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Table 1 Classification and sources of research data
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Fig.2 Accuracy verification of carbon sequestration estimation results
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Fig.7 Explanatory power of interactive driving factors for carbon sequestration across functional zones

SIS 1] A8 AL ARAE , 2010—2014 4E 5 [f] 1 B {4 s
A ARG Db X B, 3 40 A 78 2 b PG 6 3
T H S S A3 b X 33 X3 22 Sy A b R XUt v Ak
e, HHETTR RS B, 7 AR Bl A T A
PR 5 AR . 2014—2018 AF B [ 2 19 It
JUT B 5 2 (i D7 P S AR AR I R X — 7R
b5 3 A oF 7 e TR AR AR IR SR R AR A K AR
PRRCE R R — 8 R A ok 2L 0 2 b S e
{4 Bl A A5 AR R AL R A T | RS AR B G
ARt AR T R AT B T R
AR i, HE T SR T DX SO R I RE R
2018—2022 4F- Ak [ 2 9 /b R i, i/ X 4R
HPZE DG R R S A AR X . X SE M X A2 TR
BRI 5 Bhig g K, A 25 R Gk e R s, <
5 hs A T30 5 S BRI B 2 35 T %, k1T 1 55
B 5 2 g 77 -

42 IR EEINENRINF R IR ER

E A BT R, TSI B2 R
R o L B I 7 M A 2 R G IR 95 6 S AL A
WE . BIRRE KIS L L S VR
ERHAS 5 AR AR PR AAETE
IR Bu RS B AN SR R A i SR 9 5 R

DX T RIAEWTFE , AT S U3 A0 23 e 1] 5 1)
2303 D, BRI BT AN TR] 43 DX A SR Sl AL, AT 46 75 Bk
[ 52 D RESK Sl A 3R A 23 ) S e . 455 R, B A
FUBE L K EAGR A5 AT 2 582 i 1] 225 1) S
AR DR EAF DR XA 5 7 A BAR
AFE] 25 52

TE T RRAZ L X, -5 e A 19 58 ELAR I R B o
Oy S, DR R TR FE IR T, B R R X AR
BEAE A MBS [ 7 BE 7 HAT JE SRR A, Gl Y
JFETH R REAS S BEAE BOL S VR HTA A= Wy e AL 2R, AT
PETHIX AR T o AR 1P THIX w5t
IR S B TS O B35 R IDB IR B i AR 2
SR B WA i OB AR 5 455 A BFFE TR
(4 RN OEARIT KA — 7 A TR E R RS IR
55 BAT U R RN ¥ 1 7R 2 X AR TT A
] A T R N AR HE A TR A SR e Ak
YUzl o B P S5 PR Y . AHELZ R IBAL XU X
IR ELIR T IX 0 B 1] 5 D RE X 295 3l B O UK,
IO ok o DX 9 5 2 e A AT SR AR T S 1 s ok
1A AR A KU o A, e 4 R X A ISl [T
23 (6] 5 P 1 RAEABIE TS PR IR AR, aT A% IX
AL S R SR ENE R TE T 17

BT RIRBETE AR AW ST 5 T 1) A W] 2 g



100 o

[ 446 %

DR 22 S Al A A A . X T T R A O DRI
TEHERFIX, N DL ORGP O 3 455 BUA R B4 1
LK RGRAFL e, 98 A b B N R8I o
KR SR B IE BRI DR3P, DADRASF R s O Bk ] 2
J1o R TR A XURSE DX AR AR AR X, 0 R A 4 A=
S NI S 8 A S i 5 e A
SiR AR B S TR G P i R D L B Y il i
it B, PR AR AR AR AR AU, 31X 5 E A BFFEC T3l
Aok e 3t A PP AR A WK R s iR AR A 2
RGEAHHAR B 0 X T R T IX, A
PRI A S 2RI T GBI 5 i
REEUT & , il i AR Bt A Joy O B S A gk &
Nt , Al 2E 2R 25 R LT R T+ 5 AR URA P A A
JE | Tt 5 i D M X3 33t R R ke I S A 2Kk 5
PRI LE ARG . BRI, 2T
TRE Sy X 20 22 5 AL A8 B, A7 B T4 T R 4 A
PRI [81 7€ BE J7 , I D IX B AR 25 PR 5l 58 e 4
MRS %

43 MRBIRSAREKEE

ARWFFEEE T MG 0 K R G 20 m 1 3%
23 MR 151 7 1 B8 F) IR 2 A8 AR R Ak S LIRS AL
EANAFAE LA R FRYE . 7E 80 2 0, 22 IR A0 I
23 (] 43 BE RN TR] , 46— 28 30 med 72 v A J R A b
A RE AT R A T 5 R 0 A Y Ok A RURE RO
TETT IR T, AR TSR e [ 5 B E A 32 208 T RE
F AR, RN LR A S, W AR S R
G R PR B WA S FRAE 18 A S8 8 5 [, Bk F A 5
TEAR 20 5 A Al R R At e 1) 221 1 B 0 AT BR o
TERESE AR, 2 A B 2 2R AR TR iy
A BN, 1 A XL R T S LA N 2635 Bl A
o AR AT LTI R RO IR T R 2 R
Xt B, 45 A I A RN R T K07 5%
R [ E D RE AR A R S, it — R T B N
W ES R SR RE

