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for the bottom-up estimate, we gath- 
ered data from 31 ground inventories 
(11 for CO2 , 10 for CH4 and 10 for 
N2 O, respectively) and 48 biogeochem- 
ical models (18 for CO2 , 23 for CH4 
and 7 for N2 O, respectively). Meanwhile, 
the top-down estimate involved 17 at- 
mospheric inversions (10 for CO2 , 3 for 
CH4 and 4 for N2 O, respectively). By uti- 
lizing this multi-model and multi-data- 
source approach, we are able to provide 
a comprehensive assessment for all GHG 

fluxes of terrestrial ecosystems in China, 
while substantially minimizing the po- 
tential risk of a single biased model/flux 
source on the overall GHG budget. To 
assess the overall greenhouse effect, our 
budget combines CH4 and N2 O with 
CO2 , based on greenhouse warming po- 
tential (GWP, in CO2 equivalent) at the 
100-year horizon [1 ]. GWP measures the 
cumulative impacts that the emission of 
1 g of greenhouse gas could have on the 
planetary energy budget relative to 1 g of 
reference CO2 , which mainly depends on 
the molecular structure and the lifetime 
in the atmosphere [2 ] (see also Supple- 
mentary Methods). 

According to our best estimate, 
China’s terrestrial ecosystems act as a 
small GHG sink (–29.0 ± 207.2 Tg CO2 - 
eq yr−1 with the bottom-up estimate and 
–75.3 ± 496.8 Tg CO2 -eq yr−1 with the 
top-down estimate; Fig. 1 ). By contrast, 
global terrestrial ecosystems in general 
release more GHG into the atmosphere 
than they absorb [2 ]. When differenti- 
ating terrestrial ecosystems into natural 
ecosystems and agricultural ecosystems 
using the bottom-up estimate, we find a 

much larger net sink of GHGs in China’s 
natural ecosystems (–838.4 ± 167.0 Tg 
CO2 -eq yr−1 ; Supplementary Table S1 ), 
which, however, is largely cancelled out 
by GHG emissions from agricultural 
ecosystems. Hence, reducing GHG 

emissions from agricultural ecosystems 
should be the priority for increasing the 
overall net GHG sink of terrestrial ecosys- 
tems in China. Furthermore, the small net 
sink of GHGs is also a result of a larger net 
CO2 sink, offset by net sources of CH4 
and N2 O ( Supplementary Table S2 ). 

China’s terrestrial ecosystems are a 
significant net CO2 sink (–1151 .0 ± 425.1 
Tg CO2 yr−1 with the top-down estimate 
and –1229.2 ± 149.1 Tg CO2 yr−1 with 
the bottom-up estimate). It is also note- 
worthy that, with lateral flux adjustments, 
the top-down and bottom-up estimates 
of the CO2 budget show only a 6% dif- 
ference, demonstrating recent method- 
ological progress [7 ]. This convergence 
insti l ls confidence in the accuracy of 
forthcoming CO2 stocktake assessments 
under the United Nations Framework 
Convention for Climate Change. Fur- 
thermore, China’s land ecosystem CO2 
sink contributes ∼20% to the contem- 
porary global land CO2 sink despite 
occupying only 7% of the global land area 
[8 ]. More than half of China’s terrestrial 
ecosystem CO2 sink is attributed to forest 
ecosystems ( Supplementary Table S2 ), 
primarily due to large-scale afforestation 
and reforestation efforts. 

Regarding CH4 , terrestrial ecosys- 
tems in China are a net source of methane 
emissions (26.1 ± 4.4 Tg CH4 yr−1 with 
the bottom-up estimate and 26.4 ± 5.6 
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he increased atmospheric concen- 
rations of greenhouse gases (GHGs, 
ncluding CO2 , CH4 and N2 O) are un- 
quivocally the major driving forces of 
limate warming [1 ]. These GHGs orig- 
nate not only from the use of fossil fuels, 
ut also from disturbances to and man- 
gement of terrestrial ecosystems. Recent 
vidence suggests that terrestrial ecosys- 
ems, including various land ecosystems 
nd inland water bodies, have become a 
et source of GHGs [2 ]. Reducing these 
cosystem GHG emissions is therefore of 
mmense importance for climate change 
itigation [3 ]. Indeed, ecosystem GHG 

