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Fig. S1. Conceptual diagram showing the key processes and the roles of fungi and bacteria in the CLM-
Microbe model. CWD, coarse woody debris; SOM, soil organic matter; B, bacteria; F, fungi; DOM, dissolved 
organic matter. In the CLM-Microbe model, number in the box means turnover time of each pool. Black solid 
lines indicate transitions in the CLM-Microbe model, which generally represents processes such as 1) 
decomposition of coarse woody debris, 2) litter 1 decomposition, 3) litter 2 decomposition, 4) litter 3 
decomposition, 5) soil organic matter 1 decomposition, 6) soil organic matter 2 decomposition, 7) soil organic 
matter 3 decomposition, 8) soil organic matter 4 decomposition, 9) fungal and bacterial lysis, 10) dissolved 
organic matter adsorption, 11) dissolved organic matter uptake by fungal and bacterial, and 12) fungal and 
bacterial respiration. Red dash lines represent regulatory role of fungi and bacteria on the process, including 
fungi and bacteria regulation on 13) litter 1, 14) litter 2, 15) litter 3, 16) soil organic matter 1, 17) soil organic 
matter 2, 18) soil organic matter 3, and 19) soil organic matter 4 decomposition (He et al., 2021).
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Table S1. Key model parameters in processes involving fungal and bacterial biomass  
Symbol Range a Unit Description Reference 
k_dom 0.0025-0.5 d-1 decomposition rate constant of DOM (Wheeler et al., 1996; Kirchman et al., 1991; Cherrier et al., 1996) 

k_bacteria 0.00143-2 d-1 lysis rate constant of bacteria 
(Rousk and Bååth, 2007, 2011; Moore et al., 2005; Schippers et al., 
2005) 

k_fungi 0.00027-0.05 d-1 lysis rate constant of fungi 
(Thornton and Rosenbloom, 2005; Rousk and Bååth, 2011; Moore et al., 
2005; Wallander et al., 2004) 

m_rf_s1m 0-1  fraction factor quantifying carbon from SOM1 to microbes Calibrated 
m_rf_s2m 0-1  fraction factor quantifying carbon from SOM2 to microbes Calibrated 
m_rf_s3m 0-1  fraction factor quantifying carbon from SOM3 to microbes Calibrated 
m_rf_s4m 0-1  fraction factor quantifying carbon from SOM4 to microbes Calibrated 
m_batm_f 0-1  fraction factor quantifying carbon respired by bacteria Calibrated 
m_bdom_f 0-1  fraction factor quantifying carbon from DOM to bacteria Calibrated 
m_bs1_f 0-1  fraction factor quantifying carbon from bacteria to SOM1 Calibrated 
m_bs2_f 0-1  fraction factor quantifying carbon from bacteria to SOM2 Calibrated 
m_bs3_f 0-1  fraction factor quantifying carbon from bacteria to SOM3 Calibrated 
m_fatm_f 0-1  fraction factor quantifying carbon respired by fungi Calibrated 
m_fdom_f 0-1  fraction factor quantifying carbon from DOM to fungi Calibrated 
m_fs1_f 0-1  fraction factor quantifying carbon from fungi to SOM1 Calibrated 
m_fs2_f 0-1  fraction factor quantifying carbon from fungi to SOM2 Calibrated 
m_fs3_f 0-1  fraction factor quantifying carbon from fungi to SOM3 Calibrated 
m_domb_f 0-1  fraction factor quantifying carbon from DOM to bacteria Calibrated 
m_domf_f 0-1  fraction factor quantifying carbon from DOM to fungi Calibrated 
m_doms1_f 0-1  fraction factor quantifying carbon from DOM to SOM1 Calibrated 
m_doms2_f 0-1  fraction factor quantifying carbon from DOM to SOM2 Calibrated 
m_doms3_f 0-1  fraction factor quantifying carbon from DOM to SOM3 Calibrated 
cn_bacteria 3-12  C:N ratio of bacteria (Strickland and Rousk, 2010) 
cn_fungi 3-60  C:N ratio of fungi (Strickland and Rousk, 2010) 
cn_dom 4.2-185  C:N ratio of DOM (Sinsabaugh et al., 2016) 
CUEmax 0.46-0.9   maximum carbon use efficiency of microbes (Gommers et al., 1988; Sinsabaugh et al., 2013; Sinsabaugh et al., 2016) 

