95 32 %55 6 W K AR5 Vol.32, No.6
20254 12 A Research of Soil and Water Conservation Dec., 2025

DOI:10.13869/j.cnki.rswc.2025.06.007; CSTR:32311.14.rswc.2025.06.007.
TrE], AT RS . =k DA A (0 5 Y Y I 5 O3 S B RS AL W5 [T ). oK R RS, 2025, 32(6) : 381-390,402.
Yin Ke, Ren Simin. Spatiotemporal differentiation and driving mechanisms of green transformation of cultivated land in Three Gorges Reservoir Area

[J]. Research of Soil and Water Conservation, 2025, 32(6) : 381-390,402.

e X Mk (s I 238 53 5 e H R B DL AR F 5

ﬁ :{Ej ) Tﬂ? /E\‘x’J\ %
(F BRI R 2 b3 5 ik i % B, T K 401331)

O (B MHT IR AR A ME 55 X ik 122 DXHF i R St €0 5 TR ) 233 3 70 A B LR Sl AL, Ay 5 B0 IR 3 b %
EATHRE R 5 A -2 0 U i) R R AR IRl 22 04 . [F38] 36 F 2007—2021 4F 4 Hu R T A 45 28 5% B b 34 A 455 22 VR
Bn M s Al — D RE— R " = — PRIV HE A A R SR G 1 125 000 B b ¢ €00 TR K SF- |, I8 JH I 2 00 s 240
2% ) B A AL A T AS MR 5 s ) is o . [EER] (D HE 23 35 A GDPCEBUN 0.863) 5 4 4F 7=
1B o 5 CEVRIONE 0.723) 38 220 155 X P[] 5 25 3R sl Je Y T 1 2 9 7™ 38 9 ANV FH 1 A b C L8007 0.103) 5 (2) =3 [\l A
Xof B < 40T SR A 3 Ao 5 Bl ) P TRC A A A b % A8 CIRL 800 0.410) A AR 3T N 1F1 %8 J32 38 i | 2 oer W A0 g ™ i) 422 3K
R —0.199), HAR BT XA CEE O3l il T 90D A7 A5 5 4 PR ] Clal 422 8500 — 0.466, —0.376) 5 (3) HIJE 5 29 3 . b i 55 ¥
X 6295 B 53 IX e AU A i 3 LA CVRLRE —0.654, —0.73 1), IR ALIIL S Mkfb 22 . [4538] S5 X b
SR 5L AT AIE 25 S AL IR B AR . 2 B DX D 28 BRI B R A 38 GDP 5 R A 1 23 1R B W) 5 £ e 78 140
X358 O3l o < 15D 4 1 3 A o R FH 3k B T 2 2% IX 512t A 25 M 5 Bk b A8 AR B X 22 5
KR AT X Pribag R, 2 RS ; e REX
RES%ES:S718.5 SCERARIRED : A S :1005-3409(2025)06-0381-10

Spatiotemporal differentiation and driving mechanisms of green
transformation of cultivated land in Three Gorges Reservoir Area

Yin Ke, Ren Simin
(School of Geography and Tourism, Chongqing Normal University, Chongqing 401331, China)

Abstract: [Objective] This study aims to investigate the spatiotemporal evolution patterns and their driving
mechanisms of green transformation of cultivated land use in the Three Gorges Reservoir Area, a typical
ecologically fragile zone, thereby providing scientific support for sustainable utilization of regional cultivated land
resources and eco-economic coordinated development. [ Methods] Utilizing multi-source data (2007—2021) of
land use, socioeconomic statistics, and geographical environment, an evaluation indicator system integrating three
dimensions of “space-function-mode” was developed. The entropy method was employed to measure the green
transformation levels of cultivated land, and a spatiotemporal dual-fixed-effect Spatial Durbin Model was applied
to analyze local effects and spatial spillover effects. [Results] (1) Socioeconomic dominance: GDP per capita
(total effect: 0.863) and the proportion of agricultural production value (total effect: 0.723) significantly drove the
transformation through cross-regional synergy, while fixed-asset investments only had local effects (direct effect:
0.103). (2) Asymmetric spatial spillover: adjacent urbanization promoted local transformation through labor
redistribution (indirect effect: 0.410), but increased adjacent population density triggered “siphon effects” (indirect
effect: —0.199). Additionally, premium locations (near urban centers/rivers) demonstrated competitive suppression

(indirect effects: —0.466, —0.376). (3) Strong topographic constraints: slope and elevation significantly
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hindered transformation in 62% of the study area (total effects: —0.654, —0.731), limiting mechanization and

large-scale operations. [ Conelusion] Green transformation of cultivated land in ecologically fragile zones should

adopt a “differentiated coordination” approach forming cross-regional agricultural economic alliances to enhance

spatial synergy between GDP per capita and agricultural output; prioritizing high-standard cultivated land

development in flat areas (slope<C15°) ; and implementing ecological compensation with cross-regional cultivated

land quota trading in areas with complex terrains.

