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Abstract: In the context of global warming, quantifying the impact of regional land-use changes on the terrestrial carbon
exchange is essential for enhancing ecosystem carbon sequestration and achieving carbon neutrality goals. The Chang-Zhu-

Tan (CZT) region, as the economic, cultural, and ecological core of Hunan Province, has undergone significant changes
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in land use and vegetation structure over the past few decades, deeply influencing the carbon balance of its terrestrial
ecosystem. This study employed climate forcing data with a spatial resolution of 1km, CO, concentration data, and land-use
data with a spatial resolution of 30m, in combination with the LPJ-GUESS model, to simulate the spatiotemporal patterns of
net ecosystem exchange ( NEE), an indicator of terrestrial carbon balance, in the CZT region from 1980 to 2023 under
different driving conditions. The individual contributions of climate and land use change to the NEE in the region were
further analyzed. The results showed that: (1) Over the past 40 years, rapid urbanization in the CZT region has led to a
substantial reduction in cropland and forest land, becoming the key driver of carbon loss in the ecosystem; (2) The NEE
for the region has increased at an annual rate of 44.44 GgC/a, indicating net terrestrial carbon emissions, with 98.06% of
the region showing an increasing trend in NEE; (3) Land-use changes have contributed to a NEE increase of 7.17 GgC/a,
with a total carbon emission of 5293.20 GgC over the past 40 years, of which the expansion of built-up areas accounted for
approximately 37.14% ; (4) Climate change has contributed 89.75% to the variation in NEE, dominating approximately
93.22% of the region, while land-use changes accounted for 10.25% of the variation, dominating about 6.78% of the
region. These findings provide a scientific foundation for optimizing regional land use management and formulating effective

carbon neutrality strategies.

Key Words: land use change; climate change; net ecosystem exchange; terrestrial ecosystem carbon budget; LPJ-

GUESS model
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Fig.1 Location and topographic map of the Chang-Zhu-Tan region
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Table 2 Experimental design of the simulation
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Fig.2 Comparison of annual NEE in the Chang-Zhu-Tan region from this study and two published products
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Fig.3 Spatial distribution of land use types in the Chang-Zhu-Tan region
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SRR KRR DX 3 25 DU 47 A a2 150 FH b 0 389 0 =282 DARE s AR b 8 92 AR (T 4) o A
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AR 5 B2 R TR TR0, SR A B ST R A AR R 4 IR 7 R AR R AR A
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Table 3 Land use type area transition matrix (km?) from 1980 to 2023

+ 25 AU b Bk i pi€:] SR FH H FeNTIE A
Land types Built-up Grass Crop Forest Water Bare land Total area
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Fig.5 Changes in terrestrial-atmospheric carbon flux in the Chang-Zhu-Tan region driven by climate change and land use change
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Fig.7 Annual variation of total NEE in the Chang-Zhu-Tan region caused by land use changes from 1980 to 2023
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M BHERCGESRIE N, 2010 AEHEL K 624.51 GgC/a, H b # i FHHLY 5K S BUWBRHE A 251.97 GgC/a, b
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Fig.8 Spatial distribution of interannual NEE changes in the Chang-Zhu-Tan region
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Fig.9 Contribution and dominance of climate change and land use change to NEE variation ( 1980—2023) and their spatial distribution
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Table 4 Relative intensities of climate change and land use change impacts on NEE and their proportions of the total area

1D IANEE y;,, | - ANEE ;| ANEE T (5 Eb Percentage ik Description

1 >0 >0 93.17% AMEES W IE

2 >0 <0 0.057% S ES R i

3 <0 >0 6.10% A T A E
4 <0 <0 0.67% + R S R

3 Zr5itie

3.1 #5ie
T35 40 AYAE  KARTE M X Y L R 2R AL A T AR JE AR B A5 FH Bk i RO R b () h S B

http ; //www.ecologica.cn



6 4] PrE A AU b A AL XA TR 3t DX A 285 AR e Sk F 5 15

fb - AR RIS 5K | 32 B0 B R b 0 3 AL SC B IR T B ok S 3B B T Rk MR HE O RS K BESE
LW b 44 4E T H A RS Ak B S ERHENL 5293.20 GeC, Hirh A% b 5k S BUW i HE L (5 24 37.14%
- A PR HE A T B YD BRI TR = R X R L i X B B 2010 4F 5 =R Y ok Y
JiRGE , XI5 A R HE G R 2 FEAIK < /R i A 25 S I a8 s LAk | 4 b 1) FH /8 B 45
b, JEHR 2018 AE I A8 AR AR LT ) W & AR, tHE— 2530 T 4 R S A5 | & SRR HIE T , (50 B HE i e 34
AL I I RS A

