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Abstract: The rapid expansion of oasis areas in arid regions has raised concerns regarding land use
changes and associated ecological risks. Based on Landsat remote sensing images of the Wensu

Oasis in four periods (1990, 2000, 2010, and 2020), combined with land use transfer matrices,
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the CA-Markov model and the geographical detector, the spatiotemporal evolution characteristics
and driving factors of land use change and ecological risk are analyzed in Wensu Oasis over the
past 30 years. Moreover, the land use pattern in 2025 and 2030 is predicted in Wensu Oasis. The
results indicate that: M From 1990 to 2020, Wensu Oasis experiences a significant expansion of
unused land (primarily occurring between 2000 and 2010) accompanied by substantial reduction in
water bodies. @Frequent conversion among land use types is observed in Wensu Oasis. Northern
mountainous water bodies transform into unused land; reciprocal conversion between grassland
and unused land occurs in central regions, and southern grasslands transition to cultivated land
and construction areas. Human activities emerge as dominant drivers of these changes. @ The
CA-Markov model indicates that the land use changes in Wensu Oasis will mainly show a reversal
trend over the next decade (2020—2030), with water bodies recovering and unused land decrea-
sing. @The assessment of ecological risks caused by land use changes reveals a substantial ex-
pansion of medium-risk zones southward and high-risk zones northward, particularly during
2000—2010 when environmental degradation intensifies. Notably, socioeconomic factors exhibit a
weakening influence on ecological risks while natural factors demonstrate increasing effects. This
research provides a scientific guidance for optimizing water-soil resource utilization and ecological
conservation in southern Xinjiang’s oasis ecosystems.

Key words: land use pattern; oasis; land use ecological risk; unused land; land type conversion
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Tab. 1 Statistical analysis of land use types area in Wensu Oasis
1y
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Tab. 2 Land use dynamics degree of Wensu Oasis from 1990 to 2020
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Tab. 3 Path coefficients of different driving factors on land use types

WA AZE HEERAL | WEE AR HEREERRAEK | TR AR HEERRH

X 0. 29 X1 0.02 X —0.16
X 0.28 Xs —0.21 X5 0. 21
X0 —0.06 X0 0.19 X0 —0.25

Yl YL; YS
X 0. 66 X, 1. 24 X, —0.97
X 0. 84 X —0.79 X 1.26
X —0.66 X 0.49 X —1.25
X 0.81 X1 0.52 X —0.45
Xs 0.77 Xs 0.53 X(; 70.76
Xm —0.95 X]() 70.66 Xm 0.81

Yr_) Y1 YG
X, —0.87 X —1.36 X, 1.16
Xg 1.67 Xg 3.12 Xg _2.69
X —1.99 X, —2.65 X, 2.73

FRAE 7= 1 (X o) % B b T AR (Y, ) A 422 52 ) 1
FHE R (0. 84) , [T (X, ) XoF A b 1o A1) 2 422 5% i
YR Fe/NC— 0. 06) , BEFN &2 ( X)) AR 7= 2 (X))
Xof A T BB Ak Ay B 1) A L A 4 A B X B
T AR Ak 349 1E AR

FRE 7= i (X % M AR (Y, ) 1Y B4 52 i £
FAf K (—1.99) . 4k A1 (X ) % 5 Ml i AR A B 4%
SR FH B /N COL 77D 55 M 3G B (X)) L BTl
X)) AR 77 1R (X)) X 5 4 g R AR Ak Sy #7 ) AE
FH L HAY 3 A D7 5t 1o B AR A6 A TE AR

S5 Tl A (XD X R B A b T R (YD) Y
AR A R (1. 24) SR (X)) X BB FH b

FRBY 1 352 W 4 T A /> (0. 02) 40l AN E (X)) FiTAR
A6 7 (X X 150 F il 1o RRLAR Ak oA B ) MR T o4y
4 AR 0o 38 P M 1 AR B A I 1 A

