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Ecological Security Evaluation of an Underground Coal Mining
Area Based on PSR and Extension Cloud Model
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(1.School of Business Administration s Liaoning Technical University » Huludao s Liaoning 125105, China ;

2.School of Safety Science and Engineering s Liaoning Technical University, Huludao s Liaoning 125105, China)

Abstract: [ Objective] The ecological security situation of a underground coal mining area in Datong City,
Shanxi Province was comprehensively evaluated in order to provide a scientific basis for the ecological protection
of the underground coal mining area. [ Methods] Based on various indicators from the mining area from 2017
to 2021, an ecological security evaluation index system was constructed based on the three aspects of the PSR
model (pressure, state, and response). The combined weight coefficient was determined by the cooperative
game method, and the extension cloud model was used to analyze the ecological security situation of the
mining area. [ Results ] Under the pressure index, the evaluation grade of natural population growth rate
(C;) was level I, indicating that the birth rate and death rate were not evenly distributed, and the evaluation
grades of other indicators were all at level [[. Under the state index, the evaluation grade of vegetation
coverage rate (Cg) was at level [, indicating that the coal mine area had a high vegetation coverage rate.

The evaluation grade of tailings pond drainage measures (C,) was at level [ll, having reached the unsafe
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level. The evaluation grades of other indicators were at level [I. Under the response indicators, the comprehensive

utilization rate of waste (C;) and the growth rate of scientific research investment (C,,) were at level II.

The growth rate of environmental protection investment (C,,) was at level [l , and the evaluation grades of

other indicators were at level | . [Conclusion] From 2017 to 2021, the response to ecological security of this

underground coal mining area had significantly enhanced., but the ecological pressure and the current state

were still severe. Targeted protection measures should be taken to maintain the local ecological security.

Keywords : ecological security; combination weight; PSR and extension cloud model; underground coal mine area

MBI A KM TR, RE
W B AR K 10~20 a P, BEE W S BRI &
JR I K B AL A i, O T B B R B R IR AR
AR R B RS AE BSR4 TR 2 A
AL AR AL . i BB 1 - A S B L R E Y
A S IR BT 0 2 AR T T U5 O AR b DX AR AN PR B R
TR 2 Ay A A i 1 b LA B HG At - b ) 2
R - M R T B S g 2 Hop, R T
AR = W a1 e o R ;3 7 R 51 R 10 e = B
86 Y01 I UL, R T T JE SR AR | A AH 56 1) AR 25 KU 1T
Wrwik e . g — & A B 2 2N HE AR B BRI R R LA
K AT P S A ik T s B XA SR A
HEE S, AR AT TR X AR LS
TEM ST . WA 0 AHP il s i3 7
AE ST VP S G, 255 8 B A T 1 AR S R B o
R PP A A X T 28 081 150 WD 2R = 1 3 4 s ol A 5 X S
TN T S Il A 2 A A AR VR A, K B
PSR HE S Y, 7t 57 HE T BP M2 B 4% B [X 42 4 1
PR 2 Lk 30 P A5S80I A L A% 1) T A P R S PR Y
P s 0 ZN AR il R ISM 3k 38 38 FH 48 4 fif R A
AUy B S B X AR A PR 2 A B PR BN S B A
P TR 6 O 5 A e A5 R A S XU R 2R A A
R RO 2 IR 43 BT A S8 I TSR3 Bl 2 1 i AR 28 KL
Wz ) R, e 2645 H 2 DX 3R ) A 28 KU 43 X 45 23 5 £
AV R 25 A HR BOTAN 1 2 RS BT TR R B DA
G A ArcGIS 10.3 X TG X AR RS
PP IR AR BE#EAT T PR BE 9T . DOAE SC B 98 B AT LA
B2 XA S 2 PP 38R Ak ]
) AHP ¥ 25 A 1850 PSR A5 R 45 33 86 PEAf 5 35 78
TR 2 A8 v ™ DX AR 2 22 42 45 9 B i AR Pk ik
Z 7% 8 ORI VP 8 AR 1 AR AR T R X AR R
BARNELEN ., FREGES I XAER R4+
5 AR 5 g — A 0 A n) A S —
AT L% e 45 A8 b 22 8] A W P LA R 6 1 10 R 2
AR RIARA BER . B, 72X X A4
BV AR — L 583 . PSR REZEBAY L J2 ]
W m BRI 2N A —E Wiz . Ll PSR #%

