transect using oceanic flux data products and the 
TM3 atmospheric transport model. Our modelled APO does exhibit a significant equatorial outgassing 
peak over the Atlantic, and suggests that there are inaccuracies in the oceanic flux data products in 
the equatorial Atlantic Ocean region. The modelled APO also over-estimates the interhemispheric 
gradient in APO over the Atlantic Ocean, which is indicative of atmospheric transport inaccuracies in 
TM3. Our Atlantic APO data therefore question the realism of existing oceanic oxygen data products 
and models. 

References 
Gruber, N., Gloor, M., Fan, S. M., and Sarmiento, J. L.: Air-sea flux of oxygen estimated from bulk 
data: Implications for the marine and atmospheric oxygen cycles, Global Biogeochemical Cycles, 15, 
783-803,10.1029/2000gb001302, 2001 
Tohjima, Y., Terao, Y., Mukai, H., Machida, T., Nojiri, Y., and Maksyutov, S.: ENSO-related variability 
in latitudinal distribution of annual mean atmospheric potential oxygen (APO) in the equatorial western 
Pacific, Tellus B, 67,10.3402/tellusb.v67.25869, 2015 
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Exploring The Influence Of Organic Matter Reactivity On Benthic-Pelagic 
Coupling On The Global Coastal And Open Ocean  

Pika, Philip*; Arndt, Sandra  
Université Libre de Bruxelles, Belgium  

Marine sediments are a key component of the global carbon cycle and climate system. The complex 
interaction of benthic biogeochemical processes controls not only the long-term burial of carbon, but 
also the benthic-pelagic exchange of nutrients, oxygen, dissolved carbon and alkalinity, with important 
implication for the biogeochemical dynamics of the sediment-ocean system. The degradation of 
organic matter (OM) is the engine behind this biogeochemical process interplay. As a result, the ability 
to quantify the rate of OM degradation in marine sediments and associated processes and fluxes is 
key to advancing our quantitative understanding of the climate system. This is particularly important in 
costal oceans and estuarine environments, which cover a small portion compared to the global ocean 
area, but their CO2 fluxes are disproportionally high when compared to the CO2 between open ocean 
and atmosphere. Benthic-pelagic coupling is the indirect but tight link between shallow benthic 
environments and atmosphere. Reaction-transport models (RTMs) are, in combination with field 
observations, ideal tools to quantify these rates and fluxes. Yet, their application on the global scale is 
severely limited by the lack of a generic framework with which to constrain OM reactivity. Previously 
published global estimates assume that OM reactivity decreases with water depth. However, a global 
compilation of field observations and local RTM studies indicate that such an assumption is overly 
simplified. Here we apply a RTM across a global ocean transect from the shallow coastal ocean to the 
abyssal ocean to explore the sensitivity of global benthic burial and exchange fluxes to OM reactivity. 
The sensitivity analysis shows modelling results on complex patterns of OM degradation rates and 
associated redox fluxes, revealing non-linear properties which clearly are not only affected by water 
depth, but also by OM source and its transformation along its transportation pathway. While aerobic 
degradation and sulphate reduction are major contributors to total OM degradation, their relative 
contribution varies depending on OM reactivity, i.e. an OM with low reactivity will be mostly degraded 
through aerobic degradation, but as OM reactivity increases its contribution decreases, whereas the 
role of sulphate reduction increases to the point, where almost all OM is degraded through sulphate 
reduction and none through aerobic degradation. At even higher OM reactivity the relative contribution 
of sulphate reduction decreases rapidly, while aerobic degradation and eventually methanogenesis 
take over the OM degradation. This exemplifies the importance of OM reactivity on its degradation 
pathways, and on the resulting nutrient fluxes and, especially in shallow marine environments, its 
effect on atmospheric CO2.  
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Simulated impact of glacial runoff on CO2 uptake and aragonite saturation 
state in the Coastal Gulf of Alaska  

Pilcher, Darren J.* (1); Siedlecki, Samantha A. (2); Hermann, Albert J. (1,2); Coyle, Kenneth O. 
(3); Mathis, Jeremy T. (4); Evans, Wiley (5)  
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Atmosphere and Ocean, University of Washington, Seattle, United States of America; 3: School of Fisheries and Ocean 
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Atmospheric Research, Silver Spring, United States of America; 5: The Hakai Institute, Heriot Bay, Canada  

The Coastal Gulf of Alaska (CGOA) receives substantial summer freshwater runoff from glacial 
meltwater.  This glacial runoff has a significant impact on global sea-level rise, in addition to the 
regional circulation and biology, yet there has been relatively little research on the direct impact to the 
inorganic carbon chemistry system.  Recent field observations suggest that glacial runoff contains 
corrosive water with relatively low alkalinity, leading to seasonal manifestations of ocean acidification 
in coastal environments containing vulnerable marine species.  We use a regional ocean 
biogeochemical model to quantitatively assess the impact of this process on annual CO2 uptake and 
aragonite saturation state (Ω).  We find that current low-alkalinity glacial outflow suppresses summer 
CO2 uptake and reduces Ω on the coastal shelf.  However, the alkalinity of glacial runoff is highly 
dependent on the glacial source.  Thus, a projected shift in the glacial runoff composition due to 
continued climate warming may alter the alkalinity concentration and impact the local carbon 
cycle.  We find that this shift can increase annual carbon uptake by 1.9-2.7 TgC/year and reduce the 
extent of current glacially derived low Ω events.  Our results demonstrate the importance of this 
relatively unconstrained regional carbon-climate feedback that has potential impacts on the CGOA 
ecosystem as well as coastal ecosystems in other glaciated regions.  
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Correlations between diurnal variations of atmospheric oxygen and carbon 
dioxide  
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(1); Heimann, Martin (3)  
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The correlation between variations of atmospheric oxygen and carbon dioxide is currently used to 
constrain sources and sinks of atmospheric CO2. This utilization relies on the fact that, for land 
sources and sinks (fossil fuel and land biosphere), the gas exchange of the two species is linked by 
stoichiometric factors. For the exchange between land biosphere and atmosphere, the presently 
assumed O2:CO2 ratio is -1.1±0.05 (Severinghaus, 1995). How precise is the estimation of this ratio, 
what is its natural variability and which are the potential influence factors – these questions are still 
open. 
The present work tries to partly answer these questions, by looking at CO2 and O2 signals from a 
continental tall tower measurement (Bialystok, Poland), with focus on diurnal time scale variations. 
The continental location has the advantage of strong land biosphere signals, with good time 
resolution. The observed O2:CO2 ratios for the diurnal signals, which are affected mainly by the 
regional land biosphere, are systematically less negative than expected, and show significant 
variability. We discuss the possible influence factors and the implications for interpreting atmospheric 
O2:CO2 measurements.    

Severinghaus, J. P. (1995), Studies of the terrestrial O2 and carbon cycles in sand dune gases and in 
Biosphere 2, Ph.D. thesis, Columbia University, New York, U.S. 
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Sub-sea permafrost modelling: 1D vertical extent, sediment reaction-transport 
scheme and in situ GHG formation  

Puglini, Matteo* (1,2); Brovkin, Victor (1); Arndt, Sandra (2)  
1: Max-Planck Institute for Meteorology, Hamburg, Germany; 2: Université Libre de Bruxelles, Brussels, Belgium  

The role that submarine permafrost may play within global carbon cycle and its possible feedback 
effects on climate system in the frame of ongoing climatic change represent a challenge for the current 
research of the field. Subsea permafrost is in fact thought to store a large amount of carbon (~ 1400 
PgC) in form of frozen sediments and to determine the physical conditions (temperature and pressure) 
for the formation and the preservation of gas hydrates as well as to act as a cap preventing upward 
seepage of gas coming from beneath. Due to the paucity of measurements very little is known about 
subsea permafrost (extent, physical and biogeochemical features, related processes) but because of 
the drastic soil warming in the aftermath of sea transgression and because of salt intrusion, it is 
thought to be rather weak and susceptible to changes. In light of how ongoing global warming may 
affect its thermal regime in the future, an evaluation of its properties as well as of the amount of GHG 
(CO2 and CH4) that may be produced and released is needed. 
For this purpose we have modified the permafrost module already present in the land-surface model 
JSBACH (within MPI-ESM) and originally designed to simulate land permafrost. We developed a 1D 
vertical scheme (with an increased number of soil layers) for a coastal grid point, ran an offline spin-up 
phase using MPI-ESM climatology for pre-industrial state (randomly picking up years out of an 
ensemble of 40 years to account for interannual variability) and in the following we simulated the 
submergence imposing the uppermost boundary conditions (temperature and salinity) taken from 
output of MPI-OM. We ran then this setup for a centennial time scale to check for permafrost thermal 
degradation. To account for carbon soil accumulation in subaerial condition an existing Yedoma model 
will be then employed in coupling with a bioenergetic reaction-transport model to take into account the 
period after sea transgression. This model is going to be specifically taylored for high-latitude shelf 
environment, methane formation and aerobic and anaerobic methane oxidation within the sediments. 
It is expected to be sensitive to the influx of reactive iron into the sediments and is also suitable for 
further refinements to consider carbon (gas, DIC and DOC) exchange with overlaying water column.  
We will investigate the prominent role of the first phases after sea transgression (characterized by a 
higher thawing rate) in determining subsea permafrost thermal degradation (as expected according to 
the rough scaling typical of Stefan's problem and as recently confirmed). In particular we will focus on 
submergence details and time sequence in order to get plausible model outcomes. First results will be 
presented. 
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Carbon Cascades from Land to Ocean in the Anthropocene: Budgets, 
variability and trends  

Regnier, Pierre* (1); Ciais, Philippe (2); Friedlingstein, Pierre (3); Gruber, Nicolas (4); Hastie, 
Adam (1); Landschützer, Peter (5); Laruelle, Goulven (1); Lauerwald, Ronny (1); Maavara, Taylor 
(6); Roobaert, Alizée (1); Stegehuis, Annemiek (7); Sobek, Sebastian (8); Van Cappellen, 
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The transfers and transformations of carbon (C) along the land to ocean aquatic continuum (LOAC) 
have recently been recognized as an important component of the global carbon cycle, not only for the 
mean, but also with regard to past and future changes. Although the LOAC C budget is increasingly 
constrained at the global scale, large uncertainties remain regarding its present-day spatio-temporal 
variability and virtually nothing is known regarding past and future trends in LOAC C fluxes, and 
especially not in quantitative terms. 
This contribution synthesizes the recent advances in global and regional LOAC C cycle research. 
First, we present a revised atmosphere-aquatic systems CO2 flux estimate at high spatial resolution 
(from streams to open ocean), which was generated using a combination of artificial neural networks 
and multivariate statistical methods for marine and freshwaters, respectively. We present the dominant 
latitudinal patterns and also discuss the temporality in air-water CO2 fluxes, with a focus on the shelf-
open ocean continuum. Second, we zoom in on several hotpots (Amazon, NE US, and boreal-pan 
Arctic systems) and provide a full C cycle analysis, from canopy to ocean, also highlighting the key 
knowledge gaps before a closed C budget can be achieved for these regions.  Finally, we touch upon 
the latest progresses in quantifying and attributing changes in land to ocean C fluxes over the 
historical period and in the future, which are needed for the integration of the LOAC C cycle in the 
anthropogenic CO2 budget. 
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Contrasting the temperature responses of terrestrial Net Ecosystem Exchange 
in different seasons as inferred from a global interannual atmospheric CO2 
inversion  

Rödenbeck, Christian*; Zaehle, Sönke; Heimann, Martin  
MPI Biogeochemistry, Germany  

Terrestrial Net Ecosystem Exchange (NEE) is the most variable component of the global carbon cycle 
on seasonal and year-to-year time scales. In order both to gain understanding in the 
underlying mechanisms and to be able to detect hidden decadal or longterm NEE trends, knowledge 
of NEE's interannual variations (IAV) and their relation to environmental driving factors is needed. 
Based on an NEE field estimated from atmospheric CO2 observations through a transport inversion, 
and on observed fields of near-surface air temperature (T) as a proxy for environmental conditions, 
we determined relationships between interannual anomalies of NEE and T. 
By separately correlating the anomalies in the individual months through the year, distinct seasonal 
patterns are revealed. In boreal ecosystems, warm springs tend to be associated with inceased 
carbon uptake, likely reflecting an earlier onset of the growing season. In contrast, warm boreal 
autumns tend to be associated with more carbon release, attributable to enhanced respiration. We do 
not find an NEE response in the boreal winter. Northern temperate regions show a similar pattern, but 
starting earlier and ending later in the year, consistent with the longer vegetation period. Tropical 
ecosystems generally release more carbon during warm anomalies, likely due to the associated drier 
conditions. This behaviour inferred from long atmospheric CO2 time series is tentatively confirmed 
from the longest available ecosystem-scale CO2 flux observations by the eddy covariance technique 
at a number of sites. Based on these findings, we added a NEE-T regression term into the framework 
of the atmospheric inversion, in order to directly quantify the regional response of the terrestrial carbon 
cycle to interannual environmental changes. 
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Recent U.S. Efforts to Advance Integrated Carbon Cycle Research and to 
Assess the State of North American Carbon Cycle  

Shrestha, Gyami* (1); Cavallaro, Nancy (2); Zhu, Zhiliang (3); Schäfer, Karina V.R. (4); Butler, 
James H. (5)  
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With a mission to ‘coordinate and facilitate federally funded carbon cycle research, and provide 
leadership to the U.S. Global Change Research Program (USGCRP) on carbon cycle science 
priorities’, the U.S. Carbon Cycle Science Program, led by the Carbon Cycle Interagency Working 
Group (CCIWG), leads and supports the peer-reviewed research of carbon cycle science across the 
federal government. CCIWG-led intensive, interagency coordinated field campaigns that unite in-situ, 
air-borne, and satellite-based observations as significant components of this research (U.S. National 
Academy of Sciences, 2017), as well as coordinated research support, have played a vital role in 
advancing integrated carbon cycle science. This presentation will highlight recent efforts to catalyze, 
advance, and assess integrated and interdisciplinary U.S., North American and global carbon cycle 
research, made possible via sustained Program collaborations with U.S. and international science 
communities. Examples include recent CCIWG supported science thematic activities focused on 
sustained carbon cycle observations, carbon cycle predictions, science of blue carbon, soil carbon 
resilience and vulnerability, urban carbon and human interactions, methane, greenhouse gas 
measurements, and the 2nd State of the Carbon Cycle Report (SOCCR-2). As a follow-up to the 1st 

SOCCR (2007) of the U.S. National Climate Assessment (NCA), the U.S. CCIWG has been leading 
the development of SOCCR-2 in collaboration with over 200 scientists from the U.S., Canada, and 
Mexico since 2015. The focus areas for SOCCR-2 are inspired by the U.S. Carbon Cycle Science 
Plan (2011), which emphasizes global scale research on long-lived, carbon based greenhouse gases 
and the major pools and fluxes of the global carbon cycle. Accordingly, three overarching aspects 
frame the SOCCR-2 focus areas: (i) Impact of natural processes and human actions on terrestrial, 
atmospheric and oceanic carbon cycle; (ii) Impact of policy and management decisions on the levels 
of CO2 and CH4 in the atmosphere; (iii) Impact of increasing GHG concentrations, associated changes 
in climate, and carbon management decisions on ecosystems, species, and natural resources. The 
focus of SOCCR-2 is on North American carbon stocks and fluxes, in the context of and interactions 
with global scale budgets and climate change impacts in managed and unmanaged systems (soils, 
oceans, vegetation, aquatic-terrestrial interfaces, human settlements, agriculture and forestry sectors 
etc.). The status of and rising opportunities for improving measurements, observations, projections, 
and uncertainty identification are described. Relevant carbon management science perspectives and 
tools for supporting and informing decisions, as addressed in and related to the U.S. Carbon Cycle 
Science Plan (2011), USGCRP Strategic Plan (2012),  the National Climate Assessment (2014, 2018), 
and the Update to the USGCRP Strategic Plan (2017) are considered in this assessment and will also 
be part of this presentation. 
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Insights into the carbon cycle of the Benguela upwelling system: a global 
ocean model approach  

Six, Katharina Dorothea* (1); Rixen, Tim (2); Mouchet, Anne (1)  
1: Max Planck Institute for Meteorology, Germany; 2: Universität Hamburg, Germany  

The contribution of eastern boundary upwelling systems to global carbon budgets can hardly be 
addressed by state-of-the-art global biogeochemical models.   Due to a coarse resolution these 
models are unable to reproduce hydro-dynamical features like meso-scale eddies which are identified 
as one of the main drivers of the observed high spatiotemporal variability of CO2 source and sink 
characteristics in eastern boundary upwelling systems (Turi etal, 2014). In contrast, regional models 
which, in general, operate with a higher spatial resolution are only applicable for short time periods of 
several years to a decade. This limitation is caused by the necessity of prescribing values at the open 
boundaries.   
In this study we investigate the controlling mechanisms of the air-sea CO2 fluxes of the Benguela 
upwelling system (BUS) and their sensitivity to climate variations over the last century. For this 
purpose, we use the global ocean biogeochemical model MPIOM-HAMOCC (Ilyina etal 2013) in a 
stretched grid configuration. This configuration enables a higher horizontal resolution in the area of 
interest and avoids impacts from artificial open boundary conditions. The biogeochemical model 
includes carbon chemistry and an extended nutrient-phytoplankton-zooplankton-detritus model linking 
nutrient and carbon cycles.  Since eastern boundary upwelling systems host oxygen minimum zones, 
we refined the representation of the nitrogen cycle by including oxygen sensitive processes on nitrite 
and ammonia such as stepwise nitrate reduction, anammox and nitrification. 
We analyse the contribution of carbon and nutrient transport into the BUS by the mean flow field and 
the eddy induced transport. To identify the source region of water that is transported into the BUS we 
take advantage of age and coloured  tracers, one of them representing preformed phosphate. We find 
that the presence of meso-scale eddies introduces a spatiotemporal variability of the water column 
ventilation which, in turn, modifies the loss of nitrogen by denitrification or anammox and thus affects 
the air-sea carbon exchange.   

Ilyina etal, 2013, James, doi:10.1029/2012MS000178, 2013 
Turi etal, 2014, Biogeoscience, doi:10.5194/bg-11-671-2014 
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The importance of terrestrial and in-stream derived POC for limnic carbon 
storage in a tropical reservoir  

Snöälv, Jo Tara Caroline* (1); Fernandes Mendonça, Raquel (2,3); Quine, Timothy Andrew (1); 
Sobek, Sebastian (2)  
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Particulate organic carbon (POC), commonly defined as the organic carbon fraction >0.45 μm, 
contributes to limnic storage of carbon in local to regional sediment traps in the landscape, such as 
wetlands, deltas, lakes and manmade reservoirs. Deposited POC can be buried or, after 
mineralisation, fuel vertical emission of greenhouse gases such as carbon dioxide (CO2) and methane 
(CH4) into the atmosphere. POC is contributed from different carbon pools (soil, litterfall, aquatic plants 
etc.) and the importance of these inputs for limnic storage, downstream export and local mineralisation 
respectively, are yet to be identified. 
This work aims to describe the relationship between soil erosion rates and the seasonal input of 
allochthonous sediments in drinking water reservoir João Penido, Brazil, in order to quantify the 
sedimentation of aggregate-bound POC derived from eroding soils, and litterfall from vegetation. Two 
field techniques have been used to investigate soil erosion and sediment yield in the catchment: 1) 
measurements of the activity of fallout radionuclides (FRN) 137Cs and 210Pbex in soil and sediment 
(sampled in May–June 2016) reveal soil redistribution rates for the sampling sites, and are further 
used to validate results from 2) hydro-acoustic sub-bottom profiling (survey performed in June 2016) 
which is a non-destructive survey technique that can be used to measure sediment thickness, and in 
combination with sediment coring, organic carbon (OC) burial. Incubation experiments were further 
performed to determine mineralisation rates of POC in sediment from different locations within the 
reservoir. 
The results, together with other parameters, e.g. total organic carbon (TOC) and carbon-nitrogen ratio 
(C/N), show the seasonal input of POC from the catchment soils and vegetation in relation to the in-
stream produced POC that goes into sediment storage or is evaded after mineralisation. Results from 
incubation experiments indicate varying mineralisation rates and burial potential of POC in the 
reservoir. Ultimately, the differentiation of sources and fate of POC are used to simulate change in 
carbon burial and mineralisation rates in lakes and reservoirs with respect to increased soil erosion 
due to human perturbation of the landscape, for instance growing agricultural practices in the 
catchment area. 
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Internal variability of the Southern Ocean carbon sink in MPI-ESM large 
ensemble simulations: assessment of westerly wind changes  

Spring, Aaron*; Li, Hongmei; Ilyina, Tatiana  
Max-Planck-Institute for Meteorology Hamburg, Germany  

Observation-based estimates report a large variability in the Southern Ocean carbon sink. Sparse 
observational data lack the ability to show the dynamics of internally varying processes, which 
demands for the evaluation with models. By analyzing a historical large ensemble of 100 simulations 
based on Max Planck Institute’s Earth System Model (MPI-ESM) with slightly different initial conditions 
but identical forcing, we assess modeled internal variability of the Southern Ocean carbon sink and 
address the following three research questions: 1) How large is the modeled internal variability in the 
Southern Ocean carbon sink? 2) Do we find similar trends to those observed in the 1990s and 2000s 
in this large ensemble? 3) Which processes drive decadal internal variability in this large ensemble? 
We quantify the decadal internal variability of the Southern Ocean carbon sink south of 35°S at ±0.36 
PgC (2σ ensemble standard deviations). We identify decadal trends in the Southern Ocean carbon 
sink similar to those observed in observations. Decadal internal variability is driven primarily by the 
strength of the westerly winds which triggers responses in biology and upper-ocean overturning 
circulation. Phytoplankton growth is sensitive to changes in circulation. Intensifying winds mix the 
water column deeper than usual. Sea-surface temperature cooling, probably caused by upwelling cold 
water, facilitates deeper mixing. Thereby standing stock of phytoplankton is mixed deeper into the 
ocean. Light limitations at depth reduce the phytoplankton growth rate resulting in a decrease of total 
primary production and hence the carbon sink. The increased upwelling nutrient supply does not 
strengthen primary production because nutrients are already abundant in the surface waters. 
Intensified westerly winds in the Southern Ocean also strengthen the upper-ocean overturning 
circulation. The corresponding upwelling south of 50°S, the northward Ekman transport and the 
downwelling at 30-50°S is enhanced. The strengthened upwelling to the south of 50°S brings more 
carbon-rich water from the deep ocean to the surface, and hence increase surface dissolved inorganic 
carbon which weakens the carbon sink. Both responses towards intensified winds - biology and upper-
ocean overturning circulation - weaken the carbon sink at the latitudes with the largest internal 
variability (50-60°S) and for the overall Southern Ocean south of 35°S. The same mechanisms apply 
vice versa for decreasing wind strengths leading to an increase in the carbon sink.  
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Eddy covariance direct CO2 flux measurements and carbon cycling in the 
western Indian Ocean  

Steinhoff, Tobias; Zavarsky, Alexander; Patara, Lavinia; Körtzinger, Arne; Marandino, Christa 
A.*  
GEOMAR, Germany  

The Indian Ocean (IO) plays an important role in global heat, salinity, nutrient, and carbon cycling, as 
well as contributing 15-20% of the ocean’s biological productivity (Bates et al., 2006, Behrenfeld and 
Falkowski, 1997). It is unique compared to both the Atlantic and Pacific Oceans, as it is largely 
bordered on the north, west and east by land, where the eastern IO exchanges with the Pacific Ocean 
via the Indonesian Throughflow. In addition, the IO experiences seasonal wind and current reversals 
due to the monsoon cycle, has equatorial westerly winds rather than easterly, and does not 
experience the equatorial upwelling found in the other ocean basins. In recent years, it has been 
observed that the IO is warming more than other ocean basins due to global climate change (Cheng et 
al., 2017). The southern Indian Ocean acts as a significant carbon sink during austral summer, but the 
drivers of this feature are not entirely understood (Takahashi et al., 2009). Despite these unique and 
important characteristics, the IO remains highly undersampled for carbon dioxide (CO2), more 
seriously in time than in space. According to Sarma et al. (2013), only 30% of the IO has be 
sufficiently sampled to resolve the seasonal patterns of CO2 flux, with most studies focusing on the 
northwest and southwest areas of the IO. 
Many published studies of the entire IO rely heavily on modelling. They have found differing seasonal, 
regional, and interannual trends.  During our study, we directly measured the CO2 flux using the eddy 
covariance technqiue from 30°S to just north of the Equator (between 50 and 80°E) during the 
summer monsoon season (July and August, 2014). We additionally measured the partial pressure of 
CO2 in seawater, dissolved inorganic carbon, total alkalinity, and dissolved oxygen. We crossed 
regions showing strong undersaturation of CO2 with respect to the atmosphere, as well as regions in 
near equilibrium and supersaturation. In the southwestern IO carbon sink area, we encountered eddy 
activity. We describe the spatial patterns we observed and compare our measurements with both 
previous measurements (e.g. SOCAT database) and findings from previous studies, including 
modelling and inversion studies. The output from a hindcast simulation with an eddying global ocean 
biogeochemistry model is used to elucidate the physical mechanisms underlying the observed spatial 
and temporal variability of the western Indian Ocean carbon flux. 
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Impact of decadal climate variability on Pacific oxygen changes in MPI-ESM’s 
large ensemble simulations  

Takano, Yohei*; Ilyina, Tatiana  
Max Planck Institue for Meteorology, The Ocean in the Earth System, Hamburg, Germany  

Ocean deoxygenation is one of the major stressors on marine ecosystems under anthropogenic 
climate change. Observational studies indicate a decadal decline in oceanic O2. Because of limited 
spatiotemporal sampling frequency and potential impacts of decadal climate variability on O2, it is 
often challenging to conclude from observations whether the decrease in O2 is due to anthropogenic 
climate change. Particularly, the decadal changes in O2 in the Pacific Ocean may be linked to the 
Pacific Decadal Oscillation (PDO) [Czeschel et al., 2012; Schmidtko et al., 2017], but the mechanisms 
and representation of this linkage in the Earth System Models (ESMs) are not well understood. 
To address these issues, we analyze the 100 ensemble member outputs from the Max Planck Institute 
for Meteorology Earth System Model’s (MPI-ESM) large ensemble simulations for the historical period 
(1850-2005). The foci and key questions of this study are: 1) Is decadal changes in O2 in the tropical 
Pacific Ocean linked to the Pacific Decadal Oscillation (PDO) in the large ensemble simulations? 2) 
What are the mechanisms linking the decadal changes in O2 and the PDO? To address these 
questions, we performed 20-year running trend analysis (similar to the method used in Kosaka and 
Xie, 2016) on PDO indices and oceanic O2 indices in the tropical Pacific Ocean calculated from the 
100 ensemble members. The 20-year running trend analysis shows that 35% of the ensemble 
members exhibit linkage between decadal O2 changes and the PDO. However, we found that 65% of 
the simulated decadal O2 changes are not necessarily associated with the PDO. This indicates that 
there are other possible mechanisms that could lead to decadal variability of O2 in the tropical Pacific 
Ocean. In this presentation, we will further discuss what causes the differences in the link between 
tropical Pacific O2 trends and the PDO. The results from our study advance our understanding on how 
internal climate variability influences ocean biogeochemical cycles on decadal timescales, which is 
also important for gaining better understanding of the observed trends and variability of ocean 
biogeochemical tracers. 

