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Abstract

Objective: This study aims to quantitatively characterize the spatiotemporal evolution and spatial
correlation of landscape patterns and ecological risks in Xinjiang’s protected areas against a back-
drop of land use change, thereby providing a scientific basis for zonal management and the optimi-
zation of ecological security patterns. Methods: Landscape ecological risk indices were constructed
using landscape pattern metrics derived from land use/cover data for 1992, 2000, 2010, and 2020
via Fragstats 4.2. The spatiotemporal distribution and spatial clustering characteristics of ecologi-
cal risk were subsequently analyzed using spatial autocorrelation methods. Results: The results
showed that: (1) From 1992 to 2020, the land use structure was dominated by barren land (57%)
and grassland (30%), with primary conversions occurring among barren land, grassland, and
shrubland. The proportion of shrubland increased from 4.6% to 7.2%. (2) Low ecological risk zones
consistently accounted for more than 24% of the study area and showed a general upward trend
over time. The extents of moderate, high, and very high risk classes increased by 723.87 km?, 499.68
km?, and 884.52 kmz, respectively. High-quality habitats comprised only 1.34% of the total area. (3)
The comprehensive ecological risk index remained consistently below 0.08. A significant decline in
high-risk areas was observed from 1992 to 2010, followed by a localized rebound between 2010
and 2020. (4) Moran’s I index remained above 0.5, indicating significant positive spatial autocorre-
lation, with distinct agglomerations of high-high and low-low risk patches. Conclusion: Over the
study period, the landscape structure of Xinjiang's protected areas remained relatively stable, with
ecological risks confined to a low range. Risk evolution was closely linked to the dynamic adjust-
ments among barren land, grassland, and shrubland. The localized increase in risk post-2010 sug-
gests a periodic response of the landscape pattern to climatic fluctuations and local disturbances,
underscoring the need for enhanced dynamic monitoring and differentiated management in key
areas.
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JEVR A AR T, 0T SR AR AR B SR ORAP 1 (1 AR S A BT I AR 2 KU B I T2 23 I 13], [RIIE AN SK95 30
E— R L RE s S BUX S o R 2540 R AT, TN DX AR S R BE R G AR gy, T e I
A SRS VP B A B L [14] [15]. BT AES KRGS M5 ThEEE B RN N T T R A 48 351
RABIRSAETT N R AR . RSB VP B IS M@ TR bR i R 5 2 AR, SEE RS 1R 3l 5 XU
AR, AHESKESE R EIRAMKIE[15]. A T 52 M8 5 5 AR CR3 X 1 SR A B SR AR S 3R 8T,
AR KT BT SR R SRR Y AR SR A T T 9 . ARV SO X BT 58 B SR OR A b AR 28 KU IEAT VR
ke EFHE RN A SHIEELEE ErAR, 8 B A b B A 0N T SR R X i U, AT
WK B AR R BRI, SR ARSI G, IS R B, e AR RE, LASEEl
N5 BRIAIE R RE[13].

BT FRT R R, AT LR ARG RO A B, R 19920 1995, 2000 2005+ 2010,
2015 112020 4 ESA CCI 300 m 73 ## HF FH 245, FIH ArcGIS 10.2 Al Fragstats 4.2 $#2 B 1A H 38
BN 5 SOUAS SR e EL, M AR RSV . 456 2SR A SGHT, 6 1992~2020 455758 H SR
b A= A RIS PR IR 25 23 AT AR ALE B SR SR M AT N 5 8 B A B o W 90 45 SR mT o B 1 AR DR AP B PR 0 DX B
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2.1. REXER
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2.2. BUEESRIEFNALIE

AHFLAE ) 2017 4F37 58 H AR PR3 #2048 &2 oK B Protected Planet, & /2& 58 T {47 XA H At A 201
FHe T X 3 1 AR 37 45 it (OECM) 1 B¢ 8 A B 58 %2 1) #0488 5K U (https://www .protectedplanet.net/en) . HT 5&
LUCC ##5 5k B BRI R R (ESA)RALK), AHE 1992 4EZE 2020 £ 300 m 43 # = - 3oF| /78 9 281k
B o A SO B0 A B A R R ArcGIS10.8 X6 bR F B B AT AR, Hb2REE 3 DL e B
SATRES AT Fragstats4.2 = BUE X S5O0 R EGHEAT THE AL s GeoDa 42 X A2 7 KBS VP4 2E 4T 4
M AL FRAD 43T

