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Fig.1

Operation logic of agricultural ecological compensation in arid regions
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Fig.2 Evolution stages and regulations of agricultural ecological compensation policy and core laws in China
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Table 1 Evaluation indexes of agricultural ecological compensation demand in arid region
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Fig.4 Spatial distribution of demand for agricultural ecological compensation in arid regions of China in 2023
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Fig.9 Optimization path of ecological compensation in arid regions

B RER BT 5 A A R R A T AR
IR L, AR A 7 AN A (L 4 7 1Y
IEANA S E L (2) PR B . 4 AR (] DX 38 A
T R AR, HLE — ] 7 S B0 BRI 2k A%
DU o (B A IR o BEZEAO A 7= 5 A B R EER
55 AR A 2 4 MR LA ATl RigE, 5
AR B [ GO 4 A 5 B XA 22 A Y OO F AR o

4.2 ERVYTLHEEEF

o3 DX S AT JR AN T AR . P b LUK B8
WA L ST 5 4O AR i R BT IR B 1
IR A A B A MR T, M B 1) R AT K
HEWEAE) LA S ERE A B AR S Al
FAR N R, VCHC DX 8K B8 JA% 0 20 R AR IS e



276 ik

v 46 %

AiE 5 ZR AL AT Ae s 22 DX Db ] ) AR BIL TR , 92 2% 8 1
MR ALTA B K DR AT K A R TR R
AR SR O RIS 2 AR 1
PiE X3 22 D] 2R 3L [l 9K sl M SR A AR AE 5 b DL AR
SRR AL T T [ S A S T RE X A
AR SR SR SR T AR TR RS i B
FEROLET

el fEAME TS . BB ARSI
R, R T i DX IR T 5, A v TR 0 A ) 47
TCHIAMEETT SRARAL s 5 5 XA RE J1 5 AR THK
JE 25 55, WA Ab 2 SR AU TT , W1 52 it 2 €0 A 7 Y
208 B AR SRR AL YR P S AL IX
SRR G, B AN IE 532 AL ; [R] F 2T b
FEARHER LA A0, IHL 2 AR RS R G55
(EAZI SR, ST AR IE A BT XS RS

PRBES I o o2 L B A L RE ) SRR
il JEE P i 0 2o LT 3 AR DA 5T, 56 A T R L
], il PR B RAT BRI 5 AR 5 B IR IR P 4
BT R Bt BOR A B R B R AR S
T B T SCH 5 M PR B S W DA LR BT
AR AR, B S 5 BORGERE
A PR P THE B BH (R IR B 5 AR St RE
SEALEE R AT SR S 5 IR o5 TR AR
— AT PR A S

25 AR 55 A B 52 BRI A PR AL .
i Y ERORITAL | 42 IR TR R d5t S sh S A IR &R
PR, St 2 DU AL HL R BT, S THBORORS A 5
e Fsf $E Bl A7 il 15 5 XAl 2B 257 i L 19
XUH S I, o AR S AR 4 B AR Rk 2 N BB AL, JE i s
Jith B st A SEIE R ARG R, O B AR SR A
Fe ) Sl fpsi kb i A= 3l g

5 H5EW

51 FE4i

H ] P XAl A S A SR 2 B 3 A [ )
SRR o ARG Y AL N Bl R AR IR AR A
SIRE X AL GO F 77 XA B e A L, 5
DX A A E S P R BRI i A G

Hh ] P XA AR S A SR I B AR F 5
Mg DAL 5~ DX 3l B T A o DY B A 5 SR 8 Ry 2
{H B B 8 B v (e B o Lo 3% J o oz, DI 3 22

St d N 3 5 AR AL B A B L B AR SR T A
DL, AR G o A s AL BE R B S ek
{EI N A, KN oK 22 e o 28 . 2 &R
J5 AR5 T AL Y £ K B IR - 32 AR E
NFIRIRE Al K A A 5l 0.5, H g
EIAPN VIS st S A R | o R A E PN = Y
s AR AR IX R B2 N T 4 3K S R AL, TG B —
E PR