FRE 7= e (X ) X A R M T AR (Y 1) B 2 5%
Wi VE A e A (2. 73) o AT (X ) X o A1) 3 e AR A
P /N (— 0. 45) Rl AT (X)) VR (X)) Al
R AL 7= 28 (X ) %ot A ) P e v AR A8 £k o 0 1) £ T G
A 3 AN B 56 AR A b i AR £k R TE T AR

g5 b IE 30 AR ) IR AE gk B ROl 5 & R R
CGEZ b3 E (X)) A & (X)) R 7 &
(X)) % NN &R 7E 5w + 1Ry k4% %
fEH.
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Fig. 7 Predicted land use maps of Wensu Oasis for
2025 and 2030 in different research periods
T« 0 PRI T ] 58 9 0 50T o 3 6T IR 55 1) il o 11 Sy
GS(2019)3266 11y ofiz b P il £ i BT TEAE 2

& 7 I 4 AT, 2025 4E R E 0 Y L A
FAAS R AL 22, K A A i b 2 P skt e, K
WP sk B E L M 2020 4E ) 795. 66 km® 4 i £
2025 4EAY 1 761, 89 km®, ijJuT 966. 23 km®, ¥ 3k
LI X, B AR ZEY ik E R, m
L3N T 84. 99 km® . Hi Ay 1 b ) FH 28 70 2 5L 45 ik
A T b g D R BT L A 2020 AR 4 774, 24
km? T F& #| 2025 4E 9 4 060. 51 km?, Ji > T
713.73 km® . AKF FHHL 2020 4EH 6 407. 33 km®
N 2025 4E 1Y 6 198, 38 km’, FRE T 208. 95 km®,
I b FUORR b 2 748 445 ol A

2030 4F, I 1 2% I 0 K ST FR 4k 22 5Kk, A
2025 4Ef9 1 761. 89 km?® B4/ F) 2030 4Ef¥ 2 497. 61
km® BN T 735,72 km® . 75K EEAEILT AL X,
B 2208 P ok #2025 4E 9 1 909, 77 km?
WAN#] 2030 4EA9 1 972,37 km® I T 62,6 km®,
SR FH b, | b B R R b O S R B R
I FH B 1 445 Dk B de B L DA 2025 4FE Y 6 198. 38
km® F [ %] 2030 4F () 57 46. 92 km®, Jf 2> T
451. 46 km® ., BHEM 2025 4ERY 4 060. 51 km® T %
F] 2030 49 3 850. 32 km*, TR T 210. 19 km*,
ST FH Tl RTURR h S 2 1 44 e B

4 RAEERM 2025 F1 2030 AF A A 25 R AL
Tab. 4 Prediction of land use type areas in Wensu Oasis in the years 2025 and 2030

T B/ o
4§y — \ -
H b HE H i M 7K 35k R Hb it
2020 4 4 774,24 2 020. 40 118.03 200. 29 795. 66 6 407. 33 14 315.94
2025 4 4 060.51 1909.77 203.02 188. 54 1761.89 6 198. 38 14 322.10
2030 4F 3 850. 32 1972.37 132.92 166. 52 2 497.61 5 746,92 14 366. 65
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2.2.1 A bR AR 2 XU B ] 36 A8 4 BT

TG S 19902020 4F AN [] -+ M ) F 25 50
A FEFL 3 5,

P B ¢ B i K0T 0, T A kN 30 AT (] A Ml L
b T FH b R SAS ) 0 R R R A R
BN 0. 010 3 FBFEF] 0. 003 0, A A F Hu A
0.004 5 TREF]0.001 9, b Fn K Ik i) i e A0 72 3

M. 19902020 4F ] & 15 FH ML (%) B A 61 B =
T HAh 5 26+ A AL, HAE 20102020 4F T ¥
W (0,015 7),

FH 40 5 B 8 H50mT 0 b b T B b A o S
BER MR #E 2020 4F H5 K (0. 738 3), #E i M A
2000 48 K (2. 268 9, ik B H 25 [a] 45 4 2 BE 1
B o KR Y 43 B B Rk g e 4 K+
Hb ) FH 2 AU 34 5 R R R A B RO T B
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Tab.5 Land use ecological risk index of Wensu Oasis in different research periods
1990 4 2000 4F
SO e 55 B¢

