
Supplementary Information for: 
 

Addressing critiques refines global estimates of reforestation potential for climate 

change mitigation 

Kurt A. Fesenmyer1*, Erin E. Poor2, Drew E. Terasaki Hart3,4, Joseph W. Veldman5, Forrest Fleischman6, 

Pooja Choksi6, Sally Archibald7, Mohammed Armani8, Matthew E. Fagan9, Evan C. Fricke10, César Terrer10, 

Natalia Hasler11, Christopher A. Williams12, Peter W. Ellis13, Susan C. Cook-Patton3* 

1Tackle Climate Change, The Nature Conservancy, Boise, ID, USA. 
2Tackle Climate Change, The Nature Conservancy, Denver, CO, USA. 
3Tackle Climate Change, The Nature Conservancy, Arlington, VA, USA. 
4CSIRO Environment, Brisbane, QLD, Australia. 
5Department of Ecology and Conservation Biology, Texas A&M University, College Station, TX, USA. 
6University of Minnesota, Department of Forest Resources, St. Paul, MN, USA. 
7School of Animal, Plant and Environmental Sciences, University of the Witwatersrand, Johannesburg 

2050, South Africa. 
8College of Agriculture and Natural Resources, Kwame Nkrumah University of Science and Technology, 

Kumasi, Ghana. 
9Department of Geography and Environmental Systems, University of Maryland, Baltimore County, 

Baltimore, MD, USA.  
10Department of Civil and Environmental Engineering, Massachusetts Institute of Technology, 

Cambridge, MA, USA. 
11George Perkins Marsh Institute, Clark University, Worcester, MA, USA. 
12Graduate School of Geography, Clark University, Worcester, MA, USA. 
13Tackle Climate Change, The Nature Conservancy, Portland, ME, USA. 

*Corresponding authors: kurt.fesenmyer@tnc.org, susan.cook-patton@tnc.org  

  

mailto:kurt.fesenmyer@tnc.org
mailto:susan.cook-patton@tnc.org


Content list: 

 

Supplementary Table 1: Categories of spatial data recorded for 89 previously published maps from 2011-

2022, with example publications by application type 

Supplementary Table 2: Method details, area, and mitigation for forest potential, maximum 

reforestation potential, and constrained reforestation potential in global map products and this analysis 

Supplementary Table 3: Exclusion and overlay datasets used in this analysis 

Supplementary Table 4: Area of intersection (agreement) for this analysis and other global forest 

potential and maximum or constrained reforestation potential maps 

Supplementary Table 5: Composite secure land tenure overlay data sources and sensitivity analysis 

results 

Supplementary Figure 1: Reforestation map coverage 

Supplementary Figure 2: Forest potential map agreement 

Supplementary Figure 3: Constrained reforestation potential map agreement 

Supplementary Figure 4: Forest potential map 

Supplementary Figure 5: Forest loss:gain ratio, 2000-2020 

Supplementary Figure 6: Avoiding social conflicts scenarios 

Supplementary Figure 7: Ecosystem services scenarios 

Supplementary Figure 8: Government policy scenarios 

Supplementary Figure 9: Sensitivity testing – forest potential 

Supplementary Figure 10: Sensitivity testing - exclusions 

Supplementary Figure 11: PRISMA diagram for literature review methods 

  



Supplementary Table 1 | Categories of spatial data recorded for 89 previously published maps from 2011-2022, with example publications by 
application type. Suitability criteria are used to delineate areas included in the forest potential or maximum/constrained reforestation potential. 
Exclusions are used to remove or mask areas from the forest potential or maximum/constrained reforestation potential. Overlays are used for 
further refinement or prioritization of reforestation potential. Individual details on each of the 89 published maps we reviewed is provided via 
our ‘Data Availability’ section. 
 
 

Dataset category Suitability criteria example Exclusion example Overlay example 

Existing forest occurrence or condition (local) Keles et al. 2013 1 Erbaugh et al. 2020 2 Pascual et al. 2021 3 

Deforested land or areas of forest loss (local) Orsi et al. 2011 4  Zeng et al. 2020 5 

Biome, ecoregion, or potential natural vegetation Graves et al. 2020 6   

Contemporary (1980-present) forest pattern or 
configuration (e.g., patch size, neighborhood statistics) 

Crouzeilles et al. 2020 7  Crouzeilles et al. 2019 8 

Forest regrowth (including quasi-spatial deductions)  Fargione et al. 2018 9  

Carbon sequestration   Gourevitch et al. 2016 10 

Another forest or reforestation potential map Wilkes et al. 2020 11   

Tree plantation Echeverria et al. 2013 12 Busch et al. 2019 13 West et al. 2020 14 

Surface water (including distance metrics)  Uribe et al. 2014 15 Syartinilia et al. 16 

