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Abstract: [Objective] This study aims to reveal the spatiotemporal differentiation of ecological risks in
ecologically fragile regions, providing a scientific basis for ecological management and the realization of sustainable
development goals in these regions. [Methods] A new ecological risk assessment method based on the “pattern-
service-disaster” framework was proposed, emphasizing the synergy among landscape patterns (system
structure) , ecosystem services (system function) , and natural disasters (external disturbances). Using Yanchi
County in Ningxia as a case study, a comprehensive ecological risk assessment model from a ternary perspective
was constructed. [ Results] (1) Landscape pattern risk initially decreased due to grassland restoration policies, but
later slightly increased due to urbanization-driven landscape fragmentation. (2) Ecosystem service risk decreased

significantly, shifting from high-risk dominance in 2000 to low-risk dominance in 2023. (3) Natural disaster risk
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exhibited localized fluctuations, with high-risk areas concentrated in the southern loess hilly region prone to

drought-flood transitions. (4) The comprehensive ecological risk index decreased from 0.531 4 to 0.460 3, with

85.85% of the study area showing reduced ecological risk levels compared to those 23 years ago. Spatially, high-

risk areas were concentrated in the northwestern desertified grasslands and southern loess hilly areas, while low-

risk areas were mainly located in the central and eastern regions benefiting from intensive ecological restoration and

nature reserves. [ Conclusion] Yanchi County has achieved a significant reduction in ecological risk over the past

23 years. The comprehensive ecological risk assessment model that fully considers the ecosystem structure,

functions, and external disturbances in ecologically fragile regions can more comprehensively reflect the region-

specific dynamics of ecological risk.

Keywords: ecological risk; landscape pattern; ecosystem services; natural disasters; spatiotemporal differentiation;

ecologically fragile regions; Yanchi County
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Fig. 1 Conceptual model of comprehensive ecological risk based on “pattern-service-disaster” framework
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Table 2 Comprehensive evaluation results of regional ecological risk

bR " R X AR X A2 e U [XC e AU X
N )= =7
WA/km* 5% EA/km®* S/ % WA/km® o A/% 0 EA/km? o /%
2000 481.03 7.36 2100.30 32.11 2498.87 38.21 1459.81 22.32
2005 1133.21 17.33 2835.14 43.35 1759.47 26.90 812.20 12.42
2010 1539.43 23.54 3047.60 46.60 1346.19 20.58 606.80 9.28
SOULAR Jay KUK
2015 1189.39 18.19 2968.40 45.39 1628.46 24.90 753.77 11.53
2020 1221.96 18.69 2710.29 41.45 1671.56 25.56 935.02 14.30
2023 1112.72 17.02 2680.23 41.00 1713.94 26.22 1030.80 15.77
2000 48.53 0.74 156.69 2.39 2747.79 41.95 3597.45 54.92
2005 129.11 1.97 1072.34 16.37 4352.58 66.45 996.45 15.21
_ 2010 1798.28 27.45 2293.07 35.01 2156.27 32.92 302.85 4.62
BRGNS K
2015 530.71 8.10 2487.01 37.97 3384.19 51.66 148.55 2.27
2020 2558.37 39.06 2239.89 34.19 1594.33 24.34 157.89 2.41
2023 1710.36 26.11 3085.47 47.10 1486.45 22.69 268.19 4.09
2000 2897.60 44.23 2741.24 41.85 814.03 12.43 97.61 1.49
2005 3641.54 55.59 2015.53 30.77 789.60 12.05 103.80 1.58
2010 3230.78 49.32 1967.82 30.04 762.47 11.64 589.40 9.00
R 9 KR
2015 3693.76 56.39 1655.28 25.27 797.37 12.17 404.07 6.17
2020 1778.21 27.15 3373.79 51.50 868.58 13.26 529.89 8.09
2023 3603.31 55.01 1559.44 23.81 1243.71 18.99 144.02 2.20
2000 149.02 2.28 607.66 9.28 3122.75 47.67 2671.04 40.78
2005 791.52 12.08 2875.47 43.90 2473.56 37.76 409.93 6.26
2010 3000.74 45.81 2506.57 38.27 1008.14 15.39 35.02 0.53
LR SR
2015 1117.13 17.05 3190.25 48.70 2157.57 32.94 85.53 1.31
2020 3080.26 47.02 2396.40 36.58 1015.05 15.50 58.76 0.90
2023 3123.42 47.68 2220.23 33.89 1113.10 16.99 93.72 1.43

3 SRERBRENEZRESN

G IR 5T DX 32 S P XU 45 2

Y 5 A KU X

M FE 2 & 28] 41, 2000—2023 4 1 18] £h b H 50
K5 SRR XU X5 5 (G IXUB: X T AR 5 L St K S A
PN, b AR XU X 2005 45 J5 437 22 45 45 B o T

55 v XU DX AR e A R e R /DS SR A R 2R
BT WF ST I a0 e IXURS: 52 T Rk 3
TE I 6] 28 4k |, 2000—2023 4 £k 3t B 5 A% 5



513

AR TR R - IR 55 - ICE T B LR TSI IX 2R A A KU T 335

I R S B L S TR T e A XU
5 BOAE 2010 4F 35 B R A1, X — 22 fb R W AR B B
0 AR A 2 PR A ISR Y S o R L A AR S A B
R JEE Y k3 o ARRE M T AR 9K P b T BR A 4
B A b o B VR SRR E PR T 2E T A5 A% S UL
Jay 5 RS AT AN T3] e JEE 1 TR B 2 X — I 30 e . 3 A R

20004F 20054 20104F

R 0 20k
0 smRmx

2 HitE 2000—2023 £ S NIE [/ R ER T E 9 H
Fig. 2 Spatial distribution of landscape pattern risk levels in Yanchi County (2000—2023)
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