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Temporal and spatial distribution characteristics and influencing factors of

vegetation coverage in typical mining areas
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Abstract; Vegetation conditions can directly or indirectly reflect the impact of coal mining on the ecological environment. In
this study, three typical mining areas of Changhe Coal Mine, Liliu Coal Mine and Pingshuo Open-pit Coal Mine are used as
research areas. Based on Landsat data, the pixel coverage model based on topographically adjusted vegetation index was
used to extract vegetation coverage. The trend analysis, linear regression slope and stability analysis method were used to
analyze the spatial and temporal coverage of vegetation coverage in three typical mining areas from 2001 to 2016. Using the
methodology of “time—for—space” , the correlation analysis method was used to analyze the natural influencing factors of
vegetation coverage change. The results showed that: (1) the vegetation coverage of the three typical mining areas presented
an increasing trend in the past 16 years, and the growth rates of the Changhe, Liliu and Pingshuo mining areas were 0.
09%/10 a, 0.10%/10 a, 0.08%/10 a, respectively (P>0.05). (2) In terms of space, the proportions of vegetation
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coverage change in Changhe, Liliu, and Pingshuo mining areas were not obvious, accounting for 66.63% , 59.90% , and
62.25% , respectively. The proportions showing an increasing trend accounted for 28.14%, 32.55%, and 27.81%
respectively.The proportions showing a decreasing trend accounted for 5.23%, 7.55%, and 9.94%, respectively. The
obviously improved part of the Changhe mining area was located in the north and northeast of the natural vegetation and
farming area. The obviously improved part of the Liliu mining area was located in the north with low vegetation coverage. The
area with obvious improvement in the Pingshuo mining area was located in the central and western part of the reclamation
area. (3) When the vegetation type was not distinguished, the change of vegetation coverage and the interaction of
elevation, elevation and temperature in the three mining areas showed significant correlation ( P<0.01) , and the correlation
with various natural factors was in the order of Changhe > Liliu>Pingshuo mining area. When the vegetation type was
distinguished, the correlation between grassland and slope was not significant ( P>0.05), and there was a significant
positive correlation with rainfall and elevation ( P<0.05). The correlation between shrub forest and temperature was not
significant. There was a significant positive correlation between the interaction of elevation and rainfall. There was a
significant correlation between the interaction between dryland and elevation, elevation and temperature. The interaction
between sparse forest and slope direction, rainfall and slope gradient showed no correlation. The interaction between
woodland and elevation rainfall showed a significant positive correlation. Exploring the response of different vegetation types
to natural factors can provide a reference for the selection of vegetation structure in the mining area and the reclamation of

mining areas.

Key Words: typical mining areas; vegetation coverage ; temporal and spatial distribution; vegetation type; affecting factors
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2016 09-07 LC8 07-28 LC8 07-28 LC8
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Fig.2 Spatial distribution map of vegetation coverage in typical mining areas from 2001 to 2016
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Fig.4 Spatial variation trend of vegetation coverage in typical mining areas from 2001 to 2016
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Table 2 Vegetation coverage change from 2001 to 2016

FVC 254k b X A/ km? HRE 53 L/ %
FVC change Mining area Area Area percentage
JrE R KA X 0.12 0.11
Severe Sradation [-0.09,-0.05) B X 4.17 0.67
AT X 4.92 1.54
RHERE Km X 5.80 5.12
Slight Sradation [-0.05,-0.02) BT IX 42.87 6.88
SEAE X 26.84 8.40
G N TA Kim X 75.38 66.63
Non-significant variation [-0.02,0.02) B IX 373.02 59.90
AR IX 198.99 62.25
Biues K5 X 29.85 26.38
Slight improvement [0.02,0.05) B IX 190.25 30.55
SEIX 82.82 25.9
BRI K3l X 1.99 1.76
Significant improvement [0.05,0.09] B X 12.47 2.00
ST X 6.10 1.91
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Fig.5 Mean and standard deviation of vegetation coverage

in typical mining areas from 2001 to 2016
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Fig.6 Variation characteristics of vegetation coverage in typical mining areas from 2001 to 2016
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Fig.7 Accumulated temperature and accumulated rainfall of typical mining areas from 2001 to 2016
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JEE RN RN B 1 38 EAE AR 56 2 B0H 0.068 , Al 9 78 75 5 55 98 B Rk BF | v A 1 38 B A FH B AR 56 R 8000 59
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(P<0.01),
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Table 3 Correlation between changes in vegetation coverage and influencing factors in typical mining areas

X FAISES Influencing factor

mining area T P A S E TxP AXT SXT EXT AXP SxP ExP
ISTENES v s
N - -0.002  0.044  -0.038 0315 0.396"*  0.044  -0.038 0.313*" 0.356*° -0.006 0.253**  0.098""
Changhe mining area

X . . . .