Urban areas (including distance metrics) Teo et al. 2021 17 Gopalakrishna et al. 2022 18 Zheng et al. 2022 19 

Croplands Molin et al. 2018 20 Nunes et al. 2017 21 Santos et al 2020 22 

Pasture (including non-native grassland vegetation) Lemos et al. 2021 23  Fargione et al. 2018 9 

Grasslands (native vegetation type)  Cook-Patton et al. 2020 24  

Wetlands  Burke et al. 2021 25  

Permanent ice or snow  Drever et al. 2021 26  

Rock, barren land, or sand (including minelands, arid 
lands) 

Aguirre-Salado et al. 2017 27 Strassburg et al. 2020 28  

Shrublands  Cook-Patton et al. 2020 24  

Terrain (e.g., elevation, slope, aspect) Gopalakrishna et al. 2022 18 
 

Zhang et al. 2020 29 Lemos et al. 2021 23 
 

Topographic position (e.g., floodplains, riparian areas) Poccard-Chapuis et al. 2021 30  Ribeiro et al. 2020 31 

Soils Barnett et al. 2016 32 Cook-Patton et al. 2020 24 Cook-Patton et al. 2020 24 



Dataset category Suitability criteria example Exclusion example Overlay example 

Land status or tenure (e.g., protected areas or reserves, 
land ownership) 

Pascual et al. 2021 3 Drever et al. 2021 26 Busch et al. 2019 13 

Roads (including distance metrics)  Chen et al. 2021 33 Uribe et al. 2014 15 

Biodiversity   Cook-Patton et al. 2020 24 

Current climate   Brancalion et al. 2019 34 

Future climate Bastin et al. 2019 35  Bastin et al. 2019 35 

Albedo effects   Drever et al. 2021 26 

Wildfire (e.g., burn history) Graves et al. 2020 6 
 

Drever et al. 2021 26  

Economic factors (e.g., restoration cost, commodity 
prices) 

  Polglase et al. 2013 36 

Social factors (e.g., demographics)   Erbaugh et al. 2020 2 
 

Political factors (e.g., political boundaries, spatially-
explicit policy goals) 

  Greve et al. 2013 37 

Legal factors (e.g., Brazilian Native Vegetation 
Protection Law) 

  Strassburg et al. 2019 38 

Other factors Chomphosy et al. 2021 39 
focus on oil and gas well pads 

Ribeiro et al. 2020 31 exclude 
previous restoration lands 
and forestry lands 

Greve et al. 2013 37 overlay 
groundwater recharge areas 

 
  



Supplementary Table 2 | Method details, area, and mitigation for forest potential, maximum reforestation potential, and constrained 

reforestation potential in global map products and this analysis. This table provides an overview of the methods for mapping reforestation 

potential in the available global maps, including how forest potential is mapped and which exclusions are applied to that forest potential map. 

Total area of forest potential and reforestation potential are provided for each product, where relevant, along with mitigation potential.  

 

Map 

Forest Potential Exclusions Reforestation Potential 

Criteria description 
Global 
area 

(Mha) 

Exist-
ing 

forest 

Crop-
land 

Pas-
ture 

Wet-
land 

Ur-
ban 

Other 
Type Global 

area 
(Mha) 

Global 
miti-

gation 

Miti-
gation 

unit 
Mitigation comment 

FLRO > 45% potential canopy cover  
(closed forest) 

4,253  (1) (2) None (3) (4) None Con-
strained 

514  - - 
 

> 25% potential canopy cover 
(closed and open forests)  

5,706        
 

- - - 
 

> 10% potential canopy cover  
(closed and open forest, 
woodlands) 

7,506  (1) (2) None (3) (4) None 
 

2,509  - - 
 

Griscom 
et al. 2017 

(Uses FLRO > 25% potential 
canopy cover) 

5,706  (5) (2) None (3) (4) Boreal forests 
(for albedo), 
grassy biomes, 
background 
forest regrowth 
rate 2016-2030 

Con-
strained 

678  2,761  TgC/yr Growth rate from lit. review of AGB + BGB 
by tropical, temperate climate domain 
(SOC also considered in tropical domain), 
with additional deductions of mitigation 
estimates of grazing NCS pathways (to 
avoid double-counting) 

Bastin > 10% potential tree cover 8,682  (6) (7) None None (7) None Con-
strained 

1,772  - - Bastin et al. only report mitigation for 
canopy cover restoration (potential minus 
existing tree cover), not forest restoration 8,682  (6) (8) None None (7) None 

 
1,657  - - 

Cook-
Patton et 
al. 2020 

(Uses FLRO > 25% potential 
canopy cover) 

5,706  (Uses Griscom et al. 2017) 
 

