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Supplementary figures and methods 
 
 

 
 
 

 
 

Figure S1. Map of six African groups.  
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Table S2. Data sources for the anthropogenic fossil CO2 emissions included in this study. 
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Figure S2. Bar plots of detailed African emissions for the mean values of the recent five years for fossil CO2  and  
anthropogenic CH4 in tCO2e per capita,  and by group color for 2009-2016. 
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Figure S3. Map of African decennial 2009-2018 GCP CO₂ fossil fuel emissions per capita in tCO₂ per person - CDIAC. 
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Methodological supplementary M1.  Steps for computing the GINI index of African country emissions.  

The GINI index is a metric assessing the level of dispersion and therefore the level of inequalities among the values 

of a given dataset. To show the inequalities of per capita emissions among the African countries, we computed the 

continent GINI index for each of the last three decades using the Pareto principle for the following fluxes : fossil 

CO2 per capita emissions, CH4 fossil + agriculture per capita emissions, CH4 from agriculture per capita emissions.  

We computed the GINI using the Paretto method also named 20/80 or ABC method, using an excel file for 

 the several countries' data manipulation. We obtained the GINI index (γ) thanks to the formula : 
 

 

 

When γ is bigger than 0.6, it means that the area delimited by the curve of the cumulated criterion and the graph 

diagonal represents more than 60% of the surface of half of the graph, and that the dispersion of the dataset is high. 

This method was built in the 19th century based on Vilfredo Paretto’s observations regarding the inequalities of 

repartition of the volume of housing taxes among the taxpayers (he realized that 80% of this tax was paid by 20% 

of the taxpayer.) The different steps that we followed to compute the GINI are detailed below: 

1)computation of the territorial emissions per capita in every African country, 

2)ranking in a decreasing order (from the highest to the smallest one),                               

3)computation of  the cumulative emissions, 

4)creation of a column with the cumulative emissions expressed as a percentage, 

5)creation of a column with a rank (integer) for those ordered emissions from the biggest to the smallest, 

6)conversion of this rank as a percentage in another column, 

7)distinction of the emissions representing less than 25% of emissions, less than 50%, and less than 75% of 

emissions. 

8)computation of the GINI index (γ) thanks to the Paretto’s formula: 
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Figure S4. Bar plots and associated map of GDP, dataset taken from World Bank national accounts data/OECD (2020). 
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Figure   

 

 

Figure S5. Map of territorial mean 2013-2017 emissions and its associated bar plots in kg CO2 of GDP, dataset taken from GCP 2019 
(CDIAC).         
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Figure S5 bis. Map of territorial mean 2013-2017 emissions and its associated bar plots in kg CO2 of GDP, dataset taken from GCP 
2019 (CDIAC).         
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Figure S6. Map of African CO2 emissions expressed in kg per PPP$ of GDP in 2016 - CDIAC. 
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Figure S7. Three maps of African countries fossil CO2 emissions per decade : ratio percentage showing the discrepancies 
between GCP and PRIMAP-hist datasets over three decades (1990-2018).   
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Methodological Supplementary M2 - discussion about the rescaling for CO2 inversions 
 

We operated a rescaling by subtracting back the prescribed fossil fuel fluxes to make sure that the inversions do 

not differ regarding prior fluxes for better comparability. 
 
 

 

 