5 Zig

2010—2022 4F , H 2 b bk 181 7 R AR 52 1 T
P EE X 32 B T A R AN R R AR E X
OYAT T UGS K At 2k o B as BG40 X B [ B
H 0 X ARG 2 e X A 0 X 9k P 14 S i X
S, AT ORI AR A A 5 AR A XU X5 AR R

A DX I £ v P L R a3 X . Bk Bl HIL
OIS TR I R 25 ] S R 22 TN P TR AR T 0 4
R, KRR A 5 IR A5 e B 1R K 2 B RE X
oty 2 AL, AT B IR 1 1 8 AR T
— DB TS A S B VAT, A A ik [
A )03 552 HAR I 7 £ 5, OF 2 BRI 3 Py )
S A E L B0 XS AR E X LA PR P
L B DR i S N AE B A T T BT
DX 3 o e A B BE A R AIAR B R A S A AR S
REVR IR R] 00 45 o AROR T N5 22 PRI 2 5 S 1 5
FREAEL, Ay e 1 5 XA 2 RN LR ™ s 552 it 2
PERR AR

SE 3k

[1] Don A, Seidel F, Leifeld J, et al. Carbon sequestration in soils
and climate change mitigation: definitions and pitfalls[ J].Glob-
al Change Biology,2024,30(1):¢16983.

(2] V5, W SSe, e 55 BE T IRAME IR 19 h S B TS e
55 XA S R GEXF A BRAR A BB ST T ] R0k, 2022,
37(11):1101-1114.

(3] Fl, sk . s oRIUE S SE R AR S BORIR R [T ], 3R
B, 2020, 12(6) : 58-64.

[4] T BEH, ARG, T, 55 . b [E AL S R GEARIC D RESR T 3
Rife F T HRBITT L] P EFRFBEBE T, 2022, 37
(4):490-501.

[5]  RuJ,Wan S Q,Hui D F,et al.Increased internal year precipita-
tion variability enhances the carbon sink in a semi-arid grass
[T].Functional Ecology,2022,36(4):987-997.

[6]  WRFEIE, SCA . B b1 5 DA BRI A 3 K LA 25 4 SRy
[J7. 2252541 ,2015,35(23) : 7718-7728.

[7]  Zheng K, Shi M J, Wu H Q, et al.Estimation and simulation of
carbon sequestration in typical dryland areas of China under fu-
ture climate change scenarios| J ].Frontiers in Ecology and Evo-
lution, 2023, 11:1250586.

(81 kIR, B—W O, % . 8 i A 5 e B R
St iR 55 i S I AEL [T ] b 244, 2020, 75(5) 1 949-960.

(9] AMEE AT BE, F ARG, 25 b [ i 2E 25 R BE R I AG 3. 77
e b R[] b E R EREL 2, 2022,52(6) 1 1010-
1020.

[10] Chen C,Ren T, Liu P, et al.Spatiotemporal dynamics of terres-
trial carbon storage driven by land-use and land-cover change
in island ecosystems: insights from long-term remote sensing
[T].IEEE Journal of Selected Topics in Applied Earth Observa-
tions and Remote Sensing,2026,19:7042-7057.

(1] ki, RSO, ARG wT, 55 AR I3t DR MR A A R e IR 55
FAE /B3 [R]85 08 22 ROJE 23 A (0], b B 22 41, 2020, 75 (5) -
975-988.

[12] B, X0 R0, B, 55 35 s R B X UZE S R e e 55 =5
V1) 5 JBT P e Hes o PR 2R < AR ity Sl [0 ). A 35240, 2022,



55

XVZEINSE . F T I 23 -G 43 DI SN 2 A BBk 51 2 A8 AP (e S B S AIL i BIF 5 101

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

42(7):2657-2673.

R AL T AR T R AR G A A A B T R
G EN ] A A52%42,2022,42(23) :9442-9455.

W ft, E e . ¥ 4 im RS ARSI B3 # NPP AR L1
F[J]. TR XAF5E,2022,39(2) : 584-593.
MG, EWel BT 5 2001-2020 4 52 i b S R G0
7 1A% Ry Z W ) RUBE 43 BT (D). AR A8 PR B A2 4R L 2024, 33
(2):167.

Zhang Z, Wan H, Peng S, et al. Differentiated factors drive the
spatial heterogeneity of ecosystem services in Xinjiang Autono-
mous Region, China [J]. Frontiers in Ecology and Evolution,
2023,11:1168313.

Chen B,Zhao J Y, Yao Y L, et al.Spatiotemporal characteristics
of land use carbon budget and carbon balance capacity in karst
mountainous areas: a case study using social network analysis
[J].Systems,2025,13(8),686.

JRIT, XS4 . 7 R b N T I AR R A X g A
Wy R [0 ], T R IXRIR S PR, 2022,36(1)  178-185.
JBARSE, THRE, Je A, A5 IR AR: H 3t X S R 4 b T I
sz (1], 7K L O 4FE R, 2017,37(3) : 15-21.