678 2,432  TgC/yr Modeled annual natural forest regrowth 
rates over 30 years for AGB + BGB + SOC 
pools 

 

Strass-
burg 

Forest with >15% tree cover 
in predominant ‘original 
ecosystem’ type 

6,160  (9) None None (9) (9) Bare ground, 
ice/snow 

Max-
imum 

1,537  - - 
 

Zheng et 
al. 2022 

(Uses FLRO > 25% potential 
canopy cover) 

5,706  (Uses Griscom et al. 2017 removes urban and cropland expansion 
areas (2020-2100) in 2 land-use projection datasets (10, 11)  

Con-
strained 

- 2,426-
2,336 

TgC/yr Reduction in Cook-Patton et al. 2020 
mitigation based on urban and cropland 
expansion scenarios 

Walker Potential biomass = ‘closed 
forest’ 

4,016  (12) (13) (14) None (15) None Con-
strained 

223  22,700  TgC Potential biomass for AGB + BGB + SOC 
pools 

Potential biomass = ‘closed 
forest’ or ‘open forest’ 

8,161 (12) (13) (14) None (15) None 
 

932  53,800  TgC  

 

 



Map 

Forest Potential Exclusions Restoration Potential 

Criteria description 
Global 
area 

(Mha) 

Exist-
ing 

forest 

Crop-
land 

Pas-
ture 

Wet-
land 

Ur-
ban 

Other Type 
Global 
area 

(Mha) 

Global 
miti-

gation 

Miti-
gation 

unit 
Mitigation comment 

This 
analysis 

> 60% potential tree cover 
(Bastin) AND potential 
biomass = “woody systems” 
(Walker) AND no high 
uncertainty in Bastin or 
Walker models AND fire 
frequency < 2 for the period 
2002-2022 

2,242 (16) None None None None Open water, 
bare ground, 
ice/snow 

Max-
imum 

305 849 TgCe/yr Modeled annual natural forest regrowth 
rates over 30 years for AGB + BGB pools. 
Includes albedo offset, thus value is net 
mitigation potential. Note that units 
presented in the main paper are TgCO2e/yr. 

 > 60% potential tree cover 
(Bastin) AND potential 
biomass = ‘closed forest’ 
(Walker) AND no high 
uncertainty in Bastin or 
Walker models AND fire 
frequency < 2 for the period 
2002-2022 

2,242  (16) (17) None (18) (19) Albedo, open 
water, bare 
ground, 
ice/snow 

Con-
strained 

195  607 TgCe/yr Modeled annual natural forest regrowth 
rates over 30 years for AGB + BGB pools. 
Includes albedo offset, thus value is net 
mitigation potential. Note that units 
presented in the main paper are TgCO2e/yr. 
 

   (16) (17) None (18) (19) Albedo, open 
water, bare 
ground, 
ice/snow  

Con-
strained 

with 
addition-

ality 
deduction 

169  569 TgCe/yr  

(Sens-
itivity 
tests) 

  (20) (17) None (18) (19) Albedo, open 
water, bare 
ground, 
ice/snow 

Con-
strained 

199 662 TgCe/yr  

 
  (16) (21) None (18) (19) Albedo, open 

water, bare 
ground, 
ice/snow 

Con-
strained 

208 644 TgCe/yr  

 > 60% potential tree cover 
(Bastin) AND potential 
biomass = ‘closed forest’ 
(Walker) AND no high 
uncertainty in Bastin or 
Walker models  

2,393 (16) (17) None (18) (19) Albedo, open 
water, bare 
ground, 
ice/snow 

Con-
strained 

242 825 TgCe/yr  



Map 

Forest Potential Exclusions Restoration Potential 

Criteria description 
Global 
area 

(Mha) 

Exist-
ing 

forest 

Crop-
land 

Pas-
ture 

Wet-
land 

Ur-
ban 

Other Type 
Global 
area 

(Mha) 

Global 
miti-

gation 

Miti-
gation 

unit 
Mitigation comment 

(Sens-
itivity 
tests,  
con-
tinued) 

> 50% potential tree cover 
(Bastin) AND potential 
biomass = ‘closed forest’ 
(Walker) AND no high 
uncertainty in Bastin or 
Walker models AND fire 
frequency < 2 for the period 
2002-2022 

2,675 (16) (17) None (18) (19) Albedo, open 
water, bare 
ground, 
ice/snow 

Con-
strained 

265 747 TgCe/yr Modeled annual natural forest regrowth 
rates over 30 years for AGB + BGB pools. 
Includes albedo offset, thus value is net 
mitigation potential. Note that units 
presented in the main paper are TgCO2e/yr. 
 