aThe values may not be the same as those from literature sources due to unit conversion. 
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Fig. S2 Evolution of total soil organic carbon density at the a) low-latitude (0.98°N, 42.5°E), b) low-latitude 
(36.9°N, 42.5°E), and c) high-latitude (67.3°N, 42.5°E) grid cells from cold start simulated by the CLM-Microbe 
model. 
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Table S2. Site information of the observational data of dissolved organic carbon in the top 30 cm 
ID Biome Latitude Longitude Country Reference 
01 Boreal forest 43.926 -71.676 USA Mcdowell and Wood (1984) 
02 Boreal forest 51.3 4.517 Belgium  Camino-Serrano et al. (2018) 
03 Boreal forest 58.133 -3.883 UK  Cookson et al. (2007) 
04 Grassland 23.91 120.559 China  Liu et al. (2009) 
05 Grassland 31.717 121.5 China  Wang et al. (2015) 
06 Grassland 35 139 Japan  Kawahigashi et al. (2003) 
07 Grassland 50.783 10.217 Germany  Don and Schulze (2008) 
08 Grassland 58.133 -3.883 UK  Cookson et al. (2007) 
09 Natural wetland 30.754 120.759 China  Shao et al. (2015) 
10 Natural wetland 36.117 120.1 China  Xi et al. (2018) 
11 Natural wetland 36.217 120.1 China  Xi et al. (2018) 
12 Natural wetland 46.43 11.412 Italy  Zeh et al. (2019) 
13 Natural wetland 46.478 11.075 Italy  Zeh et al. (2019) 
14 Paddy 14.625 120.375 Philippines Lu et al. (2000) 
15 Paddy 28 116 China  Wu et al. (2019) 
16 Paddy 30.479 114.353 China  Liu et al. (2014) 
17 Shrubland 23.91 120.559 China  Liu et al. (2009) 
18 Shrubland 28.092 116.092 China  Yao et al. (2009) 
19 Shrubland 31.717 121.5 China  Wang et al. (2015) 
20 Temperate broadleaf forest 22.892 113.803 China  Zhong et al. (2017) 
21 Temperate broadleaf forest 28.092 116.092 China  Yao et al. (2009) 
22 Temperate broadleaf forest 29.3333 115.9333 China Li et al. (2013) 
23 Temperate broadleaf forest 35 139 Japan  Kawahigashi et al. (2003) 
24 Temperate broadleaf forest 48.417 14.061 Germany  Maxin and Kögel-Knabner (1995) 
25 Temperate broadleaf forest 51.067 10.45 Germany  Camino-Serrano et al. (2018) 
26 Temperate broadleaf forest 56.083 12.733 Ecuador Andreasson et al. (2009) 
27 Temperate broadleaf forest 56.117 12.617 Ecuador Andreasson et al. (2009) 
28 Temperate needleleaf forest -38 175 New Zealand  Ghani et al. (2007) 
29 Temperate needleleaf forest 26.747 115.07 China  Ying et al. (2013) 
30 Temperate needleleaf forest 44.2314 -122.2278 USA Spears et al. (2003) 
31 Temperate needleleaf forest 53.1 -4.15 UK Jones et al. (2008) 
32 Tropical dry forest -2.609 -60.209 Brazil  Marques et al. (2012) 
33 Tropical dry forest 19.483 -104.517 Mexico  Montano et al. (2009) 
34 Tropical dry forest 23 121 China Liu and Sheu (2003) 
35 Tropical dry forest 23.17 112.57 China Fang et al. (2014a) 
36 Tropical dry forest 29.3333 115.9333 China Li et al. (2013) 
37 Tropical rain forest -2.533 -60.033 Brazil  Marques et al. (2012) 
38 Tropical rain forest -1.85 116.0333 Indonesia Fujii et al. (2011) 
39 Tropical rain forest -1.8167 115.9833 Indonesia Fujii et al. (2011) 
40 Tropical rain forest -1.0167 116.8667 Indonesia Fujii et al. (2009) 
41 Tropical rain forest -0.85 117.1 Indonesia Fujii et al. (2009) 
42 Tropical rain forest 10.4333 -83.9833 Costa Rica Schwendenmann and Veldkamp (2005) 
43 Tropical rain forest 21.933 101.25 China  Zhou et al. (2016)  
44 Tundra 29.3333 115.9333 China Li et al. (2013) 
45 Tundra 37.6167 -101.3167 China Fang et al. (2014b) 
46 Tundra 64.867 -149.066 USA Neff and Hooper (2002) 
47 Tundra 64.867 -147.783 USA Neff and Hooper (2002) 
48 Tundra 67.65 -149.716 USA Neff and Hooper (2002) 
49 Tundra 68.6333 -149.6333 USA Weintraub and Schimel (2005) 