References 
[1] Czeschel, R. et al., (2012): Oxygen decreases and variability in the eastern equatorial Pacific, J. 
Geophys. Res., 117, C11019. 
[2] Kosaka, Y., and Xie, S. P. (2016): The tropical Pacific as a key pacemaker of the variable rates of 
global warming, Nature Geoscience, 9(9), 669-673. 
[3] Schmidtko, S. et al., (2017): Decline in global oceanic oxygen content during the past five decades, 
Nature, 542, 335-339. 
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Fit-for-purpose Global Ocean Observing System – built on Requirements, 
promoting Alignment, delivering Relevant Information  

Telszewski, Maciej* (1); Tanhua, Toste (2); Ishii, Masao (3); Fischer, Albert (4); Palacz, Artur (1)  
1: International Ocean Carbon Coordination Project, Sopot, Poland; 2: GEOMAR Helmholtz-Zentrum für Ozeanforschung, Kiel, 
Germany; 3: Meteorological Research Institute, Japanese Meteorological Agency, Tsukuba, Japan; 4: Intergovernmental 
Oceanographic Commission of UNESCO, Paris, France  

Over the past decade, the ocean carbon and biogeochemistry community has been improving 
coordination and collaboration in order to design, develop and implement a multi-parameter observing 
system allowing to measure and explore the intertwined linkages between CO2 and other greenhouse 
gases, between carbon and oxygen, nutrients, isotopes and between ocean biogeochemistry, biology 
and physics. Processes understanding and human impacts assessment requires integrated 
information about direct and indirect effects of high CO2 on marine ecosystems. Linkages between 
ocean acidification, warming, deoxygenation, eutrophication with carbon dioxide and other 
greenhouse gases became apparent but remain poorly explored in terms of coincided observations. 
Significant progress has been made through the introduction of the Global Ocean Observing System 
(GOOS) Framework for Ocean Observing in 2012. Societal and scientific requirements for sustained 
observations have been captured in Essential Ocean Variables (EOVs), some of which are also 
essential climate variables (ECVs, defined by the Global Climate Observing System (GCOS) reporting 
to the UNFCCC). 
Defined and emerging EOVs are based on analysis of feasibility and impact, and how they deliver the 
needed data for local and regional management as well as for policy-makers globally. GOOS 
Biogeochemistry Panel led by IOCCP, works with several formal bodies programmatically connected 
to IOC-UNESCO, WMO as well as the WMO-IOC JCOMM to integrate ocean observation information 
into the GCOS Implementation Plan in support of the UNFCCC, the World Summit on Sustainable 
Development, the Group on Earth Observations, and other international and intergovernmental 
strategies. These interactions allow us to propose observing system designs driven by high-level 
requirements. With advances in observing technology, and the definition of EOVs, clear opportunities 
exist to improve the coordinated planning and implementation of observing activities measuring across 
the wide spectrum of temporal and spatial scales, eventually leading to truly fit-for-purpose observing 
system design. 
In this presentation we would like to update the ICDC community on achievements and challenges 
related to coordination of ocean observations taking into account a complex myriad of spatio-temporal 
scales of the distinct biogeochemical phenomena of interest and the ever-growing array of 
corresponding observing elements. 
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Lateral input dominates anthropogenic carbon budget in high-resolution 
simulations of the Arctic Ocean  

Terhaar, Jens*; Orr, James C; Bopp, Laurent  
LSCE-IPSL, France  

The Arctic Ocean is projected to experience amplified ocean acidification, more than other oceans.  To 
model its future changes, we must first be able to simulate the Arctic’s baseline conditions and 
acidification over the industrial era. Although global ocean models are needed to assess centennial 
scale changes of ocean carbon, typical coarse-resolution models may be inadequate to properly 
resolve the Arctic Ocean. Here we assess how simulations of ocean uptake of anthropogenic CO2 (the 
main driver of acidification) in a global ocean circulation-biogeochemistry model (NEMO-PISCES) 
change when moving from coarse to eddy permitting resolution. Results of the simulated 
anthropogenic carbon inventory (total mass stored in Arctic basin) depend on model resolution. While 
the coarse-resolution model configuration (2°) stored 1.6 Pg C between 1860 and 2005, the eddying 
versions (½° and ¼°) took up 1.9 and 2.2 Pg C, respectively. Although data-based estimates are 
higher (2.7 Pg C), they may over-predict the Arctic anthropogenic carbon inventory, as previously 
shown for the Mediterranean Sea.  Indeed, evaluation of the models with CFC-12 (another transient 
tracer) suggests that simulated ventilation of subsurface waters is roughly on target in the ¼° model; 
conversely, data-based estimates of anthropogenic carbon (based on CFC-12) overestimate deep-
water concentrations. The Arctic Ocean only contains ~1% of the global ocean volume, but it retains 
around 2% of the global ocean anthropogenic carbon inventory. This enhanced regional inventory 
results from ~75% of the anthropogenic carbon entering the Arctic Ocean through lateral transport 
rather than by a flux across the air-sea interface. Furthermore the simulated Arctic inventory increases 
with model resolution as input from net lateral transport increases. The Arctic Ocean’s relative 
importance of lateral transport is much more prominent than in other ocean regions except perhaps for 
the subtropical gyres. Hence a 3-D model, most likely with eddying resolution, is necessary to properly 
simulate anthropogenic carbon in the Arctic Ocean. Wider comparison to results from the Coupled 
Model Intercomparison Project Phase 5 (CMIP5) reveals larger diversity. Although the ocean 
components of these models have coarse resolution, they also generally indicate that lateral transport 
is a prominent means by which anthropogenic carbon enters the Arctic. Furthermore, only the CMIP5 
models with higher lateral transport obtain anthropogenic carbon inventories that are close to the data-
based estimates. 
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Sediments, eutrophication and ocean acidification in the North Sea  

Thomas, Helmuth* (1); Burt, William Burt (2); Hagens, Mathilde Hagens (3); Pätsch, Johannes 
(4); Clargo, Nicola (5); Salt, Lesley (5)  
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In the North Sea, surface sediments host intense metabolic activity, fuelled by both high primary 
productivity and sedimentation rates. Metabolic products, released laterally or vertically from the 
sediments to the water column exert a major control on the overall biogeochemical cycling. We 
employ radio (224Ra, 228Ra) and stable carbon isotope (DI13C) techniques to shed light on the role of 
sedimentary fluxes of dissolved inorganic carbon (DIC) and alkalinity (AT) in regulating CO2 air-sea 
fluxes and water column pH in the southern North Sea. First basin-wide observations of DI13C and 
228Ra are used to identify and quantify the metabolic DIC flux from the sediments, which is 
accompanied by fluxes of metabolic alkalinity. Denitrification of allochtonous nitrate (NO3) in shallow 
sediments releases alkalinity, and enhances the pH and CO2 buffering capacity. In the shallow part of 
the North Sea denitrification is strongly controlled by riverine NO3 loads. We argue that during periods 
of intense eutrophication, enhanced denitrification has increased surface water pH,while during more 
recent times of oligotrophication the diminished release of alkalinity has caused the pH to decline 
faster than under ocean acidification scenarios only. These mechanisms operate in synergy with 
changes in productivity driven by eutrophication and oligotrophication, respectively. 
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Using ecosystem light-use efficiency to analyse recent changes in vegetation 
at high northern latitudes  

Thomas, Rebecca T.* (1,2,); Graven, Heather (3,4); Prentice, Iain Colin (1,3)  
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It is well established that the terrestrial biosphere is a net carbon sink, but the mechanisms involved 
and their responses to future changes remain uncertain. In general, models are able to capture the 
global sink size, but disagree on the regional distribution and trends. We thus require new approaches 
for identifying the mechanisms driving changes in the terrestrial biosphere, and how these relate to 
real-world observations. We are developing the concept of ecosystem light-use efficiency (eLUE), the 
ratio of ecosystem productivity to the light absorbed, as a means of distinguishing structural from 
physiological vegetation changes on ecosystem scales. The concept of light-use efficiency is 
commonly used in ecosystem models, particularly those driven by satellite greenness data to estimate 
carbon fluxes, however many of these models do not sufficiently account for changes in eLUE over 
time due to CO2 fertilisation and other processes. We will present results applying eLUE to evaluate 
terrestrial CO2 exchanges in two ways: (1) by comparing process based terrestrial biosphere models 
to each other and to observations, and (2) by developing a next generation ecosystem model, the P-
model, that is driven by satellite greenness data and explicitly accounts for changes in eLUE. First we 
used eLUE to interpret changes in the seasonal CO2 flux simulated by 13 terrestrial biosphere models 
taking part in the MsTMIP project. We found that current models from MsTMIP are likely to have 
underestimated changes in ecosystem productivity and eLUE because they underestimate the 
observed increase in the seasonal cycle amplitude of CO2 (ASC) at high northern latitudes over the 
last 50 years, but they capture the observed greening trends over the last 30 years (Thomas et al. 
2016). Secondly, we use the P-model, an empirical model based on optimality principles, to analyse 
changes in GPP and eLUE over the last 30 years. Different from the MsTMIP models, the P-model 
does not separate vegetation into plant functional types, instead monthly GPP is calculated in each 
pixel as a function of observed vegetation greenness, temperature, vapour pressure, ambient CO2, 
and modelled photosynthetically active radiation. We analyse how changes in CO2, climate and 
greening drive changes in GPP and eLUE, and quantify the change in GPP and eLUE required to 
match observed changes in ASC. Overall, we demonstrate that by using the concept of eLUE in this 
way, we can learn about the role that structural and physiological changes in vegetation have in 
modelled vegetation changes, and how this relates to observed changes in ecosystem vegetation. 

Thomas et al. (2016) Increased light-use efficiency in northern terrestrial ecosystems indicated by 
CO2 and greening observations, Geophys. Res. Lett. 
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Air pollution effects on the carbon cycle  

Unger, Nadine*  
University of Exeter, United Kingdom  

Atmospheric pollutants have both beneficial and detrimental effects on carbon uptake by land 
ecosystems. Ozone pollution is phytotoxic and damages photosynthesis, reduces plant growth and 
biomass accumulation, limits crop yields, and affects stomatal control over plant transpiration of water 
vapour between the leaf surface and atmosphere. Aerosol pollution influences plant photosynthesis 
through changes to the quantity and quality of radiation, meteorology and hydrology. China is currently 
the world’s largest emitter of both carbon dioxide and short-lived air pollutants. The land ecosystems 
of China are estimated to provide a carbon sink, but it remains unclear whether air pollution acts to 
inhibit or promote carbon uptake. We apply Earth system modelling and multiple observational 
datasets to understand (i) the individual and combined effects of ozone and haze pollution on plant 
productivity in China today and for 2 possible futures (ii) aerosol physical climate change effects on 
global ecosystem health (iii) the attribution of ozone vegetation damage to economic sectors including 
agriculture, road transportation and industry. Air pollution strongly dampens the land carbon uptake in 
China. In the present day, ozone reduces annual NPP by 0.6 Pg C (-14%). In contrast, aerosol direct 
effects increase annual NPP by 0.2 Pg C (+5%) through the combination of diffuse radiation 
fertilization, reduced canopy temperatures, and reduced evaporation leading to higher soil moisture. 
The net effects of ozone and aerosols decrease NPP by 0.4 Pg C (-9%). We identify an eco-climate 
teleconnection in the polluted Earth system: the rise of the northern hemisphere mid-latitude reflective 
aerosol pollution layer causes long range cooling that protects Amazon NPP by 8% and suppresses 
boreal NPP by 35%. Aerosol cooling of the Amazon by -1.2C drives NPP increases of 8% or +0.76 ± 
0.61 PgC/yr, a 5-10 times larger impact than estimates of diffuse radiation fertilization by biomass 
burning aerosol in this region. Aggressive air pollution abatement and climate stabilization strategies 
that reduce cooling aerosols are essential to protect public health. The only logical conclusion is that 
efforts to reduce the atmospheric aerosol increase the urgency to reduce carbon dioxide emissions. 
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Decarbonizing China’s urbanization  

Wang, Haikun*  
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China’s urban population grew by 210 million since 2000 and reached 670 million, nearly 50% of the 
total population, in 2010. Another 210 million formerly rural residents are expected to migrate into 
China’s cities by 2020, equivalent to create one megacity like Beijing or Mexico every year from 2010 
to 2020. As urban residents consume nearly three times the energy than their rural counterparts on 
average, such high speed of urbanization will bring huge pressures on China’s future energy systems, 
and thus CO2 mitigation target. In this study, we quantify the carbon emissions for 50 Chinese cities 
during 2000-2014, and analyze the physical and economic characteristics that underlie the carbon 
emissions. In the previous works (Wang et al., 2012), we have developed carbon emission inventories 
for some Chinese cities using a consistent methodology, which is adapted of the Intergovernmental 
Panel on Climate Change production-based approach for nations, but include the prominent trans-
boundary emissions relating electricity and heat consumptions of cities. We grouped the sources of 
CO2 emissions from Chinese cities into industry (energy use and process), transportation and 
buildings. The emissions from wastes were not included in this analysis due to their large uncertainty 
and negligible contribution. We find the per capita emissions of Chinese cities have great diversity 
from 2.5 to 25 tons in 2010, which refers to the substantial disparities in terms of natural (e.g. 
geographical location, climate, and resource and energy endowments) and socioeconomic status (e.g. 
economic development and structure, population density and lifestyles) among Chinese cities. For an 
individual city, the per capita emissions are significantly related to per capita GDP with a positive and 
inverted U shape, which is committed to the traditional shape of environmental Kuznets curve. The per 
capita emissions of most cities reach the summits and start to go down when their per capita GDPs 
reached the level around 15,000 USD. The policy implications of our results for stabilizing and 
mitigating the emissions of Chinese cities have also been discussed to meet the goal of the Paris 
Agreement.  
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An analysis of the change of growing season length and its effects on gross 
primary productivity in Northeast China  

Wang, Miaomiao* (1,2); Zhou, Lei (1); Wang, Shaoqiang (1,2)  
1: Institute of Geographical Sciences and Nature Resources Research, Chinese Academy of Sciences, China, People's 
Republic of; 2: College of Resources and Environment, University of Chinese Academy of Sciences, China, People's Republic 
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Climate change has already affected the carbon cycle of terrestrial ecosystems. Phenology studies 
based on ground and remote sensing observation indicate that the length of vegetation growing 
season has significantly increased over the past decades. So it is necessary to study the effects of 
changes in growing season length on gross primary productivity (GPP) of terrestrial ecosystem under 
the global warming. Northeast China is located at middle latitudes in the Northern Hemisphere and is 
an area that exhibits prominent climate changes. Boreal Ecosystem Productivity Simulator (BEPS) is 
an ecological process based model, which originally stemmed from the FOREST Bio-Geochemical 
Cycles (FOREST-BGC) model. The model includes photosynthesis, energy balance, hydrological, and 
soil biogeochemical modules. Stratifying canopies into sunlit and shaded leaves, it incorporates a new 
temporal and spatial scaling scheme into Farquhar’s instantaneous leaf biochemical model to 
calculate daily carbon fixation. In this paper, firstly, we run BEPS model, combined with meteorological 
data (including maximum and minimum air temperatures, precipitation, relative humidity and solar 
radiation), remote sensing data and soil data to simulate the spatial and temporal variations of GPP in 
Northeast China during 2001-2010. Then, we analyzed the change of growing season length and its 
effect on GPP in northeast China from 2001 to 2010. The results show: (1) There are no significant 
trends in the start, end and length of growing season during 2001-2010 (R2≤0.22，P≥0.17) in 
northeast China. The length of growing season is more affected by the start of growing season, and 
the start of growing season have a significant correlation with spring temperature (R2=0.74，P=0.001), 
so we can conclude that the length of growing season is mainly affected by spring temperature. (2)The 
terrestrial ecosystem’s annual mean GPP is about 1057.8±44.6 TgC in Northeast China. There is 
about 1032.2±45.8 TgC GPP in growing season period, account for 97.5% in total. It means that 
Northeast China’s GPP is mainly sequestered in growing season. (3) the interannual variation of GPP 
is not significantly affected by the change of growing season length, it is mainly regulated by 
precipitation in Northeast China. However, there are also some uncertainties in GPP simulation and in 
growing season length definition, so we should take more models to simulate GPP and use more 
methods to define the length of growing season in the future research. 
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Spatio-temporal patterns of GPP simulation based on BEPS and LUE models in 
China from 1982 to 2012  

Wang, Shaoqiang* (1); Zhou, Lei (1); Wang, Junbang (1); Yan, Hao (2); Wang, Miaomiao (1)  
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National Climate Center, Beijing, China  

Terrestrial gross primary production (GPP) constitutes the largest flux component in the global 
carbon budget; however their spatial-temporal variability and responses to climate change are 
still largely uncertain. In this study, we estimate terrestrial GPP in China during 1982-2011 
using multiple models based on remote sensing data and try to identify the variation trend and 
regional difference of terrestrial GPP and their response to climate change in China. Eddy covariance 
flux observation from 2003 to 2011 at seven sites in China was used to validate the three 
models driven by satellite-derived FPAR/LAI and climate data, and the models well produced the 
innerannual and inter-annual variation of GPP. From 1982 to 2011, GPP was estimated as 5.0-6.7 
PgC yr-1 and found to be increasing at a rate of 10 Tg C yr-1 , although trend rates differed by 
region. The warming climate mainly contributed to the increasing trend in GPP and China’s 
terrestrial GPP increases 0.11~0.20 Pg C if the temperature increase 1 . There was a significant 
and largest uptrend (4.38 Tg C/yr) in Southwest China, which was limited by temperature. There 
was the slowest increasing rate (0.54 TgC/yr) in Inner Mongolia, which was controlled by 
precipitation. Significant uncertainties remain in GPP estimates in aspect to remote sensing data and 
model structure (and spatial resolution). Furthermore, the validation of GPP with Sun-induced 
chlorophyll fluorescence indicated that retrievals of chlorophyll fluorescence provide direct 
regional observational constraints for GPP and open an entirely new viewpoint on carbon cycle. 
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Evidence and attribution of enhanced terrestrial carbon uptake at two scales: 
Global lands and North American forests  

Williams, Christopher A.* (1); Keenan, Trevor F. (2)  
1: Clark University, United States of America; 2: Lawrence Berkeley National Lab, United States of America  

This presentation will feature two lines of evidence that indicate accelerated CO2 uptake by the 
terrestrial biosphere.  The first uses global carbon budget estimates, ground, atmospheric and satellite 
observations, and multiple process-based global vegetation models to examine the causes and 
consequences of the long-term changes in the terrestrial carbon sink. We show that over the past 
century the sink has been significantly enhanced, largely due to the effect of elevated CO2 on 
photosynthesis dominating over warming induced increases in respiration. We also examine the 
relative roles of greening, water and nutrients, along with individual events such as El Nino. We show 
that a slowdown in the rate of warming over land since the start of the 21st century likely led to a large 
increase in the sink, and that this increase was sufficient to lead to a pause in the growth rate of 
atmospheric CO2. We also show that the recent El Nino resulted in the highest growth rate of 
atmospheric CO2 ever recorded. Our results provide evidence of the relative roles of CO2 fertilization 
and warming induced respiration in the global carbon cycle, along with an examination of the impact of 
climate extremes. 
The second line of evidence draws on data from the United States forest inventory, satellite 
observations of forest disturbance and regrowth, and a carbon cycle model (CASA) to attribute the US 
forest sink to contributions from disturbance and recovery versus growth enhancements.  We show 
that only about half of the net forest-atmosphere CO2 exchange inferred from measured stock 
changes can be accounted for by the balance of disturbance and regrowth processes.  This leaves the 
remainder to be attributed to enhanced growth, an interpretation that is corroborated by site-based 
anecdotal accounts.  
Together these findings underscore the significant role that the land biosphere plays in regulating the 
airborne fraction of CO2 emissions, and hence slowing the pace of planetary warming. 
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The impact of microbial carbonic anhydrase activity on atmospheric 
concentrations of CO18O and COS at large scales  

Wingate, Lisa* (1); Ogee, Jerome (1); Launois, Thomas (1); Sauze, Joana (1); Jones, Samuel (1); 
Kaisermann, Aurore (1); Wohl, Steven (1); Meredith, Laura (2); Cuntz, Matthias (3)  
1: INRA, Bordeaux, France; 2: University of Arizona, Arizona, USA; 3: INRA, Nancy, France  

Photosynthesis (GPP), the largest CO2 flux from the land surface, is currently estimated with 
considerable uncertainty between 100-175 Pg C yr-1. More robust estimates of global GPP could be 
obtained from the atmospheric budgets of other tracers such as, the oxygen isotopic composition 
(δ18O) of atmospheric CO2 or carbonyl sulphide (COS). However, estimating GPP using these tracers 
hinges on a better understanding of how soil microbes modify the atmospheric concentrations of 
CO18O and COS at large scales. In particular, understanding better the role and activity of the enzyme 
Carbonic Anhydrase (CA) in soil microbes is a critical factor underpinning the successful 
implementation of these tracers in global scale models. We addressed this knowledge gap by 
measuring the exchange of CO18O and COS between soil microcosms and the atmosphere from over 
60 sites covering a range of biomes across Europe and the USA. This novel dataset has led to the 
development of a new mechanistic framework that can be easily implemented in multi-tracer Earth 
system models to predict variations in soil CA activity across the terrestrial land surface. Using this 
multi-tracer approach we provide independent estimates of global GPP constrained by the 
atmospheric budgets of CO2, CO18O and COS. 
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Multi-site evaluation of ecosystem carbon cycles: A comparison of a carbon 
cycle data assimilation system (CCDAS) with process-based model (LPJ-
GUESS)  

Wu, Mousong* (1); Zhang, Wenxin (2); Scholze, Marko (1)  
1: Lund University, Sweden; 2: Copenhagen University, Denmark  

Carbon cycle in ecosystems plays a vital role in climate change. A good evaluation of carbon cycles in 
ecosystem is necessary in decision making for coping with more and more frequent extreme events 
occuring in the world. In this study, a carbon cycle data assimilation system (CCDAS) and a process-
based dynamic vegetation model (LPJ-GUESS) were applied for evaluation of carbon cycle processes 
in 10 fluxnet sites around the world, representing different plants types and climatic regions. Six years 
(2010-2015) fluxnet data as well satellite-derived data was used to validate model results. When 
assimilated with SMOS soil moisture data and FAPAR data, the CCDAS based BETHY model could 
simulate soil moisture and fapar well for most sites. While for sites with not sufficient SMOS 
observations or no SMOS data, modeling results for soil moisture were worse when compared with 
LPJ-GUESS model, which considered more detailed water transport processes in soil profiles. The 
combination of SMOS dataset with FAPAR dataset could constrain net ecosystem productivity (NEP) 
very well, even some trade-offs between two datasets were detected in some sites. LPJ-GUESS could 
constrain the dynamics of NEP very well, but more calibration work would be necessary to achieve 
less deviations between modeled and observed results. In the next step, more interesting work would 
be to use these two models to evaluate extreme events' influences on ecosystem productivity for study 
period and also for future climate scenarios. 
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Sea surface carbon dioxide at the Georgia time series site (2006-2007): air-sea 
flux and controlling processes  

Xue, Liang* (1); Cai, Wei-Jun (2); Hu, Xinping (3); Sabine, Christopher (4)  
1: First Institute of Oceanography, State Oceanic Administration, Qingdao, China; 2: School of Marine Science and Policy, 
University of Delaware, Newark, USA; 3: Department of Physical and Environmental Sciences, Texas A&M University – Corpus 
Christi, Corpus Christi, USA; 4: Pacific Marine Environmental Laboratory, NOAA, Seattle, USA  

Carbon dioxide partial pressure (pCO2) in surface seawater was continuously recorded every three 
hours from 18 July 2006 through 31 October 2007 using a moored autonomous pCO2 (MAPCO2) 
system deployed on the Gray’s Reef  buoy off the coast of Georgia, USA. Surface water pCO2 
(average 373 ± 52 µatm) showed a clear seasonal pattern, undersaturated with respect to the 
atmosphere in cold months and generally oversaturated in warm months. High temporal resolution 
observations revealed important events not captured in previous ship-based observations, such as 
sporadically occurring biological CO2 uptake during April-June 2007. In addition to a qualitative 
analysis of the primary drivers of pCO2 variability based on property regressions, we quantified 
contributions of temperature, air-sea exchange, mixing, and biological processes to monthly pCO2 
variations using a 1-D mass budget model. Although temperature played a dominant role in the annual 
cycle of pCO2, river inputs especially in the wet season, biological respiration in peak summer, and 
biological production during April-June 2007 also substantially influenced seawater pCO2. 
Furthermore, sea surface pCO2 was higher in September-October 2007 than in September-October 
2006, associated with increased river inputs in fall 2007. On an annual basis this site was a moderate 
atmospheric CO2 sink, and was autotrophic as revealed by monthly mean net community production 
(NCP) in the mixed layer. If the sporadic short productive events during April-May 2007 were missed 
by the sampling schedule, one would conclude erroneously that the site is heterotrophic. While 
previous ship-based pCO2 data collected around this buoy site agreed with the buoy CO2 data on 
seasonal scales, high resolution buoy observations revealed that the cruise-based surveys 
undersampled temporal variability in coastal waters, which could greatly bias the estimates of air-sea 
CO2 fluxes or annual NCP, and even produce contradictory results.  
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Assessing the atmospheric forcing of CO2 emissions issued by the Aix-
Marseille metropolis region from a top-down approach : towards verifying 
bottom-up regional inventories and estimating the anthropogenic impacts on 
regional ecosystems.  

Xueref-Remy, Irène* (1,2,3); Zoghbi, Narimène (4); Yohia, Christophe (1); Piazzola, Jacques (4); 
Armengaud, Alexandre (5); Blanc, Pierre-Eric (2); Delmotte, Marc (3); Reiter, Ilja (6); Ramonet, 
Michel (3); Philippon, Carole (3); Fornier, Michel (1); Gille, Grégory (5); Lefèvre, Dominique (4); 
Diaz, Frédéric (4); Pinazo, Cristel (4); Wagener, Thibaut (4); Mévy, Jean-Philippe (7); Gauquelin, 
Thierry (7)  
1: Observatoire des Sciences de l'Univers Pytheas (OSU Pytheas); 2: Observatoire de Haute Provence de l'OSU Pytheas 
(OHP); 3: Laboratoire des Sciences du Climat et de l'Environnement (LSCE); 4: Mediterranean Institute of Oceanography 
(MIO); 5: Association de surveillance de la qualité de l'air en région PACA (Air PACA); 6: Fédération Ecosystèmes Continentaux 
et Risques Environnementaux (ECCOREV); 7: Institut Méditerranéen de la Biodiversité et d'Ecologie Marine et Continentale 
(IMBE)  

The AMC project (Aix-Marseille Carbon Pilot Study, 2016-2019) is a first pilot study towards the 
implementation of a long-term Carbon Observatory in the region of Provence Alpes Côte d'Azur 
(PACA) in the south east of France and the neighbouring coastal Mediterranean Sea. Today, more 
than 70% of global fossil fuel CO2 emissions come from urbanized and industrialized areas such as 
the Aix-Marseille metropolis. The associated combustion processes lead also to the emissions of other 
carbonated species (CO, C-aerosols…). Furthermore, due to its geographical features, the PACA 
region is much exposed to suffering damages from climatic change. However, the carbon budget 
(CO2, carbonated aerosols…) from the Aix-Marseille area is nowadays poorly defined, as well as the 
impacts of regional anthropogenic emissions on the composition and physico-chemical properties of 
the atmosphere, and on marine and terrestrial ecosystems. The Air PACA agency delivers a high 
resolved bottom up CO2 emissions inventory but the uncertainties associated to these emissions are 
unknown. The development of atmospheric top-down approaches is thus required to assess 
independently this inventory. We will present the strategy of the AMC project regarding these top-
down approaches, as well as some first results on the assessment of the variability of atmospheric 
CO2 in the Aix-Marseille metropolis area. Continuous timeseries of atmospheric CO2 and related 
anthropogenic species such as CO and aerosols collected at the OSU Pytheas Endoume coastal site, 
at the Air PACA Cinq Avenues urban site, at the ICOS-France (Integrated Carbon Observing System - 
France) Observatoire de Haute Provence rural site and at the ICOS-France Cap Corse marine site will 
be presented. All stations are equiped with Cavity Ring-Down Spectrometers and have been providing 
high-resolved datasets for several months. The variability of the atmospheric CO2 (and related 
species) concentration will be presented at the hourly, diurnal, synoptic and seasonal scales in 
relationship with several controlling factors such as anthropogenic, biospheric and marine surface 
fluxes, and atmospheric dynamics (wind fields, boundary layer height). This work paths the way 
towards assessing the anthropogenic forcing of the CO2 emissions outcoming from the Aix-Marseille 
metropolis on surrounding continental and coastal marine ecosystems. 
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Influence of human activity on riverine organic C:N ratio along the Pearl River 
Estuary in south China  

Yin, Kedong*; Liu, Qinyu; He, Jianzhang  
Sun Yat-sen University, China, People's Republic of  

The conventional view is that the terrestrial organic C:N ratio from a river into an estuary is high and 
therefore, terrestrial organic matter is considered to be the carbon source in the estuary and adjacent 
coastal waters. We hypothesize that domestic sewage effluents into the rivers change the C:N ratio of 
organic matter that flows into the estuary.  To testify the hypothesis, we collected water samples along 
the upstream of the Pearl River to the downstream and to the estuary. The Pearl River is relatively 
pristine in the upstream section, receives unused fertilizers from the irrigation farmlands and only 
preliminary or primary treated sewage effluents from large urban areas including metropolitan city 
Guangzhou with over 20 million population and becomes very eutrophic in the Pearl River estuary. 
Our results showed that dissolved organic carbon (DOC) and nitrogen (DON) is dominant form of 
riverine organic carbon and nitrogen, accounting for 70-90% of total organic matter.  DOC is low, 
below 70 uM and it doubled in the downstream and the estuary. DOC:DON was high (~12:1) in the 
upstream, but dropped to 4.9~8:1 in the downstream, and 4.2~6.2:1 in the estuary. NO3 was low in 
the upstream and increased downstream.  This indicates the influence of the input from fertilizers and 
domestic sewage effluent. We found that DOC and DON had a strong positive correlation with NO3

-, 
but their C:N ratio had a strong negative correlation with NO3

-. In summary, our results testified our 
hypothesis: organic C:N ratio changes with the input of human activity generated organic matter. 
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Terrestrial carbon-nitrogen interactions across time-scales  

Zaehle, Sönke* (1,2); Meyerholt, Johannes (1); Sickel, Kerstin (1)  
1: Max Planck Institute for Biogeochemistry, Germany; 2: Michael Stifel Centre Jena for Data-Driven and Simulation Science, 
Friedrich-Schiller University, Jena, Germany  