JEE A7 B RS, S T R AR L G R RSB AR r il X
e FE VD MR - 3 S T 5« DAY W LA o [T ]
TR X BER 5 R EE ,2024,38(12) :92-106.

PTG, A7, A5 SR G AR ZS PR R AT AN A
98 A [I ] Y EE, 2023,43(5) : 74-84.

BT, SRS L 0 A, A . MR A A O v A N A
BELLT]. P ETEE,2025,45(2) : 29-36.

o2 5 A D MY AR AR K b B PR [D ). 7
TR, 2022,

ARSI ML, TR K o ] Bl A B ) G 2 7 g A
LT ALY A S 544],2007,31(3) :413-424,

IR A, Fe 035 VRO R IR AL I 25 AR AR AE
FEE 2B [T ). 2Bl ,2022,47(8) : 105-113, 134,

E SN R RAR | SR A R R (D] A

[27]

2017,72(1):116-134.

LiY H,Tao S L,Li R P, et al. Temporal and spatial evolution of
NPP and its responses to terrain factors in Liaoning Province
[J].Journal of Meteorology and Environment, 2021, 37 (5) :
107-112.

XY, 88 KA . 2000~2015 4775 1 o J5URA B B AL ) 25 4% JRg
B AL T] A2 54,2021, 41(14) : 5792-5803.
WK%, SO REAE , sk AEs, 45 . 35 0 JA A e A 0o B e I/
TR R [T ], AR BEIRAAE, 2024,39(5) 1 1208-1221.
W& I R BRIGERR , A R IRAR AR 1Y 8 SR BE R
Wi K X SRS I SE [T ). o [ 7, 2021(4) :21-28

Kruse J, Adams M, Winkler B, et al.Optimization of photosyn-
thesis and stomatal conductance in the date palm Phoenix dac-
tylifera during acclimation to heat and drought[ J].New Phytol-
ogist,2019,223(4):1973-1988.

Gao L M, Zhang L L. Spatiotemporal dynamics of the vegeta-
tion coverage in Qinghai Lake Basin[J].Journal of Geo-infor-
mation Science,2019,21(9):1318-1329.

Chen S S,Wu M C, Zhang S L, et al.Unraveling the impacts of
temperature and vapor pressure deficit on gross primary produc-
tivity from current to future scenarios[ J].Journal of Hydrology,
2026,664:134432.

SRAat  Tal R B AR A ST Sl 0 i R e I
BRI AT T HERE [T ]. 2R 352741, 2023, 43(6) : 21802193,
Yang S Q, He T, Yang N, et al. Ecological synergy of solar de-
velopment on the Qinghai-Tibet Plateau:a decade of ecosystem
service change assessment at Talatan Solar Park [J]. Environ-
mental Research Letters,2025,20(7):074014.

[ B 21 s = R S 7 N e o o wc DA M e
(LUCC) B 3K 8y BRI 3R [0, Hb Bk R 858 2 4, 2025, 16 (3) -
333-343.

B, AL, il 3 S0 I R Ml el X 4 - R e
e 2 ] 0N < T A bR AV B A (7] BERE Y
2025,44(8):2057-2079.



102 aE W o 46 %

Spatiotemporal coupling zoning-based analysis of the variation
characteristics and driving mechanisms of vegetation
carbon sequestration in the Gonghe Basin

Liu Xinru', Kuang Yuwei', Hu Yuanan', Yang Siqi', Jia Hong’
(1. MOE Key Laboratory of Groundwater Circulation and Environmental Evolution, China University of Geosciences
(Beijing) , Beijing 100083, China; 2.Institute of Geographical Science, Taiyuan Normal University, Taiyuan 030619,
China)

Abstract: The Gonghe Basin, located on the northeastern Qinghai-Tibet Plateau, is an ecologically fragile re-
gion with important vegetation carbon sequestration functions. Using the CASA model, a spatiotemporal zoning
framework, and geodetector analysis, this study examined vegetation carbon fixation and its drivers from 2010
to 2022. Results showed an overall increase in carbon fixation, with mean values ranging from 65.60 to 104.89
g-m~2-a”!. High-value areas were mainly located in the eastern and southeastern basin, while low-value areas
occurred in the northwest and basin margins. Significant temporal changes covered about 19% of the basin, and
slightly increased areas accounted for 51.53%. Carbon fixation was classified into five functional zones, among
which the stable maintenance zone was the largest, covering about 10 555.62 km?. Geodetector analysis results
indicated that precipitation and elevation were the dominant drivers, while photovoltaic distribution showed
stronger effects in the degradation risk zones. All two-factor interactions showed enhanced effects, especially hy-
drothermal-topographic coupling and photovoltaic-natural factor interactions. These findings support coordinated
renewable energy development, desertification control, and carbon sink enhancement in arid and semi-arid re-
gions.

Key words: carbon sequestration; spatiotemporal coupling zoning; geodetector; driving mechanisms; Gonghe

Basin