Figure S8. Comparison of PRIMAP-hist, GCP versus prescribed fossil fluxes for three CO2 inversion models at the regional scale. 
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Figure S9. Country details for LULUCF CO2 emissions and sinks from UNFCCC corrected (strictly consistent with Grassi 
et al. 2022) for 13 African countries that we identified as outliers vs. UNFCCC uncorrected data, TRENDY v9, DGVMs and 
GCP (2020) inversions. Unit is in MtCO2. Black lines denote the PRIMAP-hist estimates for total anthropogenic emissions 
including all IPCC sectors. Shaded green areas represent the minimum and maximum ranges from GCP inversions. Shaded 
blue areas represent the minimum and maximum ranges for TRENDY v9 DGVMs. Green dashes denote the median of GCP 
inversions, blue dashes denote the median of TRENDY v9 DGVMs, green dashes the median of GCP inversions. The positive 
values represent a source while the negative values refer to a sink.      
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                              Table S5. Data sources for the land CO2 emissions in this analysis. 
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                 Table S6. Data sources for total CH4 emissions in this analysis.  
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                 Table S7. Data sources for total N2O inverse flux over Africa (in situ). 
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Table S8. Area of managed land reported in NC/BUR/REDD+ versus FAO forest land (2015) and FAO forest land                                 
+ other woodlands (2015) for Africa.  
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Figure S10. Bar plots comparing areas of managed land reported in NC/BUR/REDD+ versus FAO forest land (2015) in Mha and 
FAO forest land + other woodlands areas (2015) for African countries. (Source : Forest Resource Assessment, FAO). See also 
Table S7 for detailed values.   
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Table S9. Synthesis of TD and BU mean CH4 emissions and removals in MtCO2e.yr-1 for the overlapping time series (2010-
2017) for whole Africa and for the six groups using Method 1 (Foss+ AGRIW + BBUR - wildfires). 
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Table S10. Anomalies in ranking for TD and BU mean values on the overlapping time periods (2010-2017) for whole Africa, 
and for six African groups using Method 1 for anthropogenic CH4 (FOSS + AGRIW + BBUR - wildfires). 

 
 

 
 
 
 

Table S11. Synthesis of wetlands (GCB) mean CH4 emissions and removals in MtCO2e.yr-1 for the overlapping time series 
(2010-2017) for the whole Africa and six African groups. 
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Table S12. Comparison between N2O PRIMAP-hist mean values and the median of inversions on the overlapping period 
(2010-2017) for Africa and the six African groups in MtCO2e.yr-1 

 

 
Table S13. Synthesis for the three main GHGs net African budget: comparative net emissions and removals computation by 
TD methods for Africa as a whole and for six sub-groups of African countries over the overlapping period (2001-2017), in 
MtCO2e. Use of Method 1 for CH4 (FOS+AGRIW+BBUR-wildfires) excluding UNFCCC outliers, and including the range for 
GCP CO2 LULUCF. 
 

Region TD Method 1 and GCP for FCO2 TD Method 1 and PRIMAP for FCO2 

CH4 
median 
GOSAT 

inversions 
+ median 

N2O 
inversions 

CH4 median 
SURF 

inversions + 
median N2O 
inversions 

CH4 median 
SURF 

inversions + 
PRIMAP 

N2O 

CH4 median 
GOSAT 

inversions + 
PRIMAP N2O 

 

CH4 
median 
GOSAT 

inversions 
+ median 

N2O 
inversions 

CH4 median 
SURF 

inversions + 
median N2O 
inversions 

CH4 median 
SURF 

inversions + 
PRIMAP 

N2O 

CH4 median 
GOSAT 

inversions + 
PRIMAP 

N2O 

Africa total 
 

3889%&'()&*) 3866%&,()%') 2579%0,*)') 2602%*,*2*) 3983%3'0)(&% 3960%3,0)&'% 2673%'2*2'0 			2696&,2*'*0 

North Africa 
 

1014**3%,32 1046(&,%*0, 822,*(%%'0 790	32*%%&, 1022*'%%,,( 1054(3&%*%% 830,(,%&3& 7983'3%%3& 

Central Africa 7587)*2&0(,  7517))(&03(  3447%%,*%*)3  3517%%&2%(0&  7667)*0&0)&  7597)(2&0,3  3527%%32%*2&  3597%%&0%(%0  
Subsahelian West 

Africa 
 

5467'*%&2& 6097&,%3,' 4067&,%02( 343'*%0%' 5427'2%&)2 6057&)%3,* 4037&)%023 340'2%0%( 

