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1. Summary
To improve the time and spatial coverage of the atmospheric CO2 measurements, NASA launched the OCO-
2 satellite in July 2014. We analyzed the column-averaged CO2 dry-air mole fraction (XCO2) observations 
collected between Sep 2014 and Oct 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 (FFC). 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 Jul 2015 to Jun 2016, relative to the mean annual fluxes for 2014. 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/yr for the assumed FFC emission of 10.1 PgC during 2013-2016. 

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 fire emission anomaly of ~0.2 PgC for 2015 relative 2014 as estimated from 
remote sensing data products (GFED4.1s; van der Werf et al., 2010; updated).

The flux corrections based on OCO-2 measurements are validated using independent TCCON 
measurements. 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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2. Data and method:

3. Ongoing research and outlook:

Table 1: Global total CO2 fluxes (in PgC yr-1): a priori and a poste corrections.

Calculation of CO2 flux correction:
CO2 flux corrections from sub-hemispheric atmospheric CO2 burden change 
at monthly time interval. 
Burden difference 

= ΣiΣj (XCO2 difference × area of the grid × air density
where, i = lon grid (144), j = lat grid (72)

CO2 flux correction = d(Burden difference)/dt

The difference in the burdens between Oct and Sep 2014 is assigned to the 
flux correction for Oct 2014. 

A. We used following data sources for this analysis:

OCO-2 XCO2 data are taken from :  (version v7B)
Website: https://co2.jpl.nasa.gov/#mission=OCO-2

GOSAT XCO2 data are from :  (version ACOS b7.3)
https://co2.jpl.nasa.gov/#mission=ACOS (O’dell et al.)

TCCON XCO2 data are from : (selected background sites)
Wiki website: http://www.tccon.caltech.edu/

NOAA flask CO2 data are from : (selected background sites) 
https://www.esrl.noaa.gov/gmd/ccgg/; (Tans et al.)

*OCO-2, GOSAT and ACTM data are grided in to a common 2.5✕2.5o horizontal mesh 

B. Forward transport model simulations are performed using the CCSR/NIES/FRCGC Atmospheric General 
Circulation model (AGCM)-based Chemistry-Transport Model (ACTM), developed in JAMSTEC. ACTM 
resolutions are set at T106 (1.125o✕1.125o) and 32 vertical layers.

Model transport is nudged to Japan Meteorological Agency Reanalysis (JRA-55): horizontal winds and 
temperature. 

We have conducted 3-simulations using FFC and two inversion fluxes CYC64 & IAV84: 
Case 1. FFC + CYC64 (Lnd + Ocn) (highest CO2 growth rate)
Case 2. FFC + IAV84 (Lnd + Ocn)  (slowest CO2 growth rate)
Case3. FFC + IAV84 + GFAS (fire) (moderate CO2 growth rate)

Figure 1: Observation-model comparisons of XCO2 and CO2 from different measurement systems. All three cases 
of model simulations (ACTM_CYC64, ACTM_IAV84, ACTM_IAV84+GFAS) are matched with observations on Oct 
2014 (marked by vertical yellow line), which is chosen as the reference point for the calculation of XCO2 model-
observation differences for calculating flux corrections. 

Comparisons suggest all the data streams consists of similar CO2 concentration anomalies due to the 2014-2016
El Niño event. Additional emissions are required for simulating the CO2 increase rate after about Sep 2014. 
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CO2 flux corrections from
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GFAS CYC64 IAV84 IAV84

+GFAS

Oct2014-Sep2015 9.93 -2.86 -6.24 -4.27 1.97
2.67 

-
2.73

–0.23 2.04 0.71

Jul2015-Jun2016 10.08 -2.86 -6.24 -4.77 1.46 –0.29 2.18 1.09

Oct2015-Sep2016 10.12 -2.86 -6.24 -5.57 0.67 –1.10 1.16 0.67

CO2 burden for 
Global Flux 
correction

Figure 4: Global total CO2 flux corrections, estimated 
using the GOSAT (a; top), OCO-2 (b; middle) 
observations and total GFAS emissions. MODIS fire-
pixel counts for global, tropics (30oS-30oN) and by 
continental divisions for the tropics are also shown (c).

Figure 3: Meridional distributions of a priori CO2
fluxes and flux corrections averaged over Oct 
2014 – Sep 2015. The flux corrections for the 
two separate years (averaged over: Oct 2015 –
Sep 2016) are shown for the 3 ACTM cases. 

Figure 2: 
Latitude-time 
distribution of 
XCO2 (in ppm) 
measured from 
OCO-2 (a) and 
GOSAT (e), and 
their differences 
with 3 cases of 
ACTM runs (b-d 
and f-h, 
respectively) for 
the available data 
periods. Plots 
suggest stronger 
CO2 uptake in NH 
high latitudes 
when GOSAT 
data are used in 
an inversion. 

Figure 5: The XCO2 time series are shown for 6 sites for two sets of ACTM simulations, using a priori (solid 
line) and corrected (broken line) fluxes. The 1-s STDEVs lowered down to ~0.7 ppm for IAV84+GFAS 
corrected fluxes, from about 1 ppm a priori.  

Summary and outlook
This is an attempt to understand OCO-2 and GOSAT XCO2 measurements using Surface in situ, 
Ground-based TCCON and simulations by ACTM   

We estimated that the 2014-2016 El Niño event led to an excess CO2 release to the atmosphere in the 
range of 2.2 - 2.6 PgC yr-1 during Sep 2014 and Sep 2016

A couple of modelling issues to be dealt with for using XCO2 data in inversion: 
• Handling of the data gaps in OCO-2 or other passive sensors for long-lived gases is a cause for concern when “regional 

inversion” is attempted
• Accounting for chemical production of CO2 from reduced carbon compounds, CH4, CO, BVOCs etc. (not serious for in situ 

surface data, which are influenced most by surface fluxes)
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Much stronger sink is suggested by GOSAT during the summer