Hh e 57 DA A 2R B R SR e S BR P
52> ORI 4 5o B — L IR 5
DA 7 M B A 24 R T SR B A bl FR
i R AR A RO IR R D 15 A
FHZK B2 DR S M SR 23 (AU RS SR Y 4 ) £ R,
ANV A S — M AR i M XA 7 B E T
YR TTER I 1+, K BT IR 5 b3 5 5Tk 70%,
T KB AME R SR 23 ) 23 S A B

w5 DX A A S AR B B So g L B
AR S 23 (a4 Sy o e DL Se G R v T o Y B 05
Mo DX, S BRI S $ A A% O X 5 B L e 90
% EONH N B R B | L g L BV S
w2 BRI e G T PR AR LT B H R B
AL IR R L A AR A 5 IR ST S A oAl T
SEIRARZE M B e R AL B

HT TR o8 B A Al O R R, AT 5T
TETT 02 AT T 2023 4E B4R A 73BT, R R AT AE
2 AR b 50 3 A B K S i R TR 25 5 T 4k
SR I

5.2 BUREIN

R R B . AR RO Se AR IR B
Ao 5 SR PR IL e AR At , AT I R AT
X PR AN o B 98 P I e g X, BESr R X
A M L TR 4, F AR IR B 5 A AR S
R 3 B0 A i I e G DX I, o K sl I B B S
R I3 RS OR OS5 AE B A 5 B IR
DL Se g X, DLILIE A= 25 8o £ R R R 1
PR bl G T4 70 S SR 3 Pl s a2

SRR o PEAL LA K £ 8K )
HENT SR KR EE KA O ] 3R B S b
FEARAE , 22 R8T il T R AT KU BE L U e
BRI B 5 28 2R L 5 22 DA - B A K gl Rk, A A
LRI oK AR ALK S AT oA



5 439

RIREAT PR R DR AR S AMEAT SR B9 ZS 8] 70 SRR S A A 277

BER R, G MR R B S A P AR A LA
YRR 32 8K 5y, AT AR S5 AL T AR R X % T
FIMEE TR A A K S R 2 5 A IR B
SR Ren i,

Ay e RUMKAE o A X 52 DS — 7 e o
P IR AL A AR B B AR A, AT T S A TR
SAO ZEA PR AN 97 3 1 AL ol FE A - X
A AE KRR R A AR 2278 IR T HSb
MU 5 T5ES7 A e YB3, £ A P AR Al
RE T 5 57 AR S R P 5 A B S BIL AR s 5 A=
SR LR AR TR

IKFEHEF I IE o IR LUK B IR FE A A% 0 Y
28 S AAMEARMEAR Z , AL A ™ (H K i
KR R % 4 43 B AZ O AL, R BB 535 7K b X5
DAl , A TR b DX A 0l % 46 5 R 5 X
WAZ 5y, ESK GHR AR S E T A A B

&2k

(1] Bk, S8, ff 52, 45 . op [ 52X GPP I 43 R RRAIE K5
Wi AR AIESE LT ] 52 XS, 2024, 41(6) :964-973.

(2] FEU0E TGS ATER, 55 o [ S 5 R S5 T
BUERBT e ()], Vb, 2023,43(3) :21-35.

(3] F@yEi, X400, B0, 5 VE AL B R0l m B R R IR &R
A A 2l P TR 5 AR (D] A0l TR 2441, 2023,39(20) -
221-232.

[4] Elouafi I. Drylands under pressure: science and solutions for
global stability[ J].Science,2025,387(6735) :eadv6563.

(5] X#F HAK, T, %5 R AMBS R90K-RE-EE
SRIRBTFEARTT ) ] HUBRAIEFE ,2021,40(2) : 541-555.

[6]  Shi H,Muhammad U.Balancing agricultural production and en-
vironmental sustainability: based on economic analysis from
North China Plain [J]. Environmental Research, 2024, 252
118784.

(7] SUfk, 5, M, % . xva b X R AR ARl s i i %
IREE LT ] A AT, 2023,41(3) :21-24.

[8] Wang Y, Richard E B, Zhang Q, et al. Effects of payment for
ecosystem services and agricultural subsidy programs on rural
household land use decisions in China: synergy or trade-off?
[J].Land Use Policy,2019,81:785-801.

(9] Ardh, XU, S0ERAI, 25 ROl AR S N R R IE S
BRI L], A A IR S X K, 2024, 45(10) - 1-10.

[10]  ZRZER, 22, UGB, F IR T UL A 19 T Z P s A
JK TR A AR ERTIE [ ] KR 22355 ,2023,41(6) :
45-50.

(11 A0, W0 . 4t 7RO SR DX AR AR 2 M ) A P RSO -
BT AL B S A A ], TR RIS BRI, 2021, 35
(10):98-104.

