6 1] 7K R E i) Vol.45, No.6
12 H Research of Soil and Water Conservation Dec., 2025

“—HE—BHEEERBEARATH
A= BETHERSINEE

mMAEH, FRE, mE X, Ba&!, wE)C
(1. T PRFR T k2 453 Fe , 5 HE 400054 ;
2. EPAL SR SR eSS0 KRNI L, FEK 400020)

O (AWM B — B L 15 5 11 9K BT B9 I 2 3 Al ML IR Sl LR, Sy XTS5 28 % e
PEAERL ST L [k ] BT ek Y = A S R R S ) E O 52 BT 5 Tobit 715, 44y 2 I 23 i
Ap— 23 ] R — IR S AL " 2 AT AGHE SR . (4550 ] O NI A2 R IR B2 2 BUME 2 22 SR A% 5, 307 I 0 ¢
AR T 52 oy KA O 248 SV A2 B o 40 A v (5 O/ 2 T TR B AR 23 A I 8, BT n A 400 S A v K AR S
Hr 4 [ 4R RS A 5 O = 4R A 25 R 3l 5 B R TR I 5, R o I A B A SRy, i e DR RE A O e 3
MR, R I R AR R 5 @7 8] SCHk 2 L 3 25 MR AL FRAIE , Moran” s THE UM 0.142 T 22 0.298, i
% S XA AR o - e A R R I I DL IR - IR 2R O T o [ s ] SR B - e R R
OB 51 5 T IR AT AR BRI o e B AR 250K 38 0 0 = 4k R 5 Bt 3 I e K Sl A T v A 2
FEI RSN B B AR . (S5 ) U — i S [ A AR BRI S B 3 0 s ) S A
Lo AR MO, 75 38 5 B R S A A 2R T B A B B A 3 AR 2 T K T Ak TP A RETRBR BIE A S AfE
2SR B, S A AR BEAS I AT SR

KEEW: —HAETRITEE; “—F K" BRAELX; S%ITf; Moran’s I 158

XHEkFRIRED: A XEHS: 1000-288X(2025)06-0298-11 mESES: X22

NEKBE: WOCH], A, B, L e [ 51 R B AR I s SR R AE B R R [T .
K A AR R AE i, 2025, 45(6) ¢ 298-308. Yang Guangming, Li Darong, Qin Yizhi, et al. Spatio-temporal
evolution characteristics and influencing factors of natural capital utilization in countries participating in Silk
Road Initiative [ J]. Bulletin of Soil and Water Conservation, 2025,45(6) : 298-308.

DOI:10.13961/j.cnki.stbctb.2025.06.034 CSTR:32312.14.stbctb.2025.06.034

Spatio-temporal evolution characteristics and influencing factors of natural
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Abstract: [ Objective] The spatiotemporal evolution patterns and driving mechanisms of natural capital utilization
in countries participating in the Silk Road Initiative were analyzed in order to provide scientific support for regional
sustainable development. [ Methods] Based on an improved three-dimensional ecological footprint model, this
research integrates spatial autocorrelation analysis and Tobit regression to construct a multidimensional evaluation
framework of ‘spatiotemporal evolution-spatial correlation-driving mechanisms’. [Results] @ The per capita
ecological footprint breadth showed a gradient differentiation pattern, with Singapore consistently having the
lowest, while Mongolia and Latvia having the highest values. @ The ecological footprint depth exhibited

significant polarization, with Singapore maintaining an extremely high level over the long term, while countries
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such as Russia at the baseline value. @ The three-dimensional ecological footprint displayed a differential pattern
of ‘high in developed countries and low in developing countries’. However, owing to energy efficiency
optimization, China’ s growth rate had slowed, providing a transformation paradigm for developing countries.
@ The spatial correlation demonstrated dynamic strengthening characteristics, with Moran’s I index increasing
from 0.142 to 0.298. Regions such as Russia showed ‘high-high aggregation’ , while South Asian countries were
primarily characterized by ‘low-low aggregation’. China’ s spatial correlation had shifted from ‘low-high’ to
“insignificant’. & Urbanization rate, trade openness, renewable energy share, and ecological carrying capacity
had considerable positive driving effects on the three-dimensional footprint, whereas net primary productivity and
foreign direct investment exhibit inhibitory effects. [ Conclusion] The utilization of natural capital in countries
participating in the Belt and Road Initiative shows significant spatial heterogeneity and path dependence.
Differentiated governance strategies, such as coordinating the ecological boundaries of urbanization, optimizing the
allocation of ecological costs in trade, and overcoming technological lock-ins in renewable energy are required to
promote the sustainable use of natural capital.
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Table 2 Extremum of per capita ecological footprint
depth in study area from 2000 to 2022