BERR R sy DREVE THREE BUREE | BORREE e R T Bk
H i 0.19 0.0103 0.1874 0.1114 0.3727 0.0708( 0.0052 0.1213 0.0980 0.337 0 0.064 0
R b 0.10 0.0247 0.5631 0.0603 0.4416 0.0442(0.0180 0.4111 0.0761 0.4084 0.040 8
i 0.14 0.0048 0.0527 0.3953 0.6135 0.0859(0.0036 0.0468 0.3725 0.5883 0.082 4
7K 8% 0.24 0.0034 0.0728 0.1238 0.3474 0.08340.0033 0.0713 0.1373 0.3603 0.086 5
5 b 0.05 0.0689 2.1942 0.0285 0.9212 0.046 1] 0.0709 2.2689 0.0346 0.9507 0.047 5
R ) P 0.29 0.0045 0.0597 0.2808 0.5010 0.1453]0.0039 0.0563 0.2815 0.5003 0.1451

2010 4F 2020 4F

O 2 Y e 55 )32

AR sy REVE TR LR | BORREE e R THE PR
Wi 0.19 0.0035 0.0845 0.1211 0.3482 0.066 2| 0.0030 0.0727 0.1286 0.3519 0.066 9
M 0.10 0.0300 0.7220 0.0797 0.5113 0.0511]0.0305 0.7383 0.0789 0.5156 0.051 6
i 0.14 0.0029 0.0433 0.3455 0.5599 0.0784(0.0031 0.0480 0.3093 0.5253 0.0735
7K 35k 0.24 0.0078 0.2141 0.0736 0.3418 0.0820(0.0070 0.176 8 0.0886 0.3451 0.082 8
R b 0.05 0.060 6 1.6075 0.0635 0.7760 0.0388]0.0449 1.1669 0.0669 0.6394 0.0320
R F) FH b 0.29 0.0019 0.0336 0.3165 0.5276 0.1530(0.0019 0.0329 0.3277 0.5386 0.156 2

AT A8 18 K550 M AT 30 4F ) 50 i AR R A b
o7 B O A b A7 B b K S 2, A R P b A
55, B AL R W L A 0. 028 5 |
T3] 0.066 9, b YO0 AR A 2R B G A
0.395 3 FRES]0.309 3, 30 4F3k, A5 4 A 1990
AP L — ) b ) 2 Y R R R R M) 35 4 &
Jig B 2020 A AT 1 R 2SR 2R AL 48T TS
WAL

AT B 48 o A 45 L b R 28 B B a2 A
75 shRZ g AP A b A I B . 1990 I 2000 4F
I35 0,921 2 F100. 950 7, S AN [A] 4 1 ) FH 25 0 i
B RAA . A FH b R Ml AR LA S A R .
R N S R A o < N B S DO

AR Z BEFE B BT, T 30 4F 3K 1 15 S I R 1
M52 AR A B T A R R A R R (R T
0. 1), 2% F e/ (2 0. 032 0), Bk, 55 Hb Azt
RN N N R N S e o < E I N
JFH b FR K S8l B AR AR
2.2.2 MR AR A AU 5 T 38 AR A3 A

AR SCFI AR W a5 % i 7 2 O M R A S
KBS A8 B (ERD #4743 ¢ . ERI<C0. 025 . {K XU
[X; 0. 025 <<ERI<C0. 035, & Ik KUK X5 0. 035<C
ERI<C0. 045, #7145 KUK X ;0. 045<<ERI<C0. 055, %%

