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BE DUHERRBAAREHREAMN (=M) A6, EF 20052015 FrFIAZREZEI , FIA FLUS-
Markov E B EFN 2025 F LR AIEMR , KA Criteria Importance Though Intercrieria Correlation ( CRITIC ) fE
ZHEAREBEKNESRPEETHERNESKARER , AXABAMSUEHEIEID R 5 MER (Risk 1. Risk
II. Risk III, Risk VM Risk V) , RRREHROFAGEZERE TINTRER. SEETRUESKRRZEBHN
THRE, RREEWERCBENTEHIERR, ARERRP . (1) EARBKEBEET , i, kg, BRABER
THTIE A, Mhith, B, RENRGERZHERD ; ESKFPBEET  EAETERABRBEREMT 51 km?,
(2)2005—2025 F , RMEMESKAREBEASTEMOES  ESRPBEREAETEAEKESRTH Risk 1. Risk
I1 %0 Risk [VEFR % 503850 34 km?, 1240 km? F 66 km? , Risk I[[[F] Risk V EFR 2 BE A 695 km? F 645 km?2, (3)
2005—2025 & , 2 #ES T =M Risk 1. Risk I, Risk IVH Risk VE¥ B2 HIRAE , Risk NI2MEZEZWERS
(4) TMEMNESKRRECHETERZRMESBRE T (BEH 85%U L) , HXAQ (BBH 59%UE ) BRE
ENRFIET , GDP NEMESKE T TER Do

XEiE LR ; FLUS-Markov B ; SMESKKRIER ; BREL. ; Wah 1 ; HiE

FLUS—Markov model-based multiscenario evaluation and prediction of the
landscape ecological risk in Kezhou, South Xinjiang

JIN Mengting, XU Liping, XU Quan

(College of Science, Shihezi University, Corps Key Laboratory of Oasis Towns and Mountain Basin Ecosystems, Key Laboratory of Landscape
Ecology in Arid Region, Shihezi 832000, Xinjiang, China)

Abstract In this study, the Kirgiz Autonomous Prefecture of Kizilsu in Xinjiang was set as an example to use an FLUS-
Markov composite model based on changes in the land use spatial pattern from 2005 to 2015 for predicting the land use
situation in 2025. The criteria importance though intercriteria correlation weight method was applied to construct the
landscape ecological risk index under the two scenarios of natural growth and ecological protection. The natural risk index
was also determined. The breakpoint method was divided into five levels (from low to high): risks I-V. Risk index centroid
and standard deviation ellipse are used to evaluate the spatiotemporal pattern and changes in the characteristics of landscape
ecological risk in different years and multiscenarios and to explore the driving factors affecting its evolution characteristics.
Results show that (1) the area covered by cultivated land, water area, and construction land is increasing under a natural
growth scenario, whereas the area spanning woodland, grassland, desert, and bare land is gradually decreasing. The grassland
area under the ecological protection scenario increases by 51 km? compared with that under the natural growth scenario. (2)
From 2005 to 2025, the overall landscape ecological risk of Kezhou increased. Compared with the natural growth scenario,
the areas under risks I, I, and 1V in the ecological protection scenario increased by 34, 1,240, and 66 km?, respectively, and
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the areas under risks Il and V decreased by 695 and 645 km?, respectively. (3) From 2005 to 2025, risks I, II, IV, and V in
Kezhou would be in a diffused distribution state, and risk 11 would be in a compact contraction state. (4) The main factors
affecting the evolution of landscape ecological risk are topographic and climatic factors (interpretation over 85%). Another
important driving factor is population (interpretation over 59%). The contribution of GDP to the changes in the landscape
ecological risk is reduced.