A0 e E(ER) RARME (F %) ez

2000 28.324 G N3 ) 1.000(£H) 27.324
2005 18.867GHrimk ) 1.000( £ ) 17.867
2009 17.465CH %) 1.000( £ ) 16.465
2014 16.334CHhna) 1.000(£ ) 15.334
2018 14.586 CHr iy ) 1.000( £ [H) 13.586
2022 13.202(H1 i) 1.000( £ ) 12.202

T AR IBRIE=1.0FRm A B R IB<EY RG], AP BEA
THHFE . 2000—2022 4 4 7 1R 25 1Y R 58 G 6 AR 2 307 L0 5% e BT 38 4z
JBE 24 S N7 B S 5E =% B BE JE UG P A IR AR L 2 T AR

e 20184
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B3 TERX2000—2022 EAM=ZHEETEITEHFH
Fig.3 Distribution of per capita 3 D ecological footprint in study area from 2000 to 2022

£3 MRE2000—2022 FEF AW =ZHETBITRE
Table 3 Extremum of per capita three-dimensional
ecological footprint in study area from

2000 to 2022

i I H(ER)
2000 4.972(Z )
2005 3.919(Hu i 4 W)
2009 4.360(5E )
2014 4.943(%E )
2018 5.135(% )
2022 6.152(PiBL4E)

SARE (EX) W 7%
0.120( Py B 3e 730 )  4.853
0.300C iz [ ) 3.619
0.337 (s i ) 4.023
0.371(& i) 4.572
0.383( L 3 i) 4.752
0.378( ML JE M H) 5.774
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ST AE 2022 4F F+ 2 2.065, 88 2000 FF 8K 171 %, H &
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AR R L R S Y e 59 M 5 P A 2000 4 1Y
0.764 % T+ 28 2022 4E 9 1.050, 54 38 - 28 HAK T 2%k
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Pl 25 K TG 5 T B AR RE VR AR R G L R
o NPT FE AR 2SR AR 2022 4R 0.410, 52 B AR K1
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Fig.4 Distribution of local Moran’s I spatial autocorrelation agglomeration in study area from 2000 to 2022

F4 FRK2000—2022F 5 F Moran’s ITEH = HHEXERIEER
Table 4 Results of the global Moran’s I index for spatial autocorrelation test in study area from 2000 to 2022

ARy Moran’s I E(D 2 Z1357 pMa
2000 0.142 —0.02 2.34X10°° 3.358 7.84%10°*
2005 0.236 —0.02 2.47x107° 5.150 0
2009 0.184 —0.02 2.42x107° 4.145 3.40X107°
2014 0.268 —0.02 2.44X10°° 5.838 0
2018 0.287 —0.02 2.42X107° 6.245 0
2022 0.298 —0.02 2.36X10"° 6.550 0

F 0.236 —0.02 2.41x10°° 5.215 1.36X10*

34 HARX=ZHETEETZMEAZRS W
WFSE 4 R (R 5) R, IR 2 5 5 I iU )
AR RE IR 7 L LA R AR R ) (2 BR hm® ) $975 104 7K
- b AR ) 5 = A AR RS R, AR B i
3.23X107%,4.82X1077,2.27X 107 LA} 7.60 X101,
Il B Ak R R RE 5 R A B 9 5K 5 RE U SR
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i 145 Bl 09 BRI 5 0 5 B2 B R B T AT e o R
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SRIB 8 7R T B2 A B 2800, 55 B YR (] 3280 7 F) kA
PR, R WG I RE IR T 75 15 RE AR T b [m] #E 3 5 2F
AR AR e i R A T SR A A A IR A5
51 S BSR4 4 2l 45 7 T AE (] (2 i = HEA A I
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Table 5 Tobit regression results in study area from 2000 to 2022

G E e P 1 2% HfH Pp1E
A GDP(HE EIG) 4.17X10°° 3.64x10°° 1.14 0.252
ERIFA 2/ (gem 2ea L ULCH) —3.33X10 " 3.94x10°° —8.44 0.000
B In{E 5 GDP He &/ % —2.61x10°° 2.22X10°° —1.17 0.240
WAL/ % 3.22X 10 %" 2.30x10°° 14.04 0.000
A5 di GDPIIE /3 e/ % 4.82X10 %" 5.81x10°* 8.29 0.000
F LA R R ARV SR R Y L/ Y 2.27X10° %" 1.77X107° 12.82 0.000
S B AR R R A (BN 6 00) —4.85X 1071 1.17X10 " —4.13 0.000
AR E ) (23K hm?) 7.60X10 1 1.65X10°% 4.60 0.000
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