 > 30% potential tree cover 
(Bastin) AND potential 
biomass = ‘closed forest’ or 
‘open forest’ (Walker) AND 
fire frequency < 2 for the 
period 2002-2022 

5,095 (16) (17) None (18) (19) Albedo, open 
water, bare 
ground, 
ice/snow 

Con-
strained 

845 1,695 TgCe/yr  

 
> 30% potential tree cover 
(Bastin) AND potential 
biomass = ‘closed forest’ or 
‘open forest’ (Walker) 

5,788 (16) (17) None (18) (19) Albedo, open 
water, bare 
ground, 
ice/snow 

Con-
strained 

1,135 2,588 TgCe/yr  

 

(1) 2009 forest extent with 250m resolution (Cited as “Peter Potapov, Matthew Hansen, and Svetlana Turubanova. 2011. Global forest extent derived using MODIS 250m data. University of Maryland” 

at https://www.wri.org/data/methodology-data-atlas-forest-landscape-restoration-opportunity) 

(2) 2008 cropland extent with 250m resolution 40 

(3) Excluded from forest suitability at biomes scale 

(4) 2005 population estimate at 1km resolution 41 

(5) 2012 tree cover map with 30m resolution 42, forest defined as > 25% tree cover 

(6) 2012 tree cover map with 30m resolution 42, forest defined as > 10% tree cover 

(7) 2009 land cover map with 300m resolution (GlobCover), cropland types include mosaic classes (“mosaic crop (50-70%) and natural vegetation” and “mosaic vegetation and crop (20-50%)”) 

(8) 2005 cropland percentage map at 1km resolution 43 

(9) 2015 land cover map with 300m resolution (ESA CCI) 

(10) 2010-2100 land use change 44 

(11) 2010-2100 urban expansion 45 

(12) 2016 aboveground carbon map at 500m resolution derived from 46, forest definition based on ratio of existing:potential biomass, where forest suitability pixels with E:P >0.25 are considered 

forested  

(13) 2017 cropland map with 30m resolution, aggregated by authors to 500m using “majority-rule approach” 

(14) 2000 fractional pasture cover map with 10km resolution 47, pasture defined as >50% fractional cover 

(15) 2015 Global Human Settlement Layer, urban defined as > 300 people/km2 

(16) 2020 forest extent 48, forest definition based on height (>= 5 m) and canopy criteria (>20-25%) 

(17) 2020 cropland agreement map at 30m resolution 49, croplands defined as agreement in 3 or more of 6 maps is  

(18) 2020 wetland map at 30m resolution 50 and global peatland map at 9km resolution 51 



(19) 2020 built lands map at 30m resolution 52 

(20) 2019-2020 forest extent 53, forest definition based on > 10% tree cover 

(21) 2015, 2019 cropland map at 30m resolution 54 

 

  



Supplementary Table 3 | Exclusion and overlay datasets used in this analysis. This table outlines the datasets used in this analysis, their source, 
their spatial resolution, and their use, along with a description of any processing steps used to prepare the datasets. 
 

Dataset Source Resolution Description and processing steps  Use 

Existing 
forest 

GLAD Forest Extent and 
Height Change, 2000-2020 52 

30 meters Forest defined based on height (>= 5 m) and canopy criteria (>20-25%) 

for the years 2000 and 2020. Value set to 1 if 'stable', 'gain', or forest in 

both years with 'stand-replacement disturbances or degradation’; not 

masked if 'loss'. Multi-year mapping allows for accounting of regrowth. 

Exclusion 

(implementation) 

Existing 
forest 
(alternative) 

Global 4-class PALSAR-
2/PALSAR Forest/Non-Forest 
Map 2019-2020 53 

25 meters Forest defined based on area (> 0.5 ha) and tree cover (>10%) for the 

years 2019 and 2020. Value set to 1 if classified as ‘dense forest’ or ‘non-

dense forest’. Dataset resampled to 30m using nearest neighbor. 

Sensitivity test: 

exclusion 

(implementation) 

Open water GLAD surface water 1999-
2020 55 

30 meters Values set to 1 for pixels with ‘permanent water’, ‘stable seasonal’, 
‘water gain’, ‘water loss’, ‘dry period’, ‘wet period, ‘high frequency’, or 
‘probable permanent water’ classes for 1999-2020. 

Exclusion 
(implementation) 

Bare ground ESA WorldCover 10m v100 
and v200 56,57 

10 meters Bare ground = “Lands with exposed soil, sand or rocks and never has 
more than 10% vegetated cover during any time of the year.” Value set 
to 1 when bare ground is mapped in 2020 and 2021. Multi-year mapping 
ensures short-term disturbances (e.g., logging, wildfire) are not masked. 
Dataset resampled to 30m using nearest neighbor. 

