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Abstract: [ Objective] The vulnerability of water resources in Changsha City was evaluated based on the
connotation of vulnerability and its obstacles factors were identified, in order to provide a theoretical basis for
the formulation of water resources management and control strategies in Changsha City, Hunan Province.
[ Methods ] A comprehensive evaluation index system was established based on the vulnerability scoping
diagram (VSD) conceptual framework. Game theory was used to determine the combined weight. The cloud
matter-element model was used to comprehensively evaluate the vulnerability of water resources in Changsha
City from 2014 to 2020. The obstacle degree model was used to diagnose and analyze the obstacle factors
affecting the vulnerability of water resources in the city. [ Results] @ From 2014 to 2020, the vulnerability of
water resources in Changsha City showed a decreasing trend, from a medium level of vulnerability to a slight
level of vulnerability; @ The evolution trends of vulnerability at each criterion level were different, the
vulnerability of the exposure dimension was consistently high, the vulnerability of the sensitivity dimension

was unstable, and the vulnerability of the adaptability dimension showed a clear downward trend; @ The
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obstacle degree for the exposure criterion level was the highest, and per capita water resources, per capita

daily water consumption, total industrial wastewater discharge, water storage capacity of the upper-type

reservoir, and annual precipitation were the main obstacle factors that restricted the decline of water resource

vulnerability in Changsha City. [ Conclusion] In order to further reduce the level of vulnerability of water

resources in Changsha City, the relationship between socio-economic development and the development and

utilization of water resources should be coordinated in the future to reduce the pressure of human activities on

the water resources system, and at the same time, the supervision and management of water conservation

should be further strengthened, the investment in the construction of reservoirs should be intensified, and

the utilization of recycled water and rainwater resources should be promoted.

Keywords: water resource vulnerability; VSD model; cloud matter-element model; obstacle factors; Changsha City
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Table 1 Assessment indicator system of water resource vulnerability in Changsha City
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Table 2 Water resources vulnerability assessment criteria in Changsha City
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Table 3 Cloud matter element parameters of water resources vulnerability assessment standard in Changsha City
EL I ORBEs) I 2 s) NG D IV G EUNGE ) VO [ 55
Vi (10,8.493,0.2) (30,8.493,0.2) (50,8.493,0.2) (70,8.493,0.2) (90,8.493,0.2)
Vi (2,1.699,0.06) (5,0.849,0.06) (7,0.849,0.06) (9,0.849,0.06) (15,4.247,0.06)
Vis (10,8.493,0.2) (22.5,2.123,0.2) (27.5,2.123,0.2) (32.5,2.123,0.2) (55,16.987,0.2)
Vi (360,135.892,1.5) (530,8.493,1.5) (550,8.493,1.5) (570,8.493,1.5) (590,8.493,1.5)
Vis (15 000,4 246.645,80) (9 000,849.329,80) (7 000,849.329,80) (5000,849.329,80) (2 000,1 698.658,80)
Vie (50,21.233,1) (110,4.247,1) (130,4.247,1) (150,4.247,1) (240,67.946,1)
Vi (1000,849.329,50) (3 000,849.329,50) (5 000,849.329,50) (7 000,849.329,50) (12 000,3 397.316,50)
Vis (5,4.247,0.2) (15,4.247,0.2) (25,4.247,0.2) (35,4.247,0.2) (70,12.74,0.2)
Vo (4 500,1 273.994,15) (2 500,424.665,15) (1500,424.665,15) (750,212.332,15) (250,212.332,15)
Vs (2 325,658.23,10) (1500,42.466,10) (1400,42.466,10) (1300,42.466,10) (625,530.83,10)
Vs (99,0.849,0.05) (97,0.849,0.05) (95,0.849,0.05) (93,0.849,0.05) (86,5.096,0.05)
Vo (12 000,3 397.316,50) (7 000,849.329,50) (5 000,849.329,50) (3 000,849.329,50) (1000,849.329,50)
Vi (80,16.987,0.3) (52.5,6.37,0.3) (37.5,6.37,0.3) (22.5,6.37,0.3) (7.5,6.37,0.3)
Vs (90 000,25 479.871,300) (55 000,4 246.645,300) (45 000,4 246.645,300) (35 000,4 246.645,300) (15 000,12 739.935,300)
Vs (99.5,0.425,0.08) (98,0.849,0.08) (96,0.849,0.08) (94,0.849,0.08) (86.5,5.521,0.08)
Vi (0.8,0.17,0.003) (0.575,0.021,0.003) (0.525,0.021,0.003) (0.475,0.021,0.003) (0.225,0.19,0.003)

