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Atmospheric O2 measurements are a tool for understanding
carbon cycle processes
• By measuring atmospheric CO2 and O2, we can learn more about carbon cycle processes
than by measuring CO2 alone.

APO ~ O2 + (αL x CO2)

αL = O2:CO2 ratio of terrestrial biospheric processes (‐1.1:1.0)
• Atmospheric O2 is reported as δ(O2/N2) ratios reported in units of ‘per meg’,
• 1 per meg ~ 0.001 per mil, 5 per meg O2 ~ to 1 ppm CO2

Keeling and Manning (2014)

The global atmospheric O2 network in 2017

Flask samples = red; continuous in‐situ measurements = blue; aircraft campaigns not shown

Motivation for making measurements:
• To fill in a gap in the global network
• O2, CO2 and heat fluxes between the ocean and atmosphere are closely related.
• Key advantages of measuring from a commercial container ship (data can be binned latitudinally, one
measurement system = cheaper, no calibration offset issues).

TT = quality control cylinder
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Meridional transects of O2, CO2 and APO across the Atlantic

Y‐axes are scaled to
be visually
comparable

• Missing data in 2015 owing
to technical issues (mostly
with drying) which are now
resolved.
• Measurement system
functions without any
human intervention
(including remote access)
for ~8 weeks.

Meridional transects of O2, CO2 and APO across the Atlantic
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Latitudinal measurements of APO across the Pacific Ocean

Stephens et al., GBC (1998)
•

Equatorial APO bulge caused mostly by thermally induced O2 outgassing

Latitudinal measurements of APO across the Pacific Ocean

Tohjima et al., GRL (2005)
•

Equatorial APO bulge caused mostly by thermally induced O2 outgassing

Battle et al., GBC (2006)

Latitudinal measurements of APO across the western Pacific Ocean

From Tohjima et al., Tellus B (2015)

•
•

Bulge is suppressed during El Niño year (2010) – mostly caused by changes in atmospheric
circulation associated with an equator‐wards shift in the ITCZ and weak easterly trade winds.
~20% of suppression could be from reduced air‐sea fluxes.

Resolving APO anomalies over the Pacific Ocean
• Work of Tohjima and colleagues was in conflict with a modelling
study by Rödenbeck et al., Tellus B (2008), who found that
equatorial APO anomalies were correlated with El Nino events
(whereas Tohjima et al. found anti‐correlation).
• Recently resolved by Eddebbar et al., GBC (2017), who found
that APO response to ENSO is complex and varies between the
western Pacific and the central and eastern Pacific:
• Eastern Pacific – reduced O2 uptake from upwelling
changes leads to positive APO anomalies.
• Western Pacific – suppressed easterly trade winds and
enhanced westerly wind bursts lead to negative APO
anomalies.
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Latitudinal measurements of APO across the Atlantic Ocean
(Note – 2015 only)
• Modelled APO using TM3 (climatological winds).
Fluxes:
• ffCO2 from CDIAC
• annual ocean O2 and N2 from Gruber et al. (2001) and Gloor et
al. (2001)
• ocean seasonal O2 and N2 from climatologies of Garcia and
Keeling (2001)
• ocean seasonal CO2 from climatology of Takahashi et al.
(2009)

Pickers et al., GBC (2017)

Latitudinal measurements of APO across the Atlantic Ocean
• Annual mean analysis from 2015 data only. Was
2015 an unusual year?
• Not according to:
• Nemo‐PlankTOM model air‐sea O2 fluxes
• ITCZ position in the Atlantic
• TM3 model output using annually varying
winds
• Atlantic Meridional Mode Index (SSTs)
El Niño

La Niña

Tohjima et al. (2015) – same fluxes transported in NIES model

Latitudinal measurements of APO across the Atlantic Ocean in 2016
• Do find an equatorial APO bulge in 2016.
• Located slightly south of the equator – similar
magnitude to western Pacific APO bulge and TM3
modelled APO bulge.
• TM3 still over‐estimates the interhemispheric
gradient.
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Hmm… that’s interesting…

What we know and what we don’t know
We know:
• 2015: no equatorial APO bulge over the Atlantic
• 2016: equatorial APO bulge present over the Atlantic
• TM3 over‐estimates the interhemispheric gradient in both years.
• Pacific Ocean: equatorial APO response to El Niño conditions varies significantly between the west (anti‐
correlated, atmospheric drivers) and east (correlated, ocean flux drivers).
We don’t know:
• Which year represents ‘normal’/prevailing conditions over the Atlantic Ocean – 2015 or 2016?
• May 2015 (weak El Niño) → Autumn/Winter 2015 – Spring 2016 (strong El Niño) → May 2016 (El Niño condi ons ﬁnished).

• Whether equatorial APO variability over the Atlantic is driven by atmospheric or ocean flux processes,
or a combination of both.

Future outlook of Atlantic shipboard data
• Data collection temporarily ceased due to lack of funding/people. Measurements will resume
next month (UK NERC SONATA project).
• Adding Los Gatos CO2/CH4 continuous analyser and automated flask sampler for CH4 isotope
measurements in November 2017 (UK NERC MOYA project).
• With ongoing data collection:
• Investigate the processes causing interannual variability in equatorial APO over the
Atlantic Ocean.
• Examine why TM3‐modelled APO consistently over‐estimates the interhemispheric APO
gradient over the Atlantic.
• Examine interannual variability over longer timescales and start looking at trends.
• Potential to use the Cap San Lorenzo APO data to constrain ocean model meridional
transport of heat and carbon in the Atlantic Ocean, since O2, heat and carbon are linked.