N T RSB AR S RS FESEILFR B 2 (R R0, B2 TR 58 H AR B RS . AR TAE &
55 RS B TCRE B 2 IR RS, A FU R BRI B8 R I 77 7% 181 12 F ArcGIS10.8 /1 (1R As AR i T A,
T X HEAH 7 s T 1149 DNIAS TG, B 20 * 20 km Koo # 0SB DIRIAS AR, H IR/ NS
PRAERED I —2, BBy —AFE: B, R H IR NSRRI . B2, AN XU B TT A IR AR 28 XU i
BB PP AT RS, F T o B S (A 2 A, AT 380 BE AN 5 DX A 285 XU 7 A (] 2)
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Figure 1. Elevation map of the study area of Nature Reserves of Xinjiang
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Figure 2. Ecological risk communities in Nature Reserves of Xinjiang
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Table 1. Ecological risk assessment model construction formula and meaning
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1992~2020 “FH1a], Hram SRR b R FHAR A DL 10 = [ REHEAT I BRI 2 (1] 3). PO
ORI BE Ge it 25 R 0, W5 X R A SRR DU R B O 3, TR 5 LR A BN ST% 0 30%. HEM
AR 1992 4F (1) 4.6%3E 1A 2020 F 1) 7.2%, FME— SRFEEIGKEA S, SR %L 2 N E
Iy R. BRHL. VKE . FRAR. PR, AKERFIEARTHAR AR B SN, IR & BRI, O 0.01%.
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5 R 2 X R FEHAFAE, HE DL N N 3.

WA RTE, BN RMRFIBRB AR 3 s, Fodh, #RHb AR AR 2k s, iR A
SER IR S B SR AR A 5 N SRTE B SOWAE SR IS5 A e, RIS AR LB 545 EH . b
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Figure 3. Area of each landscape type in the study area from 1992 to 2020
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Figure 4. Land type transfer matrix illustration from 1992 to 2020
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Figure 5. Landscape index map of the study area from 1992 to 2020
5.1992~2020 SR R MIEHE

Table 2. Changes in landscape index in the study area from 1992 to 2020
2. WX 1992~2020 ERWIEH L

R e W 2 S% TH KBS Sk R £ W OB 2% TH S Bk

HKE i3 E B B B B I# g B BE E B K
1992 0.03 153 325 1.13 0.13 0.21 1992 0.02 091 3.08 090 0.04 0.07
2000 0.03 1.63 327 116 0.13 0.22 2000 0.03 101 3.11 094 0.04 0.07
poisi FOZIN
2010 0.03 1.64 3.82 127 0.13 0.19 2010 0.02 100 3.51 1.01 0.04 0.06
2020 0.03 162 3.80 126 0.13 0.0 2020 0.02 0.89 339 096 0.04 0.06
1992  0.01 026 263 0.61 0.11 0.17 1992 0.10 579 430 265 0.02 0.05
» 2000 0.01 028 265 062 011 0.18 2000 0.08 491 4.17 235 0.02 0.05
it IR
2010 0.01 030 257 061 011 0.17 2010 0.07 3.89 498 220 0.2 0.04
2020 0.01 028 257 060 0.11 029 2020 0.06 331 454 193 0.02 0.04
1992 0.04 212 344 134 0.09 032 1992 001 0.16 245 0.54 020 0.15
i 2000 0.04 2.13 344 135 009 031 2000 0.01 0.16 245 054 020 0.15
HE Rt
2010 0.04 2.14 416 149 009 028 2010 0.01 0.16 235 052 020 0.14
2020 0.04 2.16 414 150 0.09 029 2020 0.01 0.17 236 053 020 0.14
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1992 0.03 094 3.08 091 0.07 047 1992 0.03 202 338 130 0.16 0.15
. 2000 0.03 090 3.06 090 0.07 045 2000 0.03 203 338 130 0.16 0.14
A 2010 0.03 0.88 326 093 0.07 0.39 K 2010 0.01 043 285 0.70 0.18 0.05
2020 0.03 0.88 324 093 0.07 040 2020 0.01 043 285 0.70 0.18 0.05

3) SYUEFERFE: 1992~2020 FER RSO YEE KT 2, RUBEHIEIRE TR o Wi, Bt
Ay BRARRUKAR > e B IR R, BRI AR I S . SRR 7y 4 B 5 R Bk dh, IR
SARPERRAR: KT 4EE 2 FTHEH.