Southern Africa 
 

6167%)*%)&(  6167%2(%(''  4157332%,*%  415733%%,)2  61873,0%)&2  61873,2%)0%  416733)%,*&  	41673&'%,)'  

South Africa 
group 

 

458%03)%0 455'3),) 		411%%((2' 414%&()3, 537%2,2)% 534%)&'&) 490%'()(' 493&0(2%3 

Horn of Africa 3997&),%&%*  3947&')'((  2017,()),2  2067,,,'')  4017&)3%&%(  3957&'('()  2027,()),'  2077,,,''2  
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Table S14. Synthesis for the three main GHGs net African budget: comparative net emissions and removals 
computation by TD methods for Africa as a whole and for six sub-groups of African countries over the overlapping 
period (2001-2017), in MtCO2e. Use of Method 1 for CH4 (FOS+AGRIW+BBUR-wildfires) excluding UNFCCC 
outliers, and excluding the range for GCP CO2 LULUCF (possible outliers). 
 

Region TD Method 1 and GCP FCO2 TD Method 1 and PRIMAP FCO2 

CH4 median 
GOSAT 

inversions + 
median N2O 
inversions 

CH4 median 
SURF 

inversions + 
median N2O 
inversions 

CH4 median 
SURF 

inversions + 
PRIMAP 

N2O 

CH4 median 
GOSAT 

inversions + 
PRIMAP 

N2O 
 

CH4 median 
GOSAT 

inversions + 
median N2O 
inversions 

CH4 median 
SURF 

inversions + 
median N2O 
inversions 

CH4 median 
SURF 

inversions + 
PRIMAP 

N2O 

CH4 median 
GOSAT 

inversions + 
PRIMAP 

N2O 

Africa total 
 

38893*30,&)( 38663,20,&%( 2579&332&2%* 2602&322&2)* 39833(&,,(3' 39603*),,30' 2673&,3&&'0' 2696&,2&&'(' 

North Africa 10142(&%%(, 1046'33.%%&30  822)(*'%( 790	(',2*0 10222)0%%)% 1054',%%&3) 830))3'*2 798)0&2*2 

Central Africa 758(')2*3 751()'2&( 34430'3(3 3513&)3'% 766)0*2(& 759(2)233 3523%)3)% 35933*3'' 

Subsahelian 
West Africa 

 

54633%),2 609,0&2%* 406,0&**3 34333%,2( 5423&2),* 6053''2%& 4033''**0 3403&2,23 

Southern Africa 616**&)&& 616*,,('* 4153'&,,) 415,00,), 6183'0)&, 61832&(') 4163'3,,2 	416,0%,)* 

South Africa 
group 

 

4583),,() 4553(,*0, 		411322,,( 4143'2,'% 537,*3(&2 534,,3*2, 490,()*&( 	493,))*)0 

Horn of Africa 3993,0)33 3943%),2, 201%,)&(( 206%)'*%* 4003,%)3, 3953%2,2* 202%,2&() 207%)%*%( 
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Table S15. Mean net total Africa and regional groups from mean TD (excluding the range for CO2 LULUCF due to outliers) 
and mean best fitted BU Methods excluding outliers. (For TD approaches, N2O inversions were excluded and replaced by 
PRIMAP estimates. For DGVMs the range for GCP CO2 LULUCF was not considered due to probable outliers. UNFCCC 
outliers are also excluded.) Net emissions and removals are expressed in MtCO2e.yr-1 over the overlapping period (2001-2017). 