Key words land use; FLUS-Markov model; landscape ecological risk index; scenario simulation; driving force; Xinjiang

B & IR AL HERE NSRS B H 23 1 9, SR R 2 SR e A H s e, X RAEES RS
(g b o ER T R AR JL T AN LI R M SRl AR A XU DR AN R 05 A AR SRR AT AR S SO 2

AN 2 THI I8 BUCHE AR A S IX 30 A 25 RV PRI R, R il B RS N @SR G PR 2, 3T S P
RENS BARRZREZW T, SO RS BAEHEA RAESEw A gett 58k, W
Ub s FOUE AR A XU VR 46 10 B FE R RO Al AR S IR B R AR AL i B R Rk, B ¥
PR G FOMABIR . T VE RS B G X AN 6] X IR ANAH 0 H 1), JF R T K& S BRI S5O0 A 28 RS VEAR
TAEB, BT, SOWAES KSR EE AT LLRI 4> AT RSV A TR0 R 2 M vk, e
BE—ERRE LI TS S RETMRIFEA R, LR AR ER, EXERE EEEMN
2 AV S B0 A BTN 000 AR 25 UG (o B R X 2 25 72 A s e LA RARME AT X S ME AR AE, W DL E
WA ILAE RS RG M AE R L, B S5 AR S KRG M5 7 N R FE DA, (A8 A
(B R0 23 R RS, B T B R0 R R 22 17 S b b R A Ak B L 50 AR A KU VR AN B I A T R AN
Future Land Use Simulation (FLUS) 54 MSTR —Fh e 50 i E Sl AL bR SO 2, mT DUAR 98 %
KB R 2R 5 R R R 2 [ A R e O &R, Is R B IR B L, A A A LA [F) 4 4
AN 5 R R s TR R, X AL b H R R R SR AT A ) L A6 (EZ A R X
b R B T SR R, D T A B A AR A B 5 v TS . Markov A5 7R ) B A JR) 4 R 4 p
Hi R P AR AL TS AL, B K AR T AR AR A 08, b FLUS BEALEE A, BE T DA R bR
FA 5 T SR A TR 52, T DA RO AR AL 2 185 5 LR 0 2 () AR AR 9, SR oy RAE T 2 MR
K FOUI R A3 1) 43 A 7 TR, SEE T b R A S (R A A B b ) XU AL .

[FERE SO0 AR 2 U 48 b A EE AR VP AR A T BB I ER YT, AN S AR AT R HL iR A
AR B, BE BNV 5 R E LY, RPN B, K2 B AT R T B 406 A0 A W 3k AT
U A R AR (2022, (AR A X 3 L Ak B0 d B 4 SR A o 11 2 I IR AR 7 A IR AS 2 L. B R
TEARGIEEE IS 2 5, T BRI H kB A& IR 7, SR H A — 2 500
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SN T B EE A R IR X PA RS, MBS R L B PE R R WK R R AR RS b A B
AREHPGILZ . WM AESHBRE .. @F KEMNEE, HASKREEEBIE T3 E B KCFRI, 50
J6 AT 43 ) 5 7 R T W B IR0 2 ow Wk e [ e, B4R KA 1195 km, AR R BT B I X AR
&, S EA X HEAE, 4N R K Z) 500 km, FEALTEZ) 140 km, AR 72500 km?. 55 0 S AR JE
R KRS %, HAs SR e, FREOW, £FEA, BFERHN, HKEHMKE, BREZ
A, SEERRR, BEKNEE. BBALEAKRNIESE L, YAEZERPTFIRX; BEE&E
ALK EF K, NETFRELWNAIARX, HXFEZEIL 16.6 C.

B 1 RS IX AL B K e s
Fig. 1 Location and elevation of study

1.2 BERRRAE

ASCHHE (R 1 ¥RIET o E R B R IR P SR 5 R0 Chttpi//www.resde.en/) o A SCHRE
CEHFHBOR 73 K85 4EY  (GBT 21010-2017) — 2/ KAEHE B0, 454 T E SRR 85 1 HF 05 S HF
FFR, X LHR BB HATE S D RPN AR N T AR, AR R AP
i MRHL. BRb, KR, @R ML, TR L.

Frige 40 - R PR IR B IR R S L . SRR S BRI R o A MR (R 3560 46 v R AT 38
s SERFZQFERAEK: 2@ FHRELEANORM GDP. N T ESEL, ¥l &R E R
FEA Lkm, #5277 X% —#40 N Albers.