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Table S3. Site information of the observational data of dissolved organic carbon in the top 1 m 
ID Biome Latitude Longitude Country Reference 
01 Boreal forest -2.8 -79.15 Ecuador Pesántez et al. (2018) 
02 Boreal forest -2.783 -79.233 Ecuador Pesántez et al. (2018) 
03 Boreal forest 64.233 19.767 Ecuador Panneer Selvam et al. (2016) 
04 Boreal forest 64.8687 -147.8604 USA Waldrop et al. (2010) 
05 Grassland -2.783 -79.233 Ecuador Pesántez et al. (2018) 
06 Grassland 23.91 120.559 China  Liu et al. (2009) 
07 Grassland 31.717 121.5 China  Wang et al. (2015). 
08 Grassland 35 139 Japan  Kawahigashi et al. (2003) 
09 Grassland 35.35 139.467 Japan  Kawahigashi et al. (2003) 
10 Grassland 50.783 10.217 Germany  Don and Schulze (2008) 
11 Grassland 52.867 -6.9 Ireland  Camino-Serrano et al. (2018) 
12 Grassland 64.183 19.55 Ecuador Ågren et al. (2012) 
13 Natural wetland 36.117 120.1 China  Xi et al. (2018) 
14 Natural wetland 36.167 120.1 China  Xi et al. (2018) 
15 Natural wetland 43.074 144.391 Japan  Senga et al. (2011) 
16 Shrubland 23.91 120.559 China  Liu et al. (2009) 
17 Shrubland 31.717 121.5 China  Wang et al. (2015) 
18 Temperate broadleaf forest -30.577 115.876 Australia  Macdonald et al. (2007) 
19 Temperate broadleaf forest 31.717 121.5 China  Wang et al. (2015) 
20 Temperate broadleaf forest 33.15 130.466 Japan  Funakawa et al. (1992) 
21 Temperate broadleaf forest 35 139 Japan  Kawahigashi et al. (2003) 
22 Temperate broadleaf forest 35.35 139.467 Japan  Kawahigashi et al. (2003) 
23 Temperate broadleaf forest 35.967 -84.267 USA Fröberg et al. (2007) 
24 Temperate needleleaf forest 26.747 115.07 China  Ying et al. (2013) 
25 Temperate needleleaf forest 44.2314 -122.2278 USA Spears et al. (2003) 
26 Tropical dry forest -2.609 -60.209 Brazil  Marques et al. (2012) 
27 Tropical rain forest 10.4333 -83.9833 Costa Rica Schwendenmann and Veldkamp (2005) 
28 Tropical rain forest 21.933 101.25 China  Zhou et al. (2016) 
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Fig. S3 Comparison of dissolved organic carbon in top 30 cm (a) and 1 m (b) between observed and simulated 
values. 
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Fig. S4. Latitudinal comparison between observed (black line) and the CLM4.5-simulated (red line) latitudinal 
gradients of (a) GPP, (b) NPP, (c) HR, (d) SR, (e) SOC in the top 30 cm, and (f) SOC in the top 1 m. GPP: gross 
primary productivity; NPP: net primary productivity; HR: heterotrophic respiration; SR: soil respiration; SOC: soil 
organic carbon. 
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Fig. S5. Grid-by-grid comparison between observed and the CLM4.5-simulated grid cells of (a) GPP, (b) NPP, (c) 
HR, (d) SR, € SOC in the top 30 cm, and (f) SOC in the top 1 m. Red lines are 1:1 line. GPP: gross primary 
productivity; NPP: net primary productivity; HR: heterotrophic respiration; SR: soil respiration; SOC: soil organic 
carbon. 
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Table S4. Validation and atmospheric forcing datasets used in this study 
Variables Dataset Source 
Gross and net primary productivity MODIS gridded datasets Zhao et al. (2005) 
Heterotrophic and soil respiration Global Gridded 1-km Annual Soil Respiration Database Warner et al. (2019) 
Soil organic carbon (0-1 m) Harmonized World Soil Database Wieder (2014) 
Soil organic carbon (0-30 cm) Global Soil Organic Carbon Map Fao (2018) 
Fungal and bacterial biomass carbon (0-30 cm) Global Topsoil Fungal and Bacterial Biomass Carbon Dataset He et al. (2020) 
Microbial biomass carbon (0-1 m) Global Soil Microbial Biomass Carbon, Nitrogen, and Phosphorus Dataset Xu et al. (2013) 
Dissolved organic carbon (0-30 cm & 0-1 m) Global Dissolved Organic Carbon Dataset Guo et al. (2020) 