Through its role in forming amino acids, nitrogen (N) plays a fundamental role in terrestrial 
biogeochemistry, affecting for instance the photosynthetic rate of a leaf, and the amount of leaf area of 
a plant; with further consequences for quasi instantaneous terrestrial biophysical properties and 
fluxes. Because of the high energy requirements of transforming atmospheric N2 to biologically 
available form, N is generally thought to be limiting terrestrial productivity. Experimental evidence and 
modelling studies suggest that in temperate and boreal ecosystems, this N-"limitation" affects plant 
production at scales from days to decades, and potentially beyond. Whether these interactions play a 
role at longer timescales, such as during the transition from the last glacial maximum to the holocene, 
is currently unclear. 
To address this question, we present results from a 22000 years long simulation with dynamic global 
vegetation model including a comprehensive treatment of the terrestrial carbon and nitrogen balance 
and their interactions (using the OCN-DGVM) driven by monthly, transient climate forcing obtained 
from the CESM climate model (TRACE). OCN couples carbon and nitrogen processes at the time-
scale of hours, but simulates a comprehensive nitrogen balance as well as vegetation dynamics with 
time-scales of centuries and beyond. The model has been evaluated with observations from 
ecosystem manipulation studies, and its capacity to confer with contemporary trends in global carbon 
cycle observations. 
We investigate whether (and at which time scale) carbon-nitrogen interactions cause important lags in 
the response of the terrestrial biosphere to changed climate, and which processes (such as altered N 
inputs from fixation or altered losses through leaching and denitrification) contribute to these lags. In 
particular, the simulations reveal that considering N availability leads to an attenuated response of the 
(simulated) carbon cycle to centennial timescale climate perturbations, and in general to a slowed 
northward expansion of forest biomes during the transition from LGM to the holocene, affecting the 
boreal carbon cycle for further millennia. We discuss these findings in the light of scenarios of future 
rising CO2  and climate change, and their effect on the carbon-nitrogen cycle coupling. 
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Development of A Microbial-based Soil Organic Carbon Decomposition Model 
and Test against Field Measurements  

Zhang, Xia* (1); Niu, Guoyue (2)  
1: Institute of Atmospheric Physics, Chinese Academy of Sciences, China, People's Republic of; 2: Department of Hydrology 
and Water Resources, University of Arizona, USA  

Explicit representation of soil microbial growth and respiration for use in climate models has received 
increasing attention. However, these representations are inadequate to represent hydrological control 
on the microbial activities. We presented a stepwise development of soil carbon decomposition 
models for reproducing respiratory pulses in response to pulsed rainfall (known as “Birch effect”) 
observed at a semiarid savanna site. We first tested a first-order decay model that are typically used in 
climate models and a four carbon (4C) pool microbial-based model that describes processes of 
degradation of soil organic carbon (SOC) to dissolved organic carbon (DOC) through catalysis of 
enzymes produced by microbes and microbial uptake of DOC and respiration. The 4C-pool model was 
further revised with soil moisture control on SOC degradation and microbial uptake of DOC. Both 
models were coupled with a land surface model that reproduced the observed soil moisture and 
temperature, but they failed to simulate the observed Birch effect. We then revised the 4C-pool model 
into a six carbon (6C) pool model by respectively splitting the DOC and ENZ pools into two sub-pools, 
one in the dry zone and the other in the wet zone of the soil pore space. During dry periods, microbial 
enzymes in the dry zone remain active to degrade SOC, and in turn labile carbon accumulates in the 
dry zone for not being accessible to microbes. The labile carbon accumulated during dry periods 
becomes immediately dissolved for microbial use in response to rainstorms, and thus the 6C-pool 
model successfully reproduced the observed respiration pulses of various sizes, thereby improving the 
simulation of net ecosystem exchange.  
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Sensitivity test of simulated surface albedo with different radiation schemes on 
vegetation in a land surface model  

Zhou, WenYan*  
Chinese National Climate Center, China, People`s Republic of  

A four-stream radiative transfer scheme for vegetation (referred to as the four-stream scheme) is 
developed and compared with the coupled two-stream radiative transfer scheme (referred to as the 
two-stream scheme) in the BCC_AVIM land surface process model to test the sensitivity of surface 
albedo using Second Global Soil Wetness Project(referred to as the GSWP2) data and analyze the 
simulation results of different vegetation radiation schemes in a land surface process model on the 
surface albedo. Numerical results show that the simulated global surface albedo reflects the correct 
type of underlying surface distribution, i.e., the appropriate surface features and changes. Because of 
the presence of snow cover in the winter season, the simulated surface albedo differs from the 
observed GSWP2 data, primarily due to the land surface model simulations predicting a shift 
southward in the snow line in northern Eurasia that results in low albedo in the northern regions of 
Eurasia. Different vegetation radiative transfer schemes can improve regional surface albedo 
simulations through a better representation of global perennial vegetation cover. Simulations and 
observations demonstrate that the global distribution of zonal mean surface albedo has clear seasonal 
variations. Lastly, the use of a vegetation four-stream radiation scheme can significantly improve the 
predicted globally averaged surface albedo. 
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Greening of the Earth and its drivers  

Zhu, Zaichun* (1); Piao, Shilong (1); Myneni, Ranga (2); Huang, Mengtian (1); Zeng, Zhenzhong 
(1); Canadell, Josep (3); Ciais, Philippe (4); Sitch, Stephen (5); Friedlingstein, Pierre (6); Arneth, 
Almut (7); Cao, Chunxiang (8); Cheng, Lei (9); Kato, Etsushi (10); Koven, Charles (11); Li, Yue 
(1); Lian, Xu (1); Liu, Yongwen (1); Liu, Ronggao (12); Mao, Jiafu (13); Pan, Yaozhong (14); 
Peng, Shushi (1); Peñuelas, Josep (15); Poulter, Benjamin (16); Pugh, Tomas (7); Stocker, 
Benjamin (17); Viovy, Nicolas (4); Wang, Xuhui (1); Wang, Yingping (18); Xiao, Zhiqiang (19); 
Yang, Hui (1); Zaehle, Sönke (20); Zeng, Ning (21)  
1: Peking University, China, People's Republic of; 2: Boston University, USA; 3: Global Carbon Project, CSIRO Oceans and 
Atmosphere, Canberra, Australia; 4: Laboratoire des Sciences du Climat et de l’Environnement (LSCE), CEA CNRS UVSQ, Gif 
Sur Yvette, France; 5: College of Life and Environmental Sciences, University of Exeter, UK; 6: College of Engineering, 
Mathematics and Physical Sciences, University of Exeter, UK; 7: Institute of Meteorology and Climate Research, Atmospheric 
Environmental Research, Karlsruhe Institute of Technology, Garmisch-Partenkirchen, Germany; 8: State Key Laboratory of 
Remote Sensing Science, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing, China; 9: 
CSIRO Land and Water, Black Mountain, Canberra, Australia; 10: Institute of Applied Energy (IAE), Tokyo, Japan; 11: Earth 
Sciences Division, Lawrence Berkeley National Lab, USA; 12: LREIS, Institute of Geographic Sciences and Natural Resources 
Research, Chinese Academy of Sciences, Beijing, China; 13: Climate Change Science Institute and Environmental Sciences 
Division, Oak Ridge National Laboratory, Oak Ridge, USA; 14: College of Resources Science & Technology, State Key 
Laboratory of Earth Processes and Resource Ecology, Beijing Normal University, China; 15: CSIC, Global Ecology Unit 
CREAF-CEAB-UAB, Cerdanyola del Vallès, Catalonia, Spain CREAF, Cerdanyola del Vallès, Spain; 16: Montana State 
University, Institute on Ecosystems and the Department of Ecology, Bozeman, USA; 17: Department of Life Sciences, Imperial 
College London, UK, Climate and Environmental Physics, and Oeschger Centre for Climate Change Research, University of 
Bern, Switzerland; 18: CSIRO Oceans and Atmosphere, Aspendale, Australia; 19: State Key Laboratory of Remote Sensing 
Science, School of Geography, Beijing Normal University, China; 20: Max-Planck-Institut für Biogeochemie, Jena, Germany; 21: 
Department of Atmospheric and Oceanic Science, University of Maryland, USA  

Global environmental change is rapidly altering the dynamics of terrestrial vegetation with 
consequences for the functioning of the Earth system and provision of ecosystem services. Yet how 
global vegetation is responding to the changing environment is not well established. Here we use 3 
long-term satellite leaf area index (LAI) records and 10 global ecosystem models to investigate four 
key drivers of LAI trends during 1982-2009. We show a persistent and widespread increase of growing 
season integrated LAI (greening) over 25 to 50% of the global vegetated area, whereas less than 4% 
of the globe shows decreasing LAI (browning). Factorial simulations with multiple global ecosystem 
models suggest that CO2 fertilization effects explain 70% of the observed greening trend, followed by 
nitrogen deposition (9%), climate change (8%) and land cover change (LCC) (4%). CO2 fertilization 
effects explain most of the greening trends in the tropics, while climate change resulted in greening of 
the high latitudes and the Tibetan Plateau. LCC contributed most to the regional greening observed in 
Southeast China and Eastern United States. The regional effects of unexplained factors suggest that 
the next generation of ecosystem models will need to explore the impacts of forest demography, 
differences in regional management intensities for cropland and pastures, and other emerging 
productivity constrains such as phosphorus availability. 
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Can Dynamic Global Vegetation Models Reproduce Extreme Browning Events 
in Vegetation Productivity?  

van Eck, Christel Melissa* (1); Morfopoulos, Catherine (2); Betts, Richard A. (2,3); Chang, 
Jinfeng (4); Ciais, Philippe (5); Friedlingstein, Pierre (6); Regnier, Pierre A. G. (1)  
1: Department of Geosciences, Environment, and Society, Université Libre de Bruxelles, Belgium.; 2: College of Life and 
Environmental Sciences, University of Exeter, United Kingdom; 3: Met Office Hadley Centre, Exeter, United Kingdom; 4: 
LOCEAN / IPSL, Université Pierre et Marie Curie, Paris, France; 5: Laboratoire des Sciences du Climat et de l’Environnement 
(LSCE), CEA CNRS UVSQ, Gif Sur Yvette, France; 6: College of Engineering, Mathematics and Physical Sciences, University 
of Exeter, United Kingdom  

Extreme climatic events such as droughts, heavy precipitation, and heatwaves are increasing in 
frequency and severity in our changing climate. These extreme events have an effect on vegetation 
either by enhancing or reducing productivity. Subsequently, this will have an impact on the terrestrial 
carbon sink and thus the global carbon cycle. Connecting observational datasets with modelling 
studies provides new insights into these climate-vegetation interactions. This research explores the 
capacity of Dynamic Global Vegetation Models (DGVMs) to simulate negative extremes in vegetation 
productivity by comparing extremes derived from observations with extremes detected in modelled 
vegetation productivity. In this case, the GLASS Leaf Area Index (LAI) product is selected as the 
observational dataset and both JULES (Joint UK Land Environment Simulator) and ORCHIDEE 
(Organising Carbon and Hydrology in Dynamic Ecosystems) as the DGVMs. Both models are forced 
with PGFv2 Global Meteorological Forcing Dataset according to the ISI-MIP2 protocol for historical 
runs. Negative extremes in vegetation productivity are identified by calculating the 10th percentile 
threshold of LAI anomalies during the growing season. Here, any vegetation anomaly below the 10th 
percentile threshold is considered as a browning event. We then detect the location in time and space 
of the browning events in the observational dataset as well as in the two model simulations. The 
capacity of the models to capture observed negative extremes in vegetation productivity is assessed 
and compared over the entire time series, but also for individual events such as the European 
heatwave of 2003 and the Russian heatwave of 2010. Furthermore, we quantify the negative impact of 
these climate extremes on terrestrial processes, primarily gross primary productivity and carbon 
uptake. The results of this study provide a stepping stone to modelling future extremes in vegetation 
productivity.   
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Simultaneous assimilation of stable carbon isotopes in CO2 and sun-induced 
fluorescence within a terrestrial biosphere model  

van Schaik, Erik* (1); van der Velde, Ivar R. (3); van der Molen, Michiel K. (1); Miller, John B. 
(3,4); Baker, Ian (5); Haynes, Kathy (5); Peters, Wouter (1,2)  
1: Wageningen University and Research, The Netherlands; 2: University of Groningen, The Netherlands; 3: University of 
Colorado, United States; 4: NOAA Earth System Research Laboratory, United States; 5: Colorado State University, United 
States  

The terrestrial biosphere plays a pivotal role in the global carbon balance. However, gross carbon 
uptake (GPP) and the response of the terrestrial biosphere to climate extremes is highly uncertain, 
largely due to a lack of direct observations of the relevant processes at regional to continental scales. 
Recent studies show that remotely sensed sun-induced fluorescence (SIF) and atmospheric δ13C in 
CO2 hold information on key processes such as GPP and intrinsic water use efficiency (iWUE). 
Combining these new streams of data with terrestrial biosphere models can offer a new perspective 
on the terrestrial carbon cycle. 
We present the current state of development and first results of assimilating SIF together with 
atmospheric measurements of δ13C and CO2. This assimilation is performed using the CarbonTracker 
data assimilation framework using the coupled TM5 transport model and the Simple Biosphere Model 
version 4 (SiB4). We use remotely sensed SIF sampled daily at 1x1 degree resolution from 2007 
onwards, derived from the Sun-Induced Fluorescence of Terrestrial Ecosystems Retrieval (SIFTER) 
version 2 based on Global Ozone Monitoring Experiment 2 (GOME-2) observations. For CO2 and δ13C 
we use measurement records from NOAA’s Global Greenhouse Gas Reference Network. In contrast 
to our earlier work where we optimized terrestrial discrimination towards 13C we now target key 
parameters within the photosynthetic apparatus. 
Future prospects include utilizing new measurements of atmospheric CO2 and δ13C over the Amazon 
rain forest to generate a unique overview of large-scale carbon fluxes and vegetation status over a key 
region within the global carbon cycle. 
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Assimilation of atmospheric CO2 and δ13C to constrain drought response at 
large continental scales  

van der Velde, Ivar R.* (1,2); van Schaik, Erik (3); Miller, John B. (1); Peters, Wouter (3,4); 
Andrews, Arlyn E. (1); Tans, Pieter P. (1); Vaughn, Bruce H. (5); White, James W.C. (5)  
1: Global Monitoring Division, NOAA Earth System Research Laboratory, Boulder, United States; 2: Cooperative Institute for 
Research in Environmental Sciences, University of Colorado, Boulder, United States; 3: Department of Meteorology and Air 
Quality, Wageningen University and Research, The Netherlands; 4: Centre for Isotope Research, University of Groningen, The 
Netherlands; 5: Institute for Arctic and Alpine Research, University of Colorado, Boulder, United States  

We have modified the CarbonTracker data assimilation system to ingest not only carbon dioxide (CO2) 
but also ratios of its stable isotopologues 13CO2/12CO2 (δ13C). Our goal is to constrain not just net 
carbon fluxes over land (NEE) and ocean, but also the magnitude of isotopic fractionation during 
terrestrial photosynthesis (Δph). This capability allows us, in principle, to detect anomalies in both NEE 
and Δph. In particular, large-scale droughts can reduce NEE and also increase the ratio of 13CO2 and 
12CO2 molecules being removed from the atmosphere (i.e. reduced Δph), as a result of stomatal 
closure limiting water loss. Averaged over the Northern hemisphere, we find a strong correlation 
between anomalies in NEE and Δph using CarbonTracker. Moreover, the variability of our 
atmospheric data-constrained values of NEE and Δph is much larger than those calculated by our 
prior terrestrial biosphere model (SiBCASA). This implies that stomatal conductance, which helps 
control carbon and water fluxes on time scales from minutes (weather) to centuries (climate), may also 
be poorly parameterized in SiBCASA as well as many other land surface models. These 
parameterizations are often derived from laboratory observations or plot-scale observations that may 
aggregate poorly over much larger scales. The attenuated response of these models to drought could 
have significant impacts for understanding the fate of the airborne fraction.  
In order to investigate the parameterizations more thoroughly, our current work also focuses on 
regional CO2 and δ13C assimilation using a denser data set and a higher resolution Lagrangian 
atmospheric transport model for North America. Here, biophysical model parameters are directly 
optimized (instead of Δph). This approach should help us better understand these biogeochemical 
interactions between the atmosphere and vegetation, and move us a step forward to better 
understand controls on the carbon cycle. The main question for this work is: how do the parameters 
that are optimized using the atmospheric constraints of CO2 and δ13C compare with the biophysical 
parameterizations in terrestrial biosphere models? 
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Biogeochemical coarsening in a global 1/4° NEMO-PISCES numerical solution  

Berthet, Sarah* (1); Séférian, Roland (1); Chevallier, Matthieu (2); Bricaud, Clément (3)  
1: CNRM, GMGEC/EST, Toulouse, France; 2: CNRM, GMGEC/IOGA, Toulouse, France; 3: Mercator Océan, Toulouse, France  

The prohibitive computational cost of high-resolution ocean-biogeochemical coupled models hampers 
our capability to perform climate-long simulations and to assess the long-term impact of mesoscale 
eddies on biogeochemical tracers. 
To circumvent this strong limitation we apply the concept of “effective resolution” (Skamarock, 2004) to 
marine biogeochemical tracers, with a distribution of biogeochemical tracers driven by an ocean 
dynamics at a coarser resolution than the ocean physics. In this study, we assess the impact of an 
effective resolution on oceanic carbon, nutrient and oxygen cycles using a global high-resolution 
configuration of the NEMO-GELATO-PISCES model developed at CNRM. 
The NEMO oceanic model (Madec, 2008) has been run at a 1⁄4° of horizontal resolution and coupled 
to the PISCES biogeochemical model (Aumont et al, 2015) during a 52-years period (1948-2002). It is 
forced by the CORE-II interannual forcing (Griffies et al, 2012). In our model, using the concept of 
effective resolution consists in setting PISCES into ocean dynamical fields which have been 
coarsened horizontally from 1⁄4° to 3/4° of horizontal resolution. In other words, at each 
biogeochemical timestep, the initial oceanic fields at 1⁄4° are degraded over a 3/4° grid to compute the 
biogeochemical tracers distribution. 
In order to investigate how much the concept of effective resolution could impact the distribution of 
biogeochemical tracers over climate-long simulations, we compare the coarsened solution to a 
standard 1⁄4° NEMO-PISCES coupled simulation on seasonal to inter-annual timescales. In addition, a 
skill-score assessment is performed by comparing the model solution to the most up-to-date available 
biogeochemical observations on these timescales. 
While this work confirms that this online coarsening method largely improved the computation time of 
our configuration, we also discuss the sensitivity of the distribution of biogeochemical tracers to ocean 
physics parameterizations of eddy viscosity and eddy induced velocities as well as to the 
coarsening/averaging approaches. 
In these results a special attention is dedicated to investigate how the grid degradation facilities may 
influence the major biogeochemical features, such as the oligotrophic gyres and the spatio-temporal 
structure of the oxygen minimum zone. 

References: 
Aumont, O., C. Ethé, A. Tagliabue, L. Bopp and M. Gehlen, 2015. PISCES-v2 : an ocean 
biogeochemical model for carbon and ecosystem studies. Geosci. Model Dev. 8, 2465-2513. 
Griffies, S. M., M. Winton, B. Samuels, G. Danabasoglu, S. Yeager, S. Marsland, H. Drange., and M. 
Bentsen, 2012. Datasets and protocol for the CLIVAR WGOMD Coordinated Ocean-sea ice 
Reference Experiments (COREs). WCRP Report, 21, pp. 21 
Madec, G., 2008. Nemo ocean engine. Note du Pôle de modélisation de l’Institut Pierre-Simon 
Laplace. 27, 1-217. 
Skamarock, W., 2004. Evaluating mesoscale NWP models using kinetic energy spectra. Mon. 
Weather Rev. 132, 3019-3032. 
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Process attribution of observation-model error via time-series segmentation 
analysis  

Calle, Leonardo* (1); Poulter, Benjamin (1,2); Patra, Prabir (3)  
1: Montana State University, Department of Ecology, United States of America; 2: NASA Goddard Space Flight Center, 
Biospheric Science Laboratory, United States of America; 3: Japan Agency for Marine Earth Science and Technology, 
Department of Environmental Geochemical Cycle Research, Japan  

Process-based carbon cycle models have been vital for understanding complex land-atmosphere 
feedbacks and for isolating mechanisms driving source-sink dynamics across space and time. 
Benchmarking these models to observational datasets has improved their usefulness and optimization 
of model parameters has continued to reduce uncertainty and improve confidence in predictions. 
However, past benchmarking and optimization efforts, while useful, have overlooked the nuance of the 
error structure in observation-model and model-model evaluations. For example, the phase and 
amplitude of seasonality of atmospheric CO2 is often evaluated from a monthly-mean harmonic 
function. This makes sense if our aim is to generalize and identify major features of observation-model 
mismatch, yet this type of generalization reduces the error structure to single metrics and therefore 
overlooks subtleties that can be used to identify important mechanisms driving inter- and intra-annual 
variation in atmospheric CO2. The wave-function segmentation method matches the rise and fall 
segments between two curves and decomposes the error structure into a joint time-series of errors in 
phase and magnitude. We apply the segmentation method to a comparison between GOSAT-derived 
observations of column-averaged CO2 (XCO2) (2009-2015), and carbon fluxes from the biosphere (7 
processed-based carbon cycle models), fossil fuel, and ocean, which underwent forward-transport 
model simulation for purposes of reproducing atmospheric mixing and co-locating the simulated XCO2 
to GOSAT observations; regional time-series of XCO2 (observed and modeled) first underwent 
standard wave-decomposition to separate the long-term and seasonal cycle and to retain short-term 
harmonic variability. We then demonstrate how, for each segment of the XCO2 curve, the time-series 
of errors in phase and magnitude can be attributed to near- and far-field ecosystem processes, but 
also to technical issues in their practical representation in models. We also demonstrate how the time-
series of errors can be used to inform model development by evaluating the effect of alternate 
representations of phenology and land use change on the error structure with an objective to better 
mirror inter- and intra-annual variability in the observed time-series. Our approach for analysis 
improves observation-model and model-model evaluations by decomposing the error structure into a 
joint time-series of errors in phase and magnitude whilst preserving the natural asymmetries in the 
intra- and inter-annual variation of carbon fluxes. 
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Is the Mediterranean Sea Outflow conditioning cold water corals in the North 
Atlantic  

Fajar, Noelia Maria*; Álvarez, Marta; Santiago-Domenech, Rocío; Aparicio, Alberto  
Instituto Español de Oceanografía (IEO), Spain  

Within the context of the UE project ATLAS, in September - October 2016 on board RV Sarmiento de 
Gamboa, the MEDWAVES (MEDiterranean out flow WAter and Vulnerable EcosystemS) targeted 
areas under the potential influence of the MOW (Mediterranean Water Outflow) within the 
Mediterranean and Atlantic realms. These include seamounts where cold-water corals (CWC) have 
been reported, they may act as essential “stepping stones” connecting fauna of seamounts in the 
Mediterranean with those of seamounts in the continental shelf of Portugal, the Azores and the Mid‐ 
Atlantic Ridge. During MEDWAVES sampling was conducted through several seamounts: Formigas 
(Azores), Ormonde & Gazul (North Atlantic) and Seco de los Olivos (Alboran Sea). High quality CO2 
measurements were conducted in the 500 meters above the bottom in order to characterize the water 
masses and detect the MOW spreading. MOW is warm and salty, but also high in alkalinity and pH. Is 
MOW conditioning CWC?  

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 393 of 463 

   

Oral Presentation  
Theme 3.2: Biogeochemical Processes - Coping with Complexity  
Keywords: Global carbon cycle; model comparison; model evaluation; atmospheric inverse modeling.  

Fifteen years after TransCom3: are global CO2 inverse calculations robust?  

Gaubert, Benjamin* (1); Stephens, Britton B. (1); Jacobson, Andy (2); Basu, Sourish (2); 
Chevallier, Frederic (3); Rödenbeck, Christian (4); Patra, Prabir K. (5); Saeki, Tazu (5); van der 
Laan-Luijkx, Ingrid (6); Peters, Wouter (6); Schimel, David (7); The, HIPPO CO2 Measurement 
Team (8)  
1: National Center for Atmospheric Research (NCAR), Boulder, USA; 2: University of Colorado Boulder and NOAA Earth 
System Research Laboratory, USA; 3: Laboratoire des Sciences du Climat et de l’Environnement, Institut Pierre-Simon Laplace, 
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Current estimates of the global carbon budget are informed by surface flux estimates from 
atmospheric inverse models. It is essential to quantify the uncertainty in inverse flux calculations 
through comparison with independent observations. The most prominent community-wide inverse 
model intercomparison that included comparisons of posterior concentrations to independent 
observations was TransCom3, 15 years ago [Gurney et al., 2002]. We have compared a suite of state-
of-the-art inverse flux estimates [MACC (v14r2), Jena (S04v3.8), CT2016, CTE2016, ACTM (with IEA 
or CDIAC emissions) and TM5-4DVar] to CO2 concentration profiles from the HIPPO pole-to-pole 
aircraft campaigns (2009-2011, Wofsy et al. 2011), to assess the dependence of their results on 
differences in vertical mixing and to identify other drivers of remaining model spread. Although the 
models differ in inverse approaches, assimilated observations, prior fluxes, and transport, their large-
scale fluxes are in closer agreement than in the previous TransCom3 experiment where only the 
transport model varied. The standard deviation across 7 simulations on the difference between 
Northern Land and Tropical Land fluxes is 0.44 PgCyr-1, whereas it was 2.7 PgCyr-1 for 12 simulations 
in TransCom 3 Level 2. The 7-model mean (+/- 1 sigma) Northern Land and Tropical Land fluxes are -
2.18+/-0.52 PgCyr-1 and -0.02+/-0.4 PgCyr-1. To reconstruct annual and seasonal distributions for 
different altitudes and latitudes, we have sampled the models along the HIPPO flight tracks, binned 
the observations and model values by 10 degrees of latitude and 100 mb in pressure, and fitted the 
binned values with a combination of an offset from a prescribed trend and 2 harmonics. The modelled 
CO2 fields agree well with HIPPO observations, in particular for annual mean vertical gradients in the 
Northern Hemisphere. The dependence of northern extratropical annual fluxes on northern 
hemisphere vertical mixing appears less important than in TransCom3 [Stephens et al., 2007]. 
However, two of the models underestimate wintertime vertical gradients and have larger winter 
outgassing, possibly both as a result of too vigorous vertical mixing. The uncertainty on fossil fuel 
emissions is large relative to the natural fluxes of interest; model range is 0.9 PgCyr-1 in global fossil 
fuel emissions, also with large differences regionally, and the models also retrieve surprisingly 
different three-year atmospheric growth rates (model range is 0.5 PgCyr-1, or 1.5 PgC over 3 years). 
The fossil fuel and atmospheric growth rate terms, which are thought to be the best-known terms in 
the global carbon budget, dominate model spread at the largest scales and somewhat limit our ability 
to assess the impact of transport errors on latitudinal flux distributions. 
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Constraining the Potential Influence of the Ocean Biological Pump on 
Atmospheric pCO2  

Gloege, Luke* (1); McKinley, Galen (1); Mouw, Colleen (2); Ciochetto, Audrey (2)  
1: University of Wisconsin Madison, United States of America; 2: University of Rhode Island, United States of America  

The shunt of photosynthetically derived particulate organic carbon (POC) from the euphotic zone and 
remineralization at depth comprises the primary mechanism of the “biological carbon pump.”  POC 
raining through the water column is remineralized back to inorganic form through respiration by 
heterotrophs and bacteria. Accurately capturing POC flux in models is essential to estimating 
atmospheric pCO2 in climate models, and to understanding long-term ocean carbon sequestration. 
POC flux with depth is often parameterized as a power law with a globally constant exponent b = 0.86, 
commonly referred to as the “Martin Curve”.  The exponent b determines the rate of POC attenuation 
through the water column. Here, we determine range of b that allows a model to statistically fit a global 
database of POC flux data in 11 biogeochemical provinces. The range of optimal b values is 
constrained by the data to lie between 0.70 and 0.98. This uncertainty in b leads to a range in 
modeled atmospheric pCO2 of -16 ppm to +12 ppm. Compared to previous estimates, this is a 
reduction in the uncertainty in atmospheric pCO2 due to the biological pump by at least a factor of 3.  
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Model-data-fusion to improve the representation of permafrost ecosystems at 
the regional scale in a land-surface scheme  