(3) SRV 48 B8 X R 25 A 1 55 7 25 g SR &
B, BIEE 3. ARXQH—CQOHIE, hilfhi g R
FIEARPE, EE R IHE 1 000 I HLGX 1 000 K iT5H 45
S0 L B Ry e 21 SR T (A

(4) SR A ) 2 F0 B bR 2 X R 45 A W 55 1 5 %
B,

#j<B[>=1§pv;#,<Ih> (25)
Koy, (BORRE ¢ DWW ZEXTHR ;7 B9RIE
W, RaRSE s DNERRXTEE ¢ DUENZHZEERE; o,
(IORRE s MEWEXNER; HRBEE. B2
w3,

(5) AR B K& R, 3804 R 9 7T 1 s 55
PR L.

L =maxyu; (B) (26)
FECT LIV, V)
24 EREER

Syt — Y 32 B R ) X 3K 9 IR ME 55 M 0 A
F R K BT IR B R 5 00 A ROR W 7E TR A K BT IR
G 555 P 0 Sty I, AR AR 9 A ek B A R AR TR B P R
o R VR DU 2 g s B A LT B bR s e AR R L 4R
o B 8 R DU) 422 3 b R 7K 9 R G 55 P B9 T ek R R
[0 N | R R S ) N R o B R e 1 (3 7 =
NI

F,=W, P,
I,=1-R/

@27
(28)

F, X1,

0,=—2"x100% 29)
S(F, X))
=1

U,=3o0, (30)
j=1

KoL, s W, R R P, bR
B T, IShR s B R MIEAFER MG O, H
SRR R BRI s U, Sy o U0 2 s

3 RS He

3.1 HERE

AW T8 9 8Os Sk U F 20142020 AR ICK
Yl GiHEE R Y T E R &5 it & &Rt A
K VPTG WA LR A W T N R EUR TAE )
o i 0 B L BRI R AT A I AR AR . R

RBP4,
3.2 KkEBBERBEEZEEITEM
3.2.1 REFFLLR iz AHP BB A2 5

i 52 if 555 P DF- 0 5 B A =5 AR B R UL AN L 2R S R
e B e SN E, £ 5 WK TKEIR
Jifi 553 1k PP Fi B A A E 45

3.2.2 HZAHRMERASH AR MATLAB
M5 =Y IR SR B A A AR R R Y
T 7K G U AEAS [F] 1 55 1k 4 90 T i SR8 B 5 45 6 T S &5
B RCE TR J oK A )2 LA S H BR )2 % R AN [
VR S5 SR8 T L B AR I B R SR 8 B D U)o i
VDT 25 AT 03 7K B VR G 55 1 DT A A 9, HLAR T A &5 2R
WK 6.,



