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Table S1. Estimates of gross aboveground carbon loss (Pg C yr-1) from tropical forest removal 34 

by several studies. The area extent of the tropics varies in these studies, with the largest study 35 

region included in Tyukavina et al.1. The area extents of our study (between 23.5°N and 23.5°S but 36 

excluding Australia) and Baccini et al.2,3 are similar and the smallest among the referenced studies. 37 

All the studies exclude tropical Australia. The table is an update examining aboveground carbon 38 

loss from tropical forest conversion by Baccini et al.3. The aboveground values in this study are 39 

estimated using a stratified random sample approach from the four biomass maps (mean±s.d.).  40 

Study period 
By other studies   By this study for 

the same years Carbon loss  Sources   

2000–2005 0.81 Harris et al., 2012 (ref.4)  0.70±0.12 

2000–2010 0.81 Baccini et al., 2012 (ref. 3) 0.77±0.12 

2000–2010 0.88 Achard et al., 2014 (ref. 5) 0.77±0.12 

2000–2012 1.02 Tyukavina et al., 2015 (ref. 1) 0.82±0.12 

2001–2013 0.62 Zarin et al., 2016 (ref. 6) 0.84±0.11 

2003–2014 0.86 Baccini et al., 2017 (ref. 3) 0.88±0.11 
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Table S2. Error matrix expressed as the proportion of area for different time periods. 42 

  
Period 

Reference 

  Strata Loss No Loss Total 

Map 2001–2005 Loss 0.00544  0.00081  0.00625  

No Loss 0.00193  0.99182  0.99375  

Total 0.00737  0.99263  1  

2006–2010 Loss 0.00653  0.00087  0.00740  

No Loss 0.00203  0.99057  0.99260  

Total 0.00856  0.99144  1  

2011–2014 Loss 0.00642  0.00082  0.00724  

No Loss 0.00244  0.99032  0.99276  

Total 0.00886  0.99114  1  

2015–2019 Loss 0.01103  0.00131  0.01234  

No Loss 0.00323  0.98443  0.98766  

Total 0.01426  0.98574  1  

 43 
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Table S3. Mean relative changes in soil organic carbon (SOC) stocks at 0–30 cm soil depth 45 

for forest conversion to different land uses. SOC loss data resulting from forest (primary and 46 

secondary) loss to cropland (small-scale agriculture) and forest (forestry) are compiled from Fig. 2 47 

in Don et al.7. The commodity-driven deforestation is usually a form of (large-scale) agriculture-48 

driven deforestation, for example, row crop agriculture and cattle grazing in tropical America, and 49 

oil palm plantation in SEA. Thus, we consider that land uses following commodity-driven 50 

deforestation are overall mixed cropland (~20%), grassland (~11%), and forest (e.g., oil palm; 51 

~9%), and the loss rate of SOC is assigned to be 15%, between minimum loss of 9% and maximum 52 

loss of 20%. Rates of SOC loss resulting from forest loss to other land uses (urbanization and 53 

wildfire, accounting for very small proportion of forest loss) are not available, so we simply assume 54 

the SOC loss rate to be 5% in this case. Negative values indicate loss of carbon from soil to 55 

atmosphere.  56 

Land-use change type 

(Primary forest loss due to) 
SOC loss (%) 

Land-use change type 

(Secondary forest loss due to) 

SOC loss 

(%) 

Large-scale agriculture -15.0 Large-scale agriculture -15.0 

Small-scale agriculture -19.3 Small-scale agriculture -21.3 

Forestry -8.8 Forestry -8.8 

Others -5.0 Others -5.0 
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Figure S1. Forest carbon stocks (including aboveground and belowground, excluding soil 58 

organic carbon) across the tropics and for three tropical continents. Bars and error bars 59 

represent the mean and s.d. estimated from four biomass maps (i.e., Baccini et al.2, Saatchi et al.8, 60 

Avitabile et al.9, and Zarin et al.6), respectively. Lands within the mountain polygon defined by 61 

GMBA inventory data are classified as mountains and the remaining lands are classified as 62 

lowlands. 1 Mg C equals 10-6 Pg C.  63 

 64 
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Figure S2. Time-series of gross carbon loss resulting from forest loss over the three tropical 66 

continents during 2001–2019. a, Total gross carbon loss, including aboveground, belowground, 67 

and soil carbon loss. b, Aboveground carbon loss. c, belowground carbon loss. d, Soil organic 68 

carbon loss. Shade area represents the s.d. estimated by four carbon density maps.  69 

 70 

 71 
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Figure S3. Spatial mapping of gross forest carbon loss (including aboveground, belowground, 73 

and soil carbon loss) over Brazil and the Democratic Republic of the Congo. a–b, Mean annual 74 

carbon loss during the period 2001–2015 (a) and 2016–2017 (b) in Brazil. c, Changes in mean 75 

annual carbon loss during 2016–2017 relative to the period 2001–2015 in Brazil. Grey lines are 76 

biome boundaries for Amazonia, Cerrado, Caatinga, Mata Atlântica, Pantanal and Pampa. Blue 77 

lines indicate major rivers over Amazonia. d–e, Mean annual carbon loss during the period 2001–78 

2005 (d) and 2015–2019 (e) in the Democratic Republic of the Congo. f, Changes in mean annual 79 

carbon loss during 2015–2019 relative to the period 2001–2005 in the Democratic Republic of the 80 

Congo. Grey lines are country boundaries. Blue lines indicate major rivers over the Democratic 81 

Republic of the Congo. 1 Mg C equals 10-6 Pg C. The biome maps of Brazil were downloaded from 82 

the Global Forest Watch (https://data.globalforestwatch.org/). The country maps were downloaded 83 

from GADM website (https://gadm.org/).   84 

 85 
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Figure S4. Land-cover information in 2020 in 1000 randomly-sampled pixels where forest 87 

was lost for agriculture in 2001–2005 and 2015–2019 across the tropics and three tropical 88 

continents. (a) Spatial distribution of the randomly-sampled pixels where forest was lost for 89 

agriculture in 2001–2005 (hollow points) and 2015–2019 (filled points). (b) Percentage of land-90 

cover in 2020 in pixels with forest loss. The land-cover information in 2020 is visually interpreted 91 

from very-high-resolution satellite imagery from Planet.  92 

 93 
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Figure S5. Time-series of gross forest carbon loss from different drivers over the three tropical 95 

continents during 2001–2019. Shade area represents the s.d. estimated by four carbon density 96 

maps. 97 

 98 
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Figure S6. Selected Landsat path/row locations for visual interpretation of Global Forest 100 

Change data. We randomly sample 50 path/row locations in each tropical continent, with 150 101 

path/row locations in total. 102 

 103 
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Figure S7. Resolution effects on the estimates of forest carbon loss across the tropics. C30 105 

denotes forest (aboveground and belowground) carbon loss estimated from Zarin biomass map6 106 

(30 m spatial resolution); C500 and C1000 denote forest (aboveground and belowground) carbon 107 

loss estimated from resampled Zarin biomass map at 500 m and 1 km spatial resolution, 108 

respectively (see Methods).  109 
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