Goeckede, Mathias* (1); Castro-Morales, Karel (1); Kwon, Min Jung (2); Kittler, Fanny (1); 
Kaiser, Sonja (1); Heimann, Martin (1); Zimov, Nikita (3); Zimov, Sergey (3)  
1: Max Planck Institute for Biogeochemistry, Jena, Germany; 2: Korea Polar Research Institute, Incheon, Korea; 3: Northeast 
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Arctic permafrost has been identified as a critical element in the global climate system, since it stores 
a vast amount of carbon that is at high risk of being released as a consequence of a warming climate. 
The magnitude of the potentially very strong feedbacks between permafrost carbon and climate 
change in northern latitudes will be moderated by many factors, including hydrology, topography, and 
biology. The combination of these different factors, and their interactions, leads to highly complex 
feedbacks between biogeochemical and biogeophysical processes in Arctic ecosystems. Current 
theories and models only provide rudimentary representations of these interactions, leading to 
systematic biases in the projections for the sustainability of the permafrost carbon pool under future 
climate change scenarios. 
This study is based on novel observational datasets from field sites near Chersky, Northeast Siberia, 
which combine small-scale, process-oriented measurements with continuous, year-round eddy-
covariance exchange fluxes between ecosystems and atmosphere. We identified soil water status as 
the dominating control on both ecosystem characteristics and exchange processes of carbon and 
energy. Through our multi-disciplinary observations we were able to quantify hydrology impacts on 
e.g. vegetation community structure, snow cover dynamics, and most profoundly on the soil thermal 
regime. Each of these factors can be directly linked to specific shifts in carbon cycle processes. We 
found that the particularly strong impact of heat capacity and heat conductivity in organic soils on 
belowground processes, such as ecosystem respiration, methanogenesis or methanotrophy, 
dominates net carbon exchange processes. 
We used these observational datasets to evaluate in particular the representation of methane 
emissions from permafrost ecosystems at regional scale using the process-based JSBACH-CH4 
model. In this context, our work mostly focused on improving existing algorithms, and developing new 
ones, to simulate key processes related to the emission of methane, such as plant-mediated transport 
and diffusion of gas through the snow pack. The model results, agree well when compared to the 
observational references. Moreover, we identified systematic biases in the simulated soil thermal 
regimes during the freeze-up and melt periods, which can be linked to incorrect soil moisture content 
in the model, and associated latent heat effects. Through this improved model implementation we can 
provide in-depth insights into dominant processes that govern flux patterns within and between 
permafrost regions at high spatiotemporal resolution, and how these affect the sustainability of 
permafrost carbon under future Arctic warming. 
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The subpolar gyre region as benchmark for the future anthropogenic carbon 
budget of the North Atlantic  

Goris, Nadine* (1); Tjiputra, Jerry (1); Olsen, Are (2); Jeansson, Emil (1); Lauvset, Siv (1); 
Schwinger, Jörg (1)  
1: Uni Research Climate and Bjerknes Centre for Climate Research, Norway; 2: Geophysical Institute and Bjerknes Centre for 
Climate Research, Norway  

We utilize the output of 13 Earth system models to investigate the future carbon uptake under a high 
emission scenario (RCP8.5) for the North Atlantic. Our analysis focuses on the anthropogenically 
altered carbon budget, i.e. the anthropogenic budget plus climate change induced modifications of the 
natural carbon budget (Cant*). The considered model-suite shows substantially different Cant* uptake 
rates for the 2090s with a mean of 0.48 Pg C/yr and a standard deviation of  0.23 Pg C/yr. This 
substantial model-spread originates in the North Atlantic High and Mid Latitudes. We establish that 
surface Cant*-concentrations are not the primary reason for differences within the modeled Cant* 
uptake, but that different models emphasize different mechanisms. Models with a high future Cant* 
uptake show a high seasonal carbon drawdown through biological production, while models with a low 
future Cant* uptake share a temperature-driven annual cycle. These differences in the model’s 
drawdown-efficiency are confirmed via Cant* storage rate and transport contributions. Observational 
estimates confirm the importance of biological production for the considered regions, i.e. biological 
production drives the annual cycle of pCO2 in the North Atlantic High and Mid-Latitudes. However, the 
models that emphasize the right mechanism generally overestimate the contemporary Cant* uptake. 
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Strength of CO2 fertilization effect in a new ESM with explicit terrestrial 
carbon–nitrogen interactions  

Hajima, Tomohiro* (1); Kawamiya, Michio (1); Ito, Akihiko (2,1); Tachiiri, Kaoru (1)  
1: Japan Agency for Marine-Earth Science and Technology, Japan; 2: National Institute for Environmental Studies, Japan  

Global nitrogen cycle is recognized as one of the emergent processes to be incorporated into the 
Earth system models (ESMs) because nitrogen cycle and its nutrient limitation on plants can strongly 
change carbon cycle behavior in models, sometimes leading to less sensitivities of carbon cycle 
processes against future CO2 increase and climate change. In this study, we have developed a new 
Earth system model that has explicit land and ocean nitrogen cycle processes such as nitrogen 
fixation, mineralization, denitrification processes, etc. In particular, the land component model can 
simulate explicit carbon–nitrogen interaction within land ecosystems, which was not represented in the 
previous version of our model. Here, we present the basic structure of the new ESM focusing on 
carbon–nitrogen interaction in land ecosystems. The simulation results for carbon and nitrogen 
sensitivities are also presented: land ecosystem displays almost comparable magnitude for the “CO2-
fertilization effect” compared with our previous model, and its magnitude can be slightly changed by 
directly applying inorganic nitrogen to soils. When comparing the results with a study on observation–
constraints, the new ESM is likely to display a reasonable magnitude for the CO2 fertilization effect.  
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Grassland Productivity Response to the U.S. 2012 Drought: Analysis of Leaf 
Area Index in MODIS and the Simple Biosphere Model  

Haynes, Katherine D.*; Minaya, Renee C.; Denning, A. Scott; Baker, Ian T.  
Colorado State University, Department of Atmospheric Science, Fort Collins, United States of America  

Grasslands are important and versatile ecosystems: they cover about one quarter of the land area, 
they provide food to a wide variety of grazers; they support livestock to sustain millions of people; they 
are critical habitats for biodiversity, erosion control, and nutrient cycles; and they are vital to the global 
carbon cycle.   Grasslands exist in a wide variety of climates and are sensitive to drought; however, 
despite ongoing research studying the effects of drought, a consensus on how droughts impact 
grasslands has not yet been reached.  With the likelihood that droughts will increase in severity and 
prevalence in the next century due to climate change, it is essential to have a comprehensive 
understanding of grasslands and how they respond to drought not only to predict climate change, but 
also to draft successful drought mitigation policies, water resource plans and carbon management 
programs.  This study investigates the relationship between precipitation and grassland productivity 
across a climatic gradient using both satellite data (MODIS LAI) and a land surface model (SiB4), 
focusing on severe drought. 
Using nine sites across the U.S. Great Plains, over which there is a significant precipitation gradient, 
we took advantage of a natural experiment from 2010 through 2012, during which two droughts 
occurred in this region.   MODIS and SiB4 LAI show a strongly linear relationship between grassland 
productivity and precipitation across the dry-to-wet climatic gradient.  Both show a 1.26 change in 
annual mean LAI per meter change in annual mean precipitation, with r2 values of 0.86 and 0.90, 
respectively.   Compared to the 2000-2014 long-term averages, analysis of the three individual years 
show near-average precipitation in 2010 corresponding with near-average LAI.  In contrast, when the 
sites were affected by drought they had considerably lower LAI in response to reduced precipitation 
and increased heat stress.  An analysis of the standardized anomalies in LAI and precipitation 
demonstrated that both MODIS and SiB4 have a nearly identical linear LAI response to drought.  To 
compare the response of LAI due to drought to the change in LAI due to climate, for each site we 
regressed both the mean drought LAI and non-drought mean LAI against the corresponding drought 
and non-drought precipitation.  Again the relationship was strongly linear and nearly identical:  both 
MODIS and SiB4 had a slope of 1.1, with r2 values of 0.76 and 0.84.   The consistency between SiB4 
and MODIS for both the climatic gradient and the response to drought indicates that SiB4 has skill in 
simulating grasslands.  The LAI response due to drought is less than the mean LAI change across the 
precipitation gradient, indicating that the drought response across sites is not as strong as the 
overlying climate response. 
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Does lower troposphere turbulent CO2-exchange determine plant growth?  

Hu, Pin hsin* (1,2); Reick, Christian H. (1); Kleidon, Axel (3)  
1: MPI for Meteorology, Hamburg, Germany; 2: University Hamburg, School of Integrated Climate System Sciences (SICSS), 
Hamburg, Germany; 3: MPI for Biogeochemistry, Jena, Germany  

By photosynthesis plants convert solar energy into chemical energy stored in sugars.  As known from 
measurements, the 'photosynthetic efficiency' for energy conversion is at best  about two percent. This 
is only one-third of the theoretically obtained maximum efficiency. Due to the rising demand for food 
following ongoing population increase, there is quite some research on improving this low 
photosynthetic efficiency particularly in crops – but without significant success so far. A new theory 
brought up by Kleidon [1] suggests that the plant production is not only constrained by the physics and 
biochemistry of photosynthesis, but even more by the intensity of turbulent CO2-exchange in the 
planetary boundary layer. This theory may provide a new way to explain the low efficiency of plants. It 
is based on the assumption that the atmospheric heat engine converts net absorbed radiative energy 
into turbulent kinetic energy at the Carnot limit in a state of maximum power. In this theory, 
photosynthetic production turns out to be proportional to the turbulent flux of CO2 feeding the plants 
with CO2 from the free troposphere. This leads to the hypothesis that during evolution plants may have 
adapted to work at the measured low efficiency because of the limited turbulent CO2-exchange so that 
further improvement of the photosynthetic apparatus would be no gain. 
In our study we investigate the limitation of global plant productivity by turbulent CO2 transport by 
performing simulations with the atmosphere model ECHAM and its land component JSBACH.  In 
contrast to Kleidon's thermodynamic approach, this model setup contains a more detailed description 
of the land-atmosphere interaction, turbulent CO2-transport across the planetary boundary layer, 
photosynthesis (Farquhar model), and soil respiration. We perform simulation experiments in an AMIP 
setup where sea surface temperature (SST) is prescribed and ocean processes are excluded. For 
SSTs and atmospheric CO2 pre-industrial conditions are assumed.  Vegetation distribution is kept 
fixed and consists of only natural types because anthropogenic types (crops, pastures) are already 
manipulated towards high efficiency. By invoking the tracer module of ECHAM, atmospheric CO2 
transport is computed explicitly so that diurnal and seasonal cycles arising from plant carbon 
assimilation and soil microbial activity are reflected in atmospheric CO2 concentrations. To study the 
effect of turbulent transport on plant productivity, we artificially modify the intensity of turbulent CO2 
mixing while keeping turbulent mixing for heat and moisture unchanged to assure similar 
meteorological conditions for plant growth. This setup allows for analyzing the sensitivity of global 
plant productivity to changes in the intensity of turbulent CO2 mixing. We present global maps for the 
dependence of plant productivity on turbulent transport and discuss differences arising for different 
vegetation types and climate zones. 
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Non-equilibrium soil types in ecosystem models and their impact on simulating 
global-scale soil carbon distributions  

Hugelius, Gustaf* (1,2); Ahlström, Anders (3,2); Canadell, Josep G (4); Koven, Charles D (5); 
Jackson, Robert B (2); Luo, Yiqi (6)  
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Much of earths large pool of soil organic carbon is affected by processes which cause soil turnover to 
be out of equilibrium with climate. We investigate how these non-equilibrium processes affect the 
ability of ecosystem models to simulate global-scale soil carbon distributions. In ecosystem models, 
soil carbon pools are generated as the model equilibrates to preindustrial environmental conditions. 
Typically, the model is run over a long time period or steady state carbon pools are solved by applying 
mass balance calculations. Inherent in this approach is the idea that soil carbon stocks are in (quasi) 
equilibrium, as determined by the balance of net inputs to soil organic matter and its turnover under a 
given climate. The rate of turnover is sometimes subdivided into several pools and the rates are 
affected by various environmental factors. However, this structure often fails to represent many of the 
processes which may dictate soil carbon dynamics. We suggest that this limited process-
representation in models limits their capacity simulate global-scale soil carbon distributions. To test 
this, we divide observed global soil carbon pools into equilibrium-type soils which current models 
typically represent and non-equilibrium type soils which they typically do not. We define non-
equilibrium soils as those where soil carbon turnover is affected by perennial soil freezing, 
waterlogging or limited soil substrate. These factors correspond to permafrost soils, peatlands and 
shallow alpine soils. We estimate that the global soil carbon pool is divided roughly equally between 
equilibrium and non-equilibrium soils. We quantify the degree to which the limited representation of 
non-equilibrium soils in ecosystem models impacts their ability to recreate the observed global-scale 
soil carbon. We also discuss how limited representation of non-equilibrium processes affects modelled 
carbon cycling and projections of soil carbon sensitivity under a changing climate. 
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Atmosphere–ecosystem CO2 exchange simulated by a global terrestrial carbon 
model with high spatial and temporal resolution  

Ito, Akihiko* (1,2); Patra, Prabir (2); Hikosaka, Koki (3)  
1: NIES, Japan; 2: JAMSTEC, Japan; 3: Tohoku University, Japan  

Diurnal to interannual variability in atmosphere–ecosystem exchange of carbon dioxide (CO2) was 
simulated globally using a process-based terrestrial carbon model that operates with an hourly time 
step using the NCEP-CFSR and ERA-interim data at the fine resolution of a T382 Gaussian grid. In 
this study, we examined diurnal, seasonal, and interannual variability of gross primary production 
(GPP) and net ecosystem exchange (NEE) simulated globally from 1979 to 2010. The model adopted 
a sunny/shade canopy scheme to simulate GPP, which was compared with satellite observations and 
up-scaled field flux measurement data. The global NEE results were compared with an atmospheric 
inversion product and an integrated synthesis performed by the Global Carbon Project. To separate 
variability factors and obtain mechanistic insights, we conducted three simulations: a reference run, a 
run with fixed CO2 concentration, and a run constrained by canopy nitrogen. In the fixed CO2 
concentration run, global NEE showed interannual variability around an equilibrium state of the carbon 
budget with no significant linear trend. The reference run apparently overestimated the incremental 
trend of GPP and NEE, implying that a limiting mechanism for atmospheric CO2 fertilization was 
inadequate. In the canopy-nitrogen constrained run, the interannual variability and long-term trend 
showed the best agreement with observations, including several years with unusual perturbations. The 
high spatial and temporal resolution of the model simulations allowed us to capture the terrestrial CO2 
budget at scales closer to those of ground observations and to provide better data for atmospheric 
model studies.  
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Estimated Contributions of Cold-Region Biophysical and Biogeochemical 
Processes to Permafrost Soil Organic Carbon  

Jain, Atul K.*; Shu, Shijie; Barman, Rahul  
University of Illinois, Urbana-Champaign, United States of America  

The soil organic carbon (SOC) stored in the northern high-latitude (NHL) permafrost is estimated to 
contain more than half of world’s total SOC. However, the estimated magnitude of the SOC storage 
using earth system models (ESMs) is highly uncertain. While multi-model inter-comparison studies 
(e.g., CMIP5, MsTMIP and TRENDY) have attributed this uncertainty to cold-region biophysical and 
biogeochemical processes, such as arctic vegetation dynamics, nitrogen dynamics, snow mediation 
on soil thermal regime, thermal insulation of SOC, modification of snow properties from wind-
compaction, development of depth hoar crystals and cryoturbation, these processes remain absent in 
most of the currently available ESMs. Hence, their relative contributions remain unknown. Here we 
have used a land surface model, Integrated Science and Assessment Model (ISAM), with new 
implementation of vegetation, nitrogen dynamics and the permafrost processes described above, to 
estimate the contribution of these processes to permafrost SOC. The sole contribution from each 
process is estimated by calculating the difference of the SOC storage from two versions of the model: 
the reduced version, which deactivated relevant process, and the complete version, which activated all 
processes. In addition, we applied multiple climate and land-cover datasets in the control run to 
examine the driver-induced (climate and land cover type) uncertainties. Our modeling results suggest 
that combination of all these processes were sufficient to produce highly divergent NHL permafrost 
SOC ranging from 231—652 PgC in the top 1 m of soils. This range amounts to about 90% of the 
observational estimated total SOM in the permafrost region. Individually, cold-region soil/snow 
biogeophysics affected the SOC by 201 PgC, N-cycle affected it by 145 PgC, and driver-induced 
uncertainties by ~100 PgC. These results suggest that the SOC in NHL region is strongly dependent 
on the treatment of cold-region biophysical processes. These and other investigated results related to 
in the mechanisms of such changes from individual factors, e.g., changes in soil temperature, 
moisture, litter production, nitrogen-limitation etc., provide new insights on the nature of 
biogeophysical and biogeochemical interactions, and the sensitivity of key processes towards the 
diagnosis of permafrost SOC in the NHL. The insights gained in this study have direct relevance to the 
effort of multi-model inter-comparison projects for analyzing the mechanisms and uncertainties 
associated with modeling of permafrost SOC and carbon-climate feedbacks.  
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Improving the terrestrial carbon cycle simulated by BNU-ESM  

Ji, Duoying*; Zhang, Qian  
Beijing Normal University, Beijing, China  

The BNU-ESM (Beijing Normal University Earth System Model) is developed to study mechanisms of 
ocean-atmosphere interactions, natural climate variability and carbon-climate feedbacks at inter-
annual to inter-decadal time scales. In the model version participated in CMIP5 (Coupled Model 
Intercomparison Program Phase 5), BNU-ESM implemented its terrestrial carbon scheme based on 
the Lund–Potsdam–Jena (LPJ) dynamic global vegetation model, which simulates vegetation 
distribution, species succession and related carbon pools change under climate change. The model 
can reproduce the main climatic variables controlling the spatial and temporal characteristics of the 
terrestrial carbon cycle. The seasonal evolution of the Gross Primary Production (GPP) is well 
captured, but the model presents large inter-annual variability of GPP. The major model biases include 
overestimated leaf area index and underestimated high-latitude soil organic carbon stocks as many 
other CMIP5 models. In the newly developed BNU-ESM, to reduce systematic biases in terrestrial 
carbon cycle, several improvements are implemented. The dynamic global vegetation model 
parameters are calibrated against observational datasets, which produces more reasonable spatial 
vegetation pattern, leaf area index and improved biomass allocation between leaf, stem and root 
carbon pools. The soil carbon scheme is improved with considering vertical distribution, and simulates 
better carbon accumulations and dynamics of organic matter over permafrost regions. 
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Model Intercomparison of Terrestrial Carbon Fluxes Simulated by CMIP5 Earth 
System Models and the Sensitivity to the Parameterized Carbon-Nitrogen Cycle  

Kim, Dongmin* (1); Lee, Myong-In (1); Jeong, Su-Jong (2); Seo, Eunkyo (1); Im, Jungho (1); 
Cha, Dong Hyun (1); Lee, Sanggyun (1)  
1: UNIST, Korea, Republic of (South Korea); 2: Southern University of Science and Technology, Nanshan, China  

This study first compares the simulation of the terrestrial carbon cycle by 10 Earth System Models 
(ESMs) participated in the fifth phase of the Coupled Model Intercomparison Project (CMIP5). The 
models show noticeable deficiency in representing the long-term climatology of gross primary 
production (GPP) and 
net primary production (NPP), although their multi model ensemble (MME) mean 
represents realistic global mean value and the spatial distribution of GPP as compared with the 
Moderate Resolution Imaging Spectroradiometer (MODIS). The model spread in the simulation of 
carbon fluxes is much larger than that in surface temperature and precipitation, implying the simulation 
difference is argely 
attributed to the uncertainty in the parameterization of terrestrial carbon cycle. Simulation deficiencies 
in the carbon use efficiency (CUE) are diverse across the models, where the models tend to 
underestimate CUE over most of PFTs. The study further compares the simulations between carbon-
nitrogen (C-N) coupled models and without nitrogen coupled models (Only C), where the nitrogen 
limitation in C-N models leads to smaller CUE compared with only C models. It is caused that 
inclusion of the nitrogen cycle in the models tends to weaker carbon uptake in land and higher 
simulated growth respiration than other models. Using a stand-alone version of the Community Land 
Model version 4 (CLM4) we examine deficiencies of carbon cycle in the C-N coupled models. A 
sensitivity test highlights the importance of soil respiration (Rs) dependence on temperature, which is 
so-called the Q10 value, where the globally-uniform treatment in the original version of CLM4 is 
problematic and the non-uniform spatial distribution of Q10 is required to better represent the observed 
relationship between soil respiration and soil temperature and moisture, particularly over cold and dry 
regions. Moreover, the simulation with heterogeneous Q10 improves the global mean and spatial 
distribution of GPP compared with observation data. 
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Emergent constraints on projections of declining primary production in the 
tropical oceans  

Kwiatkowski, Lester* (1); Bopp, Laurent (1); Aumont, Olivier (2); Ciais, Philippe (1); Cox, Peter 
(3); Laufkötter, Charlotte (4); Li, Yue (5); Seferian, Roland (6)  
1: Laboratoire des Sciences du Climat et de l’Environnement (LSCE), IPSL, France; 2: Laboratoire d’Océanographie et de 
Climatologie: Expérimentation et Approches Numériques (LOCEAN), IPSL, France; 3: College of Engineering, Mathematics and 
Physical Sciences, University of Exeter, UK; 4: NOAA/Geophysical Fluid Dynamics Laboratory, Princeton University, United 
States; 5: Sino-French Institute for Earth System Science, College of Urban and Environmental Sciences, Peking University, 
China; 6: Centre National de Recherches Météorologiques, France  

Marine primary production is a fundamental component of the Earth System, providing the main 
source of food and energy to the marine food web, and influencing the concentration of atmospheric 
CO2. Earth System Model (ESM) projections of global marine primary production are highly uncertain 
with models projecting both increases and declines of up to 20 % by 2100. This uncertainty is 
predominantly driven by the sensitivity of tropical ocean primary production to climate change, with the 
latest ESMs suggesting 21st century tropical declines of between 1 and 30 %. Here we identify an 
emergent relationship between the long-term sensitivity of tropical ocean primary production to rising 
equatorial zone sea surface temperature (SST) and the interannual sensitivity of primary production to 
El Niño/Southern Oscillation (ENSO) driven SST anomalies. Satellite based observations of the ENSO 
sensitivity of tropical primary production are then used to constrain projections of the long-term climate 
impact on primary production. We estimate that tropical primary production will decline by 3±1 % per 
kelvin increase in equatorial zone SST. Under a business-as-usual emissions scenario this results in 
an 11±6 % decline in tropical marine primary production and a 6±3 % decline in global marine primary 
production by 2100. 
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Nutrient enrichment and forest management experiments in Sweden to 
constrain the process-based land surface model ORCHIDEE  

Lansø, Anne Sofie* (1); Resovsky, Alex (1); Guenet, Bertrand (1); Peylin, Philippe (1); Vuichard, 
Nicolas (1); Messina, Palmira (1); Smith, Benjamin (2); Bergh, Johan (3); Ryder, James (1); 
Naudts, Kim (1,4); Chen, Yi-Ying (1,5); Otto, Juliane (1,6); McGrath, Matthew (1); Valade, Aude 
(7); Luyssaert, Sebastiaan (1,8)  
1: Laboratoire des Sciences du Climat et de l’Environnement, LSCE/IPSL, CEA-CNRS-UVSQ, Université Paris-Saclay, Gif-sur-
Yvette, France; 2: Lund University, Department of Physical Geography and Ecosystem Science, Lund, Sweden; 3: Department 
of Forestry and Wood Technology, Linnaeus University, Växjö, Sweden; 4: Now at: Department of Land in the Earth Systems, 
Max Planck Institute for Meteorology, Hamburg, Germany; 5: Now at: Research Center for Environmental Change (RCEC), 
Academia Sinica, Taipei, Taiwan; 6: Now at: Climate Service Center Germany, Helmholtz-Zentrum Geesthacht, Hamburg, 
Germany; 7: Institut Pierre Simon Laplace, Paris, France; 8: Now at: Department of Ecological Science, VU University 
Amsterdam, Netherlands  

Predicting global changes necessarily require a good understanding of the coupling between carbon 
(C) and nitrogen (N) cycles in terrestrial ecosystems. Through experimental studies, it has been 
demonstrated that there exist a positive response between stand-level photosynthesis as well as net 
primary production (NPP) and atmospheric CO2 enrichment. N availability has shown to exert an 
important control on the timing and magnitude of such responses, limiting the terrestrial carbon 
sequestration in N-deficient regions. Currently, much effort has been put into describing the non-linear 
complexity between C and N cycling in biosphere models. Moreover, forest management is an 
important driver of C storage in such ecosystems, but interactions between forest management and 
the N cycle as a C storage driver are not well known. 
In this study, within the framework of the ORCHIDEE land surface model, we investigate these 
important interactions in forest ecosystems. In particular, we focus on boreal forest ecosystems, that 
are known to have limited N availability. Data from N-fertilization experiments at two long-term forest 
manipulation sites in Sweden are used to inform and improve the representation of C and N 
interaction in the ORCHIDEE land surface model.  The model version of ORCHIDEE used in this 
study is a combination of two branches; 1) ORCHIDEE-CN, which resolves processes related to 
terrestrial C and N cycling, and 2) ORCHIDEE-CAN, which contains a multi-layer canopy structure and 
a representation of forest management practices. The growth patterns of managed forests both with 
and without N limitations are simulated using this new branch referred to as ORCHIDEE-CN-CAN. 
Combining our simulated results with measurements of various ecosystem parameters from long term 
manipulation experiments is expected to reduce structural uncertainty, optimize parameter settings, 
and in general, improve the development of ecosystem models. 
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Impact of increasing temperature on old-growth forest biomass  

Larjavaara, Markku*; Vastaranta, Mikko  
University of Helsinki, Finland  

Climate change could influence carbon stores even in natural forests, potentially causing important 
positive or negative feedbacks on global change. For example, rising temperatures are likely to 
influence old-growth forest biomass density, and thereby could make old growth forests sources or 
sinks of carbon to the atmosphere, but the magnitude and direction of likely change continue to be 
debated. It is difficult if not impossible to run experiments on sufficiently large spatial and temporal 
scale to capture global change impacts on old-growth biomass in different forest types. Thus, models 
that capture the key physiological impacts of global change on forest carbon budgets are a critical tool 
for assessing impacts of climate and atmospheric change. The expected changes in temperatures are 
similar to spatial temperature variation observed currently and, therefore, models explaining current 
variation in old-growth forest biomass can be directly applied to predict expected equilibrium biomass 
after a transitional period lasting decades or centuries. We applied a physiologically motivated 
temperature dependent model for global variation in old-growth forest biomass (Larjavaara and Muller-
Landau 2012) to predict future old-growth forest carbon. Model projections suggest that old-growth 
biomass per area of forest will increase significantly in temperate and boreal climates due to longer 
growing seasons, and decrease significantly in tropical climates due to the increasing energetic costs 
of temperatures above 30˚C. Field measurements have found, on average, increasing old-growth 
forest biomass worldwide, in agreement with our projections for temperate and boreal forests but 
contrary to our projections for tropical forests. Our projections do not consider the impacts of 
increasing atmospheric carbon dioxide and increasing nitrogen deposition, which are both likely to 
positively impact old-growth forest biomass, and may outweigh the negative impacts of temperature 
alone in tropical forests.  
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Temperature-dependent remineralization - impact on the marine carbon cycle  

Laufkötter, Charlotte* (1); John, Jasmin G. (2); Stock, Charles A. (2); Dunne, John P. (2)  
1: Princeton University, Princeton, USA; 2: NOAA/Geophysical Fluid Dynamics Laboratory, Princeton, USA  

Remineralization of sinking particulate organic matter (POC) is a crucial component of the marine 
carbon cycle, changes in the attenuation of the POC flux are connected to the  oceanic carbon 
uptake.   Both water temperature and oxygen concentration are assumed to influence remineralization 
and hence the attenuation of the POC flux, but limited data constraints have caused disagreement 
concerning the degree of these influences. 
We first show that the attenuation of the flux of particulate organic matter depends on temperature 
with a Q10 between 1.65 and 2.1, and on oxygen described by a half saturation constant between 5 
and 12 micromol/L. These results are based on an analysis of  POC flux measurements from 19 sites 
covering a wide range of temperature and oxygen regimes. 
We then seek to understand the impact of temperature- and oxygen dependent remineralization on 
the marine carbon cycle and marine biogeochemistry. To this end we implement the new 
parameterization of remineralization in the biogeochemistry model COBALT, coupled to GFDL's Earth 
System Model ESM2M. 
The new remineralization parameterization redistributes the POC flux with stronger flux in the cold 
high latitudes and weaker flux in the low latitudes. It also decreases the volume of the oxygen 
minimum zones, partly addressing a long-standing bias in global climate models. 
In terms of future changes, the temperature and oxygen dependence cause an additional 10% 
decrease in global POC flux at 500m depth, but no significant change in global POC flux at 2000m 
under the RCP8.5 future projection.  NPP increases globally due to  warming-induced increases in 
remineralization. However, extrapolating strong temperature-dependent remineralization rates to the 
surface (i.e., beyond the depth range of POC flux data) resulted in rapid recycling and excessive 
surface nutrients, suggesting the need for improved remineralization constraints within the euphotic 
zone. We therefore explore a further parameterization of surface remineralization in a manner 
consistent with bacterial colonization.  In this model version surface nutrients closely match 
observations. While NPP still benefits from warming-induced increases in remineralization,  the faster 
nutrient recycling due to remineralization does not compensate the lower nutrient input due to 
increasing stratification,  leading to a decrease in future NPP, albeit a weaker decrease than in a 
temperature-independent model version.  
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A Monte Carlo data assimilation to constrain model parameters, terrestrial 
carbon uptake, and carbon emissions from land use  

Lienert, Sebastian* (1,2); Joos, Fortunat (1,2)  
1: Climate and Environmental Physics, University of Bern, Switzerland; 2: Oeschger Centre for Climate Change Research, 
University of Bern, Switzerland  