180 K - PR 4R %43
F 4 KPWIENIERS TR (2014—2020 )
Table 4 Statistical data of evaluation indicators in Changsha City (2014—2020)
=R 2014 4 2015 4 2016 4 2017 & 2018 4 2019 4 2020 4
Vi 72.45 75.44 77.56 79.86 81.93 82.46 82.6
Vi 10.3 9.9 9.4 9.0 8.5 8.1 4.0
Vis 37.00 34.00 33.00 31.00 35.70 39.79 21.90
Vi 587.00 582.00 567.00 568.00 578.00 566.88 547.05
Vis 6 712 6 237 6 237 5 754 7 859 10 758 13 632
Vis 124.00 126.50 123.50 124.50 122.50 123.84 142.26
Vi 4 397 5102 4 287 4 066 3475 6 053 4 537
Vis 39.9 38.8 38.1 30.0 38.1 37.3 32.8
Vo 1 500.40 1 486.80 1 .822.00 1 544.70 606.20 1 205.00 1 224.55
Vs 1 659.8 1622.1 1 860.3 1717.9 1296.5 1 440.3 1 889.7
Vi 95.3 93.8 90.9 90.2 100 100 100
Vo 9 810 9 104 8 397 7 816 7174 5995 655
Vi 54.71 54.90 54.80 54.82 54.95 54.90 55.00
Vi 56 187 60 436 57 857 53 402 47 432 36 423 56 297
Vi 96.32 96.91 96.93 98.30 98.33 98.40 98.40
Vi 0.431 6 0.471 0 0.500 0 0.530 9 0.539 2 0.545 1 0.549 0
x5 KPHARERSETNERNEREER
Table 5 Weight calculation results of assessment indicators of water resources vulnerability in Changsha City
- . S T =
Ei=g 7 T WAL 2 WAL ANP & prer LA T W
Vi 0.028 7 0.038 2 0.032 4
Vi 0.037 6 0.027 7 0.033 7
Vi 0.063 9 0.029 7 0.050 5
Vi 0.028 8 0.032 7 0.030 3 Vv, 0.401 7
Vis 0.027 0 0.033 1 0.029 4
Vi 0.031 7 0.133 1 0.071 3
Vi 0.104 2 0.046 6 0.081 7
Vis 0.096 3 0.035 2 0.609 8 0.390 2 0.072 5
Vo 0.100 9 0.049 9 0.081 0
Vo 0.023 2 0.062 9 0.038 7
Vo 0.103 2 0.098 6 0.101 4 Ve 0.267.0
Vo 0.026 3 0.076 5 0.045 9
Va 0.068 2 0.048 6 0.060 5
Vi 0.028 6 0.073 7 0.046 2
Vi 0.160 4 0.120 5 0.144 8 Vi 0-331 3
Vi 0.071 2 0.093 2 0.079 8
Fo KPWAHEEBESSITMER(2014—2020 £F)
Table 6 Comprehensive assessment results of water resources vulnerability in Changsha City (2014—2020)
R , bl — VAT S
IN@N D) 1T C B e 55 I Crf 45 i 335 IV G B 555D VO i e 5553
2014 0.038 01 0.054 23 0.140 28 0.042 31 0.074 57 Il
2015 0.039 30 0.050 27 0.121 39 0.108 28 0.069 78 I
2016 0.042 38 0.074 04 0.099 10 0.093 14 0.065 24 I}
2017 0.040 51 0.105 39 0.106 95 0.071 36 0.062 25 Il
2018 0.048 03 0.117 53 0.062 07 0.080 82 0.064 67 I
2019 0.050 90 0.083 20 0.082 94 0.083 17 0.065 30 Il
2020 0.076 75 0.122 86 0.079 33 0.038 06 0.055 02 I
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Fig.1 Changing trend of vulnerability in each dimension
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Fig.2 Changing trend of vulnerability of each dimension index
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Fig.3 Obstacle degree of each dimension of water resources vulnerability criterion layer in Changsha City
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Table 7 Main obstacle factors of water resources vulnerability index layer in Changsha from 2014 to 2020

i 2014 4 2015 4 2016 4 2017 4 2018 4 2019 4 2020 4
R - - } - ; - - - - - ; - - -
HEFE i A i 15 s 15 % 15 i 15 R E % 15 i A R s 15 i A i 15 s 15 [R5
Wy BE/% Wy /% HWF  E/% HWF  E/% WF  E/% Wy BE/% Wy /%
1 Vi 25.73 Vs 22.91 Vs 20.26 Vi 20.48 Vi 20.54 Vis 23.48 Vi 16.87
2 Vi 14.18 Vs 14.17 Vs 18.64 Vis 14.64 Vi 20.37 Vi 16.33 Vi 16.38
3 Vis 11.71 Vis 12.55 Vis 13.40 Vi 12.94 Vi 17.92 Va 14.53 Vi 15.59
4 Vi 10.75 \ 11.71 Vi 11.07 Vi 12.71 Vs 9.73 Vs 10.36 Vi 14.90
5 Vs 8.64 Vi 6.65 Vi 8.26 Vi 7.58 Vs 6.29 Vi 7.37 Vo 12.92
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