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Harmonization) data [5 ], which cannot 
reflect historical land-use and land-cover 
change in China [6 ], and in particular 
cannot reproduce the rapid forest expan- 
sion since 1980 [2 ]. Second, the spa- 
tial resolution of the simulations in the 
TRENDY project is 0.5° × 0.5°, which 
is too coarse to assess finer-scale carbon 
sources and sinks in China (e.g. provinces 
or counties). Finally, these estimates did 
not fully consider carbon cycle processes 
such as lateral carbon transport, which 
resulted in potential biases [7 ]. In this 
study, we present a China Land Carbon 
Budget (CLCB) project, which is an open 
inter-model comparison project provid- 
ing comprehensive estimates of the land 
carbon budget in China. 

In this version (v1.0) of the CLCB, 
we solicited six carbon cycle models 
to voluntarily participate in the project 
( Supplementary S2.1) to provide esti- 
mates of China’s land carbon sink with 
a spatial resolution of 0.1° × 0.1°. These 
models are widely used and have been 
at least partially trained and validated 
over China. All the models were forced 
with the same forcing ( Supplementary
Datasets) and fo llowing the s ame exper- 
imental protocol ( S2.2 and Table S1) to 
estimate net biome production (NBP) 
considering effects of changes in climate, 
atmospheric CO2 and land-use and 
land-cover. Compared with the GCB, 
this study used a new attribution analysis 

method of land carbon sink change ( S2.2
and Table S2). Unlike the global carbon 
cycle model ensemble that used a model 
product for land-use change [4 ], we 
applied a multiple-data fused land-use 
and land-cover dataset [8 ] to more re- 
alistically capture the rapid expansion 
of China’s forests since 1980 ( S1.2). In 
addition, a land-surface model that can 
simulate lateral organic carbon transport 
and a satellite-based wildfire inventory 
method ( S2.3 and S2.4) were also used to 
constrain carbon cycle processes not in- 
cluded in the carbon cycle models. In the 
rest of the manuscript, we outline some 
of the key characteristics of CLCB v1.0 
and the results of the model ensemble 
from 1980 to 2023. 

As Fig. 1 a shows, mean NBP sim- 
ulated by the six models over the last 
10 years (i.e. 2014–2023) was 0.327 ±
0.052 PgC yr−1 . Soil organic car- 
bon was transported laterally to the 
ocean and to other countries at the 
rate of 0.016 ± 0.001 PgC yr−1 and 
0.007 ± 0.001 PgC yr−1 , respectively 
(Fig. 1 b). In addition, CO2 emissions 
from wildfires (f Fire) were 0.021 ± 0.007 
PgC yr−1 over the last 10 years (Fig. 1 b). 
Consequently, after subtracting CO2 
emissions and losses from wildfires and 
lateral carbon transport, the land carbon 
sink in China was 0.284 ±0.055 PgC yr−1 

(Fig. 1 a). In contrast, the NBP estimated 
by the TRENDY project [5 ] showed a 

©
C
w

D
ow

nloaded from
 https://academ

ic.oup.com
/nsr/article/12/4/nw

af052/8026011 by Sw
edish U

niversity of Agricultural Sciences user on 07 April 2025
he terrestrial ecosystem plays an impor- 
ant role in regulating the regional carbon 
alance, in particular for China, where 
cological projects during past decades 
1 ,2 ] have led to large increases in China’s 
and carbon sinks, partially offsetting fos- 
il fuel emissions. Therefore, accurate 
valuation of land carbon fluxes in China 
s critical for improving our understand- 
ng of the magnitude of China’s carbon 
udget, and projecting its future changes. 
owever, there are sti l l large uncertain- 
ies in estimates of terrestrial carbon sinks 
n China based on inventory, eddy covari- 
nce, process-based carbon cycle model- 
ng, and atmospheric inversion methods 
3 ]. Carbon cycle models are not only 
pplicable to estimate terrestrial carbon 
inks and to project their future trends, 
ut also can quantify the contribution of 
ifferent drivers to changes in the land 
arbon sink [3 ]. The ensemble of esti- 
ates from multiple models is able to 
onstrain the uncertainty in the estimated 
and carbon sink. So, this approach is used 
y the Global Carbon Budget (GCB) to 
stimate the global land carbon sink. 
Although the GCB’s model intercom- 

arison project (trends and drivers of 
he regional scale terrestrial sources and 
inks of carbon dioxide, or TRENDY) 
overs China spatially [4 ], simulation 
f China’s land carbon cycle has some 
nown limitations. First, the TRENDY 