5 KU X3 ERIZ=0. 055, i KUK X, 3 30 45 ], i
T R YN = b ) FH A 285 RS 235 [) 43 A7 B T FRU L &1 8 A
%6,

VL1 S U AR XU (X %) - i T8 AL A 45 08 DA 1990
4E1Y 485,51 km® FFEF] 2020 4E /Y 406. 53 km® . X
Tl 2 12 45 99 ] R 5 4 U i) 2 Al By B MR AR Ak
Ko AR AU DX T R A 2 gl /D i A, DA 1990 4R Y
2 935,36 km® T[] 2000 4EAY 2 750. 11 km* ;2010
AR A AR XU X 32 22 4 A 7 b B Fep R R, 2000—
2010 AF 0076 7Y Jb 38 2 K m AR ok, AR A B iR K
(3 289.06 km®) , X A fig 5 [7] 1] 52 it 7y 4R #F 38 AR T2
T 7™ A ) A S A0 A R O B S IR XU, X 7E 9 b

Tk i 2% U v 2 IR DX R AR i #1990
AR 2 429, 86 km® 9N F] 2020 4E Y 3 542. 21
km? JEANT 1 112. 35 km®, 5 I T 7. 78% , 78
FTRRVE R R B X S X
F AR T K T B0 4 7 o — kR T AR S K
W o A AU DX TET R AR O D e, BN 1990 4F Y
3 575.86 km® TR 2020 4£1% 1 821. 15 km?, I
AT 1754071 km®, 7 WG T 12,26 %65 2000—
2010 48, e KU DX 78 T 1 2 i b &8 & A48 K i 46
W, N 2000 4R 3 577. 27 km® T FEF] 2010 4ERY
1938.84 km?, FIET 1 638.43 km?, 4345 5843 HiL .
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Fig. 8 Spatial distribution of land use ecological risk levels in Wensu Oasis in different research periods
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Tab. 6 Statistical analysis of land use ecological risk level area in Wensu Oasis in different research periods
T 1/ km®
- b AR S XU B
1990 4E 2000 4F 2010 4F 2020 4F
R RS X 485.51 483. 80 446, 23 406. 53
AR AU IX. 2 935,36 3006. 69 3 289.06 2 750. 11
rh XU X 2 429. 86 2 820. 21 3311.52 3542.21
A v KU X 3 575.86 3577.27 1 938. 84 1.821.15
o AL X 4 888.79 4 426.92 5 330.37 5 795. 94
<878 14 315. 38 14 314. 89 14 316.01 14 315. 94

T A £ Y v DRI DX T RS o ik A i W R T ALY L
il d5c e » L2 3G Jm s #e, IR 1990 4R 1 4 888. 79 km®
TR 2020 AEH 5 795, 94 km®, BN T 907, 15
km”, 5 HE 3G 6. 34 %, KUBS DX T AL AE 1990—
2000 4FEA7 4506 U0 T 461, 87 km® , {H 7E Fifi )5 ¥4 5
Prok e, EEY oK X B4 AE AR, TP A AR
WL IEAE RN 0 AR S FRBEAE 2000—2010 4E (8] & R
AR L N 2000 4E Y 4 426. 92 km® B E 5 330. 37
km? 3400 T 903. 45 km?®, 4045 15 R w9 &6 b
L 3 5 IR 5K T B0 A S S TR AR A KR
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H & GDP 2t 2 52 K, SR FH Hb 3 80 25 48
RU3 BTS20 1990 — 2020 4F 1 2 Y A 285 UK 25 1]
Oy SR EEIR S E FE R BK Bh B2 R BTk
H@EOWET,

1990 4, IH — b 48 # 75 £ (NDVD) | 4F [ i 4
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DRI 14 552 ) 3 AN T 3 i, G e 4 2 500 R e 7R Y DT
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1. 00 1 4 23 22 5% R 28 (5 ) 22 0 e i 4, N 1T 4
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Tab. 7 Land use ecological risk driving factors and contribution in Wensu Qasis in different research periods
e UK K R B 5Tk
UNEE & GDP R AERET o WerE IH— LA 15 B (NDVD
1990 4£ 0.94 0. 95 0.76 0.99 0.82 0.54 0.95
2000 4F 0.94 0.96 0.77 1.00 0.82 0.56 0.97
2010 4F 0.90 0.91 0. 80 1. 00 0. 83 0.63 0.98
2020 4F 0.67 0.73 1.00 0.83 0.84 0. 64 0.99
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