1 HdEii A
Tab. 1 Data declaration

Hofli e Bl A A Hdfmim i) B kg

LRI R BRI 2005 4E2015 4 1kmxlkm BRGNS
Hh R A R, W 2005 4F,2015 £ 30 mx30m
SRHHE i BEK 2005 45,2015 4 1 kmx1km  IKENEFH0RE
HEAFEEIE  AD. GDP 2005 4F,2015 4F 1 kmx1 km
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AR 48 58 ] 2 (AR R ) 75 oK, AN A B T BRI KA AR SR 2 Fiig s RS B ek
FLUS BRI NS5, il 5 e 1 2025 4F H AR KA S0/ 37 2 Mg St T IS B8 B = | 0 A . H
SR KA S B 2 o R R 8 A, A I R R S PR S A B AR AR . A SR AR e A S
TR LLLR I, nomsd AR, FRb . JKISEEAE S A RO CR Y, TR] A ek 55 L A M S R 4 9K R
2.1.2 FLUS-Markov E 8 B E iz 1T

(1) e BRSIX 3. RO X SEPRE oL, AW FAA BB RS X, RV R R A

(2) THEARFR MR FHTHA . AHFFCLL 2005 4= F1 2015 4F 2 B A 2EAl, FIFH Markov BEAL T
A BB FT X 2025 4F £ 28 R H R AL T AR

(3) F N LR IR B E R . Pk ks R R B, S SLnE 2N m, it 6

(4) WEEBEMEMGRE 7S5 HBEEMEH 01 1 F£oR, J—F MR RV 5 —Fhfg
TR, B AEREXT N E RN 0, RVFFECIT BN 1. Sk T2 500 T 28 7= 53 2854 S T Ath 1 38 1) Xk
SRR, ZHGH 0~1, M 1 R Z LR A Rk Be Jlk o . A SCE R T B ARG AR
BB 2 Fifh =, NEHEE, YZSHREHFA.

(5) BRUFMERUREE . AR A ZAE AL, HuMRYE 2005 4F 4] A B T 2015 4 R A
HoL, S 2015 4ES2BRriE ML BEAT BUN S AN FLBRAE, SR Overall Accuracy. Kappa % (1 FoM
1B 6 AL 45 B AT RS FEBGE . Overall Accuracy 1 Kappa ZEE Rk, AERBASE S, FoM &£ILU
BoR, EB/NEORS B . L4510 Overall Accuracy A1 Kappa 70 %IA4 97.70%. 96.48%, FoM VK
0.02, BEMEWE LT .

22 EMESKRIEHNEE

SONTEEOR IR T =M REE, THTAMARRE ERSMAERTRE, DRBUES SN
FARRAE 5 AR B0, 7 DLAE 50U AR 25 KU VRN BF 90 1 2 ety 0240, SE 50 L XA s R MR U A S
X, ZRELEE, BH 7T ESELE/MERTEE R, W SO TR AR (Ci) s SO 3 BEFR AR
(Ni) SAC A E AR (D)BEAT T HE M E (R 2) o BB S W AR IE, GBS W4 18 5
(Si)s SMMEIGEEFREL (F)  SW4R K FEFR U (R)VE N RS VR FE A5, DA A4S 8 55 W AR 25 XIS 4 4k
(ERL), ZRAE 5 M 50 U0 A= 785 U 25 18] 43 57 T b S A8 A 0 o AT 90 20 17 i B DA % 5 () 4409 4 e o) P A
B A b, BTdE BRI AR bR BE 05 B I R R SE PR E B . FE SR IERE b, AR HE SO0 AR S XU FE BUE 1 4
ARG o5, F R B AR 1) Wik U242 AR 25 R &I 3R 5 AN IRAES K (Risk 1) BKAES R
K (Risk 1) « FAERKE (Risk DD  BEAESKE (Risk IV) FEAEE KK (Risk V) .
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Tab. 2 Calculation methods of landscape pattern indices