Meteorological Forcing 
CRUNCEP Version 7 - Atmospheric Forcing Data for the Community Land 

Model Viovy (2018) 
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During 1901-2016, the decadal average of soil C was the largest C pool in the soil-vegetation-litter system, about 15 times of the sum of vegetation and litter C 
(Table 2). Soil, litter, and vegetation C significantly increased from 1901-1911 to 2007-2016 (P<0.05). However, the absolute increase in those C pools were 
different, with soil (37.0 PgC) and vegetation (37.1 PgC) increased to a larger extent than litter (5.1 PgC). Although soil and vegetation increased to a similar extent, 
vegetation (19.2%) showed a larger relative increase than soil (0.8%) due to its smaller pool size. Despite the smallest absolute increase, litter (8.0%) increased 
more than soil with respect to relative values.  
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Table S5. Carbon stock of vegetation, litter, and soil pools and absolute and relative changes from 1901-1910 to 
2007-2016 

Pool 
Total Carbon stock (PgC)   Change from 1901-1910 to 2007-2016 

1901-1910 2007-2016  Absolute change (PgC) Relative change (%) 
SOC 4527 (0.4) 4564 (1.8)  37.0* 0.8 
Litter 63 (0.2) 68 (0.4)  5.1* 8.0 
Vegetation 193 (1.1) 230 (2.9)   37.1* 19.2 

Numbers in parentheses represent standard deviation. * indicates significant absolute change from 1901-1910 
to 2007-2016 at α = 0.05. 
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Fig. S6 Temporal variations of annual deviations in (a) MAT, (b) MAP, (c) ST of top 1m, and (d) SM of top 1m 
weighted by area in the CLM-Microbe model from 1901-1910. The baseline was the ten-year average of 
corresponding variables during 1901-1910. MAT, mean annual temperature; MAP, mean annual precipitation; ST, 
soil temperature; SM, soil moisture. 
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Fig. S7 Changes of (a) MAT, (b) MAP, (c) ST (0-1 m), and (d) SM (0-1 m) in 2007-2016 vs. 1901-1910. MAT, 
mean annual temperature; MAP, mean annual precipitation; ST, soil temperature; SM, soil moisture. 
 
