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Tab. 1 Evaluation index system of water resources vulnerability in Xinjiang
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Tab. 2 Evaluation criteria of each index’s vulnerability

. PR
I I ] v \
AR RIS 4 R GHELP, | % <210 (2.10,4.00] (4.00,5.90] (5.90,7.80] >7.80
ARREK IR 43 LUAEXHEP, / % < 0.50 (0.50,8.50] (8.50,16.50] (16.50,24.50] >24.50
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AR T BRI Py [te(10°hm?) '] < 360 (360,380] (380,400] (400,420] >420
REURTH 2Py, / T RIS < 8000 (8000,12000] (12000,15000] (15000,19000] >19000
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A [~ TR0 R K BT o LS, / % =99 [97,99) [94,97) [92,94) <92
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Tab.3 The weight value of each index
Ei=17 S TA TP Ei=17 S TA TP Ei=17 S TA TP
P, 0.0892 0.0374 S 0.1056 0.0360 R, 0.1622 0.0389
P, 0.1102 0.0463 S, 0.1040 0.0354 R, 0.1445 0.0346
P; 0.0844 0.0354 S; 0.1552 0.0529 R; 0.1302 0.0312
P, 0.1314 0.0552 S, 0.1274 0.0434 R, 0.1767 0.0423
P; 0.0994 0.0417 Ss 0.1909 0.0650 Rs 0.1156 0.0277
P 0.0725 0.0304 Ss 0.0933 0.0318 R 0.1381 0.0331
P, 0.0999 0.0419 S; 0.0836 0.0285 R, 0.1327 0.0318
Py 0.1261 0.0529 M 0.1400 0.0477
Py 0.0874 0.0367
Py, 0.0995 0.0418
s S DA E A A HE AR AE T L U D)2 (AR RN
R4 2019 FRIBREKRE
Tab.4 Connection degree of each index in 2019
KA IR 2 B R
Ei=17
aj bji bja bj3 Cj wjd, wib, wib,, wibj3 wjcj
P, 0.2207 0.7793 0 0 0 0.0083 0.0292 0 0 0
P, 0 0 0.3870 0.6130 0 0 0 0.0179 0.0284 0
P, 0.8733 0.1267 0 0 0 0.0309 0.0045 0 0 0
P, 0.8000 0.2000 0 0 0 0.044 1 0.0110 0 0 0
P 0.0780 0.9220 0 0 0 0.0033 0.0385 0 0 0
P 0.9954 0.0046 0 0 0 0.0303 0.0001 0 0 0
P, 0.9224 0.0776 0 0 0 0.0387 0.0033 0 0 0
Py 0.1200 0.8800 0 0 0 0.0064 0.0466 0 0 0
P, 0 0 0 0.2232 0.776 8 0 0 0 0.0082 0.0285
Py 0 0 0 0.2551 0.7449 0 0 0 0.0107 0.0311
S, 0 0.7897 0.2103 0 0 0 0.0284 0.0076 0 0
S, 0 0 0.5327 0.4673 0 0 0 0.0189 0.0165 0
S; 0 0.7038 0.2962 0 0 0 0.0372 0.0157 0 0
S, 0.8000 0.2000 0 0 0 0.0347 0.0087 0 0 0
Ss 0.1333 0.8667 0 0 0 0.0087 0.0563 0 0 0
Ss 0 0.1280 0.8720 0 0 0 0.004 1 0.0277 0 0
S; 0 0 0.4708 0.5292 0 0 0 0.0134 0.0151 0
Sg 0.9050 0.0950 0 0 0 0.0432 0.0045 0 0 0
R, 0.9084 0.0916 0 0 0 0.0353 0.0036 0 0 0
R, 0 0 0 0.5112 0.4888 0 0 0 0.0177 0.0169
R, 0 0 0.5720 0.4280 0 0 0 0.0178 0.0134 0
R, 0.9856 0.0144 0 0 0 0.0417 0.0006 0 0 0
Rs 0 0 0.5000 0.5000 0 0 0 0.0138 0.0138 0
R; 0 0.5063 0.4937 0 0 0 0.0168 0.0163 0 0
R, 0 0 0.5237 0.4763 0 0 0 0.0166 0.0151 0
KA 0.3255 0.2933 0.1658 0.1389 0.0765
KX KK/ 1057
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Tab. 5 Vulnerability level of water resources from 2010 to 2019

