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Application of improved TOPSIS model to agricultural drought
vulnerability in Shaanxi Province

XU Han'?
(1. Collage of Environmental Science and Engineering, Chang’ an University, Xi’ an, Shaanxi 710054 ;
2. Shaanxi Xue Qian Normal University , Xi >an, Shaanxi 710100, China)

Abstract: Taking 10 regions of Shaanxi Province as the study objects, and selecting 12 indexes including exposure,
sensitivity and resilience, we established the index evaluation system of agricultural drought vulnerability. In addition,
the relative similarity degree of different regions was calculated using the improved TOPSIS model. Based on the calcula-
tion results, we obtained the comprehensive evaluation of agricultural drought vulnerability in Shaanxi. The results
showed that: Agricultural drought vulnerability in Shaanxi existed regional disparity. The agricultural drought vulnerabili-
ty according to the order from high to low in the 10 regions were: Ankang (0.7841) > Shangluo (0.7650) > Hanzhong
(0.6939) > Xi’an (0.5977) > Yulin (0.4657) > Yan an (0.4605) > Weinan (0.4555) > Tongchuan (0.4319) >
Baoji (0.3525) > Xianxang (0.2996), and the agricultural drought vulnerability in the southern part were higher than
the north part. From the view of exposure, the highest index in Shaanxi was WeiNan, followed by Xianyang and Xi’ an,
being lower in other regions. On the basis of sensitivity, the polarization was serious, which was mainly manifested that
the sensitivity was high in southern Shaanxi Province, and low in northern Shaanxi Province and Guanzhong area except
Tongchuan and Yan’an. According to resilience, the distribution of agricultural drought in Shaanxi had no obvious regu-
larity, showing an order of: Yan’an > Weinan > Yulin > Xianyang > Xi’ an > Tongchuan > Baoji > Hanzhong > Ankang >
Shangluo. Finally, it is concluded that the improved TOPSIS modle could generally evaluate the agricultural drought vul-
nerability reasonablely, agreeing with the actual situation and thus providing a new method for other multi-attribute evalu-

ation.
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Table 1 The evaluation indexes of agricultural drought vulnerability in Shaanxi Province
T RS PN TEAR FEbR e R B TP
Evaluation subsystem Evaluation indexes Reasons for index selection Index properties
Al FEF- 2K A /mm S WA K e 4 R i
Al Annual average precipitation Reflecting the extent of the satisfaction of crop water requirements Negative
s A2 RS WAFE KB A Sty
FZE A2 Soil type Affecting rainfall recharge Negative
Exposure A3 R/ °C SO {0 A R g IE
subsystem A3 Annual average temperature Affecting the crop evapotranspiration Positive
A4 NHEEEE /(N km™?) SN TR T R AR BRI 1ET5]
A4 Population density/ (person*km~2) Reflecting the population pressure to land and water resources Positive
Bl 4l = EE ]/ % XAl A = AR BE 1ETH]
Ratio of agricultural output Reflecting the dependence of agriculture production Positive
e B R % BRI iE
FES Multi-cropping index Reflecting the utilization of farmland Positive
Sensitivity B3 Ml N F LG/ % SN 13Tl B AR 1ETA]
subsystem Ratio of agricultural population Reflecting the dependence of population on agriculture Positive
B4 A AL ho? SR T A  Hs 7 R )
Per capita cultivated land Reflecting the population pressure on land Negative
Cl BB %/ % SR F TR A Bk i)
Rate of irrigation Reflecting the level of water conservancy construction Negative
s C2 B TR AL AL &t/ % S WAt A 2 7 g i
%(?E;Zi‘ Amount of fertilizer per area Reflecting the productivity of the cultivated land Negative
EE
il [ e M) P3G % R
fesilience C3 AT/ % Eeiffj% Zﬁeﬁi:({ﬁﬁlﬁil}; and utilization efficiency of the surface G
subsystem Rate of reservoir storage water & P v Negative
C4 A\t GDP/JG J R IX Bk 25 5 7K T L)
Per capita GDP/Yuan Reflecting the regional economic level Negative
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0.2534 0.3529 0.3172 0.4298 0.3914 0.2802
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2421 0.4763  0.1495 0.3339 0.2007 0.39247]
.2322 0.1227 0.3737 0.2692 0.2007 0.2634
.2322 0.3825 0.2741 0.2965 0.1479 0.2846
.3211  0.4691 0.2242 0.6406 0.5916 0.2596
.2865 0.4907 0.2990 0.3953 0.3486 0.1744
.3261 0.0938 0.3737 0.2010 0.4226 0.4234
.3804 0.2165 0.3737 0.2351 0.0211 0.1744
3854 0.1732 0.1993 0.1942 0.0106 0.1579
4150 0.1732 0.1993 0.1942 0.0106 0.1579
.2767 0.1876 0.1744 0.1499 0.0211 0.1501-
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Table 2 The weights, standardize decision matrix, positive and negative-ideal solution of evaluation indexes in Shaanxi Province