 
The GPP and NPP displayed increasing trends from 1901 to 2016 (Figure S8a & S8b), with different magnitudes 
among variables. By 2016, GPP (30 PgC yr-1) increased about twice more than NPP (13 PgC yr-1). Their increasing 
rates showed variations with time. We observed a relatively modest increase in GPP and NPP during 1901-1980, 
whereas their increases were more rapid from 1981 to 2016. 
 
Vegetation, litter, and soil C pools increased from 1901 to 2016 despite the year-to-year variability (Figure S8c-S8f). 
The VegC and DOC, SOC, and LitC in the top 1 m increased by about 37, 2.4, 34, and 4 PgC, respectively, from 1901 
to 2016. However, the temporal trends of those variables varied during 1901-2016 (Figure S8d-S8f). The VegC and 
LitC and SOC in the top 1 m showed a steady increase during 1901-2016, while DOC (0-1 m) slightly decreased from 
1901 to 1920 but increased after 1920. 
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Fig. S8. Evolution of annual carbon flux of area-weighted (a) GPP and (b) NPP and annual carbon stock of (c) DOC 
in the top 1 m, (d) SOC in the top 1 m, (e) VegC, and (f) LitC in the top 1 m simulated by the CLM-Microbe model 
since 1901. The baseline was the ten-year average of corresponding variables during 1901-1910. GPP: gross primary 
productivity; NPP: net primary productivity; DOC: dissolved organic carbon; SOC: soil organic carbon; VegC: 
vegetation carbon; LitC: litter carbon. 
Compared with 1901-1910, GPP and NPP increased across latitudinal gradients in 2007-2016 (Figure S9a-S9b). 
However, the magnitude of the increase differed among latitudinal gradients. Specifically, increases in GPP and NPP 
were larger and more prominent at northern latitudes and equatorial regions than at southern latitudes. Similar to C 
fluxes, C pools in vegetation, soil, and litter increased across latitudinal gradients from 1901-1910 to 2007-2016 
(Figure S9c-S9f). Overall, DOC, SOC, and LitC in the top 1 m, and VegC showed a small but to different extents of 
increase across latitudinal gradients. Specifically, the increases were more prominent at northern high latitudes and 
equatorial regions than at other latitudes. 
 
