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Evaluation of Soil and Water Ecological Security for Mining Cities in
Anhui Province Based on VIKOR Model

He Gang, Hou Xiaoyu, Wang Xiaodong, Zhao Shuhang
(School of Economics and Management s Anhui University of Science and Technology . Huainan , Anhui 232001, China)

Abstract: [ Objective | The status of ecological security in mining cities was determined and the factors
restricting the development of ecological security were clarified in order to provide a scientific basis for
sustainable mining in Anhui Province. [ Methods] A comprehensive evaluation index system based on
economy-environment-society was constructed for soil and water ecological security of nine mining cities in
Anhui Province. The multiplicative normalization method was used to combine the optimized G1 and CRITIC
weighting methods to achieve subjective and objective weight assignment. Then, the VIKOR model was
used to consider the group effect and individual compromise based on compromise programming, and the
difference of measured values of different weight indexes was taken into account. Finally, an obstacle degree
model was used to diagnose the obstacle factors. [ Results ] The G1-CRITIC-VIKOR model under the interaction
of multiple indicators produced results that were well matched with the actual data. The nine mining cities in
Anhui Province were ranked (from high to low) based on their soil and water ecological security levels as

Chizhou, Xuancheng, Chuzhou, Tongling, Ma’ anshan, Suzhou., Bozhou, Huaibei, and Huainan. The
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proportion of workers and peasants employed, the matching coefficient of water and soil resources, the per

capita water consumption, the proportion of land reclamation, and the per capita disposable income were the

key factors restricting the level of water and soil ecological security of mining cities in Anhui Province.

[ Conclusion] The mining cities in Anhui Province should actively carry out ecological civilization construction

and strive to transform their economies into intensive economies. At the same time, afforestation efforts

should be implemented for ecological restoration and reconstruction of damaged mining areas so as to ensure

the scientific and reasonable mining of coal resources on the basis of ecological security of water and soil.

Keywords: mining city; water and soil ecological security; VIKOR method; compromise planning; disorder

diagnosis
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2015—2016 4F /K £AERB L4 Q, fAH 0.839 17 F2
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WK F T 0.849 12,2016—2018 4E LI 4E 2 TRt
B, WEILTHAE 2011—2017 4E 7 a 6], K HHE B % 4
Q. A VFEARIFALZ AR T REGHTE 2017
2018 4, K H A B & A K - 2RI K, h Q fH
JFORAY 0.906 71 B 2 T 0.953 70, 1 2018—2019
SN RS H 2019 ERK H AR Z 2 Q HK
T 2017 MK AT L 4L Q E, WKEHi K4S
W4 Q, {HTE 2015 4E 5 2018 4F 5 & i 5 H AR K
P BRMITTK RAERE S QAT 2014 4E 5 2018 4R

S I A 1 5 R KT B T RN T K A S A
IKT# 5 3 v pe APARR A A i i Iz T A 2 KT AIR
TN, SUede i A R 1 M TR R OK R AR AR A
K TR, fE 20182019 4E Q, TH F R T
0.02, ZMTITE 2018 AF/AK LR LS Q HE K
S, 2011 AR K AR KL T PRIR B TR IR
TR 2019 4EKEABR T 2011 4E7KSF, W HTHO alf]k
A o o) o G P E R NGV TN W e 7% o S O
TE 2018 4P 2 K OF, 2014 4 2 IR

x5 REAHATUHHATESREHBEEARAES:) AEERER,) THIEMEQ)