We apply a dynamic global vegetation model (DGVM) in a probabilistic framework to constrain 
uncertain model parameters, carbon sinks, and carbon emissions from land-use and land-use change 
by observations. 
The Land surface Processes and eXchanges (LPX-Bern 1.3) [1, 2] DGVM simulates a range of 
terrestrial processes, including coupled nitrogen, carbon and water cycles and competition between 
different plant functional types. Climate time series and land-use are prescribed on a 1°x 1° grid. 
Modeled processes and model parameters exhibit substantial uncertainties. To cope with these 
uncertainties, an ensemble of 1000 model members is constructed and constrained by observations. 
Latin Hypercube Sampling (LHS) [4] is used to sample 16 key parameters associated with 
photosynthesis, allometry, soil and litter decay, nitrogen cycle and land use. For each parameter 
configuration the model is run from 1800 to 2014 and the model output is evaluated against 
observations. 12 observational data sets are used, including satellite-derived fields for the fraction of 
absorbed photosynthetically active radiation, global land carbon inventories and their trends, or the 
seasonal CO2 amplitude at various stations. A skill score, reflecting performance, is assigned to each 
member. The ensemble is then restricted to good performing model members with high individual and 
overall skill scores. 
The constrained ensemble is used to quantify both magnitude and uncertainties of key aspects of the 
land carbon cycle, such as carbon sources and sinks over the industrial period and the 21st century. 
The model ensemble is also used to formulate a new 'best-guess' parameterization of the model. The 
emissions due to land-use and land-use change are investigated not only in the context of parameter 
uncertainty but also in terms of mechanistic representation, by comparing model ensembles with and 
without shifting cultivation and wood management. In the 2000s the emissions amount to (1.2 ± 0.2) 
GtC yr-1 and (0.8 ± 0.2) GtC yr-1 respectively, consistent with other estimates and errors of similar 
magnitude as inter model spread [5]. Propagation of uncertainties in projections of the land carbon 
sink and land use emissions are investigated for a range of socioeconomic pathways and in the 
context of the Paris agreement. 
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Southern Ocean controls of marine Δδ13C – a modelling study  

Morée, Anne Lien* (1); Heinze, Christoph (1,2)  
1: Geophysical Institute, University of Bergen, Bjerknes Centre for Climate Research, Bergen, Norway; 2: Uni Research 
Climate, Bjerknes Centre for Climate Research, Bergen, Norway  

Δδ13C is the surface-to-deep gradient of δ13C, the standardized 13C isotope. 13C is slightly heavier than 
the 12C isotope, which causes a fractionation effect during air-sea gas exchange and biogenic particle 
production through photosynthesis. This fractionation enriches the surface ocean DIC in δ13C and it 
depletes the δ13C in organic material (e.g. plankton). Consecutively, the deep sea has a depleted δ13C 
signature due to the remineralization of δ13C-depleted organic detritus at depth, thus creating a 
gradient. The deep sea δ13C signature is archived in the benthic environment in a record covering 
millions of years. Deep-sea δ13C records are used to infer a.o. information on atmospherical CO2 
concentrations and the biological carbon pump on paleo timescales. However, in order to do so, the 
link between the deep-sea δ13C and surface ocean δ13C needs to be well understood, i.e. the Δδ13C. 
At present, major uncertainties remain in the interpretation of deep-sea foraminiferal δ13C records and 
Δδ13C (Broecker&McGee, 2013, Earth and Planetary Science Letters, 368, 175-182). The Southern 
Ocean is of specific interest due to it's important role in regulating atmospheric CO2 concentrations 
and the challenge to understand the relative contribution of circulation changes versus 
biogeochemistry. The goal of this study is to shed new light on the possible contribution of 
biogeochemical processes to changes in the δ13C distribution and to constrain the Δδ13C sensitivity of 
the Global and Southern Oceans. 
A set of sensitivity experiments is carried out using the MICOM-HAMOCC model, exploring the 
sensitivity of the Δδ13C. The experiments cover changes in air-sea gas exchange, sea ice (influencing 
air sea gas exchange and biology) and POC sinking. The sensitivity of the Δδ13C to changes in the 
Southern Ocean is compared to changes applied in the rest of the ocean. A method to distinguish 
between the biological and air-sea gas signature left in the δ13C distribution is applied (Gruber et al., 
1999, Global Biogeochem. Cycles, 13(2), 307–335; Schmittner et al., 2013, Biogeosc., 10, 5793-
5816), so that the relative contribution of these two to the modeled δ13C in DIC can be calculated. This 
result is then combined with the local sensitivities of the Δδ13C. 
This approach results in an improved understanding of the spatial heterogeinity of the processes 
governing the δ13C distribution (biology vs. air-sea gas exchange) as well as the sensitivities of the 
Δδ13C and the role of the Southern Ocean. It is expected that the response of the Δδ13C to the 
sensitivity experiments is different for areas governed by biology than for areas governed by air-sea 
gas exchange. Furthermore, the Southern Ocean is likely to be the most sensitive region. 
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Hydrological and biogeochemical constraints on terrestrial carbon cycle 
feedbacks  
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The feedbacks between climate, atmospheric CO2 concentration and the terrestrial carbon cycle are a 
major source of uncertainty in future climate projections. It is therefore essential to develop new 
approaches to reduce these uncertainties and improve the reliability of future climate projections. 
We first present an observation-based constraint on the land climate-carbon (γ) and concentration-
carbon (β) feedbacks1,2. We use observation-based products of evapotranspiration (ET) and net biome 
productivity (NBP) to constrain the carbon cycle feedbacks in Earth System Model (ESM) simulations 
from the fifth phase of the coupled model intercomparison project (CMIP5). After applying the 
constraint, the carbon cycle feedbacks estimated from CMIP5 models are reduced by ca. 40% (γ) and 
30% (β), thus suggesting that both feedbacks are overestimated in current ESMs. 
To put these results in a broader context, we then review a set of recent studies that provided 
constrained values of either γ3,4 or β5. While there is a general agreement that land carbon feedbacks 
might indeed be overestimated in most ESMs, there are also notable discrepancies among the 
different constraint approaches in particular around the lower bound of the feedback strength 
estimates. We will discuss the possible causes of these discrepancies and the implications for further 
improvements of emergent constraints methodologies. 
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On the emerging constraint for temperature sensitivity of tropical land carbon  

Reick, Christian H.*; Lierhammer, Ludwig  
Max Planck Institute for Meteorology, Germany  

Cox et al. [1] found in simulation data of the C4MIP study a linear relationship between the short term 
and long term temperature sensitivity of the tropical land carbon cycle across the participating Earth 
system models. As Cox et al. pointed out, combined with the observed temperature sensitivity of 
ENSO induced variations in atmospheric CO2 growth rates, this model independent relationship can 
be used to derive a constraint on the otherwise not observable long term feedback strength between 
tropical climate and carbon cycle. But the status of this 'emergent constraint' is currently unclear: it has 
been corroberated [2] and rejected [3], both on the basis of CMIP5 simulation data. Moreover it is 
lacking a theoretical foundation. To overcome this situation, the present study analyses the relation 
between the short and longterm response of the tropical carbon cycle to temperature perturbations on 
the basis of linear multi-box models. For this class of models, a general relationship between short 
and long term sensitivities is derived  mathematically. But this relationship lacks the necessary model 
independence. This model independence naturally arises when specializing to the case of a single-
box model upon the additional assumption that tropical carbon turnover time is larger than the ENSO 
timescale. But the obtained relationship turns out to be quantitatively wrong when compared with 
results from C4MIP and CMIP5 simulation results so that a more complex model structure seems to be 
a necessary ingredient to explain the observed relationship. Further investigation reveals that a model 
independent relationship can be obtained in several ways also in the multi-box case by invoking 
additional assumptions narrowing down the considered class of box models.  Using data from C4MIP 
and CMIP5, the realism of these additional assumptions is discussed. A pre-liminary result from this 
study is that from the viewpoint of linear box models no general explanation emerges why the C4MIP 
and CMIP5 models should show the relationship found by Cox et al. [1]. On the contrary, the study 
may explain why 'outliers' off the suggested relationship are naturally to be expected – like the data 
point from the MPI-ESM in the study of Wenzel et al. [2]. 

[1] P. M. Cox et al., Sensitivity of tropical carbon to climate change constrained by carbon dioxide 
variability, Nature 494 (2013) 341-344. 
[2] S. Wenzel et al., Emergent constaints on climate-carbon cycle feedbacks in the CMIP5 Earth 
system models, J. Geophysical Research: Biogeosciences 119 (2014) 794-807. 
[3] J. Wang et al., To what extent can interannual CO2 variability constrain carbon cycle sensitivity to 
climate change in CMIP5 Earth system models?, Geophysical Research Letters 41 (2014) 3535-3544. 
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The HAMburg Ocean Carbon Cycle model in the icosahedral general ocean 
circulation model ICON-O  

Stemmler, Irene*; Ilyina, Tatiana; Korn, Peter; März, Jöran; Paulsen, Hanna; Six, Katharina D.  
Max Planck Institute for Meteorology, Hamburg, Germany  

The ICON (Icosahedral non-hydrostatic general circulation model) modelling system is a joint initiative 
of the Max Planck Institute for Meteorology (MPIM) and the German Weather Service (DWD) aiming at 
a unified framework for climate simulations and weather forecast. The future Earth System Model of 
MPIM (MPI-ESM2) will be based on ICON. The HAMburg Ocean Carbon Cycle model (HAMOCC) 
was implemented into the ocean component of ICON (ICON-O). Here, we compare the new ICON-
HAMOCC setup to the model configuration consisting of HAMOCC coupled to the ocean component 
of the current Earth System Model of the MPIM (MPI-ESM1), MPIOM-HAMOCC.  
While HAMOCC is identical in the two model setups, both in terms of processes resolved, as well as 
numerical implementation of the processes, the two physical ocean models differ in several aspects 
relevant for biogeochemical tracers. For example, the models use different grids, different numerics, 
different transport schemes, a different sea ice submodel, and ICON-O does not include bottom 
boundary layer slope convection.  
HAMOCC encompasses marine carbonate chemistry, a NPZD-type ecosystem model, air-sea gas-
exchange, and a sediment module (see references in Ilyina et al. 2013, Paulsen et al. 2017). In 
addition to the formulation in Ilyina et al. 2013, alkalinity includes the contributions from silicic and 
phosphoric acid systems. All parameters used in air-sea gas-exchange and in the solution of the 
carbonate system are updated according to the recommendations of the biogeochemical protocol for 
the CMIP6 OMIP (Orr et al. 2016).  
In all experiments both ocean models use identical initial conditions and atmospheric forcing. ICON-O 
runs on the unstructured triangular horizontal grid R2B6 (approx. 40km). MPIOM runs on a structured 
grid with comparable (w.r.t to grid cell number) horizontal resolution (TP04). HAMOCC is started from 
basin-scale uniform tracer distributions and an empty sediment. It uses preindustrial CO2 mixing ratios, 
climatological N-deposition and Fe-deposition data as atmospheric boundary conditions. Spatial 
distributions of major state variables, i.e. nutrients, oxygen, dissolved inorganic carbon, and alkalinity 
are used to illustrate the performance of ICON-HAMOCC in comparison to MPIOM-HAMOCC, as well 
as in comparison to recent climatological observational data products (WOA13, GLODAPv2). 
Furthermore, the dynamical behaviour of the models is characterised by comparison of the intra-
annual cycle of key tendencies, such as CO2 surface fluxes and organic matter fluxes. 
Both model setups show a consistent and comparable behavior in space and time with differences 
arising from the different solutions of the physical ocean models. 
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Global modeling of C4 grass distribution and carbon cycling: expanding the 
range of grass functional diversity represented in models with lineage-based 
functional types  
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Erika (4); Anderson, Michael (5); Pau, Stephanie (6); Ungerer, Mark (3); Qui, Fan (3); Bachle, 
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Grasses that use the C4 photosynthetic pathway often dominate cover and productivity in grasslands 
and savannas. These grasses are also important as food crops and biofuels, and often become 
invasive. C4 grasses are physiologically and structurally distinct from C3 grasses, and these types are 
largely restricted to different evolutionary lineages. These grass types respond differently to light, 
temperature, CO2, and nitrogen, and C4 grasses often have higher resource-use efficiencies. Given 
their distinctiveness, C3 and C4 grasses are typically represented by different plant functional types 
(PFTs) in vegetation models. Despite their importance and distinctiveness, we highlight sharp 
disagreement among CMIP5 models in the simulated cover of C4 grasses in North America at key 
time points: the last glacial, the historical modern period before grassland conversion, and the end of 
this century. This disagreement is accentuated when compared to data on the relative cover of C4 
grasses: the models generally under-predict C4 grass cover, particularly during the modern period, 
and future predictions of C4 cover vary widely. We discuss possible reasons for the inter-model 
variation and lack of agreement with data, and highlight the need for improved representations of the 
biogeography and ecology of C4 grasses in global models. In particular, predicting how vegetation will 
respond to future environmental changes is severely limited by the inability of our models to represent 
species-level trait variation in processes and properties, as current generation models are mostly 
based on the generalized plant functional types (PFT) concept. There are close to 11,000 grass 
species, but most vegetation models have only a single C4 grass and one or two C3 grass PFTs. Only 
around 600 grass species are ecologically dominant worldwide and these species cluster 
phylogenetically into two C4 lineages and one C3 lineage. Beyond their photosynthetic types, these 
lineages have key functional differences so that they occupy different climates, have different 
functioning, and are likely to respond differently to future climate. While species trait databases are 
expanding rapidly, they have been produced mostly from unstructured research, with a focus on easily 
researched traits that are not necessarily the most important for determining plant function. 
Additionally, implementing realistic species-level trait variation in models is challenging. Combining 
related and ecologically similar species in these models might ameliorate this limitation. Here we 
argue for an intermediate, lineage-based approach to PFTs, which draws upon recent advances in 
gene sequencing and phylogenetic modeling, and where trait complex variations and anatomical 
features are constrained by a shared evolutionary history. We provide example grass lineages 
functional types (LFTs) based on trait data extracted in a literature review. These grass LFTs have 
major differences in physiological, structural, biochemical, optical, and disturbance-related and 
phenology-related traits.  
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Process Modeling for the Carbon Cycle of the Tropical Pacific Ocean: A Basin 
Scale Model Evaluation and Analyses  
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The tropical Pacific Ocean plays a large role in the global carbon cycle because of its vast expanse 
and significant air-sea CO2 exchange. The tropical Pacific dominates the global physical and 
biogeochemical variability over various time scales. Particularly, the interannual to decadal variability 
in ocean-atmosphere interaction is a poster-child signature of the El Niño/Southern Oscillation (ENSO) 
and Pacific Decadal Oscillation (PDO). Intimate physical-biogeochemical interactions clearly influence 
the carbon cycle in the tropical Pacific with a global imprint. 
We have developed a fully coupled basin-scale physical-biogeochemical model to simulate the carbon 
cycle for the tropical Pacific Ocean. The biogeochemical model consists of three nutrients (nitrate, 
ammonium, iron), seven biological pools (small and large phytoplankton, zooplankton and detritus, 
and dissolved organic material), and dissolved oxygen and inorganic carbon. The coupled model has 
demonstrable capability for simulating spatial and temporal variations in physical and biogeochemical 
fields, ecosystem dynamics and carbon cycle (Wang et al., 2009; 2012; 2015). 
Here, we show how we use observational datasets (e.g., chlorophyll and dissolved oxygen) to improve 
the representations of key biogeochemical processes and thus the simulations of carbon 
sources/sinks in the tropical Pacific. In particular, oxygen is a sensitive indicator of physical and 
biogeochemical processes in the ocean, and is strongly coupled with the carbon cycle. We first show 
how we use the mid-depth dissolved oxygen data to better represent physical and biogeochemical 
processes in this model. Then we evaluate model chlorophyll and carbon variability against 
observations to show improvements in the modeled air-sea CO2 fluxes using new parameterizations 
that can capture the oxygen dynamics. Using the validated the model, we analyze the impacts of 
ENSO and PDO on the major processes that regulate the carbon cycle. Our study highlights the 
importance of coupled modeling of multi-elements in a basin-scale with clear implications for global 
ocean carbon models. 
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Carbon Balance of Boreal and Arctic Alaska and Tropical Hawaii Ecosystems  
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United States Geological Survey (USGS) recently completed two regional carbon assessments: 
Alaska and Hawaii, using remote sensing, simulation modeling, and data collected in the field as the 
primary methods. This poster provides primary findings of the regional assessments. For the boreal 
and arctic ecosystems of Alaska, there was a small sink of carbon dioxide and large source of 
methane in the recent years, at -3.7 TgC/yr (~ 2% of the net primary production or NPP) and 34.5 
TgCO2-eq/yr respectively.  Carbon emissions from wildfire were 39.2 TgC/yr, whereas pyrogenic 
methane flux was 3.6 TgCO2-eq/yr.  Total net flux of organic and inorganic carbon by inland water 
bodies (rivers, streams, lakes) was 34.4 Tg C/yr.  The ecosystems in the boreal and arctic regions 
would be an enhanced carbon sink towards the latter half of the 21st century owing to projected 
increased net primary production more than offsetting increases in heterotrophic respiration and fire 
emissions. However, the enhanced carbon sink is expected to transition to a source after the 21st 
Century. The tropical Hawaii islands were a carbon sink of 0.34 TgC/yr, or 4% of the NPP. Changing 
distributions of dominant vegetation types related to changing climate and associated natural and 
anthropogenic disturbances are shown to be the common basis in effecting the current and future 
carbon balances in both the regions. 
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Impacts of elevated atmospheric CO2 on global plant productivity through 
fertilization effects and radiative forcing and physiology-mediated climate 
feedback  

Zhuang, Qianlai*  
Purdue University, United States of America  

Increasing atmospheric CO2 affects plant productivity directly through CO2 fertilization effects, and 
indirectly through impacting stomatal closure and climate.  Its climatic effects on plant productivity are 
coupled through interactions between land surface exchanges of gases and heat and the physical 
climate system. We use an earth system model to attribute the influence of the increase in CO2 on 
gross primary productivity (GPP) during the period of 1930–2011.  We find that, CO2 radiative effects 
cause climate change that has only a negligible effect on global GPP, with a reduction of 0.9 ± 2% 
during the last 80 years, because of opposite responses between tropical and northern biomes. On the 
other hand, CO2 physiological effects on GPP are both positive, by increasing carboxylation rates and 
water use efficiency (7.1 ± 0.48% increase), and negative, through vegetation-climate feedback 
reducing precipitation, as a consequence of decreased transpiration and increased sensible heat in 
areas without water limitation (2.7 ± 1.76% reduction).  The negative climate feedback on 
photosynthesis and plant growth due to the current level of CO2 offsets 29–38% of the gains from 
direct fertilization effects. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 418 of 463 

 
 
 
Theme 4 
 
Scenarios of the Future Earth and Steps 
toward Long-term Earth System Stability 



ICDC10 Abstracts 

14 August 2017  Page 419 of 463 

   

Poster Presentation  
Theme 4: Scenarios of the Future Earth and Steps toward Long-term Earth System Stability  
Keywords: ocean, feedbacks, deoxgenation, probabilistc assessment  

Probabilistic assessment of the future marine carbon cycle, ocean 
deoxygenation and related feedbacks from marine N2O emissions  
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Nitrous oxide (N2O) is an atmospheric trace gas that plays important roles in the stratospheric ozone 
cycle and as a greenhouse gas (GHG) that, molecule by molecule is 200 times more effective than 
CO2. Natural marine N2O emissions result from nitrification and denitrification processes which are 
tightly linked to the cycling of organic matter and oxygen concentrations. Ongoing and projected 
changes in ocean circulation, oxygen, and remineralization of organic matter affect N2O and CO2 
fluxes. 
Estimates of global net marine emissions of N2O (1.8 to 9.45 Tg N (N2O) yr−1) and environmental 
sensitivities come with large uncertainties. We construct a probabilistic, Bayesian framework using a 
1000 member model ensemble of the Bern3D Earth System Model of Intermediate Complexity to 
constrain current and project future marine N2O emissions. For the first time, both water column N2O 
concentrations as well as surface pN2O data are used together as constraints. These data are 
complemented by observations of natural radiocarbon and dissolved oxygen which constrain modern 
ocean circulation, remineralization fluxes of organic matter, and oxygen concentrations. 
N2O production from nitrification is modeled with an exponential O2-dependent yield from organic 
matter remineralization in line with earlier parameterizations. Gross N2O fluxes from denitrification, 
commonly not implemented explicitly in 3D ocean models, follow from stoichiometric relationships with 
organic matter fluxes and a Michaelis-Menten type regulation of N2O consumption. This permits us to 
additionally evaluate simulated denitrification fluxes with independent estimates of total N-loss. We 
quantify century-to-millennial scale changes and long-term feedbacks between the marine carbon 
cycle, marine N2O and climate in probabilistic simulations over the the next 10,000 years following an 
extended low (RCP2.6) and high (RCP8.5) GHG scenario. 
Ocean circulation is projected to weaken by the end of the 21st century which in turn increases nutrient 
limitation and decreases remineralization fluxes. As a result, marine N2O production is projected to 
first decrease by 10% (RCP8.5) over the 21st century. If high concentrations in GHGs are maintained 
over millennia (RCP8.5), ocean circulation recovers or even strengthens and remineralization fluxes 
become higher than at preindustrial. Higher remineralization fluxes are dominated by increased high 
latitude export production as a result of higher temperatures and higher light availability. The global 
mean oxygen concentration decreases by a factor of two in the next 4000 years and remains below 
preindustrial over the entire high GHG simulation. Therefore, marine production and emissions of N2O 
are projected to increase by 15% above today under new steady state conditions which establish by 
AD 7,000. As such, marine N2O emissions constitute a small, positive feedback to climate change 
(0.005 (0.003 - 0.007) W m−2 K−1 for RCP8.5) on millennial timescales. Our simulations reveal intricate 
interactions between the carbon cycle, N2O and climate. 
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Carbon management in the 21st century  
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Human activities affect the Earth System’s carbon cycle. However, the magnitude of human-caused 
carbon flows can vary massively over the 21st century. Here we systematically explore future carbon-
cycle interventions using the new framework of Shared Socioeconomic Pathways (SSPs). The SSPs 
have been quantified using a suit of five Integrated Assessment Models (IAMs) that represent the 
global energy and land-use sector and give a full account of future anthropogenic interventions into 
the carbon cycle (1-3). SSP scenarios without specific emission reduction policies could mobilize 
between 3,500 and 8,100 GtCO2 until 2100 with fossil fuel combustion accounting for more than 90%. 
Assumptions about underlying socio-economic developments are critical. These include assumptions 
about demographic, economic, societal, and technological development as well as policies affecting 
energy efficiency, fossil fuel extraction, subsidies and taxes, and forest protection. A sustainability-
oriented development pattern reduces carbon mobilization, whereas fossil fuel and material intensive 
growth increases it. For a comprehensive 21st century carbon management strategy to keep global 
warming limited it is crucial to consider the full potential carbon mobilization and the dependence on 
socioeconomic drivers. These different socioeconomic developments affect global carbon 
management challenges to an extent similar to varying global-mean temperature goals between 2°C 
and 3°C. Locking fossil fuels underground is a robust strategy. In high emission scenarios the intensity 
of emission reduction policies, measured by the marginal cost of emission mitigation of the last ton 
avoided, vary strongly across SSPs. In an energy and material intensive scenario much larger shares 
of fossil fuel deposits are not developed than in a sustainability oriented scenario. The marginal cost of 
this strategy, however, increase with every ton of CO2 mitigated. This also makes corrective 
interventions attractive, which mainly include afforestation and carbon capture and storage (CCS) 
applied to fossil fuels and biomass. Corrective carbon management is also subject to increasing 
marginal costs because afforestation and bioenergy are subject to land-use competition and 
geological storage of carbon is subject to capacity constraints. Thus, corrective carbon management 
remains below 2000GtCO2. Therefore, corrective carbon management is only a complementary 
strategy. It contributes no more than 50% of total carbon management. Moreover, if global mean 
temperature increase shall be limited to 3°C, 2°C or even 1.5°C this share tends to decrease, because 
the marginal costs of corrective carbon management increase stepper than the marginal costs of 
leaving fossil fuels unburned. The increase of the marginal costs across SSPs is significant and even 
if socioeconomic drivers are oriented towards sustainable development they are at least twice to 
achieve the 1.5°C target as compared with the well below 2°C target. Carbon dioxide removal is still 
key for stringent temperature targets, because reducing fossil fuel use further would be even more 
expensive. 
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The future ocean carbon sink: any role for a more complex biogeochemistry?  
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The latest IPCC report concludes that “ocean carbon uptake of anthropogenic CO2 emissions will 
continue under all four Representative Concentration Pathways through to 2100, with higher uptake 
corresponding to higher concentration pathways” (Ciais et al. 2013). It also states that anthropogenic 
climate change will partially offset this CO2-driven increase in sink, through the impact of ocean 
warming and circulation changes on CO2 uptake. In brief, the consensus is that the current and future 
drivers of the ocean carbon sink are mostly physical and chemical processes – but it is legitimate to 
ask the question of the potential role played by biological / biogeochemical processes, which are 
sometimes very complex. Indeed, the representation of such processes related to marine ecosystems 
in global ocean models is very simple, limited to lower trophic levels, and based on very crude 
parameterizations. The future changes in carbon fluxes from the response of marine ecosystems to 
warming and ocean acidification even if considered potentially important have not yet been properly 
quantified. 
Here, we make use of advanced versions of the global marine biogeochemical model NEMO-PISCES 
(Aumont et al. 2015) to test the role of a set of complex biological / biogeochemical processes in the 
future evolution of the air-sea carbon fluxes. We specifically focus on (1) the variable stoichiometry 
(C:N:P) of phytoplankton, on (2) the coupling of lower (plankton) to upper (up to fish) trophic levels, 
and on (3) the role of variable reactivity of particulate organic matter. Each of these versions is run 
under the high-emissions RCP8.5 scenario, making use of output of the IPSL-CM5A climate model, 
and compared to the standard version of NEMO-PISCES. The role of each of this process / set of 
processes is analysed and discussed. Preliminary results show that despite the significant role of each 
of these processes in shaping the response of the ocean carbon fluxes to anthropogenic climate 
change at the regional scale, they have only a second-order effect when integrated globally. 
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The limits to global-warming mitigation by terrestrial carbon removal with 
biomass plantations  
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Biomass plantations (BPs) are used to guarantee net negative emissions in most of the current 
mitigation scenarios that stay around or below 2°C global warming by 2100. However, their feasibility 
in terms of carbon sequestration, subsequent utilization and environmental and social consequences 
has so far been very uncertain. 
We here give an overview of terrestrial carbon dioxide removal (tCDR) potentials and trade-offs with 
other actors on land by analyzing a set of possible BP scenarios in combination with different levels of 
emission pathways simulated by a biogeochemical process model. These scenarios range from 
systematic and rather far-fetched assumptions of large-scale conversion of agricultural and/or natural 
land over strict constraints on land availability to a sophisticated transient socio-economic mitigation 
scenario. This analysis framework enables us on the one hand to explore the upper ceilings to tCDR 
in dependence of BP’s extent, point of implementation in time and background climate. On the other 
hand, we can estimate the preconditions for a successful mitigation pathway from a biosphere 
perspective aiming at the minimization of side-effects. 
We show that the option space for tCDR is likely limited. tCDR is not a viable option to delay, stop or 
even reverse climate change if mitigation efforts in the near-term future are insufficient or fail 
completely. Although carbon extraction potentials could be sufficiently large on a partially mitigated 
pathway (e.g. >300GtC on a RCP4.5 pathway), trade-offs for food production and natural ecosystems 
would be severe if more than 1.5 Gha of land would be converted to BPs by 2035 or 2050. Contrarily, 
the needs for increasing food production on crop and pasture areas for a growing world population 
and the conservation of ecosystems would likely limit the land availability for BPs and thus, 
substantially reduce the potential for tCDR to 10-100GtC. Strictly following the land-use patterns of the 
mitigation scenario RCP2.6 to avoid such conflicts would still need at least two requirements to 
guarantee the success of staying within the climate guardrails (i.e. extracting ~160-180GtC): first, a 
strong increase in irrigation water supply and second, highly efficient carbon processing and storage 
(i.e. reducing carbon losses). Emissions and biogeophysical effects from land conversion for and from 
management of BPs (e.g. increased fertilizer application and residue removal) are the main drivers for 
reducing the ineffectiveness of tCDR and should therefore be accounted for in the land selection 
process for BPs. 
However, we argue that tCDR could also have beneficial side-effects in selected places (e.g. marginal 
land) and that forest conservation and restoration (e.g. following the Bonn challenge) as well as smart 
and sustainable land management (e.g. low-tillage and biochar application) could still lead to 
substantial carbon removal on land. 
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Quantifying uncertainties of permafrost carbon-climate feedbacks  
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Permafrost affects around 24% of the land surface in the northern hemisphere, and stores around 
1000 Gt of carbon. This carbon is protected from decomposition within frozen ground. However, under 
future climate warming, permafrost will thaw, and the stored carbon may be released to the 
atmosphere as carbon dioxide or methane, resulting in a positive feedback to climate warming. Many 
studies have estimated the future permafrost carbon release, but few have closed the feedback loop, 
and the estimates vary widely due to the large uncertainties involved (Schuur et al., 2015). In our 
study we used fully process-based land surface models, coupled to a simplified climate and ocean 
model, in order to estimate both the full permafrost carbon feedback and to quantify the main sources 
of uncertainty (Burke et al., 2017). The land surface models JULES and ORCHIDEE-MICT, each with 
an improved representation of permafrost carbon, were coupled to the IMOGEN intermediate 
complexity climate and ocean carbon uptake model. This configuration allows the climate to respond 
to release of carbon from permafrost, and the additional warming to feed back onto the land surface 
and accelerate permafrost thaw. Two different parameterisations of soil carbon decomposition were 
used in JULES, which along with ORCHIDEE-MICT gave three different land surface set-ups. 
Simulations were performed for different climate sensitivities and regional climate change patterns 
based on 22 different Earth System Models. Three future emission scenarios consistent with three 
representative concentration pathways: RCP2.6; RCP4.5 and RCP8.5 were used. Paired simulations 
with and without frozen carbon processes were used to quantify the impact of the permafrost carbon 
feedback on climate change. The additional warming from the permafrost carbon feedback is between 
0.2 and 12 % of the change in the global mean temperature by 2100, and 0.5 to 17 % of global mean 
temperature change by 2300, this range reflecting differences in land surface models, climate models 
and emissions pathway. We found that the representation of soil carbon decomposition in the land 
surface schemes contributes a much larger source of uncertainty than the differences between climate 
models. As a percentage of the global temperature change, the permafrost carbon feedback has a 
greater impact on the low emission scenario (RCP2.6) than on the higher emissions scenarios, 
suggesting that permafrost carbon should be taken into account when evaluating heavy mitigation and 
stabilisation scenarios. We also propose a new policy-relevant metric – the Frozen Carbon 
Vulnerability timescale (FCVt) in years – that can be used to quantify the permafrost carbon response 
given any pathway of global temperature change. 
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Effect of low pH on growth and mechanical properties of valves of Peruvian 
scallop Argopecten purpuratus (Lamarck, 1819)  

