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An ecological vulnerability evaluation method for arid pasturing areas based on

the SWAT model; a case study in the Aibugai Basin
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Abstract: Ecological vulnerability evaluation is a prerequisite to conducting ecological restoration. The common ecological
vulnerability evaluation methods have some applicability problems in arid pasturing areas: 1) the evaluation indicators are
numerous, and the data are usually difficult to obtain; 2) an administrative region, such as a city or a country, is often
used as the evaluation unit, which is too large and lacks specific significance. Commonly used data, such as meteorological
data, soil data, land-use data, and water resource development and utilization data, as well as the simulation results in the
SWAT model, are used in this research to build an ecological vulnerability evaluation of arid pasturing areas based on the
SWAT model. Ecological vulnerability of arid pasturing areas has been divided into ecological vulnerability of the natural
ecosystem and ecological vulnerability of the human-nature coupling system. Drought index, vegetation coverage, soil bulk
density, and evapotranspiration capacity of soil water are used to depict ecological vulnerability of natural ecosystem;
evenness index, contagion index, ecological suitability index, and water utilization modulus are used to depict the human-
nature coupling system. Firstly, the SWAT model has been used to divide sub-basins and hydrological simulations by the

combination of observed data and simulated data, and the association of the statistic data with spatial land type. All
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indicators have been set based on GIS, linear piecewise membership functions have been adopted to calculate index values,
and analytic hierarchy process (AHP) is adopted to determine the weighs of criteria layers and index layer. The ecological
vulnerabilities of the research area are divided into five levels. This evaluation model was used in the Aibugai Basin ( which
is located in arid pasturing areas in Northwest China) to evaluate the change in ecological vulnerability caused by land-use
variation between 1990 and 2010, and 17 sub-basins were divided according to demand. The results showed that, during a
period of 20 years, both the entire research area and each sub-basin went through a CIEV ( comprehensive index of
ecological vulnerability) decrease to some degree. Sub-basin 9, 10, 11, 12, and 15 developed a moderate vulnerability
level from a slight vulnerability level in 1990, and sub-basin 16 and17 have changed to a sever vulnerability level from a
moderate vulnerability level in 1990. The CIEV of the entire research area decreased to 0.59 in 2010 from 0.70 in 1990. The
northwestern part of the research area had better ecological stability, and the degradation in ecological vulnerability levels
took place mainly in the agro—pastoral ecotone located in the southeast of the research area. With the expanding demands of
grain and cattle, agricultural areas have gradually expanded northward in the past 20 years. Declines in grassland areas and
overdeveloped water resources caused by farmland expansion were the main reasons that caused the ecological degradation in
the research area. Closely tied to the relationship with water, grass and cattle in arid pasturing areas to establish indicators,
this evaluation model effectively reflected the aggravation of ecological vulnerability caused by cropland expansion in the

research area from 1990 to 2010.

Key Words: arid pasturing areas; SWAT; ecological vulnerability; evaluation method
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Fig.1 The evaluation system on ecological vulnerability of arid pasturing areas
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Table 1 Index of ecological suitability in each type of landuse
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Table 3 Division of ecological vulnerability level of the research area

ifE 55 55 4% CIEV JRfE g [H PR AR

Vulnerability grade Value range of CIEVi‘" Characterizations

Wi None vulnerability 0.8—1.0 SRR RE , SOWAS R A B, AT IR AR A
REFNESS Slight vulnerability 0.6—0.8 AR BRRRGE , SOWMS R & B, AR SSE 3 T4
FHEEHESS Moderate vulnerability 0.4—0.6 HEEWEEATE , NZSTE %R S IR A7 7R B i T4
HEF 555 Severe vulnerability 0.2—0.4 A ASIREEZ B NG B 7 TR, SO0 R AN G Bl
B35 Extreme vulnerability 0—0.2 AP A A IRBE IR 5E Y A A BB AR Y 55