Region Mean of TD methods  
excluding N2O inversions replaced 
with N2O PRIMAP and excluding 
the range for GCP CO2 LULUCF 

(with probable outliers) 

Ranking 
with TD 
methods 

Mean net of best fitted BU methods  
(excluding uncorrected UNFCCC data) 

Ranking with BU 
methods 

North Africa 806	)30223 (GCP FCO2) 
						814)3)'02	(PRIMAP FCO2)                                    

Mean GCP & PRIMAP (FCO2):                         
𝟖𝟏𝟎𝟕𝟑𝟑𝟖𝟗𝟓 

1 713(,%20)	(GCP FCO2) 
		720(,'2%(	(PRIMAP FCO2) 

    Mean GCP & PRIMAP (FCO2): 
𝟕𝟏𝟕𝟔𝟒𝟓𝟖𝟏𝟐 

1 

South Africa group 4123'3,(2	(GCP FCO2) 
								491	,)&*,) 	(PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟒𝟓𝟐𝟒𝟑𝟐𝟓𝟎𝟖 

         2 534,,3(%3	(GCP FCO2) 
					613*&&('&	PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟓𝟕𝟒𝟒𝟖𝟑𝟔𝟓𝟑 

3 

Horn of Africa 203%*23'0	(GCP FCO2) 
					204%*'3'%(PRIMAP FCO2)                           

Mean GCP &PRIMAP (FCO2):                 
𝟐𝟎𝟒𝟏𝟓𝟗𝟑𝟗𝟏 

6 432&'(*&,(GCP FCO2) 
						433&')*&*(PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟒𝟑𝟑𝟐𝟗𝟕𝟓𝟐𝟓 

4 

Subsahelian West 
Africa 

375	3()*&0(GCP FCO2) 
					3713(3*%(	(PRIMAP FCO2)                           

Mean GCP & PRIMAP (FCO2):                 
𝟑𝟕𝟑𝟑𝟔𝟓𝟓𝟏𝟖 

4 612*3'))(	(GCP FCO2) 
						609*3*	))& (PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟔𝟏𝟎𝟓𝟑𝟕𝟕𝟕𝟒 

2 

Southern Africa 415	3'(,(0(GCP FCO2) 
416	3')	,(& (PRIMAP FCO2)                           

Mean GCP & PRIMAP (FCO2):                 
𝟒𝟏𝟔𝟑𝟗𝟕𝟒𝟔𝟏  

3 228%)2*&'(GCP FCO2) 
						355%)'*3%(PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟐𝟗𝟐𝟏𝟕𝟖𝟓𝟑𝟎 

             5 

Central Africa 348	3%23))(GCP FCO2) 
356	3&(32*  (PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟑𝟓𝟐	𝟑𝟐𝟐	𝟑𝟖𝟏 

5 −707&%0%(2 (GCP FCO2) 
−627&0&%)( (PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
−𝟔𝟔7𝟐𝟎𝟔𝟏𝟕𝟐   

6 
 
 
  

Africa total 	2591&3(3&2,*(GCP FCO2) 
    2684&,*)&'3' (PRIMAP FCO2) 
Mean GCP &PRIMAP (FCO2):                 

𝟐𝟔𝟑𝟖𝟐𝟒𝟏𝟎𝟐𝟖𝟗𝟐  

 2576&%,03&&2	(GCP FCO2) 
    2669&&333&*%	(PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2):                 
𝟐𝟔𝟐𝟑𝟐𝟏𝟖𝟔𝟑𝟐𝟒𝟎 
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Table S16. Mean net total Africa and regional groups from best fitted mean TD and mean BU Methods excluding outliers. For 
TD approaches, N2O inversions were excluded and replaced by PRIMAP estimates. For DGVMs, the range for GCP CO2 
LULUCF was considered. UNFCCC outliers are also excluded. Net emissions and removals are expressed in MtCO2.yr-1 over 
the overlapping period (2001-2017). 
 