mission reduction is also a key com- 
onent of the recently emerging natural 
limate solutions (NCS), which have 
ttracted particular interest in China [4 ]. 
owever, the lack of a comprehensive 
nderstanding of China’s GHG budget 
as hindered proper assessment and 
arge-scale application of NCS, impeding 
he nation’s ambition to achieve carbon 
nd eventually climate neutrality. To 
ll this crucial knowledge gap, here we 
rovide a comprehensive GHG budget 
f China during the 20 0 0s and 2010s 
ith the dual constraint approach from 

oth the bottom-up estimates (based on 
round inventories and biogeochemical 
odels) and the top-down estimates 
based on atmospheric inversions). 
We conducted a thorough GHG bud- 

et assessment over China, encompass- 
ng ∼40 budget terms. Details of the 
ssessment framework can be found in 
5 ], which aligns consistently with the 
ethodology and terms used by the 
lobal Carbon Project [6 ]. Specifically, 
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Land GHG budget in China
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Figure 1. The greenhouse gas (GHG) budget for China’s terrestrial ecosystems during the 2000s and 
2010s. 
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Our results also imply the crucial 
importance and careful consideration 
needed for curbing GHG emissions. 
Because agricultural CH4 and N2 O emis- 
sions offset > 90% of the land CO2 sink, 
curbing agricultural GHG emissions wi l l 
probably attract increasing attention in 
the agenda to mitigate climate change. A 

successful mitigation strategy wi l l have to 
rely on sufficiently scrutinized solutions, 
which should address GHG emissions 
reduction without endangering the food 
supply for China’s > 1 bi l lion people 
and provide co-benefits for the environ- 
ment (e.g. [12 ]). This represents a huge 
sustainability challenge that urgently 
requires further studies. 
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g CH4 yr−1 with the top-down esti- 
ate). The primary contributors to these 
H4 emissions are enteric fermentation 
nd paddy rice cultivation, accounting 
or ∼60% of the net CH4 source (Fig. 1 
nd Supplementary Table S2 ). Only 
on-saturated natural soil acts as a sink 
or CH4 at –2.2 ± 0.2 Tg CH4 yr−1 . 
Similarly, China’s terrestrial ecosys- 

ems are also a net source of N2 O 

1.8 ± 0.3 Tg N2 O yr−1 with the bottom- 
p e stimate and 1.3 ± 0.8 Tg N2 O yr−1 

ith the top-down estimate). N2 O also 
xhibits the largest relative difference 
etween the top-down and bottom-up 
stimates ( ∼25%) among the three 
HGs, probably resulting from the 
parsity of accessible atmospheric N2 O 

bservations for the inversion models 
9 ]. The sectorial analysis shows that 
ropland N2 O emissions from nitro- 
en fertilizer application are the single 
argest N2 O source at 0.8 ± 0.3 Tg 
2 O yr−1 (Fig. 1 and Supplementary 
able S2 ). 
In summary, we have presented the 
rst comprehensive GHG budget for 
errestrial ecosystems in China. The inte- 
ration of both bottom-up and top-down 
pproaches, together with lateral adjust- 
ents, allows us to more confidently 
enerate best estimates of the GHG 

udget (e.g. [10 ]). Although the existing 
ide array of accounting methods has 
ade possible a comprehensive picture 
f the diverse contribution of terrestrial 
cosystems to the GHG budget, each 
ethod offers its own benefits, as well 
s challenges and uncertainties. For ex- 
mple, although satellite GHG measure- 
ents have grown quickly in recent years, 
urrent atmospheric inversions sti l l lack 
ufficient information from atmospheric 
bservations over China, leading to the 
igh sensitivity of posterior estimates to 
rior information (e.g. [11 ]). Such per- 
istent challenges call for efforts to speed 
p the establishment of a measurable, 
eportable and verifiable system for GHG 

ccounting. 
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