Exclusion 
(implementation) 

Ice/snow GLAD Perennial Snow and Ice 
Extent and Change, 2000-2020 
52 

30 meters Values set to 1 for pixels with perennial snow and ice from 2000-2020. Exclusion 
(implementation) 

Built-up 
lands 

GLAD Built-up Lands Extent 
and Change, 2000-2020 52 

30 meters Built-up defined as “man-made land surfaces associated with 
infrastructure, commercial and residential land uses.” Value set to 1 if 
classified as 'stable' or 'expansion' for 2020. 

Exclusion 
(precautionary) 

Peatlands Peat-ML 51 5 kilometers Identifies areas with peatlands based on climate and soil factors and 
remotely-sensed vegetation indices. Values set to 1 if > 50% predicted 
peatland cover. Dataset resampled to 30m using nearest neighbor. 

Exclusion 
(precautionary) 



Dataset Source Resolution Description and processing steps  Use 

Wetlands GWL_FSC30 Wetlands 2020 50 30 meters Values set to 1 for pixels with ‘permanent water’, ‘swamp’, ‘marsh’, 
‘flooded flat’, ‘saline’, ‘mangrove’, ‘salt marsh’, or ‘tidal flat’ classes for 
the year 2020. 

Exclusion 
(precautionary) 

Cropland Global cropland map 
agreement 2020 49 

30 meters Provides pixel-scale count of agreement of 6 cropland maps from 2020; 
source maps use various definitions of croplands, including annual and 
permanent herbaceous and woody crops for human consumption, 
forage, and biofuel. Value set to 1 where cropland map agreement count 
is 3 or more.  

Exclusion 
(precautionary) 

Cropland 
(alternative) 

GLAD cropland 2015, 2019 54 30 meters Cropland definition includes land used for annual and perennial 
herbaceous crops for human consumption, forage (including hay), and 
biofuel and excludes perennial woody crops, permanent pastures, and 
shifting cultivation. Value set to 1 where cropland occurs in 2015 or 
2019. Multi-year mapping allows for accounting of fallow lengths up to 
four years.  

Sensitivity test: 
exclusion 
(precautionary) 

Albedo Hasler et al. albedo 
58 

0.005 
degrees 

Estimates the net climate impact of converting non-forest LULC to forest. 
Values set to 1 for pixels with net impact < 0 (net warming). Dataset 
resampled to 30m using nearest neighbor.  
 
Also applied to mitigation estimate as offset (TgCe per ha per yr).  

Exclusion 
(precautionary),  
 
 
Overlay 

Climate 
change 
mitigation 
(carbon 
sequest-
ration) 

Cook-Patton et al. natural 

regrowth sequestration 59 

 

1 kilometer Estimates the rate of aboveground and belowground carbon 
sequestration during the first 30 years of natural regrowth.  Values are 
TgCe per ha per year.  

Overlay 

Population Gridded Population of World 
Version 4 (GPWv4) 60 

1 kilometer Estimates 2020 per-pixel population Overlay 

Background 
forest 

GLAD Forest Extent and 
Height Change, 2000-2020 52 

30 meter, 
summarized 
to 1 degree 

Maps forest loss year and binary gain for the period 2000-2020. Loss:gain 
ratio calculated as the total area with forest loss divided by total area 
with forest gain per 1x1 degree cell. Used to estimate the proportion of 

Overlay 



Dataset Source Resolution Description and processing steps  Use 

loss:gain 
ratio 

constrained reforestation potential (area or mitigation estimate) where 
restoration would exceed business as usual forest recovery. 

High 
individual 
and minority 
rights 

Varieties of Democracy (V-
Dem) Project 61 

National Liberal democracy index values reflect how individuals and local 
communities can influence decision making, as indicated by 
constitutionally protected civil liberties, strong rule of law, an 
independent judiciary, and effective checks and balances to government 
and/or majority power. Values set to 1 for countries with liberal 
democracy index values for 2023 that are above the global median 
(0.362). National scale vector data converted to raster format with 500m 
resolution.   

Overlay in high 
individual rights 
scenario 

Secure land 
tenure 

LandMark Percentage of 
Indigenous and Community 
Lands Not Recognized by 
Governments and Legal Status 
of Indigenous and Community 
Lands, 2021 62 and Prindex 
Tenure Insecurity, 2020 63 

National A composite measure derived from multiple land tenure datasets from 
the period 2020-2021 (datasets are combined in order to minimize the 
effect of missing data (‘no data’) in source datasets). See Table S4 for 
additional details. Any remaining countries with missing data are 
assigned a value of 0. National scale vector data converted to raster 
format with 500m resolution.   

Overlay in secure 
land tenure 
scenario 

Secure land 
tenure 
(alternative 
#1) 

LandMark Percentage of 
Indigenous and Community 
Lands Not Recognized by 
Governments, 2021 62 

National Indicates the percentage of indigenous and community lands not 
recognized by governments in 2021. Values set to 1 for countries with < 
20% indigenous and community lands not recognized by governments. 
Note that missing data (‘no data’) is assigned value of 0. National scale 
vector data converted to raster format with 500m resolution.   