Ay 1 e gl fii=ld i Bz el fii M ZIM Tt HI
S;  0.75201 0.63319  0.67303  0.671 18  0.545 67  0.643 94  0.655 41  0.289 46  0.375 88
2019 R, 0.166 36  0.15563  0.166 90  0.154 84  0.157 03  0.161 97  0.163 60  0.043 43  0.066 93
Q. 0.99785 0.82595  0.914 63  0.86379  0.737 00  0.86321  0.88224  0.000 00  0.188 59
S, 0.74386  0.63268  0.658 10  0.64141  0.569 13  0.63275  0.647 99  0.284 23  0.358 02
2017 R, 0.166 36  0.15563  0.166 90  0.154 84  0.157 03 0.161 97  0.163 60  0.043 45  0.066 93
Q, 0.99784 083343 0.906 71  0.839 71  0.769 97  0.859 15  0.882 37  0.000 00  0.175 39
S;  0.748 68  0.624 99  0.65203  0.678 89  0.558 91  0.624 00  0.641 61  0.249 58  0.345 68
2015 R;  0.166 36  0.15563  0.166 90  0.154 84  0.157 03  0.161 97  0.163 60  0.039 24  0.066 93
Q,  0.997 92  0.83197 0.903 17 0.88285 0.77125  0.85578  0.879 84  0.000 00  0.204 73
S; 073877  0.65879  0.659 02  0.621 53  0.566 14  0.620 00  0.616 92  0.309 03  0.409 89
2013 R;  0.166 36  0.15563  0.166 90  0.154 84  0.157 03  0.161 97  0.163 60  0.043 68  0.066 93
Q:  0.997 84 086124 0.90721  0.814 65 0.759 11  0.841 80  0.844 87  0.000 00  0.211 70
S, 0.74836  0.66874  0.67376  0.623 97  0.564 27  0.626 28  0.656 98  0.297 98  0.427 18
2011 R;  0.166 36  0.15563  0.166 90  0.154 84  0.157 03 0.161 97  0.163 60  0.042 83  0.066 93
Q, 0.99786 0.86621 0.917 18 0.81330 0.75587  0.844 59  0.88528  0.000 00  0.240 56
S, 0.746 32 0.643 66  0.667 90  0.637 12 0.564 30  0.628 14  0.642 04  0.285 55  0.381 83
¥a R, 0.166 36  0.15563  0.166 90  0.154 84  0.157 03  0.161 97  0.163 60  0.041 63  0.066 93
Q, 0.997 8% 084440 0.91458 0.83277 0.76242  0.851 53  0.872 94  0.000 00  0.204 96
Si TN = I RN > 1 > e > 2 > B L > > e R
ey R, T M = B 3 > i B > 1L >N > 1 > s > R > T
Qi PN > (I > R N > e > 8 1 > A N > 2 > 9 > R

MK AT KA HA SRR E . A 2011
2019 453 M 7T A 7K 4 A2 25 %8 47 KO 5 A ol
Wl —HA TR, Q EHIN 0, X4 TN i &
JeJa B K b AR R KT R S R =
7RI ] — LN R O B8 7 B K R LR
AR AL A A U R T S A A T D
TG B TR, E O A R . Q. ¥IE M 0.205,
2018 4FIK 4= AR KPR B WEAE L &L 2017 AFESE KT
36.45% . WM TR FEE =.Q, ¥ N 0.762, H I
TR T HE 44 AH 25 AN IE L 0 Q, FIME A 250,557, %
B E K A A % A | TN T oK £ AE S
ESNB RS = R AR BUD ORI LS % S LK SN B L
Hyh B SR PR R H AR O 15 3]

AR . B TR S L T HE A A U LB L, Q. 1Y
{H 40.834,0.844, —F K HEBIKFEMIE ., X HA&4F
Q. i, BT AE 2015,2017 F1 2019 4F H 4l B 17 45
BV EA o XA 0B T 4 B T A L 1 2 LT
FAREEBZEWIRFMIGEB TR, HAREFI
2R e Mz N U G R T AT O e b kT
Q. HIE 4 91K 0.852,0.873,0.915,0.998, Q. ¥I{H &
fmHAZEARZ, WEALTHTAE 20112019 4F Q, HEFF2
Ak ABAE 2018 AFHOK HAE ST 2K FR2ZE.Q, HH
0.953 7, K B JUAF (] I (E, R Q ¥IE S 1 tH2%
0.002, & 9 N ML Ik 7 K £ 4 28 % oK P HEF Y
HeJi—A . W T k3 AR AR e 3k T L Y A T A B
PEIE I B AT B R A XK A S U AR
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3.5 ERERTSH

A EZ AN T AKX O BB SE G1-CRIT-

BREAS BEAr B ) DA B R th A m ik £ ICHAGAEMRA B AKX o 3 8L R/E 9 0
A SR ARSI TP E R BT HOK BA S A T K R AR 20112019 4F A B A A 1 Q2 B A
FEAR Y B AG B O B AR AR XK L AR S L B B il TRR BRI, RB02 TH 2011 5 2019 4F R ig
fRB A, LAKS A B 7 0 48 A5 8 B b ki k £ DI ARG B A FE AR R 6)