RURL A B2, 1T LA S e N0 3l R85 5 98 TR DL KL
e A5 P IR SR 190 A B 29 5 A BAR AR 9 0GR AT
Ay BVE TR T SN e 2 RN U R Y/ Bve o= o Sl N
SE A3 AT IO A DL B 2 B BT LA 2% BB A% 4 bR I AS 1
SEPENS L S A SC UK [ TR O T X A
FEIX L 22 0 1 B0 L #E S PSR-1T 4 2 AR AL X fF
FEIX 20172021 4F A L 4 21 MR AT T
ZEATEMY I 58 T X 2 iR a5 R . A5 iE
FH PSR-1] 41 = 5 R0 X B8 X b A7 A8 25 %8 04 LA
W Z B XA AR B IR BRI &2 4R SRR
R A LA BT R I X AR 2SR B 4 B4R
PERCHE A

1 BFSEIX S

1.1 BAHEHR

P DX SR @ F b [ vE A K R, R
737.81 km®, Hikb 112°53'—113°12"E, 39°5'—40°8'N
a1 I A B N I = R N R N R G o) A e W 7
AR 6.6 °C L1 H &% .7 H &, U340,
BRI 2K P AR K R 376.9 mm, FEZE T
e 6—9 A Z I8, 5 EAY 75.5 %0 s 57 X PN JGH K AY T
T, EEWGA ORI A B 38 AR R
SRR A TS M R TS b s
Mo SR AR B RN | e KRR, Hidr Lo
NI F A B 1L ML BB 227 F 7 A S AR A
X, BXFEFER BT AL L AR AR R P b AR
AR AR . ST XA M AR AR Q& 1 TR,
1.2 By RERWHERH

WL Hb 5 0 n) B AN R AR E R G R R, K
AR AR S RS IE  BINRET IX [ SR R 5
TS R R TR A fE T NS A e 2 4
AF 5% DX A A DXl S5 6 ) R, it T 338 B4 100 359 45 80
A 101.45 km®, fdi 2 T G A A 0.71 %6 ; HLJE HhL
S0 550 LB I 0] R, 1 SR SO T 3 G 1) b 3R . o AR TT B %
ABRGEEA KW, A AUAE AT R X0 I R o
P, E B ARG I OC A G 52w AR AR T BB AEAED L W5 IX
- U IR 2SR B R SR A X 3 B S HERT B % R Y



% 2

TS AL T PSR-TT #1 o B R 9 I TR0 X AR 252 23Tt 343

Fs 7 5 7K S PRBE 0 IR )T, 3 98 A Be 3 fE L B IF R
T HERF S RZ AT 5T DR I 50 7™ B 5 b M 4 BB ) A
TR 2 H A X 28 B A 23 O JR Al BTk Y [ I - o

=/m
:2 405
1%:599

0 30 60 km
L |

EEHIEE R T B RBIR, Z T X 403 KOs 8
SRR FF R B L T O 350 km? A9 K TE FRR 25 XL T
T ARG 423 km?® , (G 3 XE+ B A057.3%,

By X & %

A FRRD EET
0 5 10km O MR
_ =E/m

F:1707
{%:975

B1 MRETXMBEER

Fig.1 Topographic map of the studied coal mine area
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Fig.2 Flow chart of ecological security evaluation in

the studied coal mine area
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Table 1 Evaluation index system of ecological security in the studied coal mine area and data of recent 5 years
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Table 2 Classification of ecological security in the studied coal mine area
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Table 3 Cloud model of ecological security evaluation in the studied coal mine area