[12]

[22]

[27]

(28]

Liu B, Xu L, Long Y, et al. Public willingness to pay for farm-
land eco-compensation and allocation to farmers: an empirical
study from Northeast Chinal J].Agriculture,2024,14(7):1166.
Zhao G, Tian S, Chen R, et al.Study on the ecosystem service
value and inter-basin ecological compensation between provinc-
es in China[ J]. Water Policy,2024,27(1): 118-140.

LT, AR, HE R A= L A T 0 9 I 55 I U A 14 BT O
WA A AMEDL IR T[T ] A2 A5 244, 2025, 45(8) :3763-3775.
R IRSLE SRy , 55 TR /NSRS FT B ISAL A A
RS MBI V). BEIRRR: ,2025,47(5) : 1050-1062.
WA, SRAKTE XU EH , 45 R 24 5 U LA R ST R
e T AR 25 R A R (7] K b A Rl 4, 2024, 44.(3)
399-407.

Ma Y, Chen H, Yang M, et al. Ecological compensation based
on multiscale ecosystem carbon sequestration service flow [ J].
Journal of Environmental Management,2024,372:123396.
B, e & 3R A5 BET RGN E IR 19 RS A
S MRS - LLAL D7 A P s sl SR it B S ] [0 ). v [ all
YIRS X K1 ,2023,44(2) :252-263.

Yang Q,Liu Y, Yun Y, et al. Payments for desert ecosystem ser-
vices in China [J].Journal of Arid Environments, 2025, 231:
105454.

Hou L, Xia F, Chen Q, et al.Grassland ecological compensation
policy in China improves grassland quality and increases herd-
ers' income[ J | Nature Communications,2021,12(1) :4683.
Zhang J, Zhang Y, Wang X, et al. National forest restoration
projects in China: cost-efficiency, and trade-off between carbon
sequestration and water consumption [J].Earth's Future, 2024,
12(12) :€2024EF004976.

Li D,Xu D, Wang Z, et al.Ecological compensation for deserti-
fication control:a review[ J].Journal of Geographical Sciences,
2018,28(3):367-384.

SORLL, R BT, AF L KL IR PG 2k TR AR S PR BT S W
B R0 1) 5% B B o 1) A L0 ). K B 2 ik g 2024, 35 (4)
521-529.

SRR A A A PR RS BORE [T ], R 5t
T ,2026,48(2) : 58-69.

Tr BN, B 1T, 55 ARl A A MEBR v 4 44k 7 B AT
FE BT E AR RO = i (P 3ES0) ,2025,33(4)
783-793.

AT AR A AR AR S S R R TR RS
AN — B A bR AL [T] A B A, 2019, 35
(11):133-143.

RS JH A WG, 55 I 40 AYAR o [ A AR MEEBIT T
SRR REEAR[T ] AR, 2024 ,43(1) :247-256.
Vandever M, Carter S, Assal T, et al. Evaluating establishment
of conservation practices in the conservation reserve program
across the central and western United States[J]. Environmental
Research Letters,2021,16(7):074011.

Trotter B, Wible T, Brink P, et al. Edge-of-field water quality



278

b

b

T 46 %

[30]

[31]

[32]

[33]

[34]

[35]

[36]

impacts of EQIP-funded conservation practices on irrigated
fields in Colorado[J].Journal of Soil and Water Conservation,
2025,80(2):176-189.

José-Antonio M, Gema G, Maria-Auxiliadora S, et al. Apprais-
ing trapping efficiency of vegetative barriers in agricultural
landscapes: strategy based on a probabilistic approach based on
a review of available information[J ].International Soil and Wa-
ter Conservation Research,2024,12(3):615-634.

D'Alberto R, Targetti S, Schaller L, et al. A European perspec-
tive on acceptability of innovative agri-environment-climate
contract solutions[ J ].Land Use Policy,2024,141:107120.
Troccoli A, Stone R, Bardi U, et al.Rebalancing regional and re-
mote Australia: a vision for a global carbon sink while creating
sustainable communities [ J]. Environmental Research Letters,
2024,19(11):111003.

Khavhagali V,Reckien D, Biesbroek R, et al.Understanding the
climate change adaptation policy landscape in South Africa[J].
Climate Policy,2024,24(4) :458-472.

YuY,PiY, Yu X, et al. Climate change, water resources and
sustainable development in the arid and semi-arid lands of Cen-
tral Asia in the past 30 years[ J].Journal of Arid Land,2019, 11
(1):1-14.