Córdova-Rodríguez, Kathy* (1); Fernández, Ernesto (2); Flye-Sainte-Marie, Jonathan (3); Graco, 
Michelle (1,2); Rozas, Aníbal (4); Aguirre-Velarde, Arturo (2)  
1: Universidad Peruana Cayetano Heredia, Ciencias del Mar, Lima, Peru; 2: Instituto del Mar del Perú, Lima, Perú; 3: LEMAR, 
UMR 6539 (UBO/CNRS/IRD/Ifremer), IUEM, Plouzané, France; 4: Pontificia Universidad Católica del Perú, Lima, Perú  

Dissolution of anthropogenic CO2 modifies seawater pH thus leading to ocean acidification that might 
affect calcifying organisms such as bivalve molluscs. However, along the Peruvian coast natural 
conditions of low pH in the habitat of Peruvian scallop (one of the most important benthic resource) 
are encountered due to the nearby coastal upwelling. In this context, an experiment in juvenile 
Peruvian scallops Argopecten purpuratus (average size: 14 mm height) was performed in order to test 
the effects of low pH on growth, calcification, dissolution and mechanical properties of their valves. 
During 28 days, scallops were exposed to two contrasted pH conditions: a control with unmanipulated 
seawater presenting pH conditions similar to those found in situ (pHT = 7.8, which is low in comparison 
to other ecosystems) and a treatment, in which seawater was injected pure CO2  reducing pH (pHT = 
7.4). Scallops of the control exhibited a growth rate similar to those found in the field (0.3 mm d-1). At 
the end of the experiment, shell height and weight, growth and calcification rates were significantly 
lower in the low pH condition. Interestingly, adaptive features associated to success of predation 
pressure like mechanical properties measured as crushing force (over left valves) and hardness were 
also positively affected in the low pH condition. In addition, the weight of the soft tissues was not 
affected by low pH. Our results indicate that low pH conditions affected negatively the shell growth and 
calcification but show a positive feedback of mechanical properties was observed and also that 
energetic cost of shell maintenance is low. However, further studies are needed during the ontogeny 
of this species and also the incorporation of other stressors such as oxygen depletion to better 
understand and predict his responses to environmental changes. 
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Effects of ‘natural’ to ‘geoengineered’ nitrogen deposition on the carbon cycle  

Davies-Barnard, Taraka* (1); Friedlingstein, Pierre (1); Wiltshire, Andy (2)  
1: University of Exeter, United Kingdom; 2: Met Office Hadley Centre, United Kingdom  

The terrestrial carbon cycle is dependent on the nutrient nitrogen, which comes from natural and 
anthropogenic deposition, and biological fixation. As atmospheric carbon dioxide concentrations 
increase, it is expected there will be increased plant productivity and carbon sequestration. However, 
how strong this ‘fertilisation’ effect will be somewhat dependent on availability of nitrogen. The 
anthropogenic deposition of nitrogen is likely to be a major contributor to the terrestrial nitrogen cycle, 
and therefore one of the key determinants of the carbon uptake by the terrestrial biosphere. 
Using JULES-CN, a version of the UK’s land surface model that includes a carbon and nitrogen cycle, 
we explore a range of nitrogen deposition scenarios in a high CO2 world. We use the Representative 
Concentration Pathway (RCP) scenarios of nitrogen deposition to consider ‘realistic’ scenarios. We 
also use a variety of idealised nitrogen deposition scenarios, including one fixed at present-day 
deposition, pre-industrial deposition, and a high, ‘geoengineered’ nitrogen deposition. 
We show the differences in carbon storage and net primary productivity between the different 
scenarios. We assess whether nitrogen fertilisation of areas which would not otherwise benefit from 
carbon dioxide fertilisation would provide a significant climate benefit.  
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Impacts of Different Climate Engineering Scenarios on Rates of Environmental 
Change and Seasonal Variability  

Ferrer Gonzalez, Miriam* (1,2); Ilyina, Tatiana (1); Sonntag, Sebastian (1)  
1: Max Planck Institute for Meteorology, Hamburg, Germany; 2: International Max Planck Research School on Earth System 
Modelling, Hamburg, Germany  

Climate engineering (CE) methods are intended to mitigate the perturbations in the environment 
caused by climate change. Artificial ocean alkalinization (AOA) alters the seawater buffering capacity, 
so that the ocean carbon sink is enhanced while seawater acidity decreases. Solar radiation 
management (SRM) via stratospheric sulfur injection mitigates surface warming because the 
enhancement of stratospheric sulfate aerosols increases the Earth's albedo. 
Effects of different CE methods are usually compared using simulations that were computed with 
different models. Following this approach, not only the CE-driven effects on the system are included in 
the comparison, but also differences between the models, complicating the comparison and even 
leading to biased conclusions. We avoid these possible inconsistencies, by studying CE scenarios of 
different methods simulated with the same model. 
We study AOA and SRM via stratospheric sulfur injection using the fully coupled Max Planck Institute 
Earth System Model (MPI-ESM) with prognostic carbon cycle and forced by fossil-fuel CO2 emissions. 
We use forcing according to the Representative Concentration Pathway 8.5 (RCP8.5) in the simulated 
AOA and SRM scenarios, where CE is either continuously applied until 2100 or terminated in 2070. 
We explore the CE-driven response of the Earth system by considering two different time scales: 
multi-decadal rates of environmental change and effects on seasonal variability. 
In line with previous studies, we find that local rates of surface warming after termination of SRM 
largely exceed those of the unmitigated RCP8.5 scenario. After termination of AOA, local rates of 
warming are broadly similar to those of the RCP8.5, but spatial patterns differ. Besides, at high 
latitudes of the Northern hemisphere, warming rates locally exceed those of the RCP8.5 after 
termination of AOA, and some regions reach trends as large as in the terminated SRM scenario. 
However, warming trends occur in a background of large model internal variability, which differs 
between simulations, complicating the identification of local trends. We show that large-scale AOA and 
SRM scenarios do not present regional differences in their effects on the seasonal variability of 
surface temperatures, despite of the different atmospheric forcings that are modified by these 
methods. 
The effects of SRM on seawater carbonate chemistry in multi-decadal and intra-annual time scales 
are minor over the global ocean. In contrast, AOA might cause rapid variations in the seawater 
chemical environment where vertical mixing is limited such as, for instance, the Arctic Ocean and 
tropical oceans. We find that after termination of AOA, rates of ocean acidification might locally exceed 
those projected in the RCP8.5 scenario. In addition, we show that AOA affects the seasonal cycle of 
seawater carbonate chemistry but the effects on seasonality are rather small compared to the 
changes in the mean annual states induced by AOA. 
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More intense, more frequent and longer lasting marine heat waves and ocean 
acidification extreme events under global warming  

Froelicher, Thomas*; Kessler, David; Gruber, Nicolas  
ETH Zürich, Switzerland  

Extreme climate and weather events shape the structure of biological systems and affect the 
biogeochemical functions and services they provide for society in a fundamental manner. There is 
overwhelming evidence that the frequency, duration, intensity and timing of extreme events over land 
are changing under global warming, increasing the risk of severe, pervasive and in some cases 
irreversible impacts on natural and socio-economic systems. In contrast, we know very little how 
extreme events in the ocean, especially those associated with warming and acidification, will unfold in 
time and space. 
Here we analyze global records of daily satellite observations to reveal significant increases in marine 
heat waves and significant decreases in marine cold spells over the last 35 years. We find a near 
doubling in the globally averaged frequency, duration and intensity of marine heat waves at the ocean 
surface over the satellite period. These trends can largely be explained by the increase in the mean 
sea surface temperature, but natural modes of climate variability can strongly modulate the regional 
response of ocean extremes on interannual-to-decadal timescales. The eastern equatorial Pacific and 
the Southern Ocean, for example, are regions that exhibit decreases in frequency of marine heat 
waves. We will also make use of the SOCATv4 monthly CO2 data to reveal and quantify past changes 
in ocean acidification extreme events and to identify ocean ‘hotspots’ where extreme events in both 
temperature and acidification occur at the same time or occur successively. 
To quantify the evolution of changes in marine heat waves and ocean acidification extreme events, we 
analyze daily output from a range of Earth System models that contributed to Coupled Model 
Intercomparison Project phase 5 (CMIP5) and that were run over the 1950-2100 period under 
historical and the Representative Concentration Pathway (RCP8.5) and RCP2.6 scenarios. 
Preliminary analyses show that the frequency, intensity, duration and spatial extent of individual and 
combined marine heat waves and ocean acidification extreme events substantially increase under 
global warming. The differences in simulated changes of ocean extreme events between a 1.5°C and 
a 2°C stabilizing scenario and the different sources of uncertainties in projections of marine extreme 
events will be discussed.  
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Budgets of allowable anthropogenic CO2 emissions strongly reduced by 
permafrost thawing  

Gasser, Thomas* (1); Kechiar, Mehdi (1); Kleinen, Thomas (2); Ciais, Philippe (3); Obersteiner, 
Michael (1)  
1: IIASA, Laxenburg, Austria; 2: MPI, Hamburg, Germany; 3: LSCE/IPSL, Gif-sur-Yvette, France  

Emission budgets are policy-relevant metrics defined as the maximal amount of anthropogenic CO2 
that can be emitted before reaching a given global temperature change target. This work quantifies 
how inclusion of carbon emission from permafrost thawing impacts these budgets. We use the 
compact Earth system model OSCAR v2.2 (Gasser et al., 2017, GMD) which we expand with a 
permafrost module calibrated to emulate the behavior of the complex model JSBACH (Kleinen et al., 
in prep.). 
When using the “exceedance” method and with permafrost thawing turned off, we find budgets very 
close to the CMIP5 models’ estimates reported by IPCC (IPCC, 2014, AR5 SYR). With permafrost 
thawing turned on, the total budgets are reduced by about 4%. This corresponds to a 45% reduction of 
the remaining budget for 1.5°C, and a 13% reduction for 2°C. 
When using the “avoidance” method, however, permafrost thawing reduces the total budget by about 
7%, which corresponds to reductions by 79% and 22% of the remaining budget for 1.5°C and 2°C, 
respectively. The avoidance method relies on many scenarios that actually peak below the target 
whereas the exceedance method overlooks the carbon emitted by thawed permafrost after the 
emission budget is reached (Rogelj et al., 2016, Nature Climate Change), which explains the 
difference. If we use only a subset of scenarios in which there is no net negative emissions, the 
permafrost-induced reduction in total budgets rises to about 12%. Permafrost thawing therefore makes 
the emission budgets strongly path-dependent. 
We also estimate budgets of carbon capture needed in scenarios overshooting the temperature 
targets (MacDougall et al., 2015, ERL). Permafrost thawing strongly increases these capture budgets: 
in the case of a 1.5°C target overshot by 0.5°C, which is in line with the Paris agreement, about 30% 
more carbon must be captured. 
Our conclusions are threefold. First, inclusion of permafrost thawing systematically reduces the 
emission budgets, and very strongly so if the temperature target is overshot. Second, the exceedance 
method, that is the only one that complex models can follow, only partially accounts for the effect of 
slow non-linear processes such as permafrost thawing, leading to overestimated budgets. Third, 
relying heavily on negative emission technologies is a risk since, if these are not as scalable as 
anticipated, the targeted temperature will be missed because of the budgets’ path-dependency. 
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Climate, land-use and ecosystem services to aid achievement of a 1.5 degree 
warming threshold.  

Harper, Anna B.* (1); Cox, Peter M. (1); Huntingford, Chris (2); Sitch, Stephen A. (3); Powell, 
Tom (3); Lenton, Tim (3); House, Joanna I. (4)  
1: College of Engineering, Physical Sciences, and Mathematics, University of Exeter, United Kingdom; 2: Centre for Ecology 
and Hydrology, Wallingford, United Kingdom; 3: College of Life and Environmental Sciences, University of Exeter, United 
Kingdom; 4: Cabot Institute, School of Geographical Sciences, University of Bristol, United Kingdom  

Scenarios that could limit global warming to 1.5°C or below 2°C rely upon significant land-based 
mitigation to protect and enhance land carbon sinks (e.g. through reduced deforestation and forest 
management). Such mitigation extends to providing negative emissions technologies to remove CO2 
from the atmosphere, such as afforestation and in particular bioenergy with carbon capture and 
storage (BECCS). The mitigation potential relies on increases in both the land area used for mitigation 
and the productivity on existing land areas. However the implications of such mitigation scenarios on 
land-use change (LUC) and subsequent impacts on terrestrial ecosystem services requires 
assessment. Large-scale LUC could have unwelcome impacts on the provision of food and water, and 
on carbon storage in vegetation and soils – factors that could be further exacerbated by directly 
imposed climate change. 
We use the land surface model JULES to investigate terrestrial carbon cycle impacts of LUC for 
climate mitigation. JULES is run with IMOGEN, a coupled climate-carbon cycle impacts model. 
IMOGEN scales regional patterns of climate change from all CMIP5 models to the change in global 
mean temperature, in turn based on each model’s climate sensitivity. We prescribe atmospheric 
CO2 concentrations based on a range of hypothetical future temperature scenarios that would result in 
climate change eventually stabilizing between 1.5°C and 2.0°C above preindustrial (Huntingford et al., 
submitted). In tandem we entrain the range of climate model sensitivities reported in the AR5 to 
capture the related range of CO2 fertilization effects. 
This presentation will provide an overview of the key results. First, we will evaluate impacts of LUC for 
mitigation contributing to 1.5°C and 2.0°C climate targets, in terms of influence on the global carbon 
cycle. Then we can move to the key question: Do the negative impacts of LUC (on ecosystem 
services) outweigh the positive effects of avoiding some climate change? The impacts assessment 
focuses on food and water resources by evaluating crop yields and changes in river runoff (a proxy for 
the freshwater resource) in JULES. 
Second, we will explain how alternative levels of land-based mitigation will influence “allowable” 
anthropogenic CO2 emissions for the full ensemble of potential future climates. The carbon emission 
budget will be diagnosed in each case as the sum of the increase in atmospheric CO2 (which is 
prescribed) and the simulated increase in land and ocean carbon storage. Implications for the 1.5 
degree target will be discussed. 

Ref: Huntingford C., Yang H., Harper A.B., et al.  Flexible parameter-sparse global temperature time-
profiles that stabilise at 1.5°C and 2.0°C, submitted to Earth System Dynamics 
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The fate of carbon and nutrients exported out of the Southern Ocean  

Hauck, Judith* (1); Lenton, Andrew (2,3); Langlais, Clothilde (2); Matear, Richard (2)  
1: Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research, Germany; 2: CSIRO Oceans and Atmosphere, 
Hobart, Australia; 3: Antarctic Climate and Ecosystems Cooperative Research Centre, Hobart, Australia  

The Southern Ocean (SO) plays a critical role in the global carbon cycle, and will be increasingly 
important in the future. Subduction and formation of mode water transports nutrients and carbon from 
this High Nutrient Low Chlorophyll (HNLC) region to upwelling regions where they are reventilated 
supporting primary productivity. While it has been long recognized that this process sustains a 
significant part of the low-latitude primary productivity1,2, it is less clear what these pathways mean for 
the global carbon cycle. How much of the carbon that leaves the SO is reventilated through these 
processes remains an open question. The fate of this carbon and the timescales associated with its 
reventilation, are critical to understanding current and future global carbon budgets. 
Here we quantify the efficiency of the SO carbon uptake, and the relative importance of the physical 
and biological carbon pumps now and into the future. To this end, we use ocean biogeochemical 
simulations driven with observed and projected changes in climate. We focus on the upper ocean 
response in the present day, and at the end of the century (2100) and contrast these. These 
simulations allow us to separate the impacts of the biological and physical carbon pumps in the 
Southern Ocean on global nutrients, primary production and sea-air CO2 flux. Importantly, the time-
scale of carbon sequestration is much longer for the biological than for the physical carbon pump. The 
reventilation of SO carbon taken up by the physical pump occurs within 100 years, which is broadly 
consistent with the literature, while over the same timescales only 60% of the carbon taken up by the 
biological pump is reventilated. This can be explained by the sinking of particles to greater depths and 
its subsequent remineralization into waters with longer reventilation timescales. 
The efficiency of the SO biological pump sets the concentration of macronutrients (nitrate and silicate) 
exported to the low-latitudes, where these in-turn control the amount of local primary productivity. If no 
macronutrients were utilized in the Southern Ocean, primary productivity north of 40°S would increase 
by 4.8 PgC yr-1 (14%). In other words, only 60% of Southern Ocean productivity would be 
compensated outside of the Southern Ocean on a 100 year timescale. This signal would occur in the 
whole Atlantic Ocean, but it would be limited to the equatorial upwelling region in the Pacific. 
Given the diversity of projections of physics and productivity in the Southern Ocean3, these 
considerations set the stage for discussing global implications and feedbacks by recent and projected 
future changes in the Southern Ocean carbon pumps due to global warming and strengthening of 
winds. 
1 Sarmiento et al. (2004), doi:10.1038/nature02127 
2 Marinov, et al (2006), doi:10.1038/nature04883 
3 Hauck et al. (2015): doi:10.1002/2015GB005140 
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Nonlinear Interactions between Climate and Atmospheric Carbon Dioxide 
Drivers of Terrestrial and Marine Carbon Cycle Changes from 1850 to 2300  

Hoffman, Forrest M.* (1,2); Randerson, James T. (3); Moore, J. Keith (3); Goulden, Michael L. 
(3); Fu, Weiweii (3); Koven, Charles D. (4); Swann, Abigail L. S. (5); Mahowald, Natalie M. (6); 
Lindsay, Keith (7); Muñoz, Ernesto (7); Bonan, Gordon B. (7)  
1: Oak Ridge National Laboratory, United States of America; 2: University of Tennessee Knoxville, United States of America; 3: 
University of California Irvine, United States of America; 4: Lawrence Berkeley National Laboratory, United States of America; 5: 
University of Washington Seattle, United States of America; 6: Cornell University, United States of America; 7: National Center 
for Atmospheric Research, United States of America  

Quantifying feedbacks between the global carbon cycle and Earth's climate system is important for 
predicting future atmospheric CO2 levels and informing carbon management and energy policies. We 
applied a feedback analysis framework to three sets of Historical (1850–2005), Representative 
Concentration Pathway 8.5 (2006–2100), and its extension (2101–2300) simulations from the 
Community Earth System Model version 1.0 (CESM1(BGC)) to quantify drivers of terrestrial and 
ocean responses of carbon uptake. In the biogeochemically coupled simulation (BGC), the effects of 
CO2 fertilization and nitrogen deposition influenced marine and terrestrial carbon cycling. In the 
radiatively coupled simulation (RAD), the effects of rising temperature and circulation changes due to 
radiative forcing from CO2, other greenhouse gases, and aerosols were the sole drivers of carbon 
cycle changes. In the third, fully coupled simulation (FC), both the biogeochemical and radiative 
coupling effects acted simultaneously. We found that climate–carbon sensitivities derived from RAD 
simulations produced a net ocean carbon storage climate sensitivity that was weaker and a net land 
carbon storage climate sensitivity that was stronger than those diagnosed from the FC and BGC 
simulations. For the ocean, this nonlinearity was associated with warming-induced weakening of 
ocean circulation and mixing that limited exchange of dissolved inorganic carbon between surface and 
deeper water masses. For the land, this nonlinearity was associated with strong gains in gross primary 
production in the FC simulation, driven by enhancements in the hydrological cycle and increased 
nutrient availability. We developed and applied a nonlinearity metric to rank model responses and 
driver variables. The climate–carbon cycle feedback gain at 2300 was 42% higher when estimated 
from climate–carbon sensitivities derived from the difference between FC and BGC than when derived 
from RAD. These differences are important to quantify and understand because different model 
intercomparison efforts have used different approaches to compute feedbacks, complicating 
intercomparison of ESMs over time. Underestimating the climate–carbon cycle feedback gain would 
result in allowable emissions estimates that would be too low to meet climate change targets. 
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Changes in Forest Vegetation by GHG and Limited Carbon Sink by Forests in 
Korea  

Kim, Yoon Soo* (1); Lee, Kye-Han (2)  
1: The National Academy of Sciences, Seoul, South Korea; 2: Division of Forestry, Chonnam National University, Gwangju, 
South Korea  

This paper addresses 1) the overview on forest ecosystem in South Korea, 2) the effect of greenhouse 
gas (GHG) on forestry in Korea and 3) the limitation of government’s plan to sequester the GHG 
emissions in forest sectors. 

Around 64% of its land is covered with forestry (637ha) in South Korea. Forest ecosystem has 
recovered successfully due to extensive reforestation program since 1970’, although the original forest 
has almost disappeared. Forest accumulation increased dramatically into 103m3/ha in 2008 from 
16m3/ha in 1975. Deciduous broad-leaved occupy most areas in Korean peninsula while evergreen 
broad-leaved forests are localized in the narrow subtropical belt along the southern coast and on 
Cheju Island. 
Climate change is affecting forestry ecosystem in S. Korea. Earlier flowing in cherry was already 
noticed. Distribution of forest vegetation is being changed by rising temperature in Korea (1.5oC rise 
last 100 years vs 0.74oC average in the world). Areas occupied by evergreen broad-leaved trees (such 
as Camellia and even bamboo) expand, whereas sub-alpine vegetation is now under shrinkage, 
showing the significant vulnerability of sub-alpine vegetation. In this regard, forest ecosystem in North 
Korea is predicted to have more serious impact of climate change than S. Korea. Some productivity in 
forests caused by an extended growing season due to temperature rises may be offset by negative 
aspects such as an increased threat of forest fires, landslides, and a rise in damage by pests and 
plant pathogens. 
Korea ranked as the 10th largest energy consuming nation. Energy-related CO2 emissions have 
increased rapidly and account for 91% of GHG emissions in S. Korea. An increase will be continued 
until 2020-2025, levelling out at 800 MtCO2e. Although forests in S. Korea shifted from a carbon 
source to a carbon sink due to extensive reforestration, forest sinks about 6% of GHG (36MtCO2). 
However, long-term carbon sequestration in forest is uncertain, because the capacity of forest carbon 
sink is being reduced as forest approaches saturation. Despite the increasing share of renewable 
energy for the substitution of fossil fuel by biomass and projected increasing demand for wooden 
house in Korea, the mitigation scenarios in forest sectors have a limited impact in near future. 
Korean government has ambitious plans to cut GHG emissions by 30% in 2020, although the 
performance is not highly appreciated by foreign observers. In addition, emissions-reduction 
commitments by S. Korea cannot be effectively accomplished because substantial portion of CO2 
emission moves from China, indicating the difficulties and limitation for the mitigation and adaptation 
measures of GHG by one country. Situation in Korea suggests strongly that international collaboration 
should be strengthened to leverage the mitigation control as common problems and to keep 
temperature rise within a “safe” (2oC) limit. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 433 of 463 

   

Poster Presentation  
Theme 4: Scenarios of the Future Earth and Steps toward Long-term Earth System Stability  
Keywords: Climate change mitigation, ecosystem services, co-benefit, trade-off  

Synergies and trade-offs between ecosystem service indicators in afforestation 
and bioenergy land-use scenarios  

Krause, Andreas (1); Bayer, Anita (1); Pugh, Thomas A.M. (2); Doelman, Jonathan C. (3); 
Humpenöder, Florian (4); Anthoni, Peter (1); Olin, Stefan (5); Bodirsky, Benjamin (4); Popp, 
Alexander (4); Stehfest, Elke (3); Arneth, Almut* (1)  
1: Karlsruhe Institute of Technology, Germany; 2: University of Birmingham, UK; 3: PBL Netherlands Environmental 
Assessment Agency, Netherlands; 4: Potsdam Institute for Climate Impact Research, Germany; 5: University of Lund, Sweden  

Land management for carbon storage is an indispensable concept of climate change mitigation 
discussions because of its potential to remove carbon dioxide from the atmosphere, and its 
contribution to reduce carbon dioxide emissions from ecosystems. However, the feasibility of 
mitigation projects needs to be assessed also with respect to broader ecological impacts. Here, we 
used projections of future land-use (LU) for different land-based mitigation options from two land-use 
models (IMAGE and MAgPIE) and evaluate their effects on ecosystem function and ecosystem 
service indicators beyond carbon, using a global dynamic vegetation model (LPJ-GUESS). The socio-
economic setting in all land-use scenarios is based on the Shared Socioeconomic Pathway 2 (SSP2), 
and scenarios include climate change impacts for RCP2.6, which have direct effects on e.g., crop 
yields and terrestrial carbon stocks. In the land-use scenarios, a cumulative carbon removal target of 
130 Gt C by the end of the 21st century was assumed to be either achievable via growth of bioenergy 
crops combined with carbon capture and storage, via avoided deforestation and afforestation, or 
through a combination of both. We compared these scenarios to a reference scenario without land-
based mitigation and analyzed the LPJ-GUESS simulations with the aim to assess synergies and 
trade-offs across a range of ecosystem service indicators: carbon sequestration, surface albedo, 
evapotranspiration, water runoff, crop production, nitrogen loss, and BVOC emissions. 
In terms of carbon sequestration, the mitigation simulations forced by the IMAGE LU patterns were 
slightly more effective than the simulations forced by MAgPIE LU patterns but no LPJ-GUESS 
simulation achieved the underlying carbon removal target, with cumulative carbon removal ranging 
between ca. 50 and 90 Gt C. We found positive and negative impacts of land-based mitigation on 
other ecosystem service indicators, with large variability across regions and land-use scenarios. 
Afforestation considerably increased evapotranspiration and BVOC emissions and decreased albedo, 
runoff, N loss and, especially for MAgPIE LU patterns, crop production. A focus on bioenergy-based 
climate mitigation usually resulted in less pronounced changes in most ecosystem service indicators 
than forest-based mitigation, but reductions in crop production, N loss and BVOC emissions were still 
substantial. 
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How can the forest sector contribute to achieving net negative emission goals?  

