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Abstract: Climate change and human activities have significantly altered ecosystem elements and the trade-off/synergy
between them. Exploring the spatio-temporal variation characteristics of ecosystem elements, understanding the relationships
among these elements,and identifying their key influencing factors are essential for guiding effective ecosystem management
and for adapting to future climate change. This study analyzed the spatio-temporal changes of various ecosystem elements in

the West Liao River Basin from 1990 to 2020, as well as the evolution of landscape gradients in ecological land, farmland,
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and sandy land. Correlation analysis and bivariate spatial autocorrelation models were applied to explore the trade-off/
synergy between ecological land ,farmland ,and sandy land. In addition, the factors affecting the trade-off between ecological
land , farmland , and sandy land were revealed by using the Geodetector. The results showed that: (1) There was a notable
expansion of non-ecological land at the expense of ecological land. Among them,farmland area increased by 10.2% , while
water and grassland areas decreased by 25.7% and 5.2% ,respectively. The conversion between ecosystems mainly occurred
among grassland , water, and farmland. The spatial distribution of farmland landscape gradients in the West Liao River Basin
became more pronounced and tended to cluster from the eastern to the southwestern areas. Meanwhile, the sandy land
landscape gradients were predominantly concentrated in the central region. Conversely, the ecological land landscape
gradients exhibited a gradual dispersion in the central region, accompanied by an increase in fragmentation. (2) A
significant trade-off was observed between ecological land use and farmland within the West Liao River Basin. The areas
involved in this trade-off initially expanded and then contracted, predominantly located in the central and southern plains,
which constituted approximately 46% of the total study area. The area of synergy regions initially decreased and then showed
an increase , making up approximately 8% of the study area. Per capita Gross Domestic Product ( GDP) and population
density were identified as significant factors influencing the trade-off dynamics between ecological land use and farmland.
(3) The most pronounced trade-off between ecological land and sandy land were primarily observed in the Horgin Sandy
Land and western mountainous regions. Both the trade-off and synergy regions exhibited a long-term,relatively stable trend.
The trade-off area constituted roughly 23% of the total study area,while the synergy area made up about 22%. Key factors
affecting the trade-off relationship between ecological land use and sandy land included elevation and the rate of
urbanization. The findings of this research can offer a scientific foundation for the spatial optimization of river basin

ecosystems.
Key Words: ecosystem components; landscape gradient; spatial-temporal pattern; trade-off/synergy; drivers
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Table 2 Landscape gradient correlation between ecological land and farmland in the West Liao River Basin from 1990 to 2020

LIPS

. - 1990 2000 2010 2020
Correlation coefficient
Pearson FC %L Pearson correlation coefficient -0.670 *** -0.689 *** -0.690 *"* -0.703 """
& JR B4 FEE Global Moran'T -0.514 -0.532 -0.534 -0.557

% P<0.1; #% P<0.05; ##% P<0.01
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Table 3 Landscape gradient correlation between ecological land and sandy land in the West Liao River Basin from 1990 to 2020

R AL

. - 1990 2000 2010 2020
Correlation coefficient
Pearson FK Z2 54 Pearson correlation coefficient -0.073 *** -0.066"*** -0.061 *** -0.042 ***
2 JR B2 8% Global Moran'l -0.025 -0.016 -0.015 -0.012
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3T AR R AR AR AT SRS g fB 5301 0.146 F10.143

4 e

4.1 HEBRGEERNZ T

PEILTT R0 30 4FAE S R G0 3R 2 MG 40 B¢ ) 2 3R ] i 728 DL s by, K AR IS 0 1990—2000
A Bl N VB (RPN K A 7 i 1 A PR R R ORI X — 4k S e B R R T KR A
RGN IR o AR H R AR SR B KR A AR S F T B I R BT R i 3 R
SRREHBIR AL PRI 7 A 1] B P T I P b K A S A P 0 TR D A TR i, 2000 4R 2
Jei , Bt 1R B PRI 0 A5 A 2SR A TR A St 37 3 08 R G S S 434 P e A A A S P b, (L PR TR AR
T RGN LA B BUR AT 7 BEAR— S5 R S 3 g 7 e A B i A S b i TR AR X
R T] B P AR AR T T AT SR 8, 5y A A 58 A 25 T b T B/ N
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Table 4 Results of Geodetector

Al 9K zhH T A A5 -4 T 25 F -V 3
Type Driving factor Ecological land and farmland Ecological land and sandy land
H AR T R 0.038** 0.257**
Natural factors YR 0.005 " 0.073 "
SRR 0.045* 0.097 **
SRR 0.054** 0.077 **
AT T N5 0.219** 0.044**
Social and economic factors T Ak 6 114 B 0.037 "~ 0.053""
B T B I 0.063 ** 0.026 **
P — 2T 1 0.045** 0.036
G T A B 0.048 ** 0.037**
A#j GDP 0.263** 0.018**
IR AT 0.123** 0.146 "
Al =14 0.112** 0.141 %
AR TT SR 0.138* 0.046
W] SR 0.118** 0.143**

SO BE 3B T LA BV Ry 5 WA AR PR R B 14 23 ) 45 B, 8 /% S LS TR RS SRy R AiE T 0 1990 4F LUK, 11
TAT I B8 S LA A 2 FH el 2D ARG S A B A 2 R M o, 28 B A 25 FH s SR S R i T IR, 1 e AL A 44
TIN5 v S WA B A FH MR I, i ) A AR 3 I LA B e 38 A IR B 2 2 2 DX 3k, oA b S il 5% i 7K ST A X 458
U A T R AERLRE O B, A A S Wb 516 S 35024 25 0 b oo ARl /0 | DA T s i 2 A5 T st aB Ak 2 #F S 4
[E], V0 HFE A () 5 OURR B R AR AN, 723 ] A7 78 B S SR AR A0 A, 5 R AR R R W0 U0 3, 1% X 3ek 7o 5 G 32
VDb A7 A XA B AR SN LA /0N TR S A B U0 M e SIS O | SR I X 3k Vb b v AL R BRI,
B T = AUB PR A K R TR A S, (6 A5 8N VOB R B R A BR8] T —E e
XS A E B RV R A 45 500 — 3 Vb VD AR B A I
4.2 M-SR E VR AU G Z B9 K 3 R b