MAEXORE , SRR KRR X NEE 9 £ 5 &K, 23 NEE DIAHE 44.44 GeC/a (18 R 1
I, BRI G, Hod SRR 4 ik NEE AU (5 ol 89.75% , 15 T 24 93.22% (1) X &, T2
I3 AR AE [ SR 1 7 i X 177+ R 28 A X 425 NEE B9S2 & He R 10.25% , 3% 17 4 6.78% i IX B, £ rh
TAYD BRYN VR =107 4 DX S L B 5K X, 3 3R T KR TR — A Ab 8 50 AT 47 5K 2 Xl bl A
AR RGHE R IR S K 2, AT TR AR A — o B P 32 i, (R A 38R A= 8 09 5 1 b A
FRESF AL T A5 2500 5 DX BE T o 35k SRy I e DXl R A VR i A% B Rk R B YT g X A T
ks, b2 BIFGTAE ST o DXk R S B R s A AL S R A i i, D AR LR s e ok
A= 25 28 (R)R3 22 18] B R A B EL A E B 22 {1 [) Ao b T Ay S 00 ) 5 R 2 T ) < 0L ™ A R a =2
FrHRKS%
32 g
3.2.1 AR LR A X NEE /95210

AT AL A A R T 2 i A= 5 R 48 NEE AFPRit i 4 44.44 GeC/a, M\ 1980 4F 2 2023 41 HE U it
FITH 34.46 TeC,, 5 Wu St 1990—2020 4T [a] K AT X ol v Bk HlE i (4 A 59 45 2R (22.66 TeC) AR 1L, A%
WFF AR A A [R) 01 e HE R 25.00 TgC, 45 R ECH IR, WoR T3 R M —3rk . BRI bRk 23
{14 it bt 2 285 R G e HIE TS o S A Bt I I 1% 4 SRR 3, b b AR T AR A B9 AR TR AT 43 SG B, B, Chen
SR BRI A AE A BRI R Bl 4G R A A A ERER VB R AR 5 R 12.4% , XIS RN ZEBET
B, 40 AERARE ML IX ST R 23T 7 A mHE ORI X S5 R S A SR — 2, SRR AR S B0
fiki b A 2 R G HE RO 7], b 1 FH AR AR HE SO 52 N J836 B dh 2P B RN [ SRad R () L [R5 | Fae
FERHLHI T I 2=, Bedh, A b7 AR Ak RS Ao 22 o) BRSO iRt — A48 1 i — S S B B AR B sE vE
U, il Bk A HAY - R BRS0BS54 S Ay 28 S FEE

A FE AR AL 5 A ) AR A S A AT T R TR DX e i ot (Y B 25 Bl AR AU ARk &
T T XS AR IS STt B T AE IR T DX P IR T 0 Sy e AR A R BEIR Bl . U HAE 2010 4R DL
T, PRI T b 0 S T MR PR HE A RF LI . Bl AR A ST R RN A A AR AP 414 S UK 1 it
B 5K Z PR, - o] FRRHE RO T [, 28 W B0 8 P A BRS04 B A BRARVE S L R T, KRk
VE R R 48 48 55 SR A% o DX, T Ak AR AR S i i 9T P AT 2 DX Ut HE T A S Bk U, 2024 4R (K
PRI — R & R 2025 AEAT i) 458 bRk s =i — IR Ttk AR R SR B BE , #E 3 Ak X Sl 3 [ %) [R] B, 4
A RE R A5 b 5k 5 A 25 A 1) FR 46 22 8] A 20 I, 434 0 = i 1) R AR Tty Sk At HE RROXURS: 7 8 20 R A
6 JUEE ) NEE 5548145 5 R | Mo FH B HERCE 25 18] T 28 80 5 35 04 S P R IRUBE I Ayt [R) Rz, BRIVl
HEC R ELIX T AR SR 0 SRS (ARG SR 32 1 SR A F AT 0 R T K RN 5 1) 45 22 0 TR 3 45
GREm, PN FER BRI — AL A BT 50T, S BF IS K S e HE s il =z o] B BIn , 75 7EKG 20 A0 RUBE - i
T 5K S RS 2 (R AR G IR HE S T R A e BT R R rh S I HE B R /M
3.2.2  JRBRPERIARH P