Across the globe, GPP and NPP showed similar spatial patterns (Figure S9a-S9b) and increases in most grids across 
the globe were statistically significant (P<0.05; Figure S10a, S10b, S10d, and S10e). Correspondingly, we observed 
positive relative change in most areas from 1901-1910 to 2007-2016 (Figure S10c and S10f). However, we also 
observed decreases in GPP and NPP in the grids of South Asia. The GPP and NPP displayed similar spatial patterns 
of changing rates (Figure S12a-S12b). We widely observed significant and positive changing rates of GPP and NPP 
from 1901 to 2016 (P<0.05). However, we also found significant negative changing rates of GPP and NPP in grids of 
South Asia (P<0.05). DOC (0-1 m) showed increases from 1901-1910 to 2007-2016 (Figure S11a & S11b), and the 
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relative changes in DOC (0-1 m) were mostly positive (Figure S11c). We also widely observed increases in SOC (0-
1 m) by 2007-2016 relative to 1901-1910 (Figure S11d & S 11e), which reached the significance level of 0.05 (Figure 
S11f). The relative increases were widely positive, while grids of South Asia displayed decreases in SOC (0-1 m). 
The VegC and LitC (0-1 m) exhibited similar spatial patterns and widely increased across the globe (Figure S11g-
12l). The relative change in both VegC and LitC (0-1 m) were mostly positive across the globe, but the magnitudes 
were different. The relative change in VegC was to a larger extent than in LitC (0-1 m). Despite the widely increase, 
both VegC and LitC (0-1 m) decreased in South Asia. Consistent with the spatial patterns of absolute and relative 
changes, increasing temporal trends of such variables were widely observed across the globe. However, we also 
observed decreases of those variables in South Asia (Figure S12). In addition, we observed decreases of DOC, and 
SOC in the top 1 m in grids of central North America (Figures S11a-S11f and S12c-S12d). 
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Fig. S9. Latitudinal gradients of the CLM-Microbe model simulated ten-year averages of (a) GPP and (b) NPP and 
annual carbon stock of (c) DOC in the top 1 m, (d) SOC in the top 1 m, (e) VegC, and (f) LitC in the top 1 m during 
1901-1910 and 2007-2016. GPP: gross primary productivity; NPP: net primary productivity; DOC: dissolved 
organic carbon; SOC: soil organic carbon; VegC: vegetation carbon; LitC: litter carbon. 
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Fig. S10. Spatial distributions of decadal averages of (a-b) GPP and (d-e) NPP during (a and d) 1901-1910 and (b 
and e) 2007-2016 and relative changes in © GPP and (f) NPP by 2007-2016 relative to 1901-1910. GPP: gross 
primary productivity; NPP: net primary productivity. Black dot in each grid indicates significant changes (P<0.05). 
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Fig. S11. Spatial distributions of decadal averages of (a-b) DOC in the top 1 m, (d-e) SOC in the top 1 m, (g-h) 
VegC, and (j-k) LitC in the top 1 m during (a, d, g, and j) 1901-1910 and (b, e, h, and k) 2007-2016 and relative 
changes in (c) DOC in the top 1 m, (f) SOC in the top 1 m, (i) VegC, and (l) LitC in the top 1 m by 2007-2016 
relative to 1901-1910. DOC: dissolved organic carbon; SOC: soil organic carbon; VegC: vegetation carbon; LitC: 
litter carbon. Black dot in each grid indicates significant changes (P<0.05). 
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Fig. S12. Changing rates of the CLM-Microbe model simulated (a) GPP, (b) NPP, (c) DOC in the top 1 m, (d) SOC 
in the top 1 m, (e) VegC, and (f) LitC in the top 1 m from 1901 to 2016. GPP: gross primary productivity; NPP: net 
primary productivity; DOC: dissolved organic carbon; SOC: soil organic carbon; VegC: vegetation carbon; LitC: 
litter carbon. Black dot in each grid indicates significant regression (P<0.05). 
 
 
 



 21 

 

 
 
Fig. S13. Heatmap showing Pearson’s correlation between the CLM-Microbe model simulated (a) GPP, NPP, and 
VegC and MAT and MAP and (b) HR, SR, FBC in the top 1 m, BBC in the top 1 1 m, DOC in the top 1 m, SOC in 
the top 1 m, and LitC in the top 1 m and SM and ST in the top 1 m from 1901 to 2016. GPP: gross primary 
productivity; NPP: net primary productivity; HR: heterotrophic respiration; SR: soil respiration; DOC: dissolved 
organic carbon; SOC: soil organic carbon; FBC: fungal biomass carbon; BBC: bacterial biomass carbon; VegC: 
vegetation carbon; LitC: litter carbon; MAT: mean annual temperature; MAP: mean annual precipitation; ST: soil 
temperature; SM: soil moisture. Black asterisks indicate significant correlations (P<0.05). 
 
