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Natural landscape ecological risk assessment based on the three-dimensional

framework of pattern-process ecological adaptability cycle . a case in Loess Plateau

JING Peiqing, ZHANG Donghai*, Al Zemin, GUO Bin
College of Geomatics, Xi'an University of Science and Technology, Xi'an 710054, China

Abstract: Recent ecological hazards frequently occurred due to natural ecosystems under direct or indirect pressures and
stresses from human society with accelerating changes. In 2019, President Jinping Xi stated that the ecological protection
and high-quality development for Yellow River Basin, as an important ecological barrier in China, are critical national
needs. Additionally, on behalf of the people of different groups, the health of natural environment and sustainable
development of ecology attracts full attention. Especially the Loess Plateau, which experienced the heaviest soil erosion in
the middle reaches of the Yellow River basin, is an important object of ecological engineering. Therefore, assessing
landscape ecological risk in the Loess Plateau lays an important scientific foundation for optimizing regional natural
ecosystem security pattern, and serves ecological protection and high-quality development in the Yellow River Basin.
However, traditional landscape ecological risk assessment based on evaluating the deviation degree of landscape mosaics

from the optimal pattern was biased at Loess Plateau due to underestimating the difference between landscape types and
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ecosystem processes. Therefore, a landscape ecological risk assessment index system should be further developed based on a
comprehensive pattern-process ecological adaptability cycle three-dimensional framework. The landscape ecological risks of
the Loess Plateau are then respectively evaluated in 2000, 2010, and 2017. The results of the spatial distribution were
significantly different from the simple phenomenon of high risk only in desert landscapes using the traditional landscape
pattern risk index method. The ecological risk show descending tendency in the following four regions, urban and desert
landscapes, grassland landscapes in the middle of hilly and gully areas, desert grassland landscapes in the northwest,
farmland landscapes in the southeast, and alpine woodland landscapes in the southeast. Additionally, the average value of
landscape ecological risk has been decreasing from 0.410 to 0.385 whilst implementing the grain for green project between
2000 and 2017. It is worth noting that, the impact of ecological project on the sharp decline of landscape ecological risk
becomes weaker in recent years, according to the slightly decrease tendency from 2010 to 2017. Further, although natural
landscape units (i.e. woodland and grassland) have been made better by ecological projects, the ecological risks in artificial
landscapes (i.e. cultivated field and construction land) have been decreasing due to urban expansion. We strongly suggest
to strengthen the intensive and efficient use of urban land and restrict the development of small towns with harsh
environments in the north. Serious considerations for ecological protection should also be taken into in hilly and gully region
in the central Loess Plateau since insufficient vegetation restoration and increased precipitation erosion at this region will

also increase the risk.

Key Words: Loess Plateau; landscape ecological risk; pattern-process; ordered weighted average; spatial pattern
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Table 1 Data Source
Btz Ay Pig &S e
Data type Years Spatial resolution Data source
DEM 2009 4 30 m http : //www.gscloud.cn
S FE7K Temperature and precipitation ~ 2000.,2010.,2017 4 68 MGk B http :// data.cma.cn
GIMMS 3g NDVI 1990—2000 4 8 km https : //ecocast.arc.nasa. gov
MODIS13Q1 NDVI 2000—2017 4F 250 m https : //modis. gsfe. nasa. gov
R ob: W DR €7 1990.,2000,2010 4 30 m http://www.resdc.cn
Land use cover 2017 4F 30 m http :// data.ess.tsinghua.edu.cn
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Table 2 Natural landscape ecological risk assessment index system based on pattern-process
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Table 4 Adjacency coefficient matrix of landscape ecological risk

A Z A4 B Risk sources

Risk receptor VS VTS Hrith PO KA i B b
M/ HH Woodland/Grassland 0 0.4 0.1 0.6 0.9
HiHl Cultivated field 0 0.1 0.2 0.6 0.8
JKAK Waters 0 0.5 0 0.6 0.9
KA FIHL Unutilized land 0 0 0 0.7 1
A% A H Construction land 0 0 0.4 0.8 1
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Fig.1 Landscape ecological risk distribution on the Loess Plateau

MBS ) AR A B 7EIR BRI AR () S5 A4 25 T AR St 191 ( B 2000 4 ) 8 - o At 0 A 2 XU B Ak
= FEEDS 0.410, A8 TS JS 10 4F (2010 45 ) B 8 s 0 A 25 JRURS: B I B ik, S 3404 R 0.392, 1
2017 4F BV A T REARBIR 0385 (3R 5) o AR, 2000—2010 4F, B+ 2 J5t v Fr B v AR IX g o
JRUIG: DX R THT AR A Ry 5 AU XU DX, [T P 5% vy o 0 v e, ) i OR Z 285 DXt A e FAER, AR RS

http ; //www.ecologica.cn



7032 JAE = 41 4

X (CRIVXUBS: <0.4 ) 880 g ARy 4= X0 13.08% 5 11 e IAURS: DX ( IXUBS: >0.6) TR 2R e 3 3k i Ak & A A o {EL34 T
TR XY 1.36% . R4 2010—2017 4F Sl Az 28 RS 217K R & AR B ARk H 28 (8] B A — 22
S, BRI N AR IR T PRk e R b v e JAUS: T AR 22 P b A Ak A2 9 1 g IR R AT ) T A L
PR b KU AT ZERE A, 34 T ARy A TR 0.07% s 762 T 528 + e I 8 X P53 7 2 5 H R se i A S K
W D A AR AT, fEL 7 L e 8 9 R DX AR (AN P A bR T e 08 ) A 285 XU A B 3 o st AMELAS: 7 2 % S v T L
IR (BP0 R BH T A ) A AR SRS AT B s, BV LA ], [ 4R S0 T (b AR
M) 52 NS B A A A8 KU RR S A, i A W08 (B b R B X ) 52 A0 3l e A 285 AU T v W

®5 BEIERESENESTRALL/%

Table 5 Proportion of landscape ecological classification in the Loess Plateau
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Risk level Risk level
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Fig.2 Average values of landscape ecological risks in the Loess Plateau
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Fig.3 Landscape risk mapping under different scenarios of the Loess Plateau in 2017
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Fig.4 Landscape ecological risk potential zoning on the Loess Plateau
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Fig.5 Landscape ecological risks of the Loess Plateau based on the risk index method of landscape pattern
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