Keywords: ecologically fragile zone; green transformation of cultivated land; multi-scale drivers; Three Gorges

Reservoir Area
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Table 1 Indicator system for green transformation of cultivated land use
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Fig. 4 Spatiotemporal distribution of comprehensive index increasing trends of green transformation of

cultivated land use in Three Gorges Reservoir Area (2007—2021)
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M IEMACH . TR EEREZMMER,
7 Hi 3 23 a] b R 2 B Oy B B Y 2 (A AR SR R
P, 30 R B 5T X 4% DX B 0% B i R 4 € 7 18 4 4K
AFTEAH 52 A 1) 25 T AH DG M o PRI AR Sl i LM &G
56 LR 4 56 Al Hausman £ 56 45 22 Fh 7 322 2 & £ 25 [)
TR

2409 LM K56 25 R B 78, LM-error #1 Robust
LM-error 3 K i i i 3 PE K 56, LM-lag F1 Robust
LM-lag ¥ i i 1 W 3 YL % , H LM-lag & 80 H
3.087, KT LM-error i) R %1 0.281, 9] 25 ) 2 45 [ fif

Je B CSTM B R B8 F T A 5T . 3R 5 25 [l £
T TR S A 1B A Sy s [R] A TR 2 (] i 2 A5 R 1Y

K, p (4 515 0.016 3,0.014 3, ¥/NTF 0.1, i i
I A, DU A A 24 SRR, B A AN SC sk B T
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A AL . Hausman & 55 H, p (655 T 0.025 4, /h T
0.1, 3 b b 35 M A 50, D) AE AU 4 o J5t fik ik, BV A S 2
[Fa) A 2 7R Y [ 7 80 R T BEALAR . LROBISR LB

Ko 5 v, p (L 1500 3 S P A B, O 32 L] o AR
IR A T E RN o 285 bR G 56, A S0k 4% NI &
RN 1 225 8] Aok T A A7 5008 0 A
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Table 2 Driving factors of green transformation of cultivated land use
AP — AR bR Z YRR 5 bR i B
B T A B bR % (e 3 BLEE R (Y)
O 2 N FHE (X)) E'J\El/,"é\‘ilﬂﬁﬂ
WA H B (X,) AT/ AN
B T 4k (X) FRA G ol B T B AR T M
R TR B R 22 {’&Ei*f(xn *E%EDEM%NE};E’EHXBH’%EE
(X)) R4 DEM 4 45 F 1 {5
AR 752 (X) b O NTR AV W AT AN
fif R AP HE(X;) S /N N
THEE LA (X) A AR R T R /49 o T AR
[AREAY S E S A GDP(X,) GDP ftt/ B A
IF 1 B 7 L (X)) I A E 7 45 e/ i i AR
Al A 7 BAE (X)) . GDP/GDP i 4
o e B T B S (X ) I 5 % T S R X 1 B
A2 DXL R 3R RN ,
B T R (X)) HR A5 7K FR 3 A1 1+ 530 W I I B
xR3 EREZKHREER
Table 3 Global Moran's I test results
- 2007 4F. 20124F 2017 4F 20214
Moran's T P-value” Moran's I P-value” Moran's I P-value’ Moran's I P-value”
Y 0.471 0.004 0.468 0.000 0.332 0.037 0.119 0.356
X, 0.719 0.000 0.732 0.000 0.727 0.000 0.746 0.000
X, 0.826 0.000 0.803 0.000 0.936 0.000 0.976 0.000
X; 0.550 0.001 0.630 0.000 0.870 0.000 0.107 0.393
X, 0.826 0.000 0.826 0.000 0.826 0.000 0.826 0.000
X; 0.504 0.002 0.504 0.002 0.504 0.002 0.504 0.002
X 0.323 0.033 0.343 0.023 0.618 0.000 0.076 0.500
X; 0.697 0.000 0.710 0.000 0.720 0.000 0.743 0.000
X 0.384 0.001 0.654 0.000 0.557 0.000 0.259 0.054
X 0.699 0.000 0.760 0.000 0.744 0.000 0.669 0.000
X 0.646 0.000 0.663 0.000 0.817 0.000 0.687 0.000
X1 0.801 0.000 0.824 0.000 0.799 0.000 0.817 0.000
X 0.971 0.000 0.971 0.000 0.971 0.000 0.971 0.000
X1 0.378 0.029 0.378 0.029 0.378 0.029 0.378 0.029