4 AL EEEL
RO D) e EDACFIFRMSSRA R RIS, R MBECRIE I FLERRL AR EIERR, S
%&m A SHAPE. AM) SO . SHAPE_AM J2/i B SO0 K S A M B bR —, T 1 AABEHUR 1 A
' — SLHITERA BTG 55— MR MR, B A IR
BEUS 155
SR <ggggg> COHESION 57 1) /5t UL L AR ) BE MR T 0 PR R TR B SR AE J A 35 P T i A 2 £
i fiih o R R R R T NI, — . ALKIET BEHCR KT EGOSREAME M5, 2 R
™) P S 5 SRR T AR T2 — o LOT X AR B 5 48 4% 7 40 7 2R 0 4 A A
(1) e
SR
i fi b BB L1 A3 B T Bt S O S T, SLRLIO A st S b I RS8P Ay S i 2
D) (LPD) BRHE, HAIE LT DA TR SRR, WA KEZN 7 ) M35«
sy SFAEDSHAPE AM)  KMCRRBMFHCEIES REZHTROBRRIE. b a by e do e MR FUIHHI
Mﬂus +c(COHESION) +d(Al) RO, i d NORIRE I 3 W, ARBF 58 R A CRITIC AUE 34T & AE o
HAL(S) +e(UT) + f(LPI)
RTATESWRENARTHOBRBMYE , BHK , ESKRBEAR. S
- R BEHANSEESNAREEIRHFLHINBEEE , EATRKE
e AT AR _ $ o) AN N -
RRAE) A, AOFEME B EEEHE S BRAORE - 7 B, 6 FE, S
K., 4 B, 3 Eih, 2 M, 1 EiRA,
B
e R, = /S, x F, R RSO0 RGTE ATHRIT, JEE AR R IO,
S " A, FR AN TE P A A AR B ORI A, B MUTE P A RN, shef: BRI NS i
R J 2 ERI, =Y —5R,  APETHREARRIE: Ao 5 kPO T AR § TS A% kA6
(ERIy) i1 Ay (TR

A RBEAR N MR 0, BFTHE T SPSS AU 4, SRH CRITIC A H 10 5 UL AL % 5 4
B~ S B B AR AR A SOUAL A FE AR AT IR, R E R 3 iR, CRITIC RUELRZ —FE M
WRAL:, G REARLE T EL o B Ay St 2 TS bR o %oF b B A P bRl 22 0T R, 0 SR B0 b v 25 R
RULHIE SR, BOE 2 Bm s oM A S R B AT RO, W RARAR Z R A OC REUE R, Ut
B PN, A0 A E A . BRI, X R S b R e AR AR IR, IF HE AT 0 — kb
B, RIS 3R & IRE .

AT 1 S A S RS FE U2 — Fh s (R AR 8, O T REBE 9 kb DLT- 34 Ok 308 B AN X3k 550U 4 A7 (A
B, ZEEFKM GIS K AR (HEIARRP) (GB12409—2009) 1 AH 5514 W 5t W A= 24 2 1f 97 [31-32],
W B SR S B AR 2~5 /%, JEARIE s M B R SRR A . L. TAERAREEER
e sett, AT HRBLAIE 10 4710 B Fia AT 78 X R 43 A 100 S PEA 500 REAR I (1 [X 43 2 [1]
(IR S A S e . BTk, A S S VP o AR S G Fe L, R S R 2R R vk BBk AT 2 (] 4
1B, BLZ I A 25 R 2 0
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Tab. 3 The weight of landscape pattern index 1%
e
Fy
ED SHAPE AM COHESION Al I LPI
2005 0.85 9.59 22.89 25.31 35.78 5.58
2015 0.88 9.41 20.87 25.38 37.73 5.73
2025 4F H AR KA 5 0.97 9.81 18.50 23.67 40.60 6.44
2025 AR 5 0.90 9.52 20.07 24.48 39.29 5.74

23 EWNESKRERLGSIFEEZHE

JoR A 4 3 3t BRI G () A (R — AN EE R bR, SOW AR A XU ) 5 T 7 AR 4K RE 6 AR 45 3t I 22 1]
R LI A AR R AR, I SRR I AN [ A S R S R B0 A R AR IO AR A XU 1) AR
e o Fr e ZE AR V22 23 M 23 18] 20 AT 7 ) PEARRAE FO 28 B0 5 vk 2 — ARG ) RO/ e Bl 2 ) 4% JR) A6 A 22
RINETFEEE, A (KPR MU R T B SCfE S A SR 7Y, B 82 4 2 v
MRS S 3 f& J7 1), 38 o b v 22 A0 [BE ) e e 7 1 R AT BRI .
24 SWMESKEECIES DD

