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Study on ecosystem resilience of large—scale open pit mining area in north Shanxi

YANG Geng', CAO Yin—gui"”’, ZHUANG Yi-ning', ZHANG Zhen—jia', BAI Zhong—ke'”

(1.School of Land Science and Technology, China University of Geosciences, Beijing 100083, China; 2.Key Lab of Land Consolidation,
Ministry of Natural Resources of the PRC, Beijing 100035, China)

Abstract: By quantitatively assessing the resilience of the mining ecosystem, the state of the system can be revealed from the perspective of
the intrinsic carrying capacity of the mining area. In this study, we used land use data based on an interpretation of seven time periods
Landsat TM images, combined with the vegetation coverage data calculated by remote sensing (RS) and geographical information system
(GIS) technology. Using the ecological elasticity calculation model, from the perspective of dominant morphological changes in land use,
the dynamic changes in the ecological elasticity of the entire Pingshuo mining area and the three mines were analyzed for the time period
1990—2018. The results showed that from 1990 to 2018 the elasticity value of the entire Pingshuo mining area was between 5 and 10. The
maximum value was 9.83 and the minimum value was 5.53. The elasticity value decreased significantly from 1996 to 2000. From 2000 to
2014, the elasticity value rose but the rate of increase gradually slowed until the elasticity declined between 2014 and 2018. Nevertheless,
the elasticity value was still between 9 and 10, indicating that the ecological environment had improved. The ecological elasticity of the
mine areas themselves was markedly different. The elasticity value of the Antaibao mine had been at a low level, and the maximum value
was only 4.05. The elasticity value of the Anjialing mine increased and then decreased; the peak value was 5.26 and the minimum was 3.57.

The elasticity value of the East open—pit mine showed a downward trend but remained between 5 and 6. Mining has caused the ecological
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elasticity of the mine area to be at a low level. After 2009, the ecological elasticity of the mine continued to decline. The ecological elastici-

ty of the Pingshuo mining area was driven negatively, and the ecological elasticity dynamics continued to decrease. Studies have shown that

the change in ecological elasticity of mining areas is greatly affected by land use type and vegetation coverage, and that this change will be

transmitted to the whole mining area through a scale effect.

Keywords: ecosystem resilience ; ecological elasticity ;land use ; vegetation coverage ; Pingshuo mining area
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Table 1 Mean values of VFC of Pingshuo mining area from 1990 to 2018(% )

H12 Land use type 1990 1996 2000 2004 2009 2014 2018
B Arable land 17.14 55.79 27.95 48.19 68.01 73.41 62.15
HHh Woodland 68.04 88.00 80.25 80.34 87.32 84.10 89.93
HiHh Grassland 4231 59.18 48.27 45.85 64.95 60.00 60.46
JEUTIHL Urban land 19.84 12.86 3.54 13.66 16.59 50.34 48.51
A i A5 Rural settlement 37.33 21.29 13.30 33.17 37.27 65.69 55.03
#% K3 Open pit 0.18 0.84 0.02 0.62 3.78 3.05 3.61
F 5 [X Stripping area 261 3.29 0.87 222 6.33 9.56 5.60
HE+3% Dump 5.42 7.36 0.53 3.45 8.59 3.83 3.62
Tkl Industrial land 13.48 14.61 15.14 16.51 19.03 42.19 39.38
2238 FH Traffic land 38.20 32.54 10.25 34.91 48.98 55.35 49.86
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Table 2 Ecological elasticity dynamic degree of Pingshuo mining area from 1990 to 2018(%)

1990—1996 1996—2000 2000—2004 2004—2009 2009—2014 2014—2018

5.22 -8.52 6.78 4.77 2.42 -1.04
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from 1990 to 2018
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Figure 6 Land use type area change in Antaibao mine
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Figure 7 Land use type area change in Anjialing mine
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Figure 8 Land use type area change in the East open pit mine
F3 19902018 E R KEH SEEHBEEE (VFC)HE (%)
Table 3 Mean values of VFC of the Antaibao mine from 1990 to 2018(% )
Hi12% Land use type 1990 1996 2000 2004 2009 2014 2018
Bk Arable land 20.86 55.74 33.43 46.33 67.75 69.66 60.12
FiHs Woodland 69.73 91.34 56.28 78.14 92.03 82.64 88.76
B Grassland 48.71 64.77 45.71 48.55 70.02 52.70 59.34
#& K3 Open pit 0.18 0.69 0.57 0.46 4.85 2.11 6.24
FES X Stripping area 1.16 3.77 0.42 1.95 5.18 5.33 5.51
HE+-3% Dump 2.69 0.53 0.67 5.07 7.26 4.10 6.89
Tl 37 # Industrial land 0.44 6.61 391 11.10 21.96 33.95 35.68
2 F b, Traffic land 6.97 5.57 5.65 572 29.33 52.94 21.42
R4 20042018 FLHRIKY 5EXRBRY BFMEBEHBEZE(VFC)HE(%)
Table 4 Mean values of VFC of the Anjialing mine and East open pit mine from 2004 to 2018(%)
R BRI Anjialing mine K& KA East open pit mine
25 Land use type
2004 2009 2014 2018 2009 2014 2018
b Arable land 41.20 71.76 71.29 59.53 69.03 74.32 60.65
B Woodland 62.18 89.32 66.73 83.53 91.13 84.20 90.14
HH Grassland 43.40 65.09 57.43 59.46 69.60 56.38 60.43
##2% 37 Open pit 0.08 1.93 4.19 4.05 6.84 8.88 6.83
F# X Stripping area 1.86 7.06 4.70 3.37 9.76 7.67 8.76
#E1+-3% Dump 0.27 3.34 4.28 5.64 8.18 11.02 7.24
Tl Industrial land 12.00 23.96 37.83 37.58 11.39 43.85 32.81
A3 I Traffic land 11.24 32.32 41.58 58.93 54.43 38.50 43.93

(1) 728 Ak 2 38 o RUBE R0 A% 38 B AN X . 1990—
1996 4, L KB B ARHL B b (1) VFC YI(E I 2
P, AR R R R B, B X AR RS Z ) IE M)
IK Bl DL Je 45 #h 28 VEC {8 42 7 1 5% 5Pk i 78
1996 4FEALIA B 1 25— IEAE 5 AH S, 1996—2000 4%
KR Hy 101 55 4 Ml TR RS, 45 Hi2E VFC 3 (B
A AR SRR FE R R B, 7 XA 25 R G 52 3 1 ) 3K
Bl LA B EEAR VEC BE I8N 5210, 2000 4 A= 28 i
FE R B e /ME . 2000 4F 5, R B i T 5% 4
T AT 7 BB, A A B B — B4R R R AR K
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Figure 9 Trend of ecological elasticity of mine from 1990 to 2018
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Table 5 Ecological elasticity dynamic degree of mine from 1990 to 2018(%)

#7111 Mine 1990—1996 1996—2000 2000—2004 2004—2009 2009—2014 2014—2018
LK Antaibao 8.90 -9.20 1.76 0.51 -0.14 0.36
LRI Anjialing 9.45 -3.84 -3.29

7R #& K East open pit -1.06 -2.37
AT W %’i{‘l
PRz X CHARA)
HWARTHETE -
SRR |z
e % fad2 faks
A LR (BERIKPIRES) GRABIRZ)
B 10 #F XESRGEEETR
Figure 10 Resilience model of mining area ecosystem
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