roject is driven by the LUH2 (Land-Use 
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ower land carbon sink in China mainly 
ecause the land-use change dataset 
sed by the TRENDY project has shown 
 decreased forest area since 1980 [2 ] 
 Figs S1–S3, S2.6).When compared with 
he national greenhouse gas inventory 
NGHGI, S1.4), which provided the land 
arbon sink estimates for 1994, 2005, 
010, 2012, 2014, 2017 and 2018 (Fig. 1 a), 
he estimates derived from NGHGI in 
014, 2017 and 2018 were comparable to 
hose by this study in terms of estimate 
oundary ( S1.4). The results showed 
he mean magnitude of land carbon sink 
ver these three years is 0.319 ± 0.030 
gC yr−1 derived from NGHGI, which 
s quite close to our estimates (i.e. NBP- 
 Fire, 0.317 ± 0.075 PgC yr−1 ). 
From 1980 to 2023, the simulated 
BP showed a substantial increment 
rom −0.037 ± 0.088 PgC yr−1 in the 
2005 2010 2015 2020
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China as simulated by the BEPS, IBIS, iMAPLE, 
dels, as well as the multi-model average NBP 
ed area) (a). The land carbon sink from 2012 
rganic carbon transport (Clateral, b) and CO2 

teral organic carbon transport included carbon 
lack dots in (a) refer to the reference values of 
ntory (NGHGI). 

980s to 0.327 ± 0.052 PgC yr−1 during 
he most recent 10-year period (Fig. 1 a). 
arbon emissions resulting from wild- 
res showed a marginally significant 
ecreasing trend ( −0.001 PgC yr−2 , 
 = 0.07) from 2012 to 2023 (Fig. 1 b). 
otal lateral carbon transport shows a 
ignificant decreasing trend ( −0.0 0 0 06 
gC yr−2 , p < 0.01) since 1980 (Fig. 1 b). 
ateral transport of POC (particulate 
rganic carbon) significantly decreased at 
0.0 0 0 07 PgC yr−2 ( p < 0.01, Fig. S4a), 
nd DOC (dissolved organic carbon) 
ncreased at a rate of 0.0 0 0 01 PgC yr−2 

 p = 0.42, Fig. S4b). 
Our results indicate that China is 

mong the countries showing the highest 
ates of increase in land carbon sinks 
 Table S3), which is about four times the 
lobal mean ( Fig. S5). When isolating 
he contributions of land-use change, 
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ising atmospheric CO2 concentration, 
nd climate change to changes in land 
arbon sinks by the carbon cycle mod- 
ls and a bookkeeping model (LUCE) 
or land-use change ( S2.2, S2.5 and 
able S2), we found strong positive im- 
acts of land-use change (ELUC ) during 
he past four decades, enhancing China’s 
and carbon sink by 0.100 ± 0.119 PgC 

r−1 over this period ( Fig. S6a), which 
s sti l l slightly less than the positive 
mpact of rising atmospheric CO2 con- 
entration (0.147 ± 0.043 PgC yr−1 ) 
 Fig. S6b). The ELUC estimated by the 
RENDY project was lower than the 
stimates of the carbon cycle models 
nd the LUCE model in this study 
 Fig. S6a), which is mainly due to dif- 
erent land-use change datasets ( S2.6). 
he strong positive ELUC in China was 
upported by a previous study [2 ]. In 
ddition, we found that the positive ELUC 
as been increasing since 1990 and has 
xceeded the contribution of CO2 since 
014 ( Fig. S7). This is because the forest 
cological projects from 1980 created 
ast areas of young and middle-aged 
orests, which are gradually entering a 
apid growth stage and have considerable 
arbon sink capacity. On the contrary, 
limate change has reduced the national 
and carbon sink ( −0.064 ± 0.054 PgC 

r−1 , Fig. S6c), but according to the 
BP, in relatively cold regions such 
s the Tibetan Plateau and the north- 
astern and northwestern regions of 
hina ( Fig. S8d), the impacts of climate 
hange remain positive. The attribution 
nalysis results based on our method 
nd the GCB’s method were very sim- 
lar in China ( S2.2, Figs S9–S11, and 
able S2). 
Overall, CLCB v1.0 is an open multi- 
odel ensemble platform that provides 

 fast-track assessment of China’s land 
arbon sink, as well as the contributions 
y different factors. The magnitude of 
he land carbon sink by CLCB assess- 
ent is broadly consistent with estimates 
y previous data-driven models, process- 
ased models, and atmospheric inver- 
ions (e.g. NGHGI, Table S4, [2 ,3 ,9 ,10 ]), 
ut provides an uncertainty estimate 
onsidering model structures and un- 
ertainties. Looking forward, the CLCB 

i l l continue to provide annual land 
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