b PRI 25 B T LRI 2 18] 7y Sk, o mT UGG 2 AR A A A K — B, s H R KEh
JIR — PGt 27 1050, i BRI 5% o ) R T PR 25 B 0 P DR T B AR R 0 SR T R e R T e i SR A S
JARSE I8 AL 1 5 AR R 200 A SC DA A X AR S KU Fe B w R AR &, SRS T AE h B R R, FIRT A
TR 815 20 % RS 7 K stk (PD) , BURFUS KB IS RE . SREh A I i #4855 28
HERME AR, HPERRROASAR UL Bl . B (DEM. D T, tafsr
RS AN DA GDP Jiifi. 1 8 G 2ehe 25 18] B A S PE AT O IR 3R (0 Re i, % A e BLERORE (K 5 3%
FEWFTEIX A BENLAE A 1000 /NRE T, JF S BUCREAS 5 BT 78 25 1) o7 B8 P A 28 DRIz B A 3K 20 R {8 0 3 2
e

3EREDHM

3.1 HFIATIRD N

2005—2015 FoNfiHh . /Kik. @AM 2N ES (R 4) , 27503 203 km?, 10
km? Fl 17 km?, MRHb. FHh. e A SR ML AR 20 AR (-2 km?, -78 km?. -135 km? fl-15
km?) . 2015 SEMFFC X R B 2SR DUE AN AR Mo 3=, TS B BN 53.29% 11 22.98% , HkA
TR AR (13.22%. 7.94%) , #EHL. ARHRTEE 5 B MO AR 5 EL Bl (1.75%. 0.72%F1 0.09%) .
FHUL AT L, 2005—2015 4F o oM Bifi 5 S A0 DL Je i B BRI AS T J8 , Bl BRAR W, e sk Ak it
T2, TR A A BT N B, KSR B in, Shse M Ikt e 25 R R R T RS E T,
E2 N 2T Bl ] RS PR R AR B b 45 A 38 P M i 1 — S [ L THI 2T

24 WFFCIX 3o i AR

Tab. 4 Land use area of study area

[HIAR/ km?
R A 2025 £E 2025 4E
2005 % 2015 % RN B A
Hhith 1017 1220 1420 1265
pS:1 506 504 502 502
it 37268 37190 37113 37164
i ecy 5534 5544 5554 5554
A Hb 48 65 81 81

jiid 9358 9223 9091 9195
Hiith 16055 16040 16025 16025

2015—2025 4F + i F] A% R AS (L ERAE 5 2005—2015 4EAHML (& 2 figk 4) , #ih, K. &k
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FHHb T AN W3 0, o fh ) S R RS kN, MR A SRS R T, HHE R T e EE LWE
RS, 2025 SEREHL AR AE B AR KA AE SR 52N 2015 SR 4348 0 7 200 km? fil 45 km?, i
Ay AR T 132 km? Fl 28 km?, /F N BA S A F i, 2015—2025 M AR 2B R,
BEAESRP ISR FEE T HERORY, MELT AR R NI T 51 km?, mskH., Kk, &
W AR MO E PR B R R R A B A, EMLT 2015 4F, /KA B 58 n T 10
km? fi1 16 km?2, #RH8 AT HL 23 500> T 15 km? Fi1 2 km?,

2.20054E

[ ECE TR TR PTE BT Wi — ' =L

2 B I X A R A
Fig. 2 Land use maps of study area

32 ETZHELHINATELNSUESKEE DM

M 2005—2015 EA A R HE BN T 12.55~18.64 2 A, IME4 51N 16.84 FI 16.77; HIRMEK
BN, 2025 FEASREIEEAN T 12.12~19.03 28], ¥MEAN 16.59; LESHEIERT, LEXNKTE
AT 12.3~19.27 28], HMEN 16.73. NI KRME. fH/MEMMEMERE, 2015 £ 2005 445
UG8 B i KAEAE BT, A R, 603 2015 4F 7 MU BARAE 25 KB BT R %, {E R 30 3 [X AR 25 R
Rl . 2025 4F H AR KA SR 1 = FAES K IEHE/NT 2015 4, fHREW KT 2015 4, Wi
B 2015—2025 4 o M A2 25 XU RG B2 2 N B 35, (HL [RIRE A7 75 5 0 X AR 25 XU 0