VYL ] g 3 A 25 FH b 5 4 2 B A7 AE I 3 AR (36 2) , 3 Z R JE RO R, A S A H
V- R ASUAE DX 358, = A T b TR 38 ‘P9 A 308 AR i 0 DX 3, B 9 i B PRI - e A DX A7 AR 3 B e sk (1 7))
A H B 5Kk 5 2 S 85U S AR 1L, AR 25 S5k 2 B A 5T R B AR Fi R & 5 Rl 2>
WE A sk FEE, GDP N OARIS K R4 S 2 30 N P& ik — 2 5w A T A 28468 D 1990—
2000 4F, PEALT N 11 A3 S B0 AR B A TR B3 N 5 4k S 2 B AR MR A OGE AR A RIT B AR I &
JEEE AR PR % BN AR T Sk A 25 R B Ak, AR S A b 5 A T 2 PaAS A i AR AL R,
2000 4= LA, B TR HFAMGR FEBUR A St A8 oA LA S AR AS A M, PG, #E 2010 4F 1 2020 4F, A=
A M55 A B 2 8] @ AU TR AR AR 2K 2000 44 BT 2l

VUL 3R AR R IO VD Ml , A= 25 5 V0 3 2 T) A7 70 A RS e i AS Ay DX s, ELASUAS DX 3k 1% T AR
AR (32 3, & 8) , I AL S AN Ik B T S U A S At S A B TR R AU S R R B R R, PRk
B AASE AT A3 K S5 VAL UERR O IR A AR B VI 2R 0 e N 2t X, NS0 Bl 1 il i 3B Ak i
PRI TR I =R BB L BRI AR S A TR BT, E R A BUF IR T AR S RS
TREREY TR R =07 B AR E A AR R TR RS A R T A A 5 v st 2 Ta] ) R A
KR EHE T ZF R KRR, AESYRE TR R SCE AR — BB L4 T VDb bR, G 7 AR S H
SvbHu AU, AH i TSRS B, R 1 SR SR AR R3S SR TR 2 AL I ST SRAT AR BRI, R BB AR A
A S S VO 2 (R AU BRI, G R P R e e SR W RS il N 38 R A, a8 75 E— 25 i A
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BRI, LIHES) A S R LB R Z 0] B IR) A g
4.3 WA B HTBURUE R

B AR 25 T 5 A AU TR AR S I A IR G, 7 LA L b T DASGTE — % 5y vl e A AR ARy X I
BEE AL R B AR T 2 AR R ke A A PR BRI R, ORI R X B
PR AR et 25 A 25 i A A D A T S SR St WAt ™ B, sl 7 TP S 55, 7 Dt DT R A S P 25 A 25K
ST , T BE S MR 5 O IXUBS , 36 1A 25 2R 8 2 18] YA 5 R MR AR SR A S 47 i A 25 T 3 45 v M AR A
ARG DL T, AT L el D YA R | T AR, B4 B IO /0 3t 2% P B R, AR AR TR AR B ) A 2 /K
FIVRFAE I 37 b 25 (DA SRt s PR RASE 2 T b 38 3o A T 038 A 25 T b 5 v b 22 [R) A, AR E
R A T KT T T AR LL AR ) 0 55 22 b A B 22 ) 4 R ELAE SR i s BCSR R s 3
P IR BGE H AT IR B AR R BC TS S i AR R A AR 7 AR T T, DR R ) 4t
PR AR R b A R ) T A S T S Vb 2 TR A G &R

5 i

(1)1990—2020 4, PHAL 3y 37 3 A= 285 b s /D | A Az 285 F b 35 im, L ok 3l R iR s 2D 25.7% , B b ik 20>
5.2% RN 10.2% , A2 R G0 2 18] 19 5 6 3222 e AR e B i KA A H 22 R) A 2 P b 7 A1 55 LA
[0—40] X [A13% /i 4.3% , 7E 15 5% WA BE [ 60—100 ] DX [] ) /D 4.3% 5 A< F 7 A 35t OB6 3 [ 0—40 ] X [i] i /D>
42.7% , TE fe s WLAR BE [ 60—80 | IX [AI /I 5.1% , Kl SR AE A< 31 Jitctth DX, v S5 OB B2 25 () 38 i W 4l 5 V0 b 7 v
SR [ 40—60 ] IX )87 0.1%

(2)1990—2020 45, A= 25 FH b 5 4% 5 0L 22 1) 47 38 38 A AU DG 2R, ASUA DX el i ARSI 88 n s s /b | S v e
FF R T S S Bt DX R A o R DX T R 46% 5 I I) X e i AR A U 2 S i T AR 2 o A X AR
8% , N3] GDP A 17125 B S A A A 25 FH Ml 5 4 FH AU 6 2R A L2 PR 1

(3)1990—2020 A=A 25 FH i -5 V0 My 5 WL =2 [E) AR R IR 0 V0 b DX 3577 K A AR 1A B DX 35, e 40 AR 358
Jir e DX AR, A5 Ay W S P A DX, AR T R 24 o F 9 DX T LAY 239% 5 3 [) IX 8 v 78 S SR R 0, 240 o 0 91X
T FR ) 22% 5 e A FHIA TT b SH 2 i e A 25 b 5 VD A G R I B ZL
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