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Supplementary Figure 1 — Spatial change in carbon stocks from 1959 to 2020

Maps show the DGVM mean change in (a,c,e,g) vegetation and (b,d,f,h) soil carbon (kgC
m2), due to (a,b) rising atmospheric CO2 and N deposition, (c¢,d) changes in climate, (e,f)
LULCC, and (g,h) net change with all drivers varying.



— O & hdep oM — LoS — RET

a - CABLE-POP cLassc CLASSICN CLn=n DLEM BE
o0
r
rd /
0 ¢
; r Lz e ) >
pr T - — __,_,-'—""-—-
[ - > - i e =l IBS Lot
- —_— e e - e
—— - i
T - T B T
=0 . e = =
-.,_\\ ™,
i
o0 =
EAM BEA-TAF JESBACH Lra LPGuess LPS-Bamn
=0
oo
/
s
g\ =0 y /
-
g o = - S < = . —
. ~ = T = ~ _h““'“-—I_,_ -
o -, 1 - = . -—
0 - — . ol
- .
oo
=0 acH OnCHDEE OMCHDEEA SO WEIT B
o .
4 7
=0 - y - ’
e | || || |2 =
= - — e |
| | -‘_L‘-\.\_\_\_\_ — = —
- - — -
o - e ., "—\-\.,_\_
o ~ =
o0
260 10 P00 SDE0ISED 1980 BOD0 DOED 1SE0 1960 00 FEQ 1960 1980 2000 O 1960 1SE0 SOO0 ZOE0 1960 1980 2000 20E
h CABLE PO CLASSIC CLAS=IC-HN ansn DLEM BE
=0
- T
o - "
o T T | e e | [T ] I | —
e, _""\-.. ™ 1"_\-\___ ‘f:_\_'_-_
- - — |
s e, T —
Iy L —
=0 ~
o
EAN ERA-CT P JERACH e LPdGLESE LB
- ~
0 B s
/. __.-"
- . - "J
¥ _,_‘_.—-"""'" = B — T ——
R [l ] | = e B T e [ e fectesco
= — » -
g N .
=0 LA -
\ |
M
s,
o \
acH OnCHDEE OMCHDEEA SO WEIT B
/
i s /
, [ L
- g
- = il o -
[ . ] == - - i e
— J
=0
o0

BE0 1980 200D SOG015E0  Bel 000 H0ED 1560 1980 @00 EIIE;E“I':-GE SE0 D000 EO0 1960 15E0 000 D000 150 1SS0 H000 DG

Supplementary Figure 2 — Change in global carbon stocks for individual models from
1959 to 2020

Temporal change in global (a) vegetation (C,) and (b) soil (C,) carbon stocks over 1959-2020
(PgC) due to CO2 and N deposition (blue), climate (yellow), LULCC (grey), and net changes
(red) for each DGVM.
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Supplementary Figure 3 — Summary of regional carbon fluxes and turnover times.
(a,c,e,g) Baseline (in the year 1959) and (b,d,f,h) changes (over 1959-2020) in regional
(a,b) NPP (PgC yr"), (c,d) vegetation turnover, 1, (yr), (e,f) soil carbon inputs from
vegetation, f,, (PgC yr'), and (g,h) soil turnover, T, (yr). Dots and lines represent the DGVM
mean * 10. For the baseline values, output for the 3 runs (S1-S3, see methods in main ms
for details on run descriptions) is shown. Changes in values over time are attributed to CO2
and N deposition (blue), climate (yellow), and LULCC (grey).
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Supplementary Figure 4 — Change in global carbon stocks due to LULCC depend on
included processes

The change in (top row) vegetation and (bottom row) soil carbon (PgC) due to LULCC for
each DGVM, with the models grouped by process representation. Large black dots show the
model mean for each group. Wilcoxon statistic and associated p-value is shown for each
LULCC process. P-values < 0.1 show a significant (10% level) difference between the two
groups and provides an indication whether the inclusion of a certain process leads to a
systematic difference between models in simulated changes in carbon stocks.
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Supplementary Figure 5 - Process and driver attribution of changes in regional
vegetation carbon stocks.
Change in (a) northern (>30°N) and (b) tropical and southern (<30°N) vegetation (ACU)

carbon stocks over 1959-2020 (PgC). The contribution to net (green bars) changes in carbon
stocks from changes in NPP (ANPPrv 1959” red bars), vegetation turnover (NPP19 sgArv,

orange bars), and the interaction term (ANPPA‘EU, blue bars) are shown. The bars depict the

multi-model mean with the range as +10 of the DGVMs. The arrows show the direction of
change in carbon stocks due to each process.
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Supplementary Figure 6 — Impact of LULCC on vegetation carbon

Maps show individual model changes in biomass (kgC m2) from 1959 to 2020 due to
LULCC, calculated as the difference between S2 and S3 simulations. Positive (green) values
indicate a gain of carbon, whereas negative (pink) values indicate losses of carbon.
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Supplementary Figure 7 - Process and driver attribution of changes in regional soil
carbon stocks.
Change in (a) northern (>30°N) and (b) tropical and southern (<30°N) sail (ACS) carbon

stocks over 1959-2020 (PgC). The contribution to net (green bars) changes in carbon stocks

from changes in vegetation to soil flux (Afvsrs,1959’ red bars), soil turnover (fvs,1959ATs’ orange

bars), and the interaction term (AfvsATs’ blue bars) are shown. The bars depict the

multi-model mean with the range as +10 of the DGVMs. The arrows show the direction of
change in carbon stocks due to each process.
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Supplementary Figure 8 - Acceleration of climate impacts on carbon cycling

(a,b) Cumulative (PgC) and (b,e) annual (PgC yr') changes in (a,b) vegetation and (d,e) soil
carbon stocks due to changes in climate in northern (solid lines) and tropical/southern
(dashed lines) latitudes. Changes in carbon stocks are decomposed (using equations 9, 10
in Methods) into changes driven by inputs (NPP for vegetation, litterfall for soil) and outputs
(turnover), in red and blue, respectively. (c,f) The acceleration of carbon stock changes is
calculated as the difference from one year to the next in annual changes in stocks. Here we
depict the mean acceleration (PgC yr?) over 2011-2020 for (c) vegetation and (f) soil.
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Supplementary Figure 9 — Linearised changes in carbon stocks do not match actual
simulated changes

Changes in global (a) vegetation and (b) soil carbon stocks over 1959-2020 due to CO2 and
N deposition (blue), climate (yellow), LULCC (grey), with the net change by 2020 shown with
a boxplot. Solid lines show the direct model output and dashed lines the linearised estimate
(see equations 9 & 10 in the main ms). The difference between the solid and dashed lines
prompted the need to scale the terms in equations 9 & 10 to match the actual modelled
changes (see methods in main ms).