2005—2015 4, /i Risk IIIF1 Risk IVE2IEINAH (K 3 ML 5) , 4730 385 km? Al 317
km?, Risk I . Risk I fil Risk V [HF 2 14&% (-26 km?, -378 km? f1-298 km?) . 2015 4 7 /i LA
Risk III. Risk IVAI Risk V NE, A &35 26.56%. 25.73%F1 28.18%, H XN Risk Il
(17.44%) , Risk I A G/ (2.09%) . 7 HAEKAASRYE R T oML Risk VR,
AR 5 EL 2 8 32.87%H1 33.31%, H:vk A Risk II (30.48%#1 25.89%) , Risk [ [N & L AE R &/
(2.09%7F1 2.32%) .
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2025 EASMRE SR T AR K S 5, L Risk . Risk I1F1 Risk IV £R 24 52 58 0 i #a 4
(34 km?. 1240 km? 1 66 km?) , Risk [IIA Risk V A% £/t (-695 km? F1-645 km?) , H
Hen] UL, 20152025 4F 5 M AR 2 KRG B AR S B N i, (H AR S AR AT A R0 B B AR AR S KU 11
fEH .

KK, MG RS X B KRS X S Hp A2 25 RS =8 B AR 72 s M AL, R BLEC L R
F mK X E AN PR, R B DA RS 325 B AU X = B R 8 vy AU [X )
i o

K5 ARFEFEF SIS KR TR

Tab. 5 Area of landscape ecological risk in different levels

2005 4 2015 4 2025 4 H ARG KA 5 2025 BRI 5

2153
T k2 O e e T k2 oA Ak e
AR AR Risk | 343 2.26 317 2.09 317 2.09 351 2.32
BARAEAS K Risk 11 3021 19.93 2643 17.44 2085 13.76 3325 21.94
/R 25 KUK Risk 11T 3640 24.02 4025 26.56 4619 30.48 3924 25.89
A A KR Risk [V 3583 23.64 3900 25.73 4982 32.87 5048 33.31
RS R Risk V 4568 30.14 4270 28.18 3152 20.80 2507 16.54

2.20054 i E E -:E b.20154F i é E -:E &

c2025FEHARMRKE R d2025FEAE BRI ER i
B wssne DO aeesxr hesig I ssesre [l sesre o

P 3 A3k R 225 [ 3 A 18]
Fig. 3 Spatial distribution of ecological risks
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T, ] 55 A A XU 2 (B RS = A AT TE AN BT AR A, IRAE S KU . AR AR A UG . 48 v A 2 XU A s 2B
SR X 2P IR, A EMSE, FAESKE ZDIRAIRE, SAEMEE (- 4) . 2025 F£H
SR KAE A EE 2005 4E, T Risk 1 A1 Risk IV B 1A 4 b8 8 7 95.35 km 1 80.53 km,
Risk II /-0 PEILHER T 25.61 km, Risk HIFG A AR 7 116.60 km, Risk V 0o H T
51.91 km, T Risk I . Risk II. Risk IVFI Risk V 45k Z M5 (A4 5300 7 16628.17 km?2.
2214.74 km?. 3839.85 km? Al 11089.56 km?, Risk IIIfn #2105 [ AR 9% /> T 28036.8 km?, AS[A]T 5t
T, S A A KRS0 o A S AR ZE A B AP A 22 . 2025 EAESRTE R B A K B, Risk
[ S0 PE R 46 88 1 123.77 km, Risk 1T BB a R #% 1 22.87 km, Risk III. Risk IVF1 Risk V
(R 5 o0 3 il ) PE AL 8% 8% 17 109.88 km. 24.66 km 11 21.61 km, 1M Risk II. Risk IIIAI Risk V #x ik %
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Tab. 6 PD values of various factors related to landscape ecological risk evolution

4 I E P AH WA B E 1= W
2005 0.917 0.925 0.598 0.479 0.938 0.859
2015 0.909 0.894 0.636 0.131 0.941 0.857
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