Fo6 AT UHWATESZREBRETHE

T 5 o7 1 R B HL R 7

Wk I Tl A0y It H
1 2 3 4 5
Y011 % 15 B 1 I I I; I, Iy
W 1 i i 0.268 53 0.199 55 0.166 57 0.153 93 0.153 60
2019 K%ﬁ%% Is I; I; I, s
e T 0.137 44 0.119 61 0.087 87 0.076 97 0.075 57
b0l i A 1R 7 I; Iy I I, I
W i T i 0.241 03 0.237 11 0.233 78 0.233 41 0.201 55
2010 i A 1R 7 I I, Ig Iy I,
I i 0.269 73 0.141 78 0.130 78 0.113 97 0.113 53
Y011 R ESEE I I I I I,
I 5 0.255 11 0.226 07 0.179 70 0.154 74 0.153 60
gl
5019 [CRE S I I I, I I,
I i 0.243 87 0.204 75 0.135 03 0.131 89 0.124 24
Y011 i 1 (K] ¥ I Iy I; I I,
i i 0.203 52 0.169 10 0.157 30 0.146 78 0.131 95
i B
201 i i A I Iy I, I I
5 B i 0.159 10 0.154 91 0.140 47 0.132 45 0.125 82
Y011 R ESEE I; I I Iy I,
B s B i 0.201 97 0.181 19 0.168 51 0.163 00 0.155 68
2010 i 1 (5 ¥ m I I, I s
s B i 0.196 89 0.151 42 0.137 28 0.116 07 0.073 87
Y011 i 1 (5] 5 I I I I Iy
o s B i 0.294 16 0.218 81 0.214 66 0.214 12 0.166 91
2010 i 1 (5] ¥ I I, Ig I; I
RS 0.158 89 0.137 79 0.132 50 0.129 73 0.119 52
Y011 W45 B T 1. I I I I,
- I 5 0.249 43 0.227 77 0.191 05 0.182 77 0.156 29
2019 A A 7 I I, I I; I,
I 75 0.159 05 0.136 64 0.133 66 0.115 35 0.074 97
2011 i i R T I I, I, I, I
- i 15 JE 0.212 82 0.158 97 0.154 97 0.153 69 0.151 46
2019 i i R T I, Is I I, I;
i 15 JE 0.205 41 0.137 12 0.130 79 0.116 96 0.092 03
b0l e 15 [ I, I; Is I I
= 5 I i 0.274 41 0.208 61 0.207 64 0.184 15 0.174 28
B o PERHT I I, I, I, I
I - i 0.144 61 0.118 44 0.117 30 0.107 04 0.087 14
Helyo oo s Iig A3 BAK L AESFRGHF. TR,
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H R 6 AL LB 9 kIR 2011 5 2019
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B . FEARZH IR K £ A A 2 2 34 52 i A
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BB R R 37 YR Tk SR R UG Bd R E(T) A
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SR it — 2 WG S B 52 M AR Tl 3R T K
AR ARRBM R G H R ¥ Ao TR 1
[ 45 A48 b J2 B Tk B AH L 45 380 45 A ok 0] )2 1 B i
. FIH G1-CRITIC-VIKOR £ 45 455 %1300 B 1) 7 /g
7K A AR S KA, AR SC LA HE g T )5 43 BT
FE T[] 7 50 b R AR AT A (B 3) . & R MIst
DREWEWAWA B Z A RS LIRS R
SRS 20152019 4Ef 0.772 FREZE0.179, &
HH 0, 2 B I T T I 8 A 2 R T i R R A B K A
BRI, A 1A A B 02 PR 58 R S 7 B )
FEAN AR 2 TR R TR BE R G2 52 e T g T K
FAERR LKV B E R RS
3.6 5 TOPSIS &R xttk

TOPSIS & — F i I BEAR g (00 HE 7 07 7500 ek
fiff 3k R v T SR B B o Ak ACER ) o L O 3 AR R AF
YR E VIKOR J ik AHAL, {2 TOPSIS ik 4 DL & A~
BHE R A B IE 3 AR R 0 2 0 AR R Ok X E R 6 B i
TIPS HEF . AW 58 R H TOPSIS J5 4 & s
WL IRTT 20112019 AF 7K £ 4 % 4K fHE 4
W= BUE A AN .

(23)

24

K Z s Zoin WED TR RN IS s D,
D 855k H 2 S5 0 Ak A0 B 25 A O BE RS s Lo N
FATT R E BT R R BUEE B 0~ 1
Z I BRI 1 R AL AR 7.

KT RYET Tk L ELTRE TOPSIS 4 &

ol kit D+ D L,

e 0.021 75 0.000 35 0.112 80
gl 0.018 36 0.001 54 0.224 71
i 0.021 02 0.000 89 0.169 45
STl 0.016 77 0.001 61 0.232 35
M 0.013 28 0.007 08 0.422 05
R 0.015 25 0.003 97 0.337 96
= M 0.016 20 0.002 38 0.276 78
it M 0.000 92 0.020 24 0.825 42
T O 0.001 84 0.017 63 0.756 64
g M M =5 3k 1 = = g >

gz > g > e db >

i TOPSIS #1515 2 i 2 88 07 3 i K £ 4
DA BV 45 F N > B 3 > M > 1 o >
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