RZiEiEgan (RS H e ] JRH HM HEZE GE
Evaluation index Xi’an Tongchuan Baoji Xianyang Weinan Yan’ an Hanzhong
A=) 0.0052 0.0054 0.0060 0.0046 0.0051 0.0047 0.0078
A(-) 0.0007 0.0006 0.0006 0.0007 0.0006 0.0007 0.0006
As(-) 0.0032 0.0024 0.0030 0.0029 0.0031 0.0023 0.0032
A(+) 0.1825 0.0468 0.0444 0.1038 0.0874 0.0129 0.0270
Bi(-) 0.0083 0.0142 0.0202 0.0332 0.0321 0.0166 0.0416
By(+) 0.0112 0.0072 0.0082 0.0086 0.0079 0.0060 0.0127
By(-) 0.0037 0.0035 0.0035 0.0049 0.0044 0.0050 0.0058
By(+) 0.0502 0.0129 0.0403 0.0495 0.0518 0.0099 0.0228
Ci(-) 0.0074 0.0185 0.0135 0.0111 0.0148 0.0185 0.0185
C(-) 0.0322 0.0260 0.0286 0.0619 0.0382 0.0194 0.0227
C(-) 0.0548 0.0548 0.0404 0.1616 0.0952 0.1154 0.0058
Ci( =) 0.0289 0.0194 0.0209 0.0191 0.0128 0.0312 0.0131
P b o T SRR EPREE X SR X
Evaluation index Yulin Ankang Shangluo Index weight <olution ’ gsolution
A(=) 0.0036 0.0078 0.0061 0.0183 0.0036 0.0078
A=) 0.0006 0.0006 0.0005 0.0020 0.0005 0.0007
As(-) 0.0020 0.0034 0.0028 0.0091 0.0034 0.0020
A(+) 0.0166 0.0244 0.0255 0.2415 0.1825 0.0129
Bi(-) 0.0095 0.0309 0.0368 0.0849 0.0416 0.0083
By(+) 0.0058 0.0135 0.0125 0.0309 0.0135 0.0058
By(-) 0.0059 0.0063 0.0042 0.0153 0.0063 0.0035
B,(+) 0.0183 0.0183 0.0198 0.1055 0.0099 0.0518
Ci(-) 0.0259 0.0098 0.0086 0.0494 0.0074 0.0259
G(-) 0.0072 0.0188 0.0145 0.0966 0.0072 0.0619
G(-) 0.1356 0.0029 0.0058 0.2732 0.0029 0.1616
Ci(=) 0.0429 0.0116 0.0110 0.0736 0.0110 0.0429

3.3 WERRHE. UEREE R SITM X REIMEILE PR PRI LE | 50 AR B S, SRS AR TR (8) T
PG (6) N (7), M KL BB R g A SR RAAHRIMIE  THRER L 3,
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Table 3 The positive and negative-ideal distance and relative similarity degree of evaluation indexes

X FEFERE Exposure degree HUENE Sensitivity W T Resilience JEF5 1 Vulnerability

District S S C; S; S7 C; Sy S C: S S C;
P4 Xi’ an 0.0129 0.0663 0.8371  0.0253  0.0072 0.2217  0.0295 0.0445 0.6017 0.0549 0.0815 0.5977
HA)I| Tongchuan ~ 0.0292  0.0080 0.2141  0.0080 0.0153  0.6561  0.0269 0.0455 0.6283  0.0642 0.0468 0.4319
FHS Baoji 0.0321 0.0072 0.1826  0.0116 0.0028 0.1961  0.0207 0.0605 0.7449  0.0744 0.0405 0.3525
J#PH Xianyang 0.0026  0.0301 0.9210  0.0116 0.0063 0.3522  0.0898 0.0500 0.3577 0.0140 0.0445 0.2996
TR Weinan 0.0020 0.0233 0.9221  0.0129 0.0057 0.3085 0.0477 0.0233 0.3282 0.0625 0.0523 0.4555
HEZE Yan’ an 0.1131  0.0190 0.1438  0.0064 0.0206 0.7632  0.0559  0.0187 0.2505 0.1754  0.1497  0.4605
U Hanzhong 0.0628 0.0113 0.1526  0.0022  0.0162 0.8810  0.0273  0.1920 0.8755  0.0707 0.1603  0.6939
ik Yulin 0.0953  0.0125 0.1160 0.0144 0.0094 0.3948  0.0695 0.0358 0.3399  0.1791 0.1561  0.4657
e Ankang 0.0694 0.0159 0.1865 0.0014 0.0158 0.9167 0.0229  0.2481  0.9155 0.0731  0.2655 0.7841

1% Shangluo 0.0662 0.0182 0.2157 0.0016 0.0162 0.9114 0.0146  0.2073  0.9342  0.0692  0.2253  0.7650
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Table 4  Classification of agricultural drought vulnerability in Shaanxi Province

SR ARUE Classification standard

i H

Ttem (0,V-B] (V-B,V] (V,V+B] (V+B,1)
Al 5 W 55 1 4R AL
Al drought wulnerabily index(00-3636] (0.3636,0.5306] (0.5306,0.6976] (0.6976,1)
A+ 5 M55 fRME 5 X w355 X BT IX R X

Agricultural drought vulnerable degree Low vulnerable area

Moderate vulnerable zone

Relatively high vulnerable zone High vulnerable zone

I 1€ fifE 95 X Low vulnerable area

45 [X High vulnerable zone

1 BRAERLTRERSEEES %
Fig.1 The spatial distribution map of agricultural

drought vulnerability in Shaanxi Province
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Fig.2 The comparative analysis of agricultural drought vulnerability, exposure degree, sensitivity and resilience in Shaanxi Province
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