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The African Carbon Budget

Net terrestrial C sink of 0.15 PgC yr−1 in the 1990s (Ciais et al., 2009)

Net carbon balance of African ecosystems […] is a sink of the order of 0.2 PgC 
yr−1 with a large uncertainty around this number (Ciais et al., 2011)

RECCAP-1: Regional Carbon Cycle Assessment and 
Processes (Valentini et al., 2014): Africa is a small sink of 
CO2: 0.61 +/- 0.58 PgC yr−1 in the 2000s (Large IAV and 

uncertainties noted)

RECCAP-2 (Ernst et al., 2024): 
Carbon sink capacity is 

decreasing, switching from a 
small sink in RECCAP1 to a 

small source in RECCAP2 at 
0.16 PgC yr− 1 

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GB008016


The unexpected Northern Tropical African (NTA) source

GOSAT/ACOS GOSAT OCO-2
UoE UoE UoE LSCE CSU Mean Median Std

2015 0.60 0.69 1.89 1.54 1.91 1.33 1.54 0.64
2016 1.45 2.02 1.34 2.54 1.84 1.74 0.56

NTA (TransCom 5b) annual means flux (PgC yr-1), adapted from Table 1 (Palmer et al., 2019)

“The largest emissions are found 
over western Ethiopia and western 
tropical Africa during March and 
April when it is hottest and driest”

Annual land flux is a source of 
around 1.5 PgC yr-1 (2015-2016) Supplementary Figure 9: Annual mean distribution of CO2 fluxes (gC/m2/yr) 

over tropical continents inferred from OCO-2 XCO2 data, 2015–2016. 



Orbiting Carbon Observatory-2 (OCO-2) model intercomparison project (MIP)

v7 MIP: Crowell et al., 2019

v9 MIP: Peiro et al., 2022

v10 MIP: Byrne et al., 2023 v10 MIP: Byrne et al., 2023

v7 MIP: OCO-2 inversions indicate a source in 
northern tropical Africa (TransCom 05b) in 
(November–March)

v9 MIP: Annual land flux is a source of around 1.26 
+/- 0.58 PgC yr-1 (2015-2018, v9 MIP)

v10 MIP: Annual land flux (LNLG) is a source of 
around 0.89 +/- 0.88 PgC yr-1 (2015-2020, v10 MIP)

12 models x 5 experiments: 54 available inversions
1. In-Situ (IS)
2. Ocean Glint (OG)
3. Land Nadir Land Glint (LNLG)
4. Land Nadir Land Glint In-Situ (LNLGIS)
5. LNLGOGIS



NASA Atmospheric Tomography Mission (ATom) 

Thompson et al. BAMS, 2022

ATom surveyed downwind 
of Tropical Africa in 4 

seasons

4 aircraft campaigns:
ATom-1: August 2016
ATom-2: February 2017
ATom-3: October 2017
ATom-4: May 2018 



NOAA Marine Boundary Layer reference

Metric to look at ATom signals: subtract the latitudinal gradient of CO2

Surface in-situ: Weekly NOAA MBL / 5° Latitude

∆𝑪𝑶𝟐= 𝑪𝑶𝟐 (ATom) −𝑪𝑶𝟐 (NOAA−MBL)



ATom vs. v10 MIP

ATom data average in 5° Latitude and 100 hPa pressure bin.
ΔCO2 is calculated for ATom and MBL obs. or ATom and MBL inverse models



Atom emergent constraint: NTA flux monthly mean vs. Posterior ΔCO2

Calculate correlation
r(NTA NBE, Posterior model ΔCO2)

NTA flux monthly mean
ATom-2 example (February 2017)

Posterior ΔCO2 for each inversions 
Boxes: minimum width of 15 

degrees and minimum height of 
300 hPa



Posterior ΔCO2 for each inversions
+ Observed ΔCO2

1 box (Highest correlation) 

Atom emergent constraint: NTA flux monthly mean vs. Posterior ΔCO2



Posterior ΔCO2 for each inversions
+ Observed ΔCO2

1 box (Highest correlation) 

Emergent 
Constraints 

NTA NBE 
land flux:
ATom-2:

3.15  +/-  0.6 
PgC/yr

Atom emergent constraint: NTA flux monthly mean vs. Posterior ΔCO2



Atom emergent constraint: monthly time series



2016–2018 Mean Flux Estimates

4-ATom 
estimates

0.14 +/- 0.39 
PgC yr-1 

(2016-2018)



2016-2018 Mean Flux Estimates

0.14 +/- 0.39 
PgC yr-1 

(2016-2018)



OCO-2 biases impact on flux inversions

v Linear relationship with higher 
posterior XCO2 resulting from higher 
fluxes (DJFM).

v The linear regression has an r2 of 0.56 
and a slope of 4.16 PgC yr−1 per ppm.

v This slope implies that a flux error of 1 
PgC yr−1 could result from an XCO2 bias 
of +0.72 ppm if entirely within DJFM, or 
+0.24 ppm if the bias persisted all year. 



Atom emergent constraint: 

IS only GEOS-chem only TM5 only

Northern Tropical Africa (NTA) 
annual means (2016-2018 )
ü 0.14 ± 0.39 PgC yr−1 

(N=54)
ü 0.08 ± 0.33 PgC yr−1 (N=10, 

IS)
ü 0.27 ± 0.36 PgC yr−1 

(N=3x5, TM5 only)
ü 0.8 ± 0.43 PgC yr−1 (N=5x5, 

GEOS-chem only)



Conclusions

gaubert@ucar.edu

v We evaluated inverse model calculations of northern tropical African CO2 fluxes with aircraft 
measurements over the Atlantic Ocean.
ü During the dry season (DJFM): NTA land fluxes are overestimated by the LNLG experiment, and 

underestimated by the IS and OG experiments.
ü In other seasons (ATom 1, 3 and 4) clearly demonstrate the improved fluxes following OCO-2 

assimilation w.r.t IS only inversions.
ü Despite cloud coverage, OCO-2 based inversions do have a stronger sink during the wet season, 

in agreement with ATom emergent constraints

v We derived the three-year annual mean flux estimate of 0.14 +/- 0.39 PgC yr-1 (2016-2018)
ü XCO2 bias of +0.72 ppm (DJFM), or +0.24 ppm if the bias persisted all year. 
ü The ATom emergent constraint is driven by aircraft in-situ observation
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OCO-2 bias correction


