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Supplementary Figure 1. Residual spatial autocorrelation (Moran’s I) of the 
global wood density model along a distance gradient, assessed using generalized 
additive models. There was positive spatial autocorrelation up to a distance of ~50 km, 
and we applied this distance as buffer zone radius in the spatially-buffered zone-based 
bootstrap subsampling for modelling. 
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Supplementary Figure 2. Performance and validation of the community-wide 
wood density (CWD) models. a, The relationship between predicted and observed 
CWD values based on 10-fold cross validation for 200 spatially-buffered bootstrap 
models. The red line represents the linear regression, the dashed line represents the 1:1 
line. b, c, Standard errors of the observed (b) and predicted (c) mean values of CWD in 
response to sample size. Each subsampling operation was repeated with 1000 random 
seeds for both the observed and predicted mean values, and the calculated standard 
errors of the mean are shown.  
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Supplementary Figure 3. Uncertainty of wood density maps at different levels: all 
species (a), angiosperms-only (b), and gymnosperms-only (c). Values represent 
bootstrapped coefficients of variation (standard deviation divided by mean) of CWD 
(a), angiosperm-only (b) and gymnosperms-only (c), respectively. Maps are projected 
at 30 arcsec (~1 km2) resolution. 
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Supplementary Figure 4. Representation of the training data for the wood density 
model considering all covariates. To test for the extent of interpolation and extrapolation 
across all land pixels excluding Antarctica, we calculated the percentage of interpolation based 
on principal component analysis (PCA), that is, how often a pixel fell into the convex hull space 
of the bivariate combinations from the top principal components. a, To explore the 
representation of all covariates, we used 22 principal components with 231 combinations (see 
Methods). In total, 95.2% of the pixels fell within at least 95% of the PCA convex hulls. 
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Supplementary Figure 5. The partial effects of seven environmental covariates on 
CWD within tropical (a), temperate (b), boreal (c) and dryland (d) forests. The red 
lines represent the partial regression coefficients ± 95% confidence intervals.
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Supplementary Figure 6. Recursive partitioning trees for the univariate effects of 
human disturbance (a) and fire frequency (b) on CWD. The top four variables from 
a random forest model (Fig. 4a) were evaluated as potential split points. The number of 
independent observations contained in each terminal node was constrained to ≥2.5% of 
the total data (500 out of 19,000 observations) and the significance level was set to 0.01. 
Regression plots show slopes and 95% confidence intervals. The density plots at each 
splitting point illustrate the variable partitioning. 
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Supplementary Figure 7. Comparison of our wood density-based live tree biomass 
estimates with previous biomass estimations. a, R2 values between previous biomass 
maps and our wood density-derived biomass map at 1 km2 spatial resolution. The R2s 
were calculated from 200,000 randomly sampled points. b, Total live biomass estimates 
from different biomass products. c. Comparison of live tree carbon along latitude 
between the seven biomass products. Lines were generated by calculating the mean of 
pixel-level (~1km2) tree carbon densities for each 0.1 arc degree latitude. 
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Supplementary Figure 8. Compatibility of species-level wood density estimates 
across nine databases. a. Distribution of species-level wood density pairs between any 
two of the nine databases. The blue line represents the regression line from reduced 
major axis regression (R2 = 0.78); the red dashed line represents the identity line where 
y equals x. b-j. Distribution of species-level wood density pairs between one database 
and the other eight databases. Database 1 refers to ref1, database 2 to ref2, database 3 to 
ref 3, database 4 to refs4,5, database 5 to published research articles (Supplementary 2), 
database 6 to refs6,7, database 7 to ref7, database 8 to ref8, database 9 to ref8.  
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Supplementary Figure 9. Comparison of our wood density map with the map from 
Yang et al.9. a, Pixel-level comparison of wood density estimates at ~1km resolution. 
b, Comparison of the two wood density products at the biome level. The horizontal 
error bars represent the wood density range for each biome, calculated by adding and 
subtracting the standard deviation from the mean value of this study. Meanwhile, the 
vertical error bars indicate the wood density range for each biome, determined by 
adding and subtracting the standard deviation from the mean value reported by Yang et 
al.9. C, Scatterplot of the pixel-level pairwise comparisons (R2= 0.58 and P<0.01, based 
on a linear regression model). 
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Supplementary Figure 10. Variation coefficients of individual wood density 
measurements for each of the 5,527 species with three to ten observations. The data 
are presented as frequency histogram, with the blue dashed line indicating a variation 
coefficient of 0.1. Overall, 82% of all species have variation coefficients below this 
threshold, and 48% of species have coefficients smaller than 0.01. 
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Supplementary Figure 11. The relative relationship between the biome-level 
means of plot-level species numbers and total growing stock volume in each biome. 
A, Scatterplot between species number and growing stock volume (km³). B, Bar plot 
displaying the average growing stock volume per species in each biome. Growing stock 
volume data came from ref10. 
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Supplementary Table 1. Biomass expansion factors (BEFs) for each biome based 
on the Eurasia Forest and BAAD database. 