_ FRIRIR s R

Ei ‘ ‘
I I Il I I I Il N

C. [0.20) [20.30) [30,40) [40,50) (10.3.33,0.001) (25,1.67,0.001) (35,1.67,0.001) (20.1.67.0.001)
C, [0.1.5) [1.5.3) [3,4.5) [4.5,6) (0.75,0.25,0.001)  (2.25.0.25,0.001)  (3.75,0.25,0.001)  (5.25,0.25.0.001)
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Ca [90,100) [80.90) [70.80) (0.70) (95,1.67,0.001) (85,1.67,0.001) (75,1.67,0.001) (35,11.67,0.001)

34 BURESREENERERVNELR

2 TG AR AT T IF 4 09 5 M AT DR 48 A AR
KRR N TR S IR VT M 45 R 0 HE P — o TR
s, o A S R ROTE B R A B % WAL B 3R
IR W, W FIHTE R G B 245 31 3 WAL RO
H W R R R A R (5)—(6) R LE & K WAL E %
RKW, GBI AR (D — () RGHEERE o RIEA
RORBLEAE W, DL 2017—2021 &M 38
s 1) B0 A B At S 238 ok BCHL S 359 75 31 45 48 bk 11
PN AR PR . AR 25 A8 br B9 38 b5 (8 S H AL E i e
W KA ST RN EH R D,
35 HMERTREESZEENER

T8 35 2 AR TR (A B T A A S R AN
FEWRBIRY) L ff ] Matlab 2 712 515 B0 X B A%
VM EG I = L I 3—4 iR, BLCs . Coy R 1)
BRI ESFER =B ONERES 4 B &R R

Cloud, , Cloud, , Cloud; » Cloud, ) , H: 4% 5 4% to. 7 LLAR
P LA,

1.0}
0.8}

i 0.6
e R
#® 04} -

0 | fn'l:

0 500 1000 1500 2000
ERDHBRE
B3 MIRTREXC EXEMHMERESEREE

Fig.3 Cloud map of standard level of Cs waste discharge in the

studied coal mine area
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Table 4 Index value and weight of ecological security

evaluation in the studied coal mine area

%‘E’ﬂ% FW ZEEN é?/a sk X
R WE W, WEW, WEW
JE 7 0.234 0.247 0.229
C, 0.085 0.083 0.081 31.37
C, 0.239 0.229 0.235 4.09
Cs 0.259 0.238 0.254 5031
C, 0.090 0.092 0.088 1.145
Cs 0.114 0.121 0.117 937.26
Cs 0.099 0.114 0.108 7.70
C, 0.114 0.123 0.117 478.70
R 0.187 0.212 0.177
Cs 0.158 0.163 0.159 90.92
Cy 0.088 0.075 0.088 76.40
Co 0.137 0.135 0.136 63.60
Cy, 0.141 0.156 0.147 62.60
Cu 0.287 0.294 0.287 1.11
Cus 0.077 0.073 0.075 0.38
Cy 0.112 0.104 0.108 0.79
i )3 0.579 0.541 0.594 —
Cis 0.134 0.138 0.136 84.02
Cus 0.192 0.187 0.190 94.69
Cy 0.131 0.136 0.133 93.65
Cis 0.101 0.116 0.106 95.05
o 0.198 0.188 0.197 58.39
Cu 0.182 0.177 0.180 64.02
Ca 0.062 0.058 0.058 93.60
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Fig.4 Standard grade cloud map of C,; goaf comprehensive

risk index in the studied cale mine area
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Table 5 Comprehensive evaluation grade of ecological security of

each index in the studied coal mine area

. Zh RS ARE fé b g%@

Cloud;,  Cloud,  Cloud;  Cloud, %%
C, 0 0.3021 01007 0.2223 1%
C, 0 0.0135 0.3041 0.0003 Tk
C, 0 0.995 7 0 0 1E3
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Fig.5 Scatter diagram of ecological security comprehensive

evaluation grade of each index in coal mine area
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