 

Region Mean net of TD methods  
(including range for CO2 LULUCF 
from GCP inversions with outliers 
but excluding N2O inversions (N2O 

PRIMAP) 

Ranking with TD 
methods 

Mean net of best fitted BU 
methods  

(excluding uncorrected UNFCCC 
data) 

           Ranking with BU 
                 methods 

North Africa 806	%&'%%*)(GCP FCO2) 
						814	,&2%%2&	(PRIMAP FCO2)                                                     

Mean GCP & PRIMAP:                  
𝟖𝟏𝟎	𝟐𝟕𝟗𝟏𝟏𝟕𝟎 

1 713(,%20)	(GCP FCO2) 
		720(,'2%(	(PRIMAP FCO2) 

    Mean GCP & PRIMAP (FCO2): 
𝟕𝟏𝟕𝟔𝟒𝟓𝟖𝟏𝟐 

     1 

South Africa group 412%&%)%&	(GCP FCO2) 
								491	&0%)'% 	(PRIMAP FCO2)                           

Mean GCP & PRIMAP: 
𝟒𝟓𝟐𝟏𝟔𝟏𝟕𝟓𝟏 

2 534,,3(%3	(GCP FCO2) 
					613*&&('&	PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟓𝟕𝟒𝟒𝟖𝟑𝟔𝟓𝟑 

                         3 

Horn of Africa 203	7,*(2)& 	(GCP FCO2) 
					2047,**2)3 	(PRIMAP FCO2)                            

Mean GCP & PRIMAP: 
𝟐𝟎𝟒7𝟒𝟓𝟔𝟖𝟕𝟑  

6 432&'(*&,(GCP FCO2) 
						433&')*&*(PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟒𝟑𝟑𝟐𝟗𝟔𝟓𝟐𝟓 

                          4 

Subsahelian West 
Africa 

375	3(%0*3	(GCP FCO2) 
					3713(%0*0	(PRIMAP FCO2)                            

Mean GCP & PRIMAP: 
𝟑𝟕𝟑𝟑𝟓𝟔𝟏𝟎𝟓𝟏 

4 612*3'))(	(GCP FCO2) 
						609*3*	))& (PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟔𝟏𝟎𝟓𝟑𝟕𝟕𝟕𝟒 

                          2 

Southern Africa 415		733*%,(, (GCP FCO2) 
416		7333%,((  (PRIMAP FCO2)                            

Mean GCP &PRIMAP: 
𝟒𝟏𝟔7𝟑𝟑𝟒	𝟏𝟒𝟔𝟓 

 

3 228%)2*&'(GCP FCO2) 
						355%)'*3%(PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
𝟐𝟗𝟐𝟏𝟕𝟖𝟓𝟑𝟎 

                          5 

Central Africa 348	7%%3)%*22 (GCP FCO2) 
356	7%%&'%*'( (PRIMAP FCO2)  

Mean GCP & PRIMAP (FCO2):                
𝟑𝟓𝟐7𝟏𝟏𝟑𝟑	𝟏𝟓𝟗𝟐  

5 −707&%0%(2 (GCP FCO2) 
−627&0&%)( (PRIMAP FCO2)                            

Mean GCP & PRIMAP (FCO2):                 
−𝟔𝟔7𝟐𝟎𝟔𝟏𝟕𝟐   

                          6  
 
         
  

Africa total 	2583&&*%303) (GCP FCO2) 
    	2654&3&&302' (PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2):                 
𝟐𝟔𝟑𝟖𝟏𝟕𝟔𝟏𝟓𝟖𝟕𝟑 

 2576&%,03&&2	(GCP FCO2) 
    2669&&333&*%	(PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2):                 
𝟐𝟔𝟐𝟑𝟐𝟏𝟖𝟔𝟑𝟐𝟒𝟎 
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Table S17. Mean net total of best fitted mean TD and mean BU methods excluding N2O inversions (replaced by 
PRIMAP estimates), using Method 1 for CH4 (FOS+AGRIW+BBUR-wildfires) excluding UNFCCC outliers, and 
including the range for GCP CO2 LULUCF, for Africa total and for regional groups, with associated ranking. 
 