Perevochtchikova M, Castro-Diaz R, Langle-Flores A, et al. A
systematic review of scientific publications on the effects of
payments for ecosystem services in Latin America, 2000-2020
[J].Ecosystem Services,2021,49:101270.

FR ROHESS BRI R AR AL A M BRI R L 5

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

FREE BT CSIHEAL AN SEM R 46: (1], A= 3524 41, 2024, 44
(1):196-208.

SRR, ol g, S TR . A S M B X O AT S B < 5%
BRI ] BRIERL,2024,46(8) : 1447-1459.

B AR KU TR RO D b A A A (A% BT 5 AR S A
FERRIERITE [T ], i IR 5Y , 2022, 33(2) : 220-228.
BRI , B2 , X e, 45 . b st vl Wt A A5 AR A 5
[V AR 252417, 2021,41(12) :4786-4794.

Liu M, Bai Y, Yang L, et al.Calculation of ecological compen-
sation standards for the kuancheng traditional chestnut cultiva-
tion system [J]. Journal of Resources and Ecology, 2021, 12
(4):471-479.

Li L,Li X,Fan H, et al.Quantifying and zoning ecological com-
pensation for cultivated land in intensive agricultural areas: a
case study in Henan Province, China[J].Land, 2024, 13(10) :
13101720.

B T B, A A R E R IX 2000-2022 4F 2 AR %
ACFATAG [0 ]k L ARFR 4, 2025,45(3) :319-330.

AR XV, FORTE AR ARV A T AR (5 R K
Hb DX 22 5 R FCRZ R DR 3R (). b E R Bk R AL 2022, 52
(8):1462-1475.

Chen P. Effects of the entropy weight on TOPSIS [J]. Expert
Systems with Applications,2021,168:114186.

ARy B, . [ R b KA S - A i
DI TR B LR R R (). A= 25240, 2026,46(10) : 1-14.
SRS BRI AR A I E SR 2580 - AZRAE
DA EILT] AP EAE - B 5 #R5, 2025,35(6) : 167-176.



55 4 RIREAT P RO S AMEAT R B9 23 8] 70 SRR S A A 279

Spatial differentiation characteristics and optimization paths
of agricultural ecological compensation demand
in China's arid regions

Li Chenyu', Miao Weiming', Cao Xuan', Li Suihong', Yang Yang’
(1.8chool of Agricultural and Forestry Economics and Management, Lanzhou University of Finance and Economics, Lan-

zhou 730101, China; 2.Wu Jinglian School of Economics, Changzhou University, Changzhou 213159, Jiangsu, China)

Abstract: China's arid and semi-arid regions represent a strategic core for safeguarding national food security
and ecological security. Agricultural ecological compensation is the key policy tool for balancing ecological pro-
tection and farmers' livelihoods in these areas. This study examines 153 municipal-level administrative units
across China's arid regions and develops an evaluation framework for agricultural ecological compensation de-
mand that integrates four dimensions: resource and environmental constraints, agricultural livelihood depen-
dence, economic payment capacity, and social support conditions. Using the entropy weight-TOPSIS method,
obstacle degree model, and variance decomposition analysis, we investigate the spatial differentiation, core lim-
iting factors, and policy priorities of compensation demand, with separate analyses for Northwest, North, and
Northeast China. The results show that: (1) Compensation demand forms a spatial pattern of distinct regional
clustering with an overall gradient decline, and the Northwest cluster is the largest and most spatially contiguous.
(2) Marked regional differences exist in compensation demand: Northwest China has the highest mean value
and the largest proportion of high-demand areas, Northeast China shows the highest median value, and North
China has the lowest overall demand. In terms of driving factors, water resources dominate demand in North and
Northwest China, while multiple factors contribute equally in Northeast China. (3) The share of primary indus-
try in regional GDP is the primary factor limiting overall demand levels, whereas per capita water consumption
is the dominant driver of spatial variation. Water resource-related indicators together account for over 70% of the
total spatial variance in compensation demand. (4) Compensation resources should be prioritized for high-policy-
priority areas such as western Xinjiang. Based on these findings, we propose recommendations including region-
ally differentiated compensation schemes, dynamic adjustment of compensation standards, diversified funding
mechanisms, and whole-process supervision, which provide a scientific basis for optimizing the agricultural eco-
logical compensation system in China's arid regions.

Key words: agriculture of arid regions; ecological compensation; spatial pattern; optimization path