The area-weighted average of GPP, NPP, and VegC were significantly correlated with those of MAT and MAP 
(P<0.05; Figure S13a). However, the correlations with MAT are stronger than with MAP. At the grid level, MAP and 
MAT had widely significant correlations with GPP, NPP, and VegC. The spatial patterns of those correlations were 
similar among GPP, NPP, and VegC, but different between MAT and MAP (Figure S14). The MAT mostly showed 
significant positive correlations with GPP, NPP, and VegC (P<0.05; Figure S14a, S14c, and S14e). But we also found 
significant negative correlations of MAT with GPP, NPP, and VegC in southeast North America, South Asia, southern 
Africa, and central and northern Australia/Oceania (P<0.05). Despite the similar spatial patterns among GPP, NPP, 
and VegC in correlations with MAT and MAP, there were differences in the strengths and signs of their correlations. 
For example, both GPP and VegC had significant positive correlations with MAT in northeast South America (P<0.05), 
while correlations between NPP and MAT were weak negative in such regions. Both GPP and NPP showed significant 
positive correlations with MAT in central Africa (P<0.05), while the correlation between VegC and MAT was weak 
in that area (P>0.05). Significant positive correlations of GPP, NPP, and VegC with MAP were also widely found 
(P<0.05; Figure S14b, S14d, and S14f). However, we also found weak negative correlations in the northern and east 
edge of Asia and central Africa. In addition, although correlations of MAP with GPP, NPP, and VegC were similar in 
spatial patterns, correlations with GPP and NPP tended to be stronger than with VegC. 
 
The area-weighted average of DOC, SOC, and LitC in the top 1 m were significantly correlated with that of ST and 
SM in the top 1 m (P<0.05; Figure S13b). However, the strengths of correlations depended on both environmental 
controls, with correlations of DOC, SOC, and LitC in the top 1 m with ST (0-1 m) being stronger than with SM (0-1 
m). While correlations DOC, SOC, and LitC in the top 1 m were in similar strength with ST (0-1 m) or SM (0-1 m).  
 
In contrast, soil and litter variables were more widely and positively correlated with ST than with SM in the top 1 m 
(Figure S15). The DOC and SOC in the top 1 m displayed similar spatial patterns (Figure S15a & S15c). We found 
significant and positive correlations of DOC and SOC with ST in the top 1 m in most grids across the globe (P<0.05). 
However, we also found some girds with negative correlations in central North America, Europe, Asia, South America, 
Africa, and Australia/Oceania. In contrast, correlations between LitC and ST in the top 1 m were equally found to be 
positive and negative (Figure S15e). Significant positive correlations were observed in central Europe and Asia, 
northeast South America, central and east coast of Africa, and southern and central Australia/Oceania, while 
significant negative correlations were distributed in northeast Asia (P<0.05). Correlations of DOC and SOC with SM 
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in the top 1 m were similar in spatial patterns, with significant and positive correlations widely observed (P<0.05; 
Figure S15b & S15d). But we also observed negative correlations at middle and low latitudes in North America, 
Europe, and Asia, east coast of South America and Africa, and southern Australia/Oceania. In contrast, correlations 
between LitC and SM in the top 1 m were mostly negative and significant (P<0.05; Figure S15f). In addition, some 
grids with significant and positive correlation coefficients were scattered throughout central Africa, southwest Asia, 
and central and northern Australia/Oceania (P<0.05).  
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Fig. S14. Pearson’s correlation between the CLM-Microbe model simulated (a-b) GPP, (c-d) NPP, and (e-f) VegC 
and (a, c, and e) MAT and (b, d, and f) MAP from 1901 to 2016. GPP: gross primary productivity; NPP: net primary 
productivity; VegC: vegetation carbon; MAT: mean annual temperature; MAP: mean annual precipitation. Black dot 
in each grid indicates significant correlation (P<0.05). 
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Fig. S15. Pearson’s correlation between the CLM-Microbe model simulated (a-b) DOC in the top 1 m, (c-d) SOC in 
the top 1 m, and (e-f) LitC and (a, c, and e) ST and (b, d, and f) SM in the top 1 m from 1901 to 2016. DOC: 
dissolved organic carbon; SOC: soil organic carbon; LitC: litter carbon; ST: soil temperature; SM: soil moisture. 
Black dot in each grid indicates significant correlation (P<0.05) 
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