Region Mean of best fitted TD and BU methods using both GCP and 
PRIMAP FCO2  

(excluding UNFCCC outliers and N2O inversions, but including range for 
CO2 LULUCF from GCP inversions) 

Ranking with TD 
methods 

 
 
 

North Africa 761,(0'22  1 

South Africa group 513%(%)0& 2 

Horn of Africa 318	720(''  5 

Subsahelian West 
Africa 

492&2('%3  3 

Southern Africa 3547)2	''2  4 

Central Africa 1437()0	22&  6 

Africa total                                                    2630%'),,**) 
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Table S18. Mean net total Africa and regional groups from TD inversions only including N2O inversions (and the 
range for CO2 LULUCF from GCP inversions). For BU methods, UNFCCC outliers are excluded. 

Region  Mean TD from inversions only  
(including range for CO2 LULUCF from GCP inversions 

 and N2O inversions)  

Ranking with BU methods  
 
 

North Africa 1030*2'%,)%(GCP FCO2) 
1038*%&%,)'(PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2): 
𝟏𝟎𝟑𝟒𝟔𝟎𝟎𝟏𝟒𝟕𝟓 

 

1 

South Africa group 				457	'2)&'	(GCP FCO2) 
				536	%)22'' 	(PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2): 
𝟒𝟗𝟔𝟏𝟑𝟖𝟖𝟏𝟒 

5 

Horn of Africa 397	7&2(%0'0 	(GCP FCO2) 
	3987&2*%0'% 	(PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2): 
𝟑𝟗𝟕7𝟐𝟖𝟓𝟏𝟎𝟗𝟏  

6 

Subsahelian West Africa 577	7(0%3%*	(GCP FCO2) 
	5747(3%3%&	(PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2): 
𝟓𝟕𝟔7𝟔𝟏𝟏𝟑𝟏𝟑 

4 

Southern Africa 616	7%2%%)%3 (GCP FCO2) 
618	73,,	%)%,  (PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2): 
𝟔𝟏𝟕7𝟐𝟔𝟐𝟏𝟕𝟏𝟑  

3 

Central Africa 7557)()&0*0 	(GCP FCO2) 
7637)*'&0*2 	(PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2): 
𝟕𝟓𝟗7𝟕𝟔𝟑𝟐𝟎𝟓𝟒  

2 

Africa total 3787%&),)&&((GCP FCO2) 
3971%3(*),*( (PRIMAP FCO2) 

Mean GCP & PRIMAP (FCO2): 
𝟑𝟖𝟕𝟗𝟏𝟑𝟐𝟎𝟕𝟑𝟒𝟏 
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Figure S11. Comparison of the total anthropogenic CH4 emissions from PRIMAP-hist and 22 top-down global ensembles 
using Method 2 for total Africa, including wildfire emissions. Anthropogenic CH4 emissions from TD methods were 
computed by withdrawing the sum of available data regarding natural emissions from the total flux (wetlands, “other 
natural'' emissions, biomass burning, and wildfires (GFEDv4)). Black lines denote the PRIMAP-hist estimates for total 
anthropogenic emissions including all IPCC sectors. Shaded green areas represent the minimum and maximum ranges from 
satellite concentration observations (GOSAT) inversions. Shaded blue areas represent the minimum and maximum ranges 
for wetlands. Shaded yellow areas represent the minimum and maximum ranges for surface stations (SURF). Green dashes 
denote the median of 11 global GOSAT satellites, blue dashes denote the median of wetlands, yellow dashes the median of 
inversions using surface stations (SURF). The orange lines represent wildfire emissions. Following the atmospheric 
convention, positive numbers represent an emission to the atmosphere. 

 

 

 

 

 

 

 

 

 

 
 



 
 

 

30 

 
Figure S12. Synthesis of the different methodological steps used in this paper for assessing net African GHG trends. 

 
 
 
 
 
 
 
 
 
 
 
 

 