Kurz, Werner A.* (1); Smyth, Carolyn E. (1); Lemprière, Tony C. (2); Simonson, Karin (2)  
1: Canadian Forest Service, Natural Resources Canada, Victoria, Canada; 2: Canadian Forest Service, Natural Resources 
Canada, Ottawa, Canada  

The goal of the Paris Agreement to keep global temperature increases well below 2 oC will likely 
require net negative emissions in the latter part of this century, suggesting a strong need for increased 
sink mechanisms. Globally, forests not affected by land-use change have been removing 25 – 30 % of 
annual anthropogenic emissions.  Forest responses to future climate changes remain highly uncertain, 
but will vary by region and will be both positive (i.e., growth enhancements) and negative (i.e., 
increased mortality and natural disturbances).  Design and evaluation of climate-effective mitigation 
strategies in the forest sector to contribute to the long-term goal of the Paris Agreement require 
integrated models that implement a systems perspective to evaluate changes in emissions in forest 
ecosystems, harvested wood products and the change in emissions associated with the use of wood 
products and biomass to substitute for high-emissions materials such as concrete and steel, as well as 
fossil fuels. Here we present results of analyses conducted in North America that demonstrate how 
greenhouse gas emission reduction goals can be supported through (1) changes in forest 
management to increase carbon sinks, (2) production and use of long-lived wood products which 
increase carbon retention times and (3) wood product use to reduce emissions through product 
substitution. We provide examples of regionally-differentiated cost-effective mitigation portfolios and 
their impacts on reduced emissions or increased sinks and we will discuss how projections of climate 
change impacts can help align mitigation and adaptation objectives. While uncertainties remain, in 
particular with regard to the displacement of emissions resulting from wood product uses, policies are 
now being implemented in Canada to enhance the role of the forest sector in climate change 
mitigation. The Pan-Canadian Framework on Clean Growth and Climate Change, and British 
Columbia’s CDN $150 million Forest Carbon Initiative are two concrete examples of significant interest 
in forest sector mitigation actions. These approaches can serve as examples for some of the over 100 
countries who indicated in their Nationally Determined Contributions (NDCs) that their land sector will 
contribute to meeting national emission reduction targets. Ongoing research and post-implementation 
monitoring will be required to refine policies and inform national greenhouse gas inventories on the 
benefits and outcomes of climate change mitigation actions in the forest sector.  
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Heat waves and cold spells in Central Europe under different climate change 
scenarios  

Kysely, Jan* (1); Lhotka, Ondrej (1,2); Plavcova, Eva (1)  
1: Institute of Atmospheric Physics CAS, Czech Republic; 2: Global Change Research Institute CAS, Czech Republic  

We evaluate simulation of Central European heat waves and cold spells in a large ensemble of 
regional climate models (RCMs) from the EURO-CORDEX and ENSEMBLES projects. Heat waves 
and cold spells are defined as spatial events and their characteristics related to frequency, duration 
and temperature magnitude are examined. In the first step, historical runs (1970–99) driven by global 
climate models (GCMs) are evaluated against the E-OBS gridded data set, and changes in heat 
waves’ and cold spells’ characteristics are then analyzed for two time slices of the 21st century (2020–
49, 2070–99) against the historical runs. We study dependence of the results on RCMs, driving 
GCMs, and scenarios of greenhouse gas (GHG) emissions/concentrations representing different 
radiative forcing (SRES A1B, RCP 4.5, RCP 8.5). 
In the near future, the uncertainty in scenarios of heat waves and cold spells associated with GHG 
concentrations is small, while the projected changes in the late 21st century substantially depend on 
the future pathway of GHG concentrations. We study also the role of changes in variance of 
temperature distribution and temporal autocorrelation of daily temperatures on the heat wave and cold 
spell characteristics, and links of the projected changes of heat waves and cold spells to atmospheric 
circulation and land-atmosphere coupling. 
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Using the Suess effect on the stable carbon isotope to distinguish the future 
from the past in radiocarbon  

Köhler, Peter*  
Alfred-Wegener-Institut Helmholtz-Zentrum für Polar-und Meeresforschung (AWI), Germany  

The depletion of 14C due to the emission of radiocarbon-free fossil fuels (14C Suess effect) might lead 
to similar values in future and past radiocarbon signatures potentially introducing ambiguity in dating. I 
here test if a similar impact on the stable carbon isotope via the 13C Suess effect might help to 
distinguish between ancient and future carbon sources. To analyze a wide range of possibilities, I add 
to future emission scenarios carbon dioxide reduction (CDR) mechanisms, which partly enhance the 
depletion of atmospheric Δ14C already caused by the 14C Suess effect. The 13C Suess effect leads to 
unprecedented depletion in δ13C shifting the carbon cycle to a phase space in Δ14C-δ13C, in which the 
system has not been during the last 50 000 years and therefore the similarity in past and future Δ14C 
(the ambiguity in 14C dating) induced by fossil fuels can in most cases be overcome by analyzing 13C. 
Only for slow changing reservoirs (e.g. deep Indo-Pacific Ocean) or when CDR scenarios are 
dominated by bioenergy with capture and storage the effect of anthropogenic activities on 13C does 
not unequivocally identify between past and future carbon cycle changes. 
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Ocean and land carbon uptake: Can we predict the future?  

Lovenduski, Nicole* (1); Bonan, Gordon (2); McKinley, Galen (3); Fay, Amanda (3); Lindsay, 
Keith (2); Long, Matt (2)  
1: University of Colorado Boulder, United States of America; 2: National Center for Atmospheric Research, United States of 
America; 3: University of Wisconsin Madison, United States of America  

Carbon uptake by the oceans and terrestrial biosphere regulates atmospheric carbon dioxide 
concentration and affects Earth’s climate, yet global carbon cycle projections over the next century are 
highly uncertain.  Here, we quantify and isolate the sources of projection uncertainty in ocean and 
terrestrial carbon uptake over the next century by performing an analysis of variance on output from 
two sets of ensembles with the Community Earth System Model (CESM) and models participating in 
the 5th Coupled Model Intercomparison Project (CMIP5).  In the global ocean, uncertainty grows with 
prediction lead time and is primarily attributed to uncertainty in emission scenario.  At the regional 
scale, uncertainty is relatively high for all prediction lead times and driven by a combination of internal 
climate variability and model structure, respectively in the CESM and CMIP5 model 
suites.  Uncertainty in CMIP5 projections of global terrestrial carbon accumulation by 2100 is 60% 
larger than that of the global ocean and driven primarily by model structure.  To statistically reduce 
uncertainty in terrestrial carbon projections, we devise schemes to weight the CMIP5 models based on 
their ability to represent observed changes over 1959-2005.  The weighting schemes incrementally 
reduce uncertainty in terrestrial carbon uptake, with the most extreme scheme corresponding to the 
lowest overall uncertainty (125 Pg C in 2100).  We suggest, however, that a focus on reducing multi-
model spread may not necessarily make terrestrial carbon cycle projections more reliable, and may 
limit scientific progress.   
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The oceanic origin of the path-independence of the transient climate response 
to cumulative CO2 emissions  

MacDougall, Andrew Hugh*  
St. Francis Xavier University, Canada  

Virtually all Earth system models (ESM) show a near proportional relationship between cumulative 
emissions of CO2 and change in global mean temperature, a relationship which is nearly independent 
of the emissions pathway taken to reach a cumulative emissions total. The relationship, which has 
been named the Transient Climate Response to Cumulative CO2 Emissions (TCRE), gives rise to the 
concept of a ‘carbon budget’. That is, a finite amount of carbon that can be burnt whilst remaining 
below some chosen global temperature change threshold, such as the 1.5 and 2.0 oC targets set by 
the Paris Agreement.  In this presentation I will show that the path-independence of TCRE arises from 
two effects: (1) the ocean heat and carbon uptake being governed by a similar mechanism, which at 
the global average is consistent with diffusion. (2) The partitioning ratio of anthropogenic carbon 
between the ocean and the atmosphere being almost the same as the partitioning ratio of enhanced 
radiative forcing between the ocean and space. That these ratios are so close in value is a 
coincidence unique to CO2.  I show that the compensation mechanism that generates path-
independence works for a range of CO2 emission rates which largely envelops historical emission 
rates and emission rates from future emission scenarios. The results place TCRE and carbon budgets 
on a firmer physical foundation and therefore help validate the use of these metrics for climate policy. 

Session:  
C2: The Coupled System (part 2)  
Thu, 24 August 2017: 11:10 - 12:30  



ICDC10 Abstracts 

14 August 2017  Page 439 of 463 

   

Oral Presentation  
Theme 4: Scenarios of the Future Earth and Steps toward Long-term Earth System Stability  
Keywords: atmosphere, emission mitigation, carbon capture and storage, geoengineering  

Invited Keynote: Carbon capture and storage by carbon dioxide mineralization  

Matter, Juerg Michael*  
University of Southampton, United Kingdom  

Continuously increasing atmospheric CO2 concentration, despite existing efforts such as energy 
efficiency and emission control initiatives, demand a rapid decarbonization of the global energy sector. 
Carbon dioxide capture and storage (CCS) technologies could significantly reduce lifecycle emissions 
from power plants and fossil fuel intensive industries. All the components of an integrated CCS system 
exist and are already in use in the fossil fuel industry. However, barriers for the large-scale 
deployment of CCS technologies are the lack of economic incentives and regulations concerning short 
and long-term responsibilities of CO2 storage in geologic reservoirs [1]. 
Major risks associated with geologic CO2 storage include reservoir pressure build-up, induced 
seismicity, and migration of CO2 or CO2-rich brines out of the injection zone, thereby compromising 
the long-term integrity of the storage reservoir. To address these risks, a new approach involving the 
mineralization of the injected CO2 via fluid-rock reactions in situ in the storage reservoir has been 
proposed and tested [2]. The conversion of CO2 to carbonate minerals provides the most permanent 
and safe disposal of CO2 in a geologic reservoir. However, the mineralization potential is generally 
limited in conventional CO2 storage reservoirs such as oil and gas reservoirs, and deep saline aquifers 
in sedimentary basins due to a lack of calcium, magnesium and iron-rich silicate minerals, which 
readily react with CO2 to form carbonate minerals. 
The CarbFix pilot project in Iceland successfully tested CO2 mineralization in an unconventional basalt 
storage reservoir in SE Iceland. Basalt, an igneous rock, rich in calcium and magnesium silicate 
minerals is highly reactive and one of the most common rock types on Earth, providing large storage 
capacities for safe and permanent CO2 storage. By injecting up to 230 tons of CO2 in a basalt 
reservoir between 400 and 800 m depth and using novel geochemical monitoring technologies such 
as radiocarbon tagging of the injected CO2, the CarbFix project demonstrated the nearly complete 
CO2 mineralization of the injected CO2 within less than two years [2]. Such fast mineralization rates 
facilitate permanent disposal of anthropogenic CO2 emissions in form of environmentally benign 
carbonate minerals in a relatively short period of time, thereby avoiding the risk of leakage and 
reducing the scale of a long-term monitoring, verification and accounting (MVA) programs. 
Furthermore, reducing these risks by converting CO2 into carbonate minerals may also improve public 
acceptance of CCS. 
CO2 mineralization ensures the safety and permanent CO2 isolation from the atmosphere. It provides 
an alternative to CO2 storage in conventional sedimentary reservoirs, but it is still in its infancy and its 
technical and economic feasibility have to be proven for a complete CCS system. 
[1] Herzog H. (2011), Energy Economics 33, 597-604. [2] Matter, J.M. et al. (2016), Science 352:6291, 
1312-1314. 
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Climatic consequences of large-scale herbaceous biomass plantations as 
climate engineering tools  

Mayer, Dorothea George*; Kracher, Daniela; Reick, Christian; Pongratz, Julia  
Max Planck Institute for Meteorology, Germany  

Enhancing terrestrial carbon sinks is much discussed as a climate engineering method both in politics 
and science. The debate focuses mostly on its potential for carbon sequestration and fossil-fuel 
substitution, whereas effects such as changes in heat and water fluxes are often ignored. 
Furthermore, many pervious studies used idealized scenarios to assess global biomass potentials 
without considering other ecosystem services. We assess potentials and side-effects of herbaceous 
biomass plantations on the climate in a ‘plausible’ scenario: Under the representative concentration 
pathway (RCP) 4.5, large areas of agricultural lands are abandoned. We model the climatic 
consequences of using such abandoned croplands for biomass plantations, under an RCP8.5 forcing 
(high CO2-emissions). As our baseline, we use a previously simulated scenario assuming forest 
naturally establishes on the same areas, which leads to substantial carbon uptake by 2100. We 
compare these two options of land-use-based climate engineering with regards to sequestration 
potentials and side-effects. We examine the relevance of fossil-fuel substitution and assess the 
importance of going beyond pure carbon considerations by exploring biogeophysical effects and their 
potential to offset or enhance impacts of altered CO2-concentrations on the local or global climate.  
Our ‘plausible’ scenario simulated an expansion of herbaceous biomass plantations to 5.6 million 
square kilometers. Global yields over the 95 years simulated amount to 300 PgC. When used for 
fossil-fuel substitution, they reduce carbon dioxide concentrations by 70-90 ppm and temperatures by 
0.2-0.4°C compared to the baseline afforestation. Replacing forests with herbaceous biomass 
plantations not only significantly alters plant carbon stocks but also how these carbon stocks develop 
over time. Forests respond to CO2-fertilization more strongly than do herbaceous biomass plantations, 
so that a replacement reduces the area’s sink capacity. At the end of the century, forests would store 
114 PgC more than do herbaceous biomass plantations. Nevertheless, with fossil-fuel substitution, 
herbaceous biomass plantations are simulated to be more effective at sequestering carbon than 
forests. In many areas, they become more effective than forests quickly, even when considering 
current technological limits of biomass conversion into fossil-fuels. 
Biogeochemical effects dominate the effects on the climate while biogeophysical effects are negligible 
on global and local scales. Only albedo significantly correlates over large regions with the extent of 
herbaceous biomass plantations. However, changes were slight and did not affect local temperatures. 
Significant biogeophysical effects were identified only for components of the water cycle in individual 
regions such as southeast Brazil. Overall, we conclude that (1) herbaceous biomass plantations can 
function as a method of climate engineering when deployed globally if they are established on 
abandoned croplands, (2) they have larger CO2-reduction potential than regrowing forests when used 
for fossil-fuel substitution, (3) side-effects via biogeophysical pathways are small compared to the 
cooling resulting from carbon sequestration. 
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The 1.5C target: potential and implications of large scale BECCS deployment  

Muri, Helene*  
University of Oslo, Norway, Department of Geoscience, Section for Meteorology and Oceanography, Oslo, Norway  

The increasing awareness of the many damaging aspects of climate change over this century and 
beyond has prompted research into ways of reducing and reversing the recent man-made increase of 
the carbon concentrations in the atmosphere. Most IPCC emission scenarios stabilising climate at low 
levels, like the 1.5°C target as outlined by the Paris Agreement, require large scale deployment of Bio-
Energy with Carbon Capture and Storage (BECCS). 
Here, the potential of large scale BECCS deployment in reaching the 1.5ºC global warming target is 
evaluated alongside associated climate and carbon cycle feedbacks. An Earth system model with fully 
coupled carbon cycle and interactive biogeochemistry is used to assess different BECCS deployment 
scenarios together with strong mitigation. Large-scale BECCS deployment influence not only the 
global carbon cycle, but also the feedbacks between the atmosphere and land surface. The climate 
implications, including changes to the hydrological cycle, of large scale BECCS deployment will be 
presented. 
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Precise modeling of anthropogenic CO2 emissions in climate models. Past and 
future emission estimates using the POPEM model.  

Navarro, Andres* (1); Moreno, Raul (2); Tapiador, Francisco J. (1)  
1: Institute of Environmental Sciences (ICAM), University of Castilla-La Mancha, Spain; 2: Albacete Research Institute of 
Informatics (I3A), University of Castilla-La Mancha, Spain  

Earth System Models (ESMs) integrate the interactions of atmosphere, ocean, land, ice, and 
biosphere to provide an objective and comprehensive estimate of the global climate. ESMs are 
generally restricted to the physical and bio-geophysical components, with the socioeconomic 
dynamics integrated as off-line forcings, i.e. not coupled with the other components. This paper 
presents a new parameterization for climate models that links anthropogenic CO2 emissions with 
socio-economic evolution. Through a system dynamics approach, we develop a cohort-component 
model that successfully simulates historical population dynamics and provides future population 
estimates at fine spatial resolution (1ºx1º). The population projections are used to improve the 
estimates of CO2 emissions, thus transcending the bulk approach of current models and allowing more 
realistic non-linear effects to feature in the simulations. The model, named POPEM (POpulation 
Parameterization for Earth Models), is coupled with the CESM (Community Earth System Model) and 
run for present climate conditions for verification. The results from the parameterization module are 
compared with two emission inventories, CDIAC and EDGAR, with good results. The results from the 
coupled model also compare well with observations and show that  accounting for geographically-
distributed emissions estimates is useful, paving the way for more complex models with regionalized 
GHG emissions. 
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Seasonal amplitude increase in acidity and decrease in CaCO3 saturation 
states in future scenarios with CMIP5 models  

Orr, James C.*; Kwiatkowski, Lester  
LSCE/IPSL, CEA-CNRS-UVSQ, Gif-sur-Yvette, France  

The response of marine organisms to ocean acidification will depend not only on long-term trends in 
the ocean's mean state but also on changes in short-term variability, i.e., on diurnal and seasonal time 
scales. Although much effort has been devoted to assessing future trends in the mean states of ocean 
carbonate chemistry variables, little is known about corresponding changes in their seasonal cycles. 
To quantify potential changes in seasonal cycles that will occur during the 21st century, we have 
assessed changes in simulations made with the Earth System Models (ESMs) that participated in the 
fifth phase of the Coupled Model Intercomparison Project (CMIP5). For consistency and to maximize 
the number of model contributions, all analyzed carbonate chemistry variables were computed offline 
from the monthly surface fields of total dissolved inorganic carbon, total alkalinity, temperature, 
salinity, total dissolved inorganic phosphorus and silicon. The complete set of these 6 input fields is 
available from up to 9 CMIP5 models, depending on the future scenario. Calculations were made 
offline using the mocsy package and the set of equilibrium constants recommended for best practices. 
During this century under the CMIP5 business-as-usual scenario (RCP8.5), the amplitude of seasonal 
cycle of the hydrogen ion concentration [H+] typically doubles, while in the Arctic it nearly triples; 
conversely, the amplitude of the seasonal cycle of pH declines by about 20% on average. The 
opposite tendency for the trend in the amplitude for pH arises because an absolute change in pH 
actually represents a relative change in [H+], and the change in the amplitude of [H+] (numerator) is 
smaller than the change in its mean state (denominator). During this century, there are also declines in 
the amplitude of the seasonal cycles of the carbonate ion concentration and the related CaCO3 
saturation states (Ω for aragonite and calcite) by up to 50% in the high latitudes. Most of the changes 
in the seasonal amplitudes of [H+] and Ω are due to the increases in CO2, based on analysis of the 
additional CMIP5 simulations that separate that driver from climate change. Nonetheless, effects of 
climate change on the seasonal amplitude of Ω are more substantial and partially counter reductions 
from the CO2 increase. Future research should be directed at assessing how such changes in short-
term variability may affect marine organisms, especially those considered vulnerable to ocean 
acidification. 
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An elevated marine oxygen inventory in a warmer future ocean?  

Oschlies, Andreas*  
GEOMAR, Germany  

An Earth system model of intermediate complexity (UVic) is employed to simulate the impact of global 
warming on marine oxygen and nutrient budgets to anthropogenic CO2 emissions on millennial 
timescales. A surprising finding is that the simulated marine oxygen inventory of the warmer future 
ocean exceeds the preindustrial oxygen inventory for plausible assumptions about biogeochemical 
processes and circulation dynamics. After an initial deoxygenation period progressing for a few 
hundred years and leading to a substantial expansion of oxygen minimum zones, oxygen levels start 
to rise and even exceed preindustrial levels after a few millennia under much warmer climate 
conditions. Circulation dynamics, thermodynamics and redox-sensitive biogeochemical feedbacks 
involving the nitrogen cycle explain this unexpected result. Sensitivities of the simulated oxygen 
increase to uncertainties in assumptions about ocean mixing, marine biogeochemical processes and 
expected long-term changes in terrestrial weathering and phosphorus input are discussed, as are 
implications for our understanding of the generation of past oceanic anoxic events. 
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Emerging cold season emissions in Arctic-Boreal ecosystems and vulnerability 
to climate change  

Parazoo, Nicholas C* (1); Miller, Charles E (1); Koven, Charlie D (2); Lawrence, David M (3); 
Commane, Roisin (4); Wofsy, Steven C (4); Sweeney, Colm (5)  
1: Jet Propulsion Laboratory, California Institute of Technology, United States of America; 2: Climate and Ecosystem Sciences 
Division, Lawrence Berkeley National Laboratory, United States of America; 3: Climate and Global Dynamics Laboratory, 
National Center for Atmospheric Research, United States of America; 4: Department of Earth and Planetary Sciences, Harvard 
University, United States of America; 5: National Oceanic and Atmospheric Administration, United States of America  

The Arctic Boreal Zone (ABZ) is one of the most important and sensitive regions on Earth in the 
context of climate change. Recent evidence points to ongoing changes to ecosystem metabolism and 
permafrost that have potential to significantly feed-back to global climate processes. Our ability to 
detect and quantify carbon-climate feedbacks in the ABZ requires methods to measure long term 
changes in the rate of ecosystem carbon exchange and disentangle fluxes from permafrost thaw and 
biosphere exchange. Here, we analyze satellite and in situ observations of CO2 concentration and 
deep soil temperature with climatically forced CO2 flux simulations to assess changing 
biogeochemical and permafrost carbon cycle signals in current and future climates. Our results 
emphasize an emergence of cold season processes across the ABZ driven by amplified winter 
warming, longer non-frozen seasons, and increased depth and seasonal duration of soil thaw. Of 
particular concern from our simulations is sudden mobilization of deep old soil carbon following talik 
formation and rapid permafrost degradation. The resulting increase in respiration of deep soil organic 
matter and amplified cold season carbon emissions leads to eventual offsetting of growing season 
vegetation carbon gains and transition from net ecosystem carbon sinks to net carbon sources 
throughout 10% of the ABZ by end of the 21st century. Although current airborne and satellite 
measurements of CO2 and fluorescence can accurately quantify long term changes in peak summer 
uptake, they have insufficient your-round coverage to detect emerging cold season emissions. As the 
potential for Arctic carbon budgets to become impacted by permafrost thaw and cold season 
emissions increases, strategies focused on year-round monitoring of CO2, soil temperature, and 
radiocarbon will be needed to track carbon balance changes and disentangle ancient from 
contemporary carbon.  

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 446 of 463 

   

Poster Presentation  
Theme 4: Scenarios of the Future Earth and Steps toward Long-term Earth System Stability  
Keywords: coupled Earth system, bio-physical feedbacks in the ocean, light absorption by marine biota, Earth 
system model, tropical climate change  

Impacts of phytoplankton light absorption on the response of tropical climate 
to increasing CO2  

Paulsen, Hanna*; Ilyina, Tatiana; Jungclaus, Johann; Six, Katharina D.; Stemmler, Irene  
Max Planck Institute for Metereology, Germany  

Phytoplankton in the euphotic zone absorbs incoming shortwave radiation and transfers it into heat. 
This biologically induced radiative heating affects the ocean and climate state, as shown by numerous 
modeling studies. Previous studies refer to present day climate conditions. In the course of climate 
change, however, the distribution of phytoplankton, and hence light absorption, will change. How 
sensitive climate reacts to changes in the distribution of biological light absorption is largely unknown. 
We apply the Max Planck Institute Earth System Model (MPI-ESM) to study how changes in the 
phytoplankton distribution can alter tropical climate’s response to increasing CO2. For this purpose, we 
perform two sets of experiments. The first set includes the feedback from phytoplankton on ocean 
temperature via light absorption. In the second set, this bio-physical feedback is inactive. Each of the 
two sets consists of a preindustrial control run and an idealized 1% CO2 increase simulation. By 
comparing the relative change in climate between the two sets of experiments, we can assess the 
impact of a changing phytoplankton distribution on the evolution of tropical climate. 
First results show that the simulated decline in phytoplankton concentrations in the tropical and 
subtropical ocean under increasing CO2 amplifies the surface heating signal in the tropics. This is 
because lower phytoplankton concentrations within the subtropical gyres cause deeper penetration of 
shortwave radiation and hence a heating of the subsurface water below the mixed layer. This relatively 
warmer water is transported equatorward via the shallow meridional overturning cells and eventually 
upwelled at the equator. Instead of a surface cooling – which one would expect from a reduced 
phytoplankton light absorption – this advective process leads to a surface heating effect in the tropics, 
regionally by up to 0.4 K. Associated implications for climate include a stronger reduction of the 
Walker circulation and regionally enhanced changes in precipitation. 
The idealized model results indicate that tropical climate is sensitive to changes in the distribution of 
phytoplankton light absorption. A potential future decline in phytoplankton concentrations in the tropics 
and subtropics, which is projected by many global models, could amplify tropical climate change.  
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Country-level indicators to track progress towards the ambition of the Paris 
Agreement  

Peters, Glen* (1); Andrew, Robbie (1); Canadell, Pep (2); Fuss, Sabine (3); Jackson, Rob (4); 
Korsbakken, Jan Ivar (1); Le Quéré, Corinne (5); Nakicenovic, Nebojsa (6)  
1: CICERO Center for International Climate Research, Norway; 2: Global Carbon Project, CSIRO Oceans and Atmosphere, 
Australia; 3: Mercator Research Institute on Global Commons and Climate Change, Germany; 4: Department of Earth System 
Science, Woods Institute for the Environment, and Precourt Institute for Energy, Stanford University, USA; 5: Tyndall Centre for 
Climate Change Research, University of East Anglia, UK; 6: International Institute for Applied Systems Analysis, Austria  

Current emission pledges to the Paris Agreement appear insufficient to hold the global average 
temperature increase to well below 2C above pre-industrial levels. Yet, details are missing on how to 
track progress towards the ‘Paris goal’, inform the five-yearly ‘global stocktake’, and guide increased 
ambition of the Nationally Determined Contributions (NDCs). In earlier work, we developed a nested 
structure of key indicators to track progress through time1. As examples, global emission estimates 
track aggregated progress, country-level decompositions track emerging trends that link directly to the 
NDCs, and technology investments indicate potential future reductions. 
We found that the recent slowdown in global emissions growth is due to reduced growth in coal use 
since 2011, primarily in China and secondarily in the United States. Explosive and policy-driven 
growth in wind and solar has contributed to the global emissions slowdown, but has been less 
important than economic factors and energy efficiency. Some key indicators are broadly consistent 
with a wide range of emission scenarios that keep temperatures below 2C, while others show 
divergence. The growth of wind and solar is in line with many emissions scenarios, but accelerated 
deployment is needed towards 2030. We find that the two most capital intensive mitigation options 
used in the emission scenarios, Carbon Capture and Storage (CCS) and nuclear, are lagging the 
deployment levels in most scenarios, threatening our ability to meet 2030 targets and the longer-term 
Paris ambition of net-zero emissions. 
The global trends are based on an aggregation of country level trends. We extend our analysis to the 
country level to track progress towards the NDCs. Since the NDCs are bottom-up, each country may 
track a unique set of indicators specific to their national circumstances. For example, China’s NDC has 
targets on CO2 emissions, emission intensity, and the share of non-fossil energy, and China 
additionally has internal targets on energy intensity and energy consumption. We analyze recent 
trends in the key indicators and compare them with the required changes to meet the targets 
expressed in the NDCs. The analysis will indicate where progress is needed and where additional 
policies may be required. Reaggregating the results of country-level progress gives an indication of 
global trends in the short term (2017) and towards 2025 and 2030. Understanding emerging trends in 
the emission sources in the global carbon budget is important to gain insights on potential short-term 
changes in the carbon sinks, leading to a better understanding of the possibilities for real-time 
verification of emission trends.  
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Carbon cycle response to Solar Radiation Management: what can be learned 
from GeoMIP simulations?  