RUEARBFFESE S R B0 DX e A R A B AL T B 3 R NS (IR AE— 2 SR BRI FUAS
EME, HOE, 5 R NEE 5k NEP 7™ 5 X F B R [R] 7= i 2 [ A7 AR A K 2 St b 22 S vl Rk U 1
FERIZERY i A B (=B 30 A st R AR AR ) | Bl Al 550 1k DA S as TR 3 BE R A5 D5 T AR T, e Ak,

http ; //www.ecologica.cn



16 CFONE 46 1

A 25 B G R AR AU R o 8 v ol e i R sl 2507 S0 NPP MIC = AN R . LPJ-GUESS BERUR ]
T E S SIS G R ECHLE] IR BE 10% 19 NPP JH T 3658, HARER 0 e [R5 B 22 18] 6473 i LE AR s S 3 A=
KA B U] IR AR50 SR, B B0 3R I 10 I LU 19 PT RE 23 52 B RE/K A B8 B Rbh i
S IREE R F e 2 DA HE— 2B S0 NEE BT HURS BE DTS ALAR 1 2 1

FER AR FEAN LT B — 5 AR K AR TR 1l DX 1 NEE HEAT T AL, iy AT o] B — A5 70 RS 1] skt e A7 A
ZERPELR 2 AR ST AR RE T AN AR 22 R SR (A s | A B ] 45 [T ] ROBE X285 2R g 5 > [
I, 25 R3] -t ) S AN S S P PR AR B SE X i SR AR 493 2R T e fELAR B S b7 12 W] RE TGk 78 /il i
M PR SEBR B ZSAE A, BETTAS NEE ROASEINAE SR Az i 22 , A7 RS sy A et R TR AR i ) R RETE

BRJE  ASHESE T B AR T LR AR AR A A IR TRl DXl b A 285 R e mi S AR 3RS R
BTSSR 9 A A FT RE 35 5 NEE (R 3R, inaUIRe 7 KRR BRI 215> A IFoT R i, AR
R A AR AR A SR I R D, ARG B A S ) B AR S ML AR 65 T A0 A AR A1) P 25 A A 5 3l
BRFE/IN 38 HAAE 2%—10% 2 18] R 56 3 L R B 25 G 2R )5 01 % 18 2 9K 5)
DT, DL — 20 B i 4 R i v mf P A A T

B BT R A IR R B B AR A IS AT T T 45 55 O B 5 Sl R S R T 2R e T AR S R A Y
CER

£ 2% 3k ( References) :

[ 1] Lewis S L, Maslin M A. Defining the anthropocene. Nature, 2015, 519(7542) ; 171-180.

[ 2] Friedlingstein P, O’Sullivan M, Jones M W, Andrew R M, Bakker D C E, Hauck J, Landschiitzer P, Le Quéré C, Luijkx I T, Peters G P,
Peters W, Pongratz J, Schwingshackl C, Sitch S, Canadell J G, Ciais P, Jackson R B, Alin S R, Anthoni P, Barbero L., Bates N R, Becker M,
Bellouin N, Decharme B, Bopp L, Brasika I B M, Cadule P, Chamberlain M A, Chandra N, Chau T T T, Chevallier F, Chini L. P, Cronin M,
Dou X, Enyo K, Evans W, Falk S, Feely R A, Feng L, Ford D J, Gasser T, Ghattas J, Gkritzalis T, Grassi G, Gregor L, Gruber N, Giirses O,
Harris I, Hefner M, Heinke J, Houghton R A, Hurtt G C, lida Y, Ilyina T, Jacobson A R, Jain A, Jarntkova T, Jersild A, Jiang I, Jin Z, Joos
F, Kato E, Keeling R F, Kennedy D, Klein Goldewijk K, Knauer J, Korshakken J I, Kértzinger A, Lan X, Lefevre N, Li H, Liu J, Liu Z, Ma
L, Marland G, Mayot N, McGuire P C, McKinley G A, Meyer G, Morgan E J, Munro D R, Nakaoka S I, Niwa Y, O'Brien K M, Olsen A, Omar
A M, Ono T, Paulsen M, Pierrot D, Pocock K, Poulter B, Powis C M, Rehder G, Resplandy L, Robertson E, Rédenbeck C, Rosan T M,
Schwinger J, Séférian R, Smallman T L, Smith S M, Sospedra-Alfonso R, Sun Q, Sutton A J, Sweeney C, Takao S, Tans P P, Tian H, Tilbrook
B, Tsujino H, Tubiello F, van der Werf G R, van Ooijen E, Wanninkhof R, Watanabe M, Wimart-Rousseau C, Yang D, Yang X, Yuan W, Yue
X, Zaehle S, Zeng J, Zheng B. Global carbon budget 2023. Earth System Science Data, 2023, 15(12) : 5301-5369.