Overlay in secure 
land tenure 
scenario and 
sensitivity test 

Secure land 
tenure 
(alternative 
#2) 

LandMark Legal Status of 
Indigenous and Community 
Lands, 2021 62 

National A composite measure based on 10 indicators (legal status, land rights 
and common property, formal documentation, legal person, legal 
authority, perpetuity, right to consent before land acquisition, rights to 
trees, rights to water, land rights in protected areas) in 2021 scored on a 
1 – 4 scale (1 – yes, the law fully addresses the issue to 4 – no, the law 
does not address the issue). Values set to 1 for countries where the legal 
security of Indigenous lands is less than or equal to the global average 
(2.8). Note that missing data (‘no data’) is assigned value of 0. National 
scale vector data converted to raster format with 500m resolution.   

Overlay in secure 
land tenure 
scenario and 
sensitivity test 



Dataset Source Resolution Description and processing steps  Use 

Secure land 
tenure 
(alternative 
#3) 

LandMark Legal Status of 
Indigenous and Community 
Lands, 2021 62 

National A composite measure based on 10 indicators (legal status, land rights 
and common property, formal documentation, legal person, legal 
authority, perpetuity, right to consent before land acquisition, rights to 
trees, rights to water, land rights in protected areas) in 2021 scored on a 
1 – 4 scale (1 – yes, the law fully addresses the issue to 4 – no, the law 
does not address the issue). Values set to 1 for countries where the legal 
security of community lands is less than or equal to the global average 
(2.8). Note that missing data (‘no data’) is assigned value of 0. National 
scale vector data converted to raster format with 500m resolution.   

Overlay in secure 
land tenure 
scenario and 
sensitivity test 

Secure land 
tenure 
(alternative 
#4) 

Prindex Tenure Insecurity, 
2020 63 

National Indicates percentage of survey respondents in 2020 who believe it is 
“somewhat or very likely that they could lose the right to use their 
property or part of it against their will in the next 5 years.” Values set to 
1 for countries with < 20% of respondents reporting tenure insecurity. 
Note that missing data (‘no data’) is assigned value of 0. National scale 
vector data converted to raster format with 500m resolution.   

Overlay in secure 
land tenure 
scenario and 
sensitivity test 

Vulnerable 
rural 
livelihoods 

Global Relative Deprivation 
Index v1 2010 64, Global 
Friction Surface 65 

500 meters Uses the Global Relative Deprivation Index (GRDI), which is based on 
childhood dependency ratios, infant mortality, human well-being, and 
economic development measures for the year 2010, and a global walking 
travel time map. Values set to 1 for pixels within a 1 hour walk of areas 
with GRDI values less than the highest quartile (77.25).  

Overlay in low 
rural livelihood 
conflict scenario 

≥ 30% forest 
within 5 km 

GLAD Forest Extent and 
Height Change, 2000-2020 52 

30 meters Percent forest within 5 km radius using 30m existing forest dataset for 
the years 2000 and 2020. Values set to 1 for pixels at least 30% forest 
within 5km. See description of ‘existing forest’ dataset above for 
additional information. Dataset resampled to 1km using nearest 
neighbor. 

Overlay in forest 
neighborhood 
scenario 

Moderate 
slopes 

NASA SRTM Digital Elevation 
Data Version 4 

90 meters Slope as percent. Values set to 1 where slopes 20-50%.  Overlay in water 
quality scenario 

Floodplains Global ALOS landforms 66 90 meters Landform type.  Values set to 1 where landform type is 'Lower slope 
(flat)', 'Valley', or 'Valley (narrow)'  

Overlay in water 
quality scenario 



Dataset Source Resolution Description and processing steps  Use 

Forest 
restoration 
goals 

Goals and Commitments for 
the Restoration Decade 67 

National Identifies countries that have committed to restoring or increasing forest 

through Land Degradation Neutrality, National Biodiversity Strategies 

and Action Plans, Nationally Determined Contributions (Paris 

Agreement), or Bonn Challenge pledges as of 2020. National scale vector 

data converted to raster format with 500m resolution.   

Overlay in national 

forest restoration 

goal scenario 

Existing 
protected 
areas 

World Database on Protected 
Areas 68 

NA Protected areas in 2023.  Values set to 1 where IUCN categories are Ia, 
Ib, II, or III (management focus on conservation/protection, not multiple 
uses). National scale vector data converted to raster format with 500m 
resolution.   

Overlay in 
protected areas 
scenario 

 

  



Supplementary Table 4 | Area of intersection (agreement) for this analysis and other global forest potential and maximum or constrained 

reforestation potential maps. This table lists the components of the unique global reforestation maps and reports the area of intersection 

(agreement) with various components of this analysis. 

