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Evolution of landscape ecological risk and its topographic differentiation in Karst
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Abstract: Under the dual background of the acceleration of urbanization and the requirement of sustainable development,
people are paying more and more attention to regionally ecological security. In this context, landscape ecological risk
assessment could evaluate the regionally ecological environment from the perspective of landscape pattern and ecology, and
it is a crucial way to construct regionally ecological security pattern. Previous attempts to evaluate landscape ecological risk
mainly focused on land use and the calculation of landscape index, overlooking the impact of topography. The Karst Fault
Basin is located in the middle and upper reaches of the Pearl River and the Yangtze River, with complex topography and
fragile ecological environment. Here, taking the Karst Faulted Basin as the research object, we selected 11 evaluation
factors from three dimensions of nature, society and landscape pattern to construct an evaluation index system of landscape
ecological risk. The factors’ weights were determined by spatially principal component analysis (SPCA) and mathematical
statistics, and the spatio-temporal evolution pattern of landscape ecological risk in the study area from 2000 to 2020 was

evaluated. Furthermore, based on terrain niche index derived from Digital Elevation Model ( DEM ), the topographic
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distribution indices of each ecological risk grade in the study area from 2000 to 2020 were calculated, and the relationship
between landscape ecological risk and topography in the Karst Faulted Basin was systematically revealed. The results showed
that; (1) from 2000 to 2020, the landscape ecological risk level of the Karst Faulted Basin presented a downward trend,
and the overall level of ecological environment improved. The change of landscape ecological risk demonstrated strongly
spatial and temporal heterogeneity. In 2000 and 2005, the landscape ecological risks in the study area were mainly medium,
relatively high and high, and concentrated in the north and some parts of southern study area. After 2010, the area of high
risk region decreased significantly, while the area of low risk region increased significantly. However, the landscape
ecological risk level of some southern districts and counties showed a trend of rising instead of decreasing. (2) The
landscape ecological risk levels of different land use types decreased significantly except for construction land in past 20
years. In 2020, the cultivated land, forest land and grassland were mainly distributed in areas of low and relatively low risk
level, while the area of construction land in high risk regions was still as high as 43.43%. (3) The changes of landscape
ecological risk in different topographic gradients presented significant differences over time. At the early stage of the study
period , all risk areas had strong terrain selectivity. Low and relatively low risk regions were mainly distributed in the middle
and low terrain intervals, and high risk areas tended to be distributed in the high terrain intervals. As time went by, the
topographic selectivity of different risk regions declined, indicating that the impact of terrain on landscape ecological risk
gradually decreased, and the influences of human activities on landscape ecological risk became increasingly obvious. Our
analysis can provide a reliable scientific basis for optimization of landscape pattern, ecological protection decision and

further development and construction of the Karst Fault Basin.

Key Words: Karst Faulted Basin; spatial principal component analysis; landscape ecological risk; topography
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Fig.1 The geographical location of Karst Faulted Basin

2 HBERBESHRAE

2.1 Bk

A5 BT AR G4 = MR FH S\ DEM i oK s 50l | 38 mT bt [ (& fRD) 250808 \NDVI £l oA,
Benih o PRAF BB Mt 2 U ae i AU . O 4 MR RO - Sk U8 T rb R 2 B SR A 5 B 5 R
(https://www.resdc.cn/) , %5 [ 73 HEAN 30m , G5B bRHE  FH K5 B MR AR R T3 6 A~ — 2,
FKUUSOKH G4 25 A9, 8 AR R B ER SRS BE A 31 90% LA b FEARSCHF 5T 5 2]
T ZRH, @DEM $dE . ok H s B2 [H] 5505 = (hitp . //www.gscloud.en/ ) , 25 [H] 43 BER A 30m, @FE/K L
P& ORE T HEEZIER2A8E O (hitp ://data.cma.en/) B2 A 40 S5, @i F k. oRA SR
— KA KRR 2 7K A CRASp I 10038 2 4w ol o PR R AR s , 25 (B) 43 985 30m., ONDVI £l - >k H

http ; //www.ecologica.cn



8170 xR 43 4

TREATZE AR IR (NASA) $24E ) MOD13A3 £diE4E (hitps : //modis. gsfe.nasa.gov/ ) , %5 [A] 43R K Tkm , B[]
IPERR AR SRR KA A 0 B H B S AEEE . @ AR UE B a4 e RSB 45, oK
TET 2 EHEE B 7R H SRR % & 58 (https ://www.webmap.en/) | FL I RR 1:100 J7, K shp #& X304k, Oft
SATGEIEE ORIETFAE TR L, I O 8, AR 5 AL bR R G 15— Krasovsky_1940_
Albers AR R IS BHE 0 ERGE— A 1km,
22 WU
221 WA KA

(1) EZS R PPN AL -3 B A SO 5 W6 ST R TR I 2t A 52 1) 52 Ji PR RN 2 e | 25 TR B A 19 W] 31075
P IES AT N SR A2 SRR 3 AN BE B E T AR W MK Rl ik B R
FRES BE T FEE RS A DR RIS 8(SHEL) (& E 550 ( CONTAG) bR W B e vl B o
TREEE 11 AP A SO S KBS IF FE AR IR R (3R 1) o Horp BE T R AU RS AR i il 4 AreGIS
B PR R TR T BR324 5 i HAOR £ S B A5 HIORE T A s R R 78 Fragstats B0 48 HI S 5l
7 A A T FE B 4 NDVI B R R . & MR PRI /- MR IR, 1—5 9053 5| R AIRXURS: |
AT RS e DRI 205 v XU 7 s IS