4) FHERAE: W E S, 1992 £ 2.6, % 2020 4E AR 1.9, IR, HiHh. A, M
UK T KT 1, RS AR S UK 0K . B AR 30 R e AL B PR

5) BARPERAE: SORBUREEHET A: EM > HER > #ih > ot > Bl > Kk > bk > kS >
WTT. 1992~2020 4 [H], A EHHIRE R ETHES, Hrd 2010~2020 EHINZ) 72%; HoAth SRR AR
JEFSREN RN N

LEARFIE: 1992~2020 4], 3T SOUME SRR BB MR oK, WEREE . 4 BRI T H0E 2 [F)25 %
. BRINTTAL, ZHOM ISR RIS B R R R R, B E S TR AR IR R B, B R AR
PUARR RS TR IEE

3.3. RMESRE=EEL S

T AR A XU PP ASE AR 1 B 25 A2 25 XU B TG IR KU PR 28, SR FH 46 B 23 2ok IS Fig 25 4 o A
G P v B AGE 7 VERT RS T8 BOMAT 2 (G E S s AL Rk, 7R CEEA B AR BUAS [F) 47 4 & SR 40X
R X I T AR S5 R4 (4] 6)

MR TR BALE 1992~2020 4FE[H], Hram H SR PRI Hh A AR S MBS TR AR T 0.08, FRIIIX AR K
B 7K P A TR DX T o 9T A e JRUBS AL 1992 4R 0.079 R4 2020 411 0.076, FEIEZ) 3.8%. ik XK
X THIAR L9 B AR AR RE AR o

2R B oy A RRAE o, AIGAE S KU X 32 AR v T R AR R ZR 1L X8k, L - b ) FH 2 28 DL R b R R Ak
NE . 1992 FRE NG IX A TRU/RE 1. BAAPE UG R X . RRFZEIL, EE6AEw LS
AR IR DX 3o 3 X 18 A 2 RS i 25 v 1) 5 R 2 A DR Dok et X AR RN B Ji 2, R SR
A7 5 5% BN RS AR RT3 2000 45, % LR B 2R 28 L3 431 JRURS: IX 1) S5 AEG XU 5 4 Ak - 2010
A e AR X A3 A TR R G Ll P R, b XU X0 AT T 20 A1 1 DX S B A P R o 2020 4 i XU
XATE 2010 LA E R F R, 3% 2 BT IX S DX M [ ikt 2 (8] & AR B 3 S BUR U R R AR 36 AR, A
MIRERERESE TN, AR RGEFRE RS, AR5 Tt

DA 55 20 7% [B) e 7% 5 L R S5 M TR BEAEAERT RIOC 2R, JUHER IR N S R 2 [ i e e A .
A1 55 166 100 5 S5 A ) B 2ED0T JR) 5 AR HE B B G ORIt . AR, W T X AR TS A SR SR I
AR R T R0 DX a8 30 0 2 [ 43 S AR A

MR XU A5 2 T AR G it 45 B (3 3 RIS 7), 1992~2020 4F35 58 [ AR f477 1 A= 265 XU 25 20 45 1 S B B
PEASACASAE . (1) (RS RE X AR & ELaR &8 24%, SRS BT . 2020 45 1992 8900 13.77
km?, (2) BRA A KR X ARS8 K, 1992~2020 4E RN 533 MED . 3) HEAESKKG XL
2000~2010 (A B &Y 5K, MEAH 208.71 km? BN 2 332.73 km?, (HHF 7 X A A 30.17%. (4) BEt
B ER RIS, FERKH BN 2000~2010 45, AN 55.35 km?, FHARb 5 w5 KUK X 5
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A ER AL, REBTHEAESRGE LM ERN T RKRE. (5) FEAESKE X R E TR,
2000~2010 “F§ /> 236.8 km?, FEMEIL 93.5%. 2010 A&/, (G0 XA AR 1.59%. 238546 L,
FIRG il DAAE SO TE (R4 X . RPiZ2 Bl B A 5 S8 A P2 AR DX 3 1) s IR [X B S5 45 ko
A5 Ak 5 A 1 B DRI R b B e REATAE X N R o

B BME A AT B, 1992~2010 AE[AMIK, BUIK H A5 RIA wan JXUS: DX TR I, oy UG DX T ARl 2, XU
SR RS R . 2010~2020 FFE1E], ARMRURE L Hh RS B 450 RS DX T AR T o, 2 (R XSG sy XSS
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Figure 6. Raster chart of ecological risk indicators from 1992 to 2020
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Table 3. Ecological risk levels of Xinjiang nature reserves from 1992 to 2020 (km?)
2 3. 1992~2020 £E 38 B R IR I A 7S RS F B (km?)
RS/ 1992 2000 2010 2020
R SRV 257.49 255.33 272.34 271.26
EARARS 155.43 160.83 201.15 210.51
R 213.93 208.71 332.73 319.59
e A 156.87 156.24 211.59 202.68
e R 250.56 253.26 16.47 30.24
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Figure 8. Moran’s scatter plot of landscape ecological risk in the study area
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Figure 9. Landscape ecological risk LISA in the study area from 1992 to 2020
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