[3] PiaoSL, HeY, Wang X H, Chen F H. Estimation of China’s terrestrial ecosystem carbon sink: Methods, progress and prospects. Science China
Earth Sciences, 2022, 65(4): 641-651.

[ 4] YuZ, Ciais P, Piao S L, Houghton R A, Lu C Q, Tian H Q, Agathokleous E, Kattel G R, Sitch S, Goll D, Yue X, Walker A, Friedlingstein
P, Jain A K, Liu SR, Zhou G Y. Forest expansion dominates China’s land carbon sink since 1980. Nature Communications, 2022, 13( 1) ; 5374.

[ 5] Wang], Feng L, Palmer P I, Liu Y, Fang S X, Bosch H, O'Dell C W, Tang X P, Yang D X, Liu L X, Xia C Z. Large Chinese land carbon sink
estimated from atmospheric carbon dioxide data. Nature, 2020, 586(7831) ; 720-723.

(6] THtH:, RE%, Thim, AW, b EAS KL RS T E R R ST BRI R, P EBEBBE T, 2022, 37(4) : 490-501.
Piao S L, Zhang X P, Chen A P, Liu Q, Lian X, Wang X H, Peng S S, Wu X C. The impacts of climate extremes on the terrestrial carbon cycle:
a review. Science China Earth Sciences, 2019, 62(10) : 1551-1563.

[ 8] Walker A P, De Kauwe M G, Bastos A, Belmecheri S, Georgiou K, Keeling R F, McMahon S M, Medlyn B E, Moore D J P, Norby R J, Zaehle
S, Anderson-Teixeira K J, Battipaglia G, Brienen R J W, Cabugao K G, Cailleret M, Campbell E, Canadell J G, Ciais P, Craig M E, Ellsworth
D S, Farquhar G D, Fatichi S, Fisher J B, Frank D C, Graven H, Gu L. H, Haverd V, Heilman K, Heimann M, Hungate B A, Iversen C M,
Joos F, Jiang M K, Keenan T F, Knauer J, Kémer C, Leshyk V O, Leuzinger S, Liu Y, MacBean N, Malhi Y, McVicar T R, Penuelas J,
Pongratz J, Powell A S, Riutta T, Sabot M E B, Schleucher J, Sitch S, Smith W K, Sulman B, Taylor B, Terrer C, Torn M S, Treseder K K,
Trugman A T, Trumbore S E, van Mantgem P J, Voelker S L, Whelan M E, Zuidema P A. Integrating the evidence for a terrestrial carbon sink
caused by increasing atmospheric CO,. New Phytologist, 2021, 229(5) . 2413-2445.

[9] XUBEhR, 2, B, ik, BRE. HT FLUS-InVEST FE84 (1% v [ 2R O - b 1) F A8 1 B HOX et o 5% o A S 400, P b B8, 2019, 39
(3): 397-409.