AEAY CEOTRRE Iy hy MBS
2010 12010 = 0.163 3+0.097 211 +0.207 91, +0.214 613 +0.317 0J h=0.4683 5,=0.6830 v
2011 12011 = 0.100 5+0.236 617 +0.257 01, +0.233 913 +0.172 0J h=03371 h=0.594 1 m
2012 12012 = 0.033 9+ 0.175 511 +0.364 91, +0.272 213 +0.153 4J 7,=0.2095 h=0.5744 m
2013 112013 = 0.084 5 +0.082 311 +0.385 71, +0.319 913 + 0.127 6J h=0.1668 h=0.5525 m
2014 12014 = 0.028 7+0.052 217 +0.272 21, +0.292 315 +0.354 7J h=03530 $h=0.6453 v
2015 12015 = 0.085 4 +0.068 611 +0.439 61, +0.264 313 +0.142 1J 1,=0.1540 1=0.5936 m
2016 12016 = 0.097 0+0.246 711 +0.302 21, +0.213 413 +0.140 7J 7,=0.3438 7:=0.6459 m
2017 12017 = 0.132 6+ 0.408 217 +0.231 41, +0.123 713 +0.104 2J h=0.1326 1,=0.5408 I
2018 12018 = 0.170 0+ 0.430 61; +0.223 21, +0.160 113 +0.016 1J 7,=0.1700 1,=0.6006 |
2019 12019 = 0.325 5+0.293 311 +0.165 81, +0.138 975 +0.076 5.7 h=03255 n,=0.6188 il
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Fig. 1 Vulnerability comparison between pressure layer and comprehensive system
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Fig.2 Vulnerability comparison between state layer and comprehensive system
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Fig. 3 Vulnerability comparison between response layer and comprehensive system
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Vulnerability assessment of water resources
based on pressure-state-response model in Xinjiang

FAN Ling', WANG Huixiao', LIU Changming’, SUI Guanhang'
(1. College of Water Sciences, Beijing Normal University, Beijing 100875, China; 2. Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China )

Abstract: Xinjiang Uygur Autonomous Region is one of the most sensitive regions to climate change in the world.
Since Shiyafeng pointed out in 2003 that the climate in Xinjiang had changed from "warm-dry" to "warm-wet",
many scholars researched climate change in Xinjiang. However, most of these studies mainly focused on the trend
of climate change and the impact on runoff, vegetation, glaciers, etc., and rarely combined the environmental change
with the social economy. The annual average precipitation in Xinjiang is about 153 mm, and the characteristics of
oasis economy and irrigation agriculture make its water resources closely linked with regional development. A
comprehensive method for water resources vulnerability is used to evaluate the water resources situation in Xinjiang
from 2010 to 2019.

The vulnerability of water resources can comprehensively indicate the adverse effects of climate change and
human activities on water resources system and the measures taken by human society to maintain the balance of
water system. The evaluation index system, which included a target layer, criterion layer, and index layer was
established by this model and 25 indexes were selected because the causal relationship between water resources
vulnerability elements (exposure, sensitivity, adaptability) and human activities can be accurately expressed with the
pressure-state-response model. The vulnerability of water resources was divided into five grades, including non-
vulnerability, slight vulnerability, moderate vulnerability, severe vulnerability, and extreme vulnerability. After
gaining the indexes’ data, the vulnerability standards of each index were obtained through the equal distance
dispersion method, and the index weight was calculated by the entropy weight method. The vulnerability level of
water resources in Xinjiang was gained by the set pair analysis, which could deal with the certainty and uncertainty
within and between systems, and had been well applied in the field of water resources.

The results showed that Xinjiang was severely vulnerable in 2010 and 2014, moderately vulnerable in 2011-
2013 and 2015-2016, and slightly vulnerable in 2017-2019, which shows the vulnerability level of water resources
in Xinjiang gradually decreased except in 2014. Comparing the vulnerability of the criterion layer and index layer
with the comprehensive vulnerability of the system, it can be seen that the vulnerability of pressure layer’s climate
change indicators was unstable, while the human activity indicators had obvious vulnerability trends. Among the 10
indicators of pressure layer, the natural growth rate of population was mainly severe-vulnerability, and the
vulnerability of GDP growth rate, per capita water consumption, water consumption of 10 000 yuan industrial added
value and water consumption of 10 000 yuan GDP was significantly improved. However, fertilizer and energy
consumption were increased to severely vulnerable. In the state layer, in addition to water production coefficient and
forest coverage, other indicators had a low vulnerability, but attention should be paid to the degree of water
resources development. The vulnerability of per capita GDP in the response layer gradually declined from 2010 to
2019. While the vulnerability of irrigation conservation, water conservancy projects and afforestation didn ’t
decrease until recent years. Nevertheless, wastewater treatment, environmental protection institutions and water
consumption in the ecological environment were still inadequate. From 2010 to 2014, the vulnerability level of the
criterion layer was mainly moderate vulnerability and severe vulnerability and it began to decline to slightly
vulnerable from 2015. The vulnerability change trend of the state layer was the closest to that of the system.

On the whole, the vulnerability situation of water resources in Xinjiang has gradually improved, and the
vulnerability level of some indicators decreased too. In the future, we should not only strengthen the monitoring and
governance of indicators with high and unstable vulnerability but also stabilize indicators with low vulnerability to

maintain the vulnerability of regional water resources at a low level.

Key words: vulnerability of water resources; PSR model; evaluation index system; entropy method; set pair analysis
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