AL T S B 25 SRR (K 6) . (D AODHE R
A R[] 23 [ RN, A 1l A0 28 B0 1 %% B (X)) 5 38
BN ) (X)) 3 1 28 40 0 A b A9 b 6 £ 5 70 (R 8K
43520 0.519,0.396) , 1fij 25 [] 3 4 00 3% 30 &8 3 X 45
N ET 2B B0 2% 10 AR M B R (X 28 1) S 3
—0.285) , &R 3w DX U N 11 L B o 00 2 O ) s
H X 55 TRl 5 00k 0.364) . 26 B 3tk it 7 v 55 3
T iR 5 A M R 228 1 2 o) B 0 (2) #h s & T
=BG CWRNER, A ERXD A GDP
(Xo) KA A 72 B AR e 7 (X0 X6 A i 0408 30T X s 1)
BF M 2 (0, 5% R 2 BRI 35 0E w52 e CHn X A b 3R 8K

0.533, 25 [A]¥if J5 30 0.473) , ™ i 4 55 K 4R T 5 40l
A 7 AR A T B Y (e PR DA T T T R B (X))
AUA b 5 35 (0. 158, 2 BH X = A v A% FH a8 (1) B4
HEBNAE T 0 (3) 338 XA AFAE 25 F A 25 ] 52 e, B e
BT (X0 T 32 B VAT 3 (X ) B30T, A B b 4% (21 2 75
K- 5 (R B 91 0.323,0.311) , {H 413 IX I8 1 55
245 e 2 T A AR b A (S ) S 043 50 A — 0.412 0
—0.325), Ui W] 5% 5 35 4 55 A S AU A7 AE 2 ) PR
(4) AR IR BT N 22 B G PR, 3% 5 AN 4k (X,
X B WA b 5 R CR A 52 — 0.583,—0.765),
E2R 0 DX 3 b TR 5 2% B 418 T B T AR 3 A4S i 78 (23 i)
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Fig. 5 Local Moran’s I scatter plots of green transformation index of cultivated land use in

different years in Three Gorges Reservoir Area
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Table 4 Lagrange Multiplier (LM) test results
Test Statistic p-value
Spatial error:
Moran's I 0.889 0.374
Lagrange multiplier: 0.281 0.596
Robust Lagrange multiplier: 4.762 0.029
Spatial lag:
Lagrange multiplier: 3.087 0.079
Robust Lagrange multiplier: 7.568 0.006

Shy TR0 9 R I = ek 2 DX A b R P 4 €0 5 R 4
B 1345w A 14 25 (8] SRV, A SOl — 20 ) il
23 [B) Y HH RN, G HP B 0N R AN il X AR e (N4
U & R KT 45 ) X A b X PR AR o (4 0 5 RL 8 500 19
TS T R] 42 24007 U] 2 i 40 3 b DX A2 Ak
25 () I Xof A% i DX PR A8 o 7 A T R R ) . 25 2R R
PR T (1D N H IR 23 8] 36 H 0 1] 422 28800 A7 7
— 3 1 P SE BRI X A (X ) 42 2000 0.410)
i 3 57 8l 1 T4 BC AR HE AR M B Hb S (0 5 R R ARG
N8 BE (X ) 32 5500 — 0.199) R 388 hn 5 1 A i 4l
57 80 I3 O, 8 A AU Y A Hb I A B SR K T B Tl