[10] YuZ, LuC Q, Tian H Q, Canadell J G. Largely underestimated carbon emission from land use and land cover change in the conterminous United

http ; //www.ecologica.cn



6

PrE A AU b A AL XA TR 3t DX A 285 AR e Sk F 5 17

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

States. Global Change Biology, 2019, 25(11); 3741-3752.
Foley J A, DeFries R, Asner G P, Barford C, Bonan G, Carpenter S R, Chapin F S, Coe M T, Daily G C, Gibbs H K, Helkowski J] H, Holloway
T, Howard E A, Kucharik C J, Monfreda C, Patz J A, Prentice I C, Ramankutty N, Snyder P K. Global consequences of land use. Science,
2005, 309(5734) : 570-574.
LiuJ X, WangZ, Duan Y F, Li X R, ZhangM Y, Liu HY, Xue P, Gong H B, Wang X, Chen Y, Geng Y N. Effects of land use patterns on the
interannual variations of carbon sinks of terrestrial ecosystems in China. Ecological Indicators, 2023, 146 109914.
Houghton R A, Nassikas A A. Global and regional fluxes of carbon from land use and land cover change 1850—2015. Global Biogeochemical
Cycles, 2017, 31(3) : 456-472.
Hou H'Y, Zhou B B, Pei F S, Hu G H, SuZ B, Zeng Y J, Zhang H, Gao Y K, Luo M, Li X. Future land use/land cover change has nontrivial
and potentially dominant impact on global gross primary productivity. Earth’s Future, 2022, 10(9) : ¢2021EF002628.
Pan Y D, Birdsey R A, Fang J Y, Houghton R, Kauppi P E, Kurz W A, Phillips O L, Shvidenko A, Lewis S L., Canadell J G, Ciais P, Jackson
R B, Pacala S W, McGuire A D, Piao S L, Rautiainen A, Sitch S, Hayes D. A large and persistent carbon sink in the world’s forests. Science,
2011, 333(6045) : 988-993.
Webb J R, Santos I R, Maher D T, Finlay K. The importance of aquatic carbon fluxes in net ecosystem carbon budgets: a catchment-scale review.
Ecosystems, 2019, 22(3) . 508-527.
Woed, A, IR, W, REIY, MEED, TR, SR, R, TG, RIE, R0, R, WilEdE, TRE, 2aif
BEE, FFV, W, PRIESE B Rk, B, R, A, FESE, XIRA, TS LPl_lﬁéiﬂdii&étu%?ftﬁﬁ{liﬁﬂ
B HxPRep R sk, th A ARk, 2022, 52(4) @ 534-574.
Schimel D, Stephens B B, Fisher J B. Effect of increasing CO, on the terrestrial carbon cycle. PNAS, 2015, 112(2) . 436-441.
Piao S L, Wang X H, Wang K, Li X Y, Bastos A, Canadell J] G, Ciais P, Friedlingstein P, Sitch S. Interannual variation of terrestrial carbon
cycle; Issues and perspectives. Global Change Biology, 2020, 26( 1) : 300-318.
Di Vittorio A V, Mao J, Shi X, Chini L, Hurtt G, Collins W D. Quantifying the effects of historical land cover conversion uncertainty on global
carbon and climate estimates. Geophysical Research Letters, 2018, 45(2) ; 974-982.
Yang Y H, Shi Y, Sun W J, Chang J F, Zhu J X, Chen L' Y, Wang X, Guo Y P, Zhang HT, Yu L F, Zhao S Q, Xu K, Zhu J L., Shen H H,
Wang Y Y, Peng Y F, Zhao X, Wang X P, Hu H F, Chen S P, Huang M, Wen X F, Wang S P, Zhu B, Niu SL, Tang Z Y, Liu L L, Fang J
Y. Terrestrial carbon sinks in China and around the world and their contribution to carbon neutrality. Science China Life Sciences, 2022, 65(5) :
861-895.
Xu Q, Yang R, Dong Y X, Liu Y X, Qiu L R. The influence of rapid urbanization and land use changes on terrestrial carbon sources/sinks in
Guangzhou, China. Ecological Indicators, 2016, 70: 304-316.
Seto K C, G? neralp B, Hutyra L R. Global forecasts of urban expansion to 2030 and direct impacts on biodiversity and carbon pools. PNAS,
2012, 109(40)~ 16083-16088.