Plazzotta, Maxime*; Séférian, Roland; Douville, Hervé  
Météo-France / CNRM, France  

Several studies suggest that geoengineering methods could be deployed in order to complement the 
less controversial mitigation and adaptation strategies. Solar Radiation Management (SRM) methods 
could limit the increase of global mean temperature and its related impacts, despite the difficulty to 
reduce the atmospheric concentration of greenhouse gases (GHG). So far, coordinated simulations 
from the Geoengineering Model Intercomparison Project (GeoMIP) have focused on the climate 
response to SRM methods without investigating potential impacts and feedbacks on the global carbon 
cycle. Here we use the so-called G4 experiment, simulating between 2020 and 2070 a continuous 
stratospheric injection of 5Tg of SO2 per year under the RCP4.5 GHG concentration scenario. We 
determine how SRM can impact land and ocean carbon storage through a decrease in downward 
surface solar radiation and global mean temperature. The ensemble of 6 Earth system models used in 
this study predicts an increase of the net carbon uptake over land and ocean, but with a substantial 
inter-model spread: the cumulative difference over the 2020-2070 period between G4 and RCP4.5 
suggests a net carbon-sink stimulation, increasing allowable carbon emissions by 2 to 14%, 
respectively for the least and the most sensitive models. All models display an increase of allowable 
carbon emission which is mostly driven by the land biosphere carbon sink (~80% of the global carbon 
sink) with a weaker contribution of the ocean carbon sink (~20% of the global carbon sink). After 
stopping the stratospheric aerosol injection in 2070, the land carbon sink decreases and turns less 
effective than in the reference RCP4.5 simulation, in contrast to the ocean carbon sink which does not 
lose the additional carbon stored (in comparison with RCP4.5). Termination impacts on global carbon 
cycle tends to reduce by 20 to 40% the gain in allowable carbon emissions induced by the 50-year-
long SRM method. 
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The role of forest recovery and afforestation in achieving the 2°C warming 
threshold  

Powell, Tom* (1); Harper, Anna (1); Cox, Peter (1); Huntingford, Chris (2); Sitch, Stephen (1); 
House, Jo (3); Lenton, Tim (1)  
1: University of Exeter, United Kingdom; 2: Centre for Ecology and Hydrology, Wallinford, United Kingdom; 3: University of 
Bristol, United Kingdom  

Integrated assessment models (IAMs) have produced scenarios that limit global average temperature 
increases since the pre-industrial era to less than 2°C, a target adopted by 195 countries at the 
COP21 conference in Paris, 2015. A subset of these scenarios limit global warming to 1.5°C, a further 
aim of the Paris agreement. 
Common to all of these scenarios is a significant contribution from land-based mitigation, through 
reduced deforestation and reversal of forest degradation. In some scenarios (e.g. RCP 1.9 in IMAGE) 
no degraded forest remains on the planet by 2100. Most also utilise negative emissions, generated by 
afforestation and bioenergy with carbon capture and storage (BECCS), to actively remove carbon 
dioxide from the atmosphere. Commitments to reduce emissions from deforestation and forest 
degradation are central to the Intended Nationally Determined Contributions (INDCs) of several 
countries, particularly emerging economies in the tropics including Brazil and Indonesia. 
In this presentation we evaluate the potential contribution of reduced deforestation, recovery from 
forest degradation, and afforestation to the 2°C and 1.5°C targets using the JULES land surface 
model. Using a range of idealised hypothetical temperature scenarios that result in climate change 
stabilizing between 1.5 and 2.0°C above pre-industrial (Huntingford et al., submitted), and entraining 
the range of climate model sensitivities reported in the AR5, we capture the climate impacts and CO2 
fertilization effects on forest carbon fluxes for a range of land use scenarios. This is assessed over the 
full ensemble of potential future climates by prescribing CO2 concentrations in IMOGEN, a simple 
climate-carbon cycle coupled impacts model. IMOGEN scales regional patterns of climate change 
from all CMIP5 models to the change in global mean temperature, in turn based on each model’s 
climate sensitivity. 
We assess the potential for forest management strategies to contribute to the overall anthropogenic 
emissions budgets in our scenarios, producing estimates of ‘allowable emissions’ accounting for the 
impacts of forest management and other land-based mitigation strategies. In doing so, we also 
compare the potential for mitigation and negative emissions from forest management in IAM scenarios 
with that predicted by JULES and with the current INDC commitments of key countries. The potential 
for some countries to increase their contributions to reducing CO2 emissions, and enhancing carbon 
sinks, through forest management. Additionally, the assessment of scenarios across the full range of 
CMIP5 models allows us to discuss the long term stability of forest carbon sinks, and any impacts of 
this on their role in reaching the 2°C and 1.5°C targets. 
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Arctic Freshwater Export Drives Reduction of Subpolar North Atlantic Air-Sea 
Fluxes of Anthropogenic Carbon (1990-2100)  

Ridge, Sean*; McKinley, Galen  
UW-Madison, Atmospheric and Oceanic Sciences, United States of America  

The subpolar North Atlantic covers only 2.3% of the global ocean area, but plays an important role in 
the global carbon cycle. As the most intense carbon sink per unit area, the subpolar North Atlantic 
accounts for 12% of the 1.7 Pg C yr-1 of global ocean carbon uptake1,2. We consider the future 
evolution of this critical carbon sink using the physical and biogeochemistry output from the CESM 
Large Ensemble Community Project (LENS)3. We define “high intensity air-sea anthropogenic carbon 
(Cant) flux regions” as those where the strength of the flux is >80th percentile. For the historical era in 
CESM-LENS, high flux intensity regions constitute a disproportionate share of the total ocean carbon 
uptake, responsible for 40% of the global anthropogenic carbon uptake while comprising only 20% of 
total ocean area. Over 1990-2100, there is a shift of high intensity flux away from the North Atlantic 
and to the Southern Ocean. The subpolar North Atlantic is the only high intensity uptake region with 
projected reduction of anthropogenic carbon uptake.  This sharp reduction in North Atlantic carbon 
uptake is driven by amplification of the Arctic hydrological cycle and resulting changes in freshwater 
fluxes between the Atlantic and Arctic. The biogeochemical properties of Arctic freshwater reduce the 
sea-air pCO2 difference (∆pCO2), and thus the air-sea carbon flux. Using modeled fields of salinity and 
∆pCO2, we compare the results from the CESM-LENS to other global climate models included in the 
Coupled Model Intercomparison Project Phase 5 (CMIP5). We find the GCMs studied produce 
consistent magnitude and trends of salinity of the subpolar gyre. These effects of freshwater on pCO2 
are an example of an intense climate-carbon cycle feedback mechanism projected to occur in the 
Arctic-North Atlantic. 

Poster Session (see poster session schedule)  



ICDC10 Abstracts 

14 August 2017  Page 451 of 463 

   

Poster Presentation  
Theme 4: Scenarios of the Future Earth and Steps toward Long-term Earth System Stability  
Keywords: coupled Earth system, emissions scenarios, climate, carbon intensity of economy  

Investigating risks and trade-off in pathways with high short-term emissions 
and fast decarbonization post-2030  

Rocher, Matthias* (1); Guivarch, Céline (2); Séférian, Roland (1)  
1: CNRM, Centre National de Recherches Météorologiques, Météo-France/CNRS, Toulouse, France; 2: Ecole des Ponts 
ParisTech, CIRED, Nogent-sur-Marne, France  

The Paris Agreement aims at limiting global warming to well below 2 degrees Celsius and at 
strengthening global efforts to limit it to 1.5 degrees Celsius. Yet, the core pledges submitted in the 
Intended Nationally Determined Contributions (INDCs) would bracket emissions levels within a range 
of 52.0-59.3 GtCO2eq(UNFCCC, may 2016), implying very fast decarbonization post-2030 and the 
global deployment of negative emissions technology to achieve long-term climate goal of Paris 
Agreement. Uncertainties relative to the pace of the future decarbonization pathways can have large 
consequences on the human systems as well as the natural ecosystem. 
In this work, we explore the main risks and trade-offs implied by emission scenarios consistent with 
both the short-term INDCs mitigation effort and the long-term goal of Paris Agreement. To do so, we 
exploit results from both an Earth system model (ESM, CNRM-ESM1) and an Integrated Assessment 
Model (IAM, IMACLIM-R) forced by the same set of families of idealized CO2 emissions scenarios 
from 2015 to 2100. All emissions scenarios pass by the 2030 emission level at the bottom of the INDC 
range but differ by the rate of decarbonization after 2030, and hence the amount of net negative 
emissions reached in 2100. 
This dual modelling approach allows quantifying structural challenges that should be expected over 
the second half of 21th century in terms of energy and needs of negative emissions. It also allows 
determining avoided impacts on natural ecosystem compared to a baseline scenario. 
IMACLIM-R shows that scenarios with the most rapid post-2030 decarbonization has slower GDP 
growth, but scenarios with slower decarbonization require earlier and deeper development of negative 
emissions technologies, in particular bio-energy with carbon capture and storage (BECCS). We 
estimate the need in cumulative gross negative emissions during the period to 114-200 GtCO2. 
CNRM-ESM1 predicts that the pace of decarbonization can have various consequences on natural 
ecosystems modulate by the exposure time to stressors (heatwave, drought, acidification) relative to 
the duration of the climate overshoot (from 20 to 50 years). Synergy between the various ecosystems 
stressors tends to highlight the difficulty to quantify “avoided impacts” relative to a strong 
decarbonization strategy. 
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A First-Order Role for the Low Latitudes in Sustaining Global Ocean Carbon-
Climate Feedbacks  

Rodgers, Keith Bradley* (1); Ishii, Masao (2); Frölicher, Thomas (3); Slater, Richard (1)  
1: Princeton University, AOS Program, United States of America; 2: Oceanography and Geochemistry Research Department, 
Meteorological Research Institute, Japan Meteorological Agency, Tsukuba, Japan; 3: Environmental Physics, Institute of 
Biogeochemistry and Pollutant Dynamics, ETH Zürich, Switzerland  

The ocean is the principal integrator in the climate system on multi-decadal to centennial timescales, 
modulating anthropogenic climate change by absorbing approximately 30% of anthropogenic carbon 
(Cant) emissions.  Under global warming, coupled climate model simulations and theoretical arguments 
indicate that the capacity of the ocean to absorb Cant will be reduced relative to what would be 
absorbed for an unperturbed physical state of the ocean, with this constituting a positive ocean 
carbon-climate feedback.  Recent studies emphasize the importance of the North Atlantic and/or the 
Southern Ocean in sustaining such feedbacks.  
Here we use a suite of simulations with an Earth system model (GFDL's ESM2M) under a “business-
as-usual” (historical/RCP8.5) concentration pathway for 21st century climate projections to test the 
hypothesis that the coupling of heat and carbon in surface waters of the low-latitude shallow 
overturning circulation structures plays a first-order role in sustaining global ocean carbon-climate 
feedbacks.  In particular, we use a new set of model runs with ESM2M that exploit the "data override" 
feature in ESM2M to tease out the direct versus direct effects of the invasion of anthropogenic heat 
perturbations by isolating the impact of surface warming on the carbonate buffering capacity of 
seawater.  Our preliminary findings indicate that perturbations to the carbonate buffering capacity of 
seawater do in fact offer a first-order contribution to ocean carbon-climate feedbacks over the low 
latitudes.  This stands in contrast to the drivers of carbon-climate feedbacks over the high latitudes, 
which tend to be driven by ocean circulation changes perturbing the natural carbon cycle.   
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Invited Keynote: Permafrost carbon in a warmer world  

Schuur, Ted*  
Northern Arizona University, United States of America  

Approximately twice as much soil carbon is stored in the northern circumpolar permafrost zone than is 
currently contained in the atmosphere.  Permafrost thaw, and the microbial decomposition of 
previously frozen organic carbon, is considered one of the most likely positive feedbacks from 
terrestrial ecosystems to the atmosphere in a warmer world.  Yet, the rate and form of release is highly 
uncertain but crucial for predicting the strength and timing of this carbon cycle feedback this century 
and beyond. New insight brought together under a synthesis effort by the Permafrost Carbon Network 
helps constrain current understanding of the permafrost carbon feedback to climate, and provides a 
framework for newly developing research initiatives. A newly enlarged soil carbon database verifies 
the widespread pattern of large quantities of carbon accumulated deep in permafrost soils. The known 
pool of permafrost carbon is now estimated to be 1330-1580 Pg C, with the potential for ~400 Pg C in 
deep permafrost sediments that remain largely unquantified. Even though these northern regions 
account for only 15% of global soil area, the 0-3 m global soil carbon pool is increased by 50% when 
accounting for the soil carbon stored in the permafrost zone. Laboratory incubations of these 
permafrost soils reveal that a significant fraction of this material can be mineralized by microbes and 
converted to CO2 and CH4 on time scales of years to decades, with decade-long average losses from 
aerobic incubations ranging from 6-34% of initial carbon. Variation in loss rate is dependent on the soil 
carbon to nitrogen ratio, with higher values leading to more proportional loss. Environmental 
conditions also modify potential emission rates, sometimes with unexpected consequences for climate 
forcing. The climate impact of aerobic decomposition was two times larger than of anaerobic 
decomposition even though methane was released in the latter conditions, due to the overall higher 
emission rates in the former. Model scenarios show potential C release from the permafrost zone 
ranging from 37-174 Pg C by 2100 under the current climate warming trajectory (RCP 8.5), with an 
average across models of 92±17 Pg C. Furthermore, thawing permafrost C is forecasted to impact 
global climate for centuries, with models, on average, estimating 59% of total C emissions after 2100. 
A key question is the degree to which soil carbon release will be offset by carbon uptake by plants and 
storage of new carbon in surface soils. Models, expert assessment, and empirical field measurements 
differ in their predictions on this offset. Taken together, greenhouse gas emissions from appear likely 
to occur over decades to centuries as northern regions warm, at a magnitude similar to other 
historically important biospheric C sources such as land use change, but at a fraction of fossil fuel 
emission rates.  
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Carbon-concentration and carbon-climate feedbacks under negative emissions  

Schwinger, Jörg* (1); Tjiputra, Jerry (1); Heinze, Christoph (2)  
1: Uni Research Climate and Bjerknes Centre for Climate Research, Bergen, Norway; 2: University of Bergen and Bjerknes 
Centre for Climate Research, Bergen, Norway  

Reaching ambitious climate targets, such as limiting anthropogenic warming to 2 or 1.5 degree, will 
require that net emissions to the atmosphere become negative at some point in time within this 
century (e.g. Rogelj  et al. 2015). Six out of ten state of the art Earth system models (ESMs) simulate 
net negative emissions after 2060 in order to follow the atmospheric CO2 concentration prescribed in 
the peak and decline scenario RCP2.6 (Jones et al., 2013). However, fifty percent of these models still 
project a warming larger than 2 degrees by the end of this century, indicating that even stronger 
emission reductions than imposed by RCP2.6 might be necessary, particularly if a 1.5-degree climate 
target is pursued in the future.  
Since the early 2000s, the use of complex Earth system models (ESMs) to characterize carbon cycle 
feedbacks has become a standard exercise, now “routinely” performed as Coupled Climate Carbon 
Cycle Model Intercomparison Projects (C4MIPs). However, carbon cycle feedbacks have been 
traditionally characterized under experiments or scenario simulations where atmospheric CO2 
concentrations and temperature increase. Here, we analyse idealized model experiments with 
prescribed 1% CO2 increase per year until quadrupling followed by a 1% decrease per year to pre-
industrial concentrations. We augment these simulations with so-called radiatively (RAD) and 
biogeochemically (BGC) coupled experiments. In these experiments the increasing CO2 is only "seen" 
by the radiation code (RAD) or the land/ocean biogeochemistry code (BGC) of the model, such that 
the feedbacks can be separated into CO2 and temperature-driven components, that is, into carbon-
concentration and carbon-climate feedbacks, respectively. We analyse these experiments is terms of 
global carbon cycle metrics (beta and gamma-factors). We also extend the analysis of Schwinger et 
al. (2014), and quantify the non-linearity of the feedbacks under negative emissions. Our results 
indicate that the traditional beta/gamma feedback-framework and the inherent linearity assumption 
might be less useful to describe carbon cycle feedbacks in situations when CO2 concentrations peak 
and decline. 
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Numerical simulations of the climate responses to various scenarios with the 
Beijing Climate Center Climate System Model  

Shi, Xueli*; Zhang, Yanwu; Zhou, Wenyan; Wu, Tongwen  
National Climate Center, China, People's Republic of  

The anthropogenic carbon dioxide emissions have caused intensive climate changes and more 
frequent extremes all around the world, which has been proved by both observation and simulation 
investigations. 
In this paper, the climate under different scenarios was simulated by using the coupled climate model 
system, Beijing Climate Center Climate System Model (BCC_CSM) of China Meteorological 
Administration. BCC_CSM1.1 has participated the Coupled Model Intercomparison Project Phase 5 
(CMIP5) simulations of the World Climate Research Programme (WCRP), and been extensively 
applied by users through the world. The newly upgraded version (BCC_CSM2) and its component 
models were ready to carry out the new experiments of CMIP6. Besides analyzing the CMIP6 coupled 
model simulations results under different scenarios, comparisons with the CMIP5 climate simulations 
were also briefly presented. 
Additionally, land cover and land use changes effects on the land surface climate were studied with 
the BCC_CSM land surface component model (BCC_AVIM) by using different land cover datasets, 
i.e., forcing land use data for the LUMIP and some newly multi-time global land cover datasets majorly 
generated by Chinese scientists, i.e., Globeland30, FROM-GLC and so on. 
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What are the carbon and water costs of different land-based climate mitigation 
options?  

Sitch, Stephen* (1); Friedlingstein, Pierre (1); Murray Tortarolo, Guillermo (1); Leung, Felix (1); 
House, Jo (1); Humpenöder, Florian (2); Popp, Alexander (2); Doelman, Jonathan (3); Stehfest, 
Elke (3); van Vuuren, Detlef (3); Arneth, Almut (4); Krause, Andreas (4); Pugh, Thomas (4); 
Anthoni, Peter (4); Bondeau, Alberte (5); Fader, Marianela (5); Ciais, Philippe (6); de Noblet, 
Nathalie (6); Yue, Chao (6); Li, Wei (6)  
1: University of Exeter, United Kingdom; 2: Potsdam Institute for Climate Impacts Research, Potsdam, Germany; 3: Netherlands 
Environmental Assessment Agency, De Bilt, the Netherlands; 4: Karlsruhe Institute of Technology, Garmisch-Partenkirchen, 
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Laboratoire des Sciences du Climat et de l’Environnement, Gif sur Yvette, France  

Future impacts of land-use and land-cover changes (LULCC) on the biochemical cycles and 
biophysics are highly uncertain. Firstly, there are large uncertainties in possible future scenarios due 
to socio-economic parameters (e.g., food demand, trade liberalisation, technological development). 
Secondly, there are uncertainties in how cropland, pasture and natural vegetation respond to changes 
in climate. With a model comparison we address both these uncertainties. Two sets of future 
scenarios are run with the Integrated Assessment Models (IAMs) IMAGE and MAgPIE, representing 
idealized and policy relevant land-based climate mitigation scenarios. These compare bio-energy with 
carbon capture and storage scenario (BECCS) and an afforestation and avoidance of deforestation 
scenario (AD+AFF), and their combination, to reference scenarios with no land-based mitigation 
(REF). The land use changes from these IAM scenario runs are subsequently used to run the 4 
Dynamic Global Vegetation Models (DGVMs) JULES, LPJ-GUESS, LPJml and ORCHIDEE. The aim 
of a first set of simulations is to estimate bounds on the global capacity for land-based climate 
mitigation, and explore uncertainties across Dynamic Global Vegetation Models. A second set of 
simulations will explore specific policy scenarios. The socio-economic setting in all scenarios is based 
on the Shared Socioeconomic Pathways 2 (SSP2), and scenarios include climate change impacts for 
RCP2.6, which have direct effects on crop yields and terrestrial carbon stocks, and indirect effects on 
land-use dynamics. This comparison will show the impact of different future mitigation scenarios on 
the carbon and water balance, the development of natural vegetation and crop yields over the 21st 
century.  
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Quantifying and comparing effects of climate engineering methods on the 
Earth system  

Sonntag, Sebastian; Pongratz, Julia*; Ferrer Gonzalez, Miriam; Ilyina, Tatiana; Kracher, 
Daniela; Nabel, Julia; Reick, Christian; Schmidt, Hauke  
Max Planck Institute for Meteorology, Germany  

Climate engineering (CE) methods are much discussed tools to complement mitigation efforts aiming 
at stabilizing future temperatures. Previous model studies on potential impacts of CE have focused 
mainly on effects of individual CE methods as simulated by different models. Here we assess 
atmosphere-, ocean-, and land-based CE measures with respect to effects and side effects 
consistently within one comprehensive model. We use the Max Planck Institute Earth System Model 
(MPI-ESM) with prognostic carbon cycle to compare solar radiation management (SRM) by 
stratospheric sulfur injection with carbon dioxide removal methods: afforestation and ocean 
alkalinization. We perform a simulation each including one of the three CE methods and forced by 
fossil-fuel CO2 emissions according to the Representative Concentration Pathway (RCP) 8.5. 
Because of inherently different target variables — atmospheric CO2 for afforestation and ocean 
alkalinization, radiative forcing for solar radiation management — the CE methods differ vastly in 
terms of their effects on different Earth system components. We find that mitigating feedbacks 
emerge: for example, as a response to SRM temperatures are reduced leading to a reduction of 
atmospheric CO2 due to enhanced land carbon uptake. In addition, unintended side effects become 
clear: for example, terrestrial net primary production (NPP) is substantially reduced in the alkalinization 
scenario, while SRM has almost no net effect on terrestrial NPP due to counteracting effects of 
decreased water stress in low latitudes and weaker boreal forest expansion. We also identify 
challenges arising in a comparative assessment of different CE methods: the quantitative results 
depend on details of the CE scenarios and on the underlying models, and an interpretation of relative 
efficiency depends on the choice of variables that are analyzed. Furthermore, we show that 
normalisations allow for a better comparability of different CE methods. For example, we find that 
despite different amounts of global surface cooling achieved, local amplification factors compared to 
the global mean temperature changes are generally similar in the CE scenarios, with the exception of 
Arctic amplification, which is stronger in SRM due to SRM’s weaker temperature reduction in high 
northern latitudes. In addition, we find a higher efficiency to remove carbon from the atmosphere for 
alkalinization compared to afforestation, again illustrating how carbon cycle feedbacks in the coupled 
Earth system alter the mitigation potential of CE methods. Overall, our study shows how different CE 
methods affect the components of the Earth system and why a comparative assessment of CE is 
difficult.  
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Biophysical climate benefits of restored savanna woodlands under global 
warming scenario  

Syktus, Jozef*; McAlpine, Clive  
The University of Queensland, Australia  

Deforestation and climate change are interconnected and represent major environmental challenges. 
We explore the capacity of regional-scale restoration of marginal agricultural lands to savanna 
woodlands in Australia to reduce warming and drying resulting from increased concentration of 
greenhouse gases. To assess the impact of afforestation on regional climate in Australia we have 
developed two contrasting future land-use scenarios for the extensive semi-arid regions of Australia, 
representative of a) the expansion of dryland crops and pastures (Maximum Crops), and b) the 
maintenance of crops and pastures only on economically productive lands and the restoration of 
economically marginal land to woodlands (Partial Restoration). The key difference between the land-
use scenarios was the proportion of agricultural lands versus woodlands in eastern and southwest 
Australia. We completed two sets of ensemble simulations using global variable resolution CCAM at 
20 km spatial resolution. An ensemble of three simulations for each land-use scenario for the period 
2021–2076 using RCP8.5 emission scenario was completed. The only difference between the two 
sets of simulations was the land use. Results show that restoration triggers a positive feedback loop 
between the land surface and the atmosphere, characterized by increased evaporative fraction 
increased humidity and turbulent mixing in the boundary layer. Cloud formation and convective 
precipitation are enhanced over the restored areas. The increased evaporative fraction is a direct 
consequence of the capacity deep-rooted woody vegetation to alter the partitioning of surface energy 
by accessing soil moisture from the lower soil profile. The increased precipitation provides additional 
moisture to the soils and vegetation, thus reinforcing the positive biophysical feedbacks. Under the 
RCP8.5 high emission scenario, restoration reduces the rate of warming and drying. Over restored 
areas, warming is reduced by 20–40% during the 2023-2076 period. We conclude that large-scale 
restoration of native vegetation in Australia exerts a moderating influence on the regional climate. 
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ESM-IAM linkage in the Program for Risk Information on Climate Change and a 
following project  

Tachiiri, Kaoru* (1); Matsumoto, Ken’ichi (2); Silva Herran, Diego (1)  
1: Japan Agency for Marine-Earth Science and Technology, Japan; 2: Nagasaki University, Japan  

We introduce our outputs from Earth system model (ESM)-integrated assessment model (IAM) linkage 
in the Program for Risk Information on Climate Change, a series of Japanese projects started in fiscal 
year (FY) 2012 and ended in FY 2016. In the last five years we have investigated climate stabilization 
from the climatic and socio-economic aspects utilizing an ESM, an ESM of intermediate complexity 
(EMIC) and IAMs. Our results include analysis of transient climate response to cumulative carbon 
emissions (TCRE), analysis on the effect of uncertainty in physical and biogeochemical characteristics 
of ESMs on the economy, development of climate stabilization scenarios using an IAM, and climate 
stabilization experiments using the developed scenarios with an ESM. This presentation will also 
introduce our plan in the following project starting in FY 2017. 
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Is the zero emission requirement aligned with 2°C and 1.5°C stabilization 
targets?  

Tanaka, Katsumasa* (1); O'Neill, Brian (2)  
1: National Institute for Environmental Studies (NIES), Japan; 2: National Center for Atmospheric Research (NCAR), USA  

The Paris Agreement stipulates that global warming be stabilized at well below 2°C and possibly 1.5°C 
above pre-industrial levels, initiating a wide range of associated analyses. However, less attention has 
been paid to another mitigation target in Paris: cut the net anthropogenic greenhouse gas (GHG) 
emissions to zero during the second half of this century. We explored whether and how such an 
emission target is consistent with the temperature target. First, it is important to realize that it inevitably 
exceeds the temperature target temporarily, especially at the 1.5°C level, given the socioeconomic 
inertia generally conceived. Second, achieving the temperature target with overshoot implies that net 
negative CO2 emissions are required to decrease the temperature after peak. Third, achieving the 
emission target also requires net negative CO2 emissions, the intensity of which depends on, among 
others, levels of residual non-CO2 GHG emissions as well as the metric used to equate GHG 
emissions. Fourth, the timing of meeting the emission target needs to be early in the second half of 
this century to be consistent with the temperature target. 
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Land and ocean carbon cycle responses to three radiation management 
geoengineering methods  

Tjiputra, Jerry Fong* (1); Ekici, Altug (1); Lauvset, Siv Kari (1); Muri, Helene (2)  
1: Uni Research Climate, Bjerknes Centre for Climate Research, Bergen, Norway; 2: University of Oslo, Dept. of Geosciences, 
Oslo, Norway  

Radiation management geoengineering (RMG) could be considered as possible options to partially 
offset the anthropogenic radiative forcing, which is relevant given the ambitious climate target 
proposed at the Paris COP21. In addition, RMG-induced cooling could affect the atmospheric carbon 
burden due to the potential changes in land and ocean carbon sinks. Here, we use the fully interactive 
Norwegian Earth system model to simulate three RMG scenarios under the RCP8.5 21st century. All 
three RMG (stratospheric aerosol injection, marine cloud brightening, and cirrus cloud thinning) aim at 
offsetting the anthropogenic radiative forcing down to that of the RCP4.5 scenario. In all RMG 
simulations, there is a consistent increase in land and ocean carbon uptakes by as much as 6%, 
relative to the reference RCP8.5. Over land, steady increase in soil carbon pool owing to lower 
heterotrophic respiration is simulated, whereas vegetation carbon response exhibits large multi-
decadal variability, which is likely a consequence of spatially heterogeneous precipitation changes. 
While ocean productivity is projected to decrease, the cirrus cloud thinning method projects steady or 
slight increase in ocean primary production, e.g., in the Equatorial Pacific and Indian Ocean, 
respectively. Changes in ocean circulation and shortwave irradiance lead to the spread in the 
projected marine productivity. In the deep water of North Atlantic, RMG-induced circulation changes 
accelerate the ocean acidification rate and broaden the affected area. The study highlights that 
different RMGs could lead to unexpected carbon feedback and potentially negative regional 
consequences on the ecosystem services. 
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Cumulative carbon emissions consistent with 1.5°C warming  

Tokarska, Katarzyna B {Kasia}* (1); Gillett, Nathan P (2)  
1: University of Victoria, Canada; 2: Canadian Centre for Climate Modelling and Analysis, Environment and Climate Change 
Canada  

The cumulative emissions framework identifies a total amount of carbon that can be emitted, referred 
to as a carbon budget, compatible with stabilization of the global mean temperature at a desired level. 
Carbon budgets consistent with remaining below 1.5 °C global mean warming, reported in the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR5), are directly 
based on responses from comprehensive Earth System Models (CMIP5), which, on average, tend to 
warm more than observations for the current amount of carbon emitted. These models indicate a 
median remaining 1.5 °C carbon budget in 2015 of 69 PgC, which can be compared with annual 
emissions of 10.6 PgC/yr in 2015. Models that warm too strongly in response to historical CO2 
emissions might also be expected to warm too strongly in response to future CO2 emissions. Here, we 
screen available CMIP5 models based on whether or not they simulate consistent fossil fuel emissions 
with those which have occurred for the observed level of present warming. The 1.5 °C carbon budgets 
calculated relative to the recent decade and based on the CMIP5 models which are consistent with 
observations, show a higher median remaining carbon budget than those based on IPCC estimates. 
Thus, while limiting projected global warming to below 1.5 °C is undoubtedly challenging, our results 
indicate it is not impossible as might be inferred from the IPCC carbon budgets.   
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Responses of terrestrial carbon cycle and its interannual sensitivities to 
climate geo-engineering during the 21st century  

Zhang, Qian*  
Beijing Normal University, China, People's Republic of  

Stabilizing the climate through geoengineering aims to mitigate the climate change induced by 
increasing atmospheric CO2 and other Green House Gases. These impacts in climate affect terrestrial 
ecosystem considerably because terrestrial carbon fluxes are sensitivity to climate change. Here we 
analyzed the responses of land carbon cycle to GeoMIP G4 experiment from six Earth System Models 
(ESMs), in which negative radiative forcing is produced by an injection of SO2 into the stratosphere to 
compensate the global warming in RCP4.5 from the year 2020 to 2070. In comparison with RCP4.5, 
all of the models showed higher land carbon uptakes in G4 scenario (30 Pg C on average), with both 
increases in vegetation and soil carbon stores. These land carbon increases relative to RCP4.5 are 
mainly resulted from reduced heterotrophic respiration under cooler temperature, whilst changes in 
vegetation productivity only account a negligible part of land carbon changes. The ESMs also varied in 
their sensitivities of carbon fluxes to changes in air temperature and precipitation. Partial correlation 
analysis showed that the interannual sensitivities of NBP to temperature and precipitation increased 
by 1 to 2 folds in the G4 experiment, due to higher sensitivities of NPP and Rh, yet with large 
differences among ESMs and spatial heterogeneity. This work suggests that stratospheric aerosol 
engineering would have small and positive impact on land carbon uptake but could increase climate 
sensitivities of terrestrial carbon fluxes significantly. 
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