Other global restoration map Area of intersection (agreement) with this analysis (million hectares) 

Name Component 
 Area 

(Mha)  

Forest 
potential 

(total area:  
2,242 Mha) 

Forest suitability 
criteria (<2 non-
crop fires 2002-

2022 @1km scale) 

Exclusions: 
imple-

mentation 
constraints  

Exclusions: 
pre-

cautionary 
constraints  

Constrained 
reforestation potential 

(total area: 195 Mha) 

FLRO Forest potential: > 45% potential canopy cover 4,253   2,051   3,980  - - - 
 

Forest potential: > 25% potential canopy cover 5,706   2,192   5,101  - - - 
 

Forest potential: > 10% potential canopy cover 7,506   2,233   6,524  - - - 
 

Constrained reforestation potential: > 45% canopy cover 
(‘Wide-scale restoration’) 

 514   23   510   75   65   5  

 
Constrained reforestation potential: > 10% canopy cover 
(‘Wide-scale, remote, and mosaic restoration’) 

2,509   388   1,981   884   750   98  

Griscom Forest potential: (FLRO > 25% canopy cover) 5,706   2,192   5,101  - - - 
 

Constrained reforestation potential (‘Reforestation’ 
before deductions for background regrowth and other 
NCS pathways) 

 852   208   786   346   239   56  

Bastin Forest potential: >10% potential tree cover 8,682   2,242   7,624  - - - 

 Select exclusion: Existing forest (> 10% tree cover)  4,881   2,043  -  3,709   350   132  
 

Select exclusion: Globcover croplands 2,823   322  -  593   1,700   59  
 

Constrained reforestation potential (‘Forest cover 
restoration’ with Globcover exclusions) 

1,772   92   1,564   302   936   32  

Strass-
burg 

Forest potential: > 15% tree cover in predominant 
'original ecosystem' type 

6,160   2,146   5,534  - - - 

 
Maximum reforestation potential 1,537   279   1,469   450   786   61  

Walker Forest potential: Potential biomass = ‘closed forest’ 4,016   2,242   3,565  - - - 
 

Forest potential: Potential biomass = ‘closed forest’ or 
‘open forest’ 

8,161   2,242   7,124  - - - 

 
Select exclusion: existing forest (current:potential 
biomass ratio >0.25)  

6,097   2,112 -  3,965  912  153  

 
Select exclusion: “societal constraints” (cropland, shifting 
agriculture, grazing lands, and urban areas) 

4,195   213  -  834   2,540   50  



Other global restoration map Area of intersection (agreement) with this analysis (million hectares) 

Name Component 
 Area 

(Mha)  

Forest 
potential 

(total area:  
2,242 Mha) 

Forest suitability 
criteria (<2 non-
crop fires 2002-

2022 @1km scale) 

Exclusions: 
imple-

mentation 
constraints  

Exclusions: 
pre-

cautionary 
constraints  

Constrained 
reforestation potential 

(total area: 195 Mha) 

Walker, 
cont. 

Constrained reforestation potential (‘Restore, high 
suitability for forestry-based natural climate solutions’) 

 223   51   194   53   54   24  

 
Constrained reforestation potential (‘Restore, high 
suitability for forestry-based natural climate solutions’ 
and ‘Restore, low suitability for forestry-based natural 
climate solutions’ 

 932   53   818   149  412   25  

 
  



Supplementary Table 5 | Composite secure land tenure overlay data sources and sensitivity analysis results. This table outlines the individual 
land tenure datasets, how those datasets were applied for sensitivity testing, and describes the composite land tenure measure used in the land 
tenure scenario. All land tenure data are available at the Level 0 administrative unit scale.  
 

Dataset Application # of Level 
0 admin. 
units with 
data 

% of 
global 
land area 
with data 

Scen-
ario 
area 
(Mha) 

Scenario 
mitigation 
potential 
(TgCO2e/yr) 

Popula-
tion 
impacted 
(million) 

LandMark 
Percentage of 
Indigenous and 
Community Lands 
Not Recognized by 
Governments, 
2021 62 

A measure of land tenure security based on the percentage of indigenous and community 
lands not recognized by governments in 2021. A country is considered to have secure land 
tenure when < 20% Indigenous and community lands are not recognized by country 
governments, following 69. 

98 72.3% 75 1,181 32 

LandMark Legal 
Status of 
Indigenous Lands, 
2021 62 

A measure of land tenure security based on 10 indicators (legal status, land rights and 
common property, formal documentation, legal person, legal authority, perpetuity, right to 
consent before land acquisition, rights to trees, rights to water, land rights in protected 
areas) in 2021 scored on a 1 – 4 scale (1 – yes, the law fully addresses the issue to 4 – no, 
the law does not address the issue). A country is considered to have secure land tenure 
when the legal security of Indigenous lands is ≤ 2.8 (global average).  