EAEN, JARE, T QUK. 1980—2020 4 v [l Hb A 2 R G R A ik 16 s A% R S EIE LA L RL A MUBREBLE, 2024, 54(10)
3323-3339.
WM, PRATE, BHER, BEAR, XK, $8/0F. sUEFONT R S b 5Kk 217 S5 M FERT AR B R e Rk it B 52 . PRBE A7,
2024, 45(5) . 2828-2839.
Wu F, Wang Z Y. Assessing the impact of urban land expansion on ecosystem carbon storage: a case study of the Changzhutan metropolitan area,
China. Ecological Indicators, 2023, 154. 110688.
H—X2, Yol BT Markov-PLUS A7) A BRI 0 TR 242 15 b SRR P00 B BRI 137 43 A, AR 254, 2024, 44(1) ; 129-142.
Smith B, Prentice I C, Sykes M T. Representation of vegetation dynamics in the modelling of terrestrial ecosystems: comparing two contrasting
approaches within European climate space. Global Ecology and Biogeography, 2001, 10(6) : 621-637.
Sitch S, Smith B, Prentice I C, Ameth A, Bondeau A, Cramer W, Kaplan J O, Levis S, Lucht W, Sykes M T, Thonicke K, Venevsky S.
Evaluation of ecosystem dynamics, plant geography and terrestrial carbon cycling in the LPJ dynamic global vegetation model. Global Change
Biology, 2003, 9(2): 161-185.
Martin Belda D, Anthoni P, Warlind D, Olin S, Schurgers G, Tang J, Smith B, Arneth A. LPJ-GUESS/LSMv1.0: a next-generation land surface
model with high ecological realism. Geoscientific Model Development, 2022, 15(17) : 6709-6745.
De Kauwe M G, Medlyn B E, Zaehle S, Walker A P, Dietze M C, Wang Y P, Luo Y Q, Jain A K, El-Masri B, Hickler T, W? rlind D, Weng E
S, Parton W J, Thorton P E, Wang S S, Prentice I C, Asao S, Smith B, McCarthy H R, Iversen C M, Hanson P J, Warren J] M, Oren R,
Norby R J. Where does the carbon go? A model-data intercomparison of vegetation carbon allocation and turnover processes at two temperate forest
free-air CO, enrichment sites. New Phytologist, 2014, 203(3) . 883-899.
Smith B, Wérlind D, Arneth A, Hickler T, Leadley P, Siltherg J, Zaehle S. Implications of incorporating N cycling and N limitations on primary
production in an individual-based dynamic vegetation model. Biogeosciences, 2014, 11(7) : 2027-2054.
Huang N, Wang L, Zhang Y L, Gao S, Niu Z. Estimating the net ecosystem exchange at global FLUXNET sites using a random forest model. IEEE
Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 2021, 14. 9826-9836.
JE NS, JRIHEE. 1981-2019 4E2ERZE H NEP BRI ™ @ AR50 bl 2021,

http ; //www.ecologica.cn



18 GO O 46 &
[35]  Yue C, Ciais P, Houghton R A, Nassikas A A. Contribution of land use to the interannual variability of the land carbon cycle. Nature

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Communications, 2020, 11(1); 3170.

Piao S L, Huang M T, Liu Z, Wang X H, Ciais P, Canadell ] G, Wang K, Bastos A, Friedlingstein P, Houghton R A, Le Quéré C, Liu Y W,
Myneni R B, Peng S S, Pongratz J, Sitch S, Yan T, Wang Y L, Zhu Z C, Wu D H, Wang T. Lower land-use emissions responsible for increased
net land carbon sink during the slow warming period. Nature Geoscience, 2018, 11(10) ; 739-743.

You N S, Meng J J, Zhu L J, Jiang S, Zhu L K, Li F', Kuo L J. Isolating the impacts of land use/cover change and climate change on the GPP in
the Heihe River Basin of China. Journal of Geophysical Research: Biogeosciences, 2020, 125(10) : ¢2020JG005734.

Wang LM, LiM Y, Wang J X, Li X G, Wang L C. An analytical reductionist framework to separate the effects of climate change and human
activities on variation in water use efficiency. Science of the Total Environment, 2020, 727, 138306.

TR, 2B, WE 2, KBEIN, RRIEAR, NS, 1T 30 AR ARG XA AE W Rl AR 25 1 18 718 S AR AL XT38, 22 5P b B, 2020, 40( 1) :
173-180.

Y, BRI, K, TR, By, TP SRR RE R L I X BRSO R . AR ZS SRR R AR ), 2016, 32
(4): 539-545.

R, BEAZ, EAaH, Bl 1992—2017 4R T A A9 P ESHIE S 2 RAE. HILAA, 2019, 74(3) : 411-420.

Wang L Y, Xiong Q Q, Tong Z M, An R, Liu Y L, Zhang S Y. Exploring the non-linear relations between the cropland expansion and driving
factors in China. Regional Environmental Change, 2024, 24(4) . 138.