ML (2) #h v W R B K A AR, A
GDP (X5 b A4 7= BE H i (XD 19 BR300 45 31 v
ik 0.863,0.723, i M ALK 7, T X IR AP A RS
Al A 7 7 B T R UK Bl B Y 4 SR MR A% 0 B D), T
I R (X)) Y ) B2 280 R (0.556) i T 1 2 AL L
(0.411), (™ 5 4B 3T X 35 A8 3 g 36 % A< Hh B Hh 45 44 £t
61 A PSR o (3) R Uit 55 [ 5 9 AR AE AR
b J5y PR HEE LG 2 (X 1 AL B 25 (0.493) {0
(i) 422 0 0 AN 3 (0.083) , 2 B HAE FH 1o B 6 A<
A H KR TR, DX sk Bip ) 4 555 0 5 6 7 4% 9 (X))
A b, 5 3 CET R0 0.103) , 7€ B X 25 A v A I 2t
I T B A, i L S 3 4R IX kA L (4D 58
SR A= N Rl 1 ol S S T e Y R S A o
(X 02 FAT 30 (X ) ST, 6 AR i Fr) 000 24 A/ Dk i ) 22
B —0.466, —0.376) , # B 5t X A7 119 25 [8] 38 4 AT
FE 11 55 A Hb 2 AL 9% oy, 5 0 ok 22 S Ak IBURE - 4 96 DR 43
Bt o (5) [ SR PR I B AR SR 2 SR B R0 e B, 35 (X))
B HR (X B BN i 2 R 71 (—0.654, —0.731) , %
B A5 4 T X3 Y &2 2% T AR R CPR) 2 KR
0.473,0.702) , {A A b b T B il 75 o2& 5 0 1) 4% 0 iR
15, Dt 4l Ve 43 - 10 X e A J= s 7Rt
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Table 5 Likelihood Ratio (LR), Hausman, and Spatial Durbin Model degeneration tests
Test ZE R
Hausman Prob>>chi2=0.0254
Likelihood-ratio LR chi2(13)=45.82
IR Assumption: sar nested in sdm Prob>chi2=0.0000
Likelihood-ratio LR chi2(13)=51.67
Assumption: sem nested in sdm Prob>chi2=0.0000
SDM or SAR LR chi2(9) =20.27
Prob>>chi2=0.0163
SDME SR SAR or SEM SDM or SEM LR chi2(9) =20.66

Prob>chi2=0.0143
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Table 6 Regression results of driving factors of

green transformation of cultivated land use

using Spatial Durbin Model

AR Coef. >z W _ Coef. P>z
X, 0.519™ 0.000 —0.285™ 0.008
X, 0.396"" 0.000 0.364™" 0.000
X; 0.030 0.578 0.023 0.463
X, —0.583™ 0.000 0.415™ 0.001
X —0.765"" 0.000 0.634™ 0.000
X 0.031 0.674 0.029 0.637
X; 0.307" 0.002 0.456™" 0.000
X 0.412" 0.000 0.080 0.321
X, 0.533™ 0.000 0.473™ 0.000
Xy 0.158" 0.006 0.092 0.542
X 0.6977" 0.000 0.556"" 0.000
X2 0.323™ 0.003 —0.412™ 0.002
X3 0.3117 0.002 —0.325™ 0.000
rho 0.327 0.000

sigma,_e 0.007" 0.000

RT HHFAZERAUEIRZZTEHTHBES BRI

Table 7 Decomposition of spatial spillover effects from

driving factors of green transformation of cultivated land use

- HAERO IF1) 42280 17 S8 QI
Coef. p>z Coef. p>z Coef. p>z
X 0.523™ 0.000 —0.199"" 0.004  0.458™ 0.000
X, 0.422"" 0.000  0.410"™ 0.001  0.635" 0.000
X3 0.032  0.547 0.025  0.519 0.029  0.632
X, —0.485" 0.000  0.473" 0.000 —0.654™" 0.000
X, —0.639" 0.000  0.702"" 0.000 —0.731"" 0.000
X; 0.033 0.619  0.028 0.734  0.021  0.391
X, 0.4117 0.000  0.556™" 0.000  0.525™" 0.000
X 0.493™ 0.000  0.083  0.345  0.611"" 0.000
X, 0.601™ 0.000  0.528™" 0.000  0.863™" 0.000
X 0.103"" 0.003  0.093 0.563  0.082  0.387
X 0.633™ 0.000 0.612"" 0.000 0.723™ 0.000
X, 0.401™ 0.000 —0.466™" 0.001  0.352"" 0.002
Xy 0.387"" 0.001 —0.376™" 0.000  0.420"™" 0.000

4 WwSgw
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