91 85.3% 72 1,296 39 

LandMark Legal 
Status of 
Community Lands, 
2021 62 

A measure of land tenure security based on 10 indicators (legal status, land rights and 
common property, formal documentation, legal person, legal authority, perpetuity, right to 
consent before land acquisition, rights to trees, rights to water, land rights in protected 
areas) in 2021 scored on a 1 – 4 scale (1 – yes, the law fully addresses the issue to 4 – no, 
the law does not address the issue). A country is considered to have secure land tenure 
when the legal security of community lands is ≤ 2.8 (global average). 

95 51.7% 125 1,730 55 

Prindex Tenure 
Insecurity, 2020 63 

A measure of land tenure security based on the percentage of survey respondents in 2020 
who believe it is “somewhat or very likely that they could lose the right to use their 
property or part of it against their will in the next 5 years.” A country is considered to have 
secure land tenure when < 20% of respondents reporting tenure insecurity.  

136 90.5% 109 553 42 



Dataset Application # of Level 
0 admin. 
units with 
data 

% of 
global 
land area 
with data 

Scen-
ario 
area 
(Mha) 

Scenario 
mitigation 
potential 
(TgCO2e/yr) 

Popula-
tion 
impacted 
(million) 

Composite 
measure 

Uses LandMark Percentage of Indigenous and Community Lands Not Recognized by 
Governments in 2021, LandMark Legal Status of Indigenous Lands in 2021, LandMark Legal 
Status of Community Lands in 2021, and Prindex Tenure Insecurity measures for 2020 to 
identify countries with secure land tenure. Countries are classified for land tenure security 
following the classification rules below; the composite measure is based on the majority 
classification. Missing data are ignored for majority assignment. Countries with single 
measures use that value. If there is not a majority, a country is not considered to have 
secure land tenure.  

173 99.0% 116 1,428 47 



Supplementary Figure 1: Reforestation map coverage.  

 

 

 

Coverage of peer-reviewed reforestation maps published 2011-2022 (n = 89) by Global Administrative Areas v 4.1 level 1 unit. 



Supplementary Figure 2: Forest potential map agreement.   

 

Count of agreement of the FLRO, Bastin, Strassburg, and Walker forest potential maps using the definitions of forest in the source products.   



Supplementary Figure 3: Constrained reforestation potential map agreement.   

 

Count of agreement of the FLRO, Griscom, Bastin, and Walker constrained reforestation potential maps.  



Supplementary Figure 4: Forest potential map.   

 

The forest potential map generated by this study, areas with at least 2 non-cropland fires during 2002-2022, and the maximum extent of forest 

potential from previously published maps.  



Supplementary Figure 5: Forest loss:gain ratio, 2000-2020.   

 

 

Ratio of the area of forest loss to forest gain for 2000-2020 by one-degree cell. These values can be interpreted to show the proportion of area 

or mitigation per cell where reforestation may be additional.  



Supplementary Figure 6: Avoiding social conflicts scenarios.  

 

Percent land area with constrained reforestation potential in the (a) high individual rights scenario, (b) 

secure land tenure scenario, and (c) low rural livelihood conflict scenario. 1 km-scale data are 

aggregated by one-degree cell for display.  



Supplementary Figure 7: Ecosystem services scenarios.  

 

Percent land area with constrained reforestation potential in the (a) water quality scenario and (b) 

forest neighborhood scenario. 1 km-scale data are aggregated by one-degree cell for display. 

  



Supplementary Figure 8: Government policy scenarios.  

 

Percent land area with constrained reforestation potential in the (a) protected areas scenario and (b) 

national restoration goals scenario. 1 km-scale data are aggregated by one-degree cell for display.



Supplementary Figure 9: Sensitivity testing – forest potential.  

 

This study’s forest potential map in comparison to alternatives: (a) no fire exclusions, (b) a 50% potential 

tree cover criterion, and (c) lower criteria for potential tree cover (>30%) and potential biomass (closed 

or open forest).  



Supplementary Figure 10: Sensitivity testing - exclusions  

 

Percent difference in constrained reforestation potential with use of (a) an alternative product for 

excluding existing forest, (b) an alternative product for excluding croplands, and (c) without using 

croplands as an exclusion. 1 km-scale data are aggregated by one-degree cell for display.  



Supplementary Figure 11: PRISMA diagram for literature review methods.  

 

We conducted a literature to identify existing reforestation maps, broadly describe their geographic 

extent, and describe their application of spatial data. This figure provides an overview of the 

identification and screening methods and results used to identify the 89 previously published maps we 

reviewed.  
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