BRI, RO, A, FRAE, LTIE, EIW5R, HROCE, W38, T —iL. 2015/2016 4E5RJE/RJE v i AR B 4 BRI o [ A
B, SRR, 2016, 74(3) : 309-321.

Chen J M, Ju W M, Ciais P, Viovy N, Liu R G, Liu Y, Lu X H. Vegetation structural change since 1981 significantly enhanced the terrestrial
carbon sink. Nature Communications, 2019, 10(1) . 4259.

XBERE, 22 0. IR T A BRI XS A SRR A G AR FRBERMY:, 2023, 44(12) : 6664-6679.

B, R, 2T A BRI, SR BT ST . A2 3SR, 2016, 36(4) : 1152-1161.

Houghton R A. Interactions between land-use change and climate-carbon cycle feedbacks. Current Climate Change Reports, 2018, 4(2) . 115-127.
SREAT, Sk, MEE, FIREE. BT A R BRI S S SV KR B R R BGE R, BEIRRLE, 2025, 47(1) : 167-181.
XBHES, P, £ KRS0 KRR N 24 5 S e S B0, B AR A4, 2025, 36(2) : 559-568.

EAE], BOKIR. o ST Bk HE O L PR 2 1 U N S SRS R B HB B, 2019, 74(6) : 1131-1148.

Malhi Y, Doughty C, Galbraith D. The allocation of ecosystem net primary productivity in tropical forests. Philosophical Transactions: Biological
Sciences, 366( 1582, The future of South East Asian rainforests in a changing landscape and climate) ; 3225-3245.

Xia J Z, Yuan W P, Lienert S, Joos F, Ciais P, Viovy N, Wang Y P, Wang X F, Zhang H C, Chen Y, Tian X J. Global patterns in net primary
production allocation regulated by environmental conditions and forest stand age: a model-data comparison. Journal of Geophysical Research:
Biogeosciences, 2019, 124(7) . 2039-2059.

Anav A, Friedlingstein P, Beer C, Ciais P, Harper A, Jones C, Murray-Tortarolo G, Papale D, Parazoo N C, Peylin P, Piao S L, Sitch S, Viovy
N, Wiltshire A, Zhao M S. Spatiotemporal patterns of terrestrial gross primary production; a review. Reviews of Geophysics, 2015, 53(3) .
785-818.

Cai W J, Prentice I C. Recent trends in gross primary production and their drivers; analysis and modelling at flux-site and global scales.
Environmental Research Letters, 2020, 15(12) ; 124050.

Pan S F, Tian H Q, Dangal SR S, Ouyang Z Y, Tao B, Ren W, Lu C Q, Running S. Modeling and monitoring terrestrial primary production in a
changing global environment; toward a multiscale synthesis of observation and simulation. Advances in Meteorology, 2014, 2014(1) : 965936.
Sun Z Y, Wang X F, Yamamoto H, Tani H, Zhong G S, Yin S, Guo E L. Spatial pattern of GPP variations in terrestrial ecosystems and its
drivers; Climatic factors, CO, concentration and land-cover change, 1982—2015. Ecological Informatics, 2018, 46: 156-165.

Zhang M Y, He H L, Zhang L, Yu GR, Ren XL, Lv Y, NiuZ E, Qin K'Y, Gao Y N. Increased ecological land and atmospheric CO, dominate
the growth of ecosystem carbon sinks under the regulation of environmental conditions in national key ecological function zones in China. Journal of
Environmental Management, 2024, 366. 121906.

Wang W J, Ma S, He H S, Liu Z H, Thompson F R, Jin W C, Wu Z F, Spetich M A, Wang L, Xue S, Zhang W G, Wang X W. Effects of
rising atmospheric CO,, climate change, and nitrogen deposition on aboveground net primary production in a temperate forest. Environmental
Research Letters, 2019, 14(10) . 104005.

Liu M, Bai X Y, Tan Q, Luo G J, Zhao C W, Wu L H, Chen F, Li CJ, Yang Y J, Ran C, Luo X L, Zhang S R. Climate change enhanced the
positive contribution of human activities to net ecosystem productivity from 1983 to 2018. Frontiers in Ecology and Evolution, 2023, 10 1101135.

http ; //www.ecologica.cn