Biome BEF No. of records 
Tropical & Subtropical Moist Broadleaf Forests 1.39 1180 
Tropical & Subtropical Dry Broadleaf Forests 1.40 5 
Tropical & Subtropical Coniferous Forests 1.33a / 
Temperate Broadleaf & Mixed Forests 1.35 4349 
Temperate Conifer Forests 1.37 654 
Boreal Forests/Taiga 1.33 1761 
Tropical & Subtropical Grasslands, Savannas & Shrublands 2.25 7 
Temperate Grasslands, Savannas & Shrublands 1.39 1173 
Flooded Grasslands & Savannas 1.26 46 
Montane Grasslands & Shrublands 1.32 140 
Tundra 1.42 50 
Mediterranean Forests, Woodlands & Scrub 1.32 41 
Deserts & Xeric Shrublands 1.31 57 
Mangroves 1.55b 6 

 

aNo information for tropical coniferous forests was available, and we therefore used the BEF 
from boreal forest. 

bThe BEF of mangroves was derived by averaging the BEF values from refs 11–14. 
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Supplementary Table 2. Forest type-level wood density statistics based on the 
community-wide wood density estimates generated in this study. 
 

Forest type Wood density (g/cm3) 
Tropical1 0.57 ± 0.10 
Temperate2 0.52 ± 0.09 
Boreal3 0.46 ± 0.05 
Dryland4 0.59 ± 0.09 

1Tropical including six biomes (tropical and subtropical moist broadleaf forest, tropical and subtropical 
dry broadleaf forest, tropical and subtropical coniferous forest, tropical and subtropical grassland, 
savanna and shrubland, flooded grassland and savanna, and mangroves). 
2Temperate forest including four biomes (temperate broadleaf and mixed forest, conifer forest, 
temperate grassland, savanna and shrubland and montane grassland and shrubland). 
3Boreal regions including two biomes (boreal forest/taiga and tundra). 
4Dryland forest including two biomes (Mediterranean forest, woodland and scrub and desert and xeric 
shrubland). 
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Supplementary Table 3. Biome-level wood density statistics based on the 
community-wide wood density estimates generated in this study. 

WWF Biome Wood density 
(g/cm3) Simplified name Full name 

Tropical moist Tropical & Subtropical Moist Broadleaf Forests 0.58 ± 0.08 
Tropical dry Tropical & Subtropical Dry Broadleaf Forests 0.59 ± 0.10 
Tropical coniferous Tropical & Subtropical Coniferous Forests 0.60 ± 0.14 
Temperate broadleaf Temperate Broadleaf & Mixed Forests 0.53 ± 0.09 
Temperate coniferous Temperate Conifer Forests 0.49 ± 0.07 
Boreal Boreal Forests/Taiga 0.46 ± 0.05 
Tropical savanna Tropical & Subtropical Grasslands, Savannas & Shrublands 0.58 ± 0.11 
Temperate savanna Temperate Grasslands, Savannas & Shrublands 0.57 ± 0.10 
Flooded savanna Flooded Grasslands & Savannas 0.46 ± 0.08 
Montane grassland Montane Grasslands & Shrublands 0.57 ± 0.10 
Tundra Tundra 0.52 ± 0.06 
Mediterranean forest Mediterranean Forests, Woodlands & Scrub' 0.60 ± 0.09 
Desert Deserts & Xeric Shrublands 0.55 ± 0.08 
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Supplementary Table 4. List of the 49 covariates used in the models of wood density in 
global forest. 