(1) CIEV,, EAMEFPELE A F54L Comprehensive index of ecological vulnerability

2 LBINMA

2.1 WAL

WA I (A R K SO B ) B TS AIA XAk T A R A B I A R O, R v AR
5192 km*, WLl 3, SA/R R IA A A 58 [, ma 48P AV RE T A s B Bk E R i S B
PR T B SRR AR SR, AR5 S 2L S A T A DU EREAE B R R A YA T R X E PO R R IX A
ZIEL T RS T RN, 24 F K E 253.45 mm, ZAFHK 25 & 58 2480.57 mm,, 20 {42 90 4F
LK B 2Tt 23 R & R W53 DX R AR A g At A T TR B ™k, S5O A e (b 7 82— 20 fin J
BRI A A IR B I S5 ) A H 250 i, 1R 4
2.2 SWAT BRI K SCAL AL

LT ArcGIS 9.3 () SWAT 2009 RRASEA TR A3, SWAT B A K WL3% 4, G oK SCuh 43 #i
TEOLILIE S, 28 [ BE G — AT 54 AAR &R, a5 7 i bl St 42 /K B CSA X ittt 473 431,
R EEFEAN CSA BEE H 20000 hm?, FTi5 17 DFHEAE 6 Frs .,

http ; //www.ecologica.cn



11 K= 55 —FhEET SWAT A AU {4 - 4 DX AR 2SI 55 PEPEAN I 12— LA S A S T U s 191)

43°N

420

41°

o L E RS
i LR

=
E
¥
IR
L
F i
© B
® HA L. H
- 2R
— &
[ WA

el R 1:3000000

>»z

109° 110°

3 HRRMENE

111°E

Fig.3 Geographic location of the research area
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Table 4 Data used in SWAT model
B4 Data AL Data type #& 2 Format BAEHK R Data sources
HFEEHRE Topographic data BF =T (DEM) JKRE GRID #.shp file SRTMOOM %#i 4= E K R &
+ b F) FH Land use data + bR FH R GRID Eﬁ.shp file Landsat TM 32 B2 4 i PEERE
+ i Soil data + A GRID I§.shp file FAO + e84

KL H i Meteorological data
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Fig.5 Distribution of weather stations and hydrologic stations in the Aibugai Basin
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Fig.6 Division of the sub-basins in research area
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Table 5 The simulation results of SWAT model

ISR ( Z4EF-14) Simulation effect (annual average)
As34] Period

RE(I) RZ(Z) EWS‘(3)
FE M (1988 4-—1992 4F ) Calibration period (1988—1992) -8.0% 0.76 0.74
BAEIA (1993 4E—1997 4F) Validation period (1993—1997) 6.1% 0.69 0.63

(1) RE, MX}#ZZ Relative error; (2) R*, HI3EFREL Correlation coefficient; (3) Eyg, DHTE0FE ZREL Nash coefficient
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Table 6 The node value of each evaluating index

PR AR 2(0.2) B2z(0.4) T14£(0.6) BAL(0.8) H(1.0) F8 577 1)
Index Bad(0.2) Worse(0.4)  Moderate(0.6) Better(0.8) Good( 1.0) Index direction
T 2455 Drought index 10 8 5 4 3 oac
FiWE 5% Coverage/ % 10 20 30 40 50 E ]

98 7% 3
LA/ (g/en) 1.6 15 1.4 13 1.2 )
Bulk density of soil

i o S 2
ikine ) , 0.3 0.45 0.6 0.8 1 iE [
Potential evapotranspiration of soil water
)51 Evenness index 1 0.8 0.6 0.4 0.2 puam|
5 HERE Contagion index 40 50 60 70 80 ]
HEASTE H M Ecological suitability 40 50 60 70 80 1A

VYRR AR 302
JKBTEA FIREL (7 m*/km?) 4 3 ) . 0.5 S

Water utilization modulus
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Table 7 The final weights of evaluating indexes

P

17—

H#¥R)Z Target layer HENIJZ Criterion layer F8H7)Z Index layer FZANE Final weight
9T X AL A a5 HRES RGNS 04 F545%1 0.286 0.114
Ecological vulnerability of HE B 0.286 0.114
research area T4 0.143 0.057
Mk FEHEE ) 0.286 0.114
NE-HAE RENsEME 0.6 Y5 0.167 0.100
HIERF 0.167 0.100
A SIS EE 0.333 0.200
K BEIEF IR %L 0.333 0.200
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Fig.8 Ecological vulnerability level of each sub-basin
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