F1 FEVESRETNIERE S RITE

Table 1 Landscape ecological risk assessment index and classification standard
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Fig.2 Spatial distribution of risk grades of evaluatuion factors in Karst Faulted Basin
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Table 2 Ecological risk area and proportion of various land use types in Karst Fault Basin from 2000 to 2020
B At Hiih K3k HB ARA A
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Year sk vl fi? Lutsil % T'Eiuf L til/ % ﬁfiuf Letsil 9% ﬁfi? Letsil/ % ﬁlfz/ Le il 9% ﬁlfz/ il %
2000 RN 3124.99 7.42 3177.17 5.79 1900.24 6.70 30.32 2.80 30.67 2.57 2.12 1.85
BN 1186539 28.16 9075.32 16.53 6434.73  22.70 181.21 16.73 274.64 23.00 8.11 7.08
R 14398.10  34.17 13386.64  24.38 8261.28  29.14 245.02 22.62 380.75 31.89 25.03 21.85
BERE  8174.20 19.40 1489520  27.13 6725.23  23.72 245.37 22.65 276.75 23.18 37.37 32.62
1o AU 4569.04 10.84 14378.71 26.18 5030.17 17.74 381.46 35.21 231.27 19.37 41.95 36.62
2005 MU 1293.86 5.79 2327.88 4.24 1505.03 5.33 16.22 1.44 23.97 1.89 6.70 5.69
BACRE:  6466.81 28.93 10276.10 18.72 6468.92  22.89 144.55 12.82 250.31 19.77 10.22 8.68
oAU 6675.16  29.87 12916.34  23.53 8209.46  29.05 265.47 23.55 370.53 29.27 24.68 20.96
BEME 484579 21.68 16767.23  30.55 7432.09  26.30 271.46 24.61 325.76 25.73 36.31 30.84
e U 3067.88 13.73 12601.16  22.96 4643.42 16.43 423.76 37.59 295.44 23.34 39.84 33.83
2010 RN 2616.27 11.66 4707.94 8.58 3085.16 11.09 42.31 3.73 48.65 3.06 9.52 8.94
BACAK  7239.60  32.25 11982.79  21.83 7874.18  28.32 179.80 15.87 280.28 17.62 12.69 11.92
o R 6271.14  27.94 14306.79  26.07 8221.09  29.56 276.05 24.37 417.42 26.24 28.56 26.82
BERE  4461.16 19.87 16791.21 30.59 6085.00  21.88 363.13 32.06 411.42 25.86 33.49 31.46
o RS 1858.99 8.28 7099.99 12.94 2543.04 9.15 271.46 23.97 433.28 27.23 22.21 20.86
2015 RN 4322.96 19.40 7830.11 14.29 5193.75 18.75 79.32 6.40 83.55 4.45 13.40 12.62
BICAE  6931.11 31.10 12064.23  22.01 7692.27  21.78 212.94 17.18 268.64 14.32 14.10 13.29
R 5703.19  25.59 16731.27  30.53 8239.42  29.75 307.42 24.81 438.57 23.38 30.67 28.90
R MK 3938.33 17.67 15623.56  28.51 4737.20 17.11 450.21 36.33 523.18 27.89 32.43 30.56
1o AU 1388.34 6.23 2557.39 4.67 1831.49 6.61 189.32 15.28 561.96 29.96 15.51 14.62
2020 ARA: 4775.63  21.67 9300.24 17.27 6183.01 21.84 130.09 9.65 68.04 2.97 13.40 12.71
BACAE  7123.25 32.33 13829.80  25.68 8971.32  31.69 261.59 19.40 271.46 11.84 17.63 16.72
AU 4904.66  22.26 14266.96  26.49 6947.68  24.54 333.51 24.73 425.17 18.55 32.43 30.77
BE A 3770.51 17.11 15503.35  28.79 4673.74 16.51 423.06 31.37 532.00 23.21 27.50 26.09
o XU 1460.96 6.63 957.88 1.78 1537.82 5.43 200.25 14.85 995.60 43.43 14.45 13.71
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Table 3 Analysis of representative factors and landscape ecological risk in 5 counties in Karst Faulted Basin
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X H Ay [iig2 Area of low Area of high Population Vegetation Area of ro::;(y
County Year Area/km? risk region/ risk region/ density/ coverage .
o’ n? (A k) index desertification coiltrol
measures/km
K E 2000 47 3809.35 262.30 325.05 128.37 0.72 168.75
2020 4 965.63 59.23 140.23 0.75 2558.00
A R 268.15% -81.78% 9.24% 4.17% 1415.85%
AHER 2000 4 13247.75 0.00 6693.14 9.36 0.77 5.25
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AR — -86.14% -0.81% 1.30% 97542.86%
PLIX 2000 4F 1116.66 4.58 258.07 519.41 0.72 3.00
2020 4 8.46 226.69 1435.18 0.75 343.00
AR IR 84.62% -12.16% 176.31% 4.17% 11333.33%
HIEX 2000 4 1045.01 10.22 238.32 424.88 0.67 7.75
2020 4 22.21 427.29 945.45 0.63 339.00
AR 117.24% 79.29% 122.52% -5.97% 4274.19%
TS X 2000 4 1646.40 9.17 433.99 368.08 0.73 58.25
2020 4 9.87 442.80 605.14 0.73 785.00
AL IR 7.69% 2.03% 64.41% 0.00% 1247.64%
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