Variable Type Data resolution Source and Reference 
Annual mean temperature Bioclimatic ~1km 

CHELSA Ver 1.2 

www.chelsa-climate.org 

Ref
15

 

Temperature annual range Bioclimatic ~1km 

Temperature seasonality Bioclimatic ~1km 

Isothermality Bioclimatic ~1km 

Maximum temperature of warmest month Bioclimatic ~1km 

Mean diurnal range Bioclimatic ~1km 

Mean temperature of coldest quarter Bioclimatic ~1km 

Mean temperature of driest quarter Bioclimatic ~1km 

Mean temperature of warmest quarter Bioclimatic ~1km 

Mean temperature of wettest quarter Bioclimatic ~1km 

Minimum temperature of coldest month Bioclimatic ~1km 

Precipitation seasonality Bioclimatic ~1km 

Annual precipitation Bioclimatic ~1km 

Precipitation of coldest quarter Bioclimatic ~1km 

Precipitation of driest month Bioclimatic ~1km 

Precipitation of driest quarter Bioclimatic ~1km 

Precipitation of warmest quarter Bioclimatic ~1km 

Precipitation of wettest month Bioclimatic ~1km 

Precipitation of wettest quarter Bioclimatic ~1km 

Solar radiation annual mean Climatic ~1km WorldClim version 2. 

http://www.worldclim.com/version2 

Ref
16

 

Windspeed annual mean Climatic ~1km 

Water vapor Pressure annual mean Climatic ~1km 

Inter-annual standard deviation of cloud cover Climatic ~1km 

EarthEnv 

www.earthenv.org/cloud 

http://www.earthenv.org/topography 

Ref
17,18

 

Intra-annual SD of cloud cover Climatic ~1km 

Annual mean of cloud cover Climatic ~1km 

Eastness Topographic ~1km 

Elevation Topographic ~1km 

Northness Topographic ~1km 

Profile curvature Topographic ~1km 

Roughness Topographic ~1km 

Slope Topographic ~1km 

Aspect cosine Topographic ~1km 

Topographic position index Topographic ~1km 

Aspect sine Topographic ~1km 

Aridity index Soil ~250m Global Aridity Index and Potential 

Evapotranspiration (ET0) Climate 

Database version 2.0
19,20

 
Potential evapotranspiration (PET) Soil ~250m 

http://www.chelsa-climate.org/
http://www.worldclim.com/version2
http://www.earthenv.org/cloud
http://www.earthenv.org/topography
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Depth to water table Soil ~250m 

SoilGrids 

https://soilgrids.org 

Ref
21

 

Absolute depth to bedrock Soil ~250m 

Clay content 0-100cm Soil ~250m 

Coarse fragments 0-100cm Soil ~250m 

Sand content 0-100cm Soil ~250m 

Cation exchange capacity Soil ~250m 

Silt content 0-100cm Soil ~250m 

Soil pH H2O 0-100cm Soil ~250m 

Soil nitrogen soil ~1km 

C:N ratio soil ~1km WISE30sec database 
22

 

Soil moisture soil ~10km GLDAS2.0
23

 

Cultivated and managed vegetation Anthropogenic ~1km EarthEnv 

http://www.earthenv.org/landcover 

Ref
24

 
Urban builtup Anthropogenic ~1km 

Human modification Anthropogenic ~1km Kennedy et al.
25

 

Fire frequency Distrubance ~1km 

MODIS 

Ref 
26

 

Cropland Anthropogenic ~10km HYDE 3.1 

https://www.pbl.nl/en/image/links/hyde 

Ref 
27,28

 
 

Grazing Anthropogenic ~10km 

Pasture Anthropogenic ~10km 

Rangeland Anthropogenic ~10km 

Present tree cover Vegetative ~30m Hansen et al., 
29

 

NDVI Vegetative ~250 

MODIS products 

Ref 
30–32

 

EVI Vegetative ~500m 

LAI Vegetative ~250m 

FPAR Vegetative ~500m 

NPP Vegetative ~1km 

Tree density 
Vegetative 

~1km Crowther et al.
33

 

Canopy height 
Vegetative 

~1km Simard et al. 
34

 

Forest age  
Vegetative 

~1km Besnard et al.
35

 

 
  

https://soilgrids.org/
http://www.earthenv.org/landcover
https://www.pbl.nl/en/image/links/hyde
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Supplementary Table 5. Effects of the main covariates based on partial regression. 
This analysis examines the effect of each variable using the absolute values of the 
covariates. The 'Effects' column shows the corresponding change in community wood 
density for one unit change in the covariates. 
 

Name of covariates Unit of the change Effects  
Angiosperm ratio 10% 0.8% 
Annual mean temperature 1 ℃ 0.5% 
Soil moisture 10 kg/m2 -0.1% 
C:N ratio 10% -0.01% 
Richness 10 species 0.006% 
Lai 1 m2/m2 -0.04% 
Human disturbance 10% 0.02% 
Fire frequency 1 outbreak -0.8% 
Forest age 10 years -0.1% 
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