ﬁA I L -0.074** 0.070** -0.012 0.190"* 0.138**  0.068 ** -0.016 0.186** 0.108 " 0.041" 0.160"*  0.088 **
Liliu mining area

FIE

0.012  0.025 0.027 -0.023  -0.054"*  0.026 0.026 -0.023  -0.049 " 0.038 *-0.023 0.002

Pingshuo mining area
5 FE 0.01 G (XUR ) MM « . 78 0.05 5 (SR ) AR B3 ; T IR B, Temperature ; P ; T 12, Precipitation; A 3% 1], Aspect; S: 3 B , Slope; E : (5
## , Elevation

XF AT DXHYABL R X AR I, o AT 5 0 DR 3R AR S 23 B, 45 SRR WA [a] ) AL A3 28 2R 0 52 )
RBRIA R BAOCHE , AARAOCHE LR 4, X TH, 76 3 D0 P #RR B SRR i iR R SRR
Y BRSO | RS R 0 B AVERIUN A AH DG (P<0.01) A et R B KT X > BT X > P9 17 X, 76
KAHE MG X b R B S350 S SRS S SRR R SRR AR G E (P<0.01)  FE G TR B
AT DX S BT X, 75 B DX [ I 2 B S5 39 1) 5 A R k) EL A RO R AR S s % T AR 75 3
AN X BB S I S IR SR A e R A AR P ELA RSO AR A (P<0.05) , FE TR
ST X R B T SRR R R R A LA RO A A G AT R B X R B S e A
5L ) B AN B R AR S, EATTE™ DX > BEAIE™ X, 76 BRI 9 DX 2 B Y 5 5 e 5 15 B Y B
VESSOS BIAR S %0 T 5 4, 76 3 07 DCRBLI I A 22 53, 7T X B 5 e A e 7 5 L B8 ) A2
BIAE K (P<0.05)  7E-F- W47 X B 53 1] Bere) 5 B S re) 5 R ek BRSO ARG, X T g bk, 76 1T
A X 2B E | e A S G ARS8 PR B2 i A X B 2 39 P M e AR PR )

4 Tig

SRR AR IR AL ™R | SRt I 2006 AF S LIPS H G XA BB S, AT 3 07 X AL 16 a 1]
P07 6 P Y SR ke g, R TR R R, NS s, 88 K R IX KOH i HE £ 358K, B8
F W 7 75 2 T R, S LRI AR SR R T BT, R R VS i K, S 2ok w7 o A e
TSN WS, 3 5 /0N BRI FE 245 5 — 850 o Rl e 7 55 1 %) 5% ) R 38 N 2T sl 1 BT ik ot
Sy UL, 3T SR AR AR 28 2000, (R 22 4 v T BA DR o A Bl 7 o B AR OSBRI TR
VEFR S5 5 A8 00 F DA 0 R 8 i B R DX A AR S B o BE T SR TR R (s M R B, P SR 4 R 3R
B, X6 T XAl RT B M X352 [ 9% R 285 M 22 221 5 R TF RSP X, R X oA g 2L T
DRI X A 4 7 o B 2 e R B R S AR O | S S AT RO AE 25 S — 30T | IX 4 IS A
NGRS NG SRR G N EES L T

K X EFEIE A 710—1075 m, P390 852.17 m, Y E Rk 2] 990 m DL b A 4 78 56 5 B4 38 o s 34k
INBETAR BT XY = R L R 639—1268 m, ~F-34°8 927.81 m, S RIS 1135 m fE 9 7 56 B iA B i K
B, KT 1135 m AEGE 5508 B85 3 B0 55 5 Rl Ve B 0 B2 A 348 Jn 2 538 n 5 FRAIR i B 3 ax Sk
REPIAES BRI T 45 R — 20, 31X B R T IR L R ) XK /> Sl AN, A2 320, Hl i 2
RUAAXIARAE , ARLBY 7 o AR X A v 1 D DL 5 P DX s R L R 1106—1564 m, -3 #224 1351.31 m, {0
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Table 4 Correlation between vegetation coverage and influencing factors of different vegetation types in typical mining areas

PIK TR A Influencing factor
Mining area Vegetation
types T P A S E TxP AXT SXT EXT AxP Sxp Exp
KX Ehh  -0.018  0.119**  -0.078 0.315** 0381** 0.120** -0.078 0.311** 0.340"* 0.014 0298 0.171**
Changhe mining area WEAM -0.083  0.177*  -0.207°*0.107 0305 0.178*  -0.212**0.096  0.222** -0.089 0.210** 0.213**
R4t 0.059  0.095 -0.010 0.004  0.145* 0.102 -0.007 0.010  0.159*  0.070 0.062 0.120
Bibkdh  0.193**-0.107 " 0.012 0.027 0012 -0.09* 0.028 0.039  0.119* -0.082 -0.025  -0.102*
M -0.240* 0.105 0.177* 0.119  0.168*  0.088 0.166* 0.106  -0.006 0.187* 0.133 0.119*
B X Bl -0.095% 0.095* 0.049 0.117** 0.149** 0.093* 0.042  0.111** 0.119"*  0.095* 0.151** 0.110**
Liliu mining area AR -0.049  0.093 -0.197**0.219** 0.134** 0.093 -0.199 **0.218** 0.114*  -0.076  0.164™* 0.108 "
S -0.077" 0.039 0.030 0.180** 0.143** 0.036 0.026  0.175** 0.112**  0.042  0.133**  0.061*
Hibkdr  -0.003  -0.007 -0.110  0.160*  0.153* -0.009 -0.112  0.157* 0.129  -0.056 0.094 0.014
Fbdh  -0.118  0.150*  -0.031 0.202** -0.082  0.150*  -0.040 0.197** -0.129*  0.107 0.208** 0.147"
SETIX L5 ) 0.002  0.046 0.002 -0.035  -0.103** 0.047 0.001 -0.035 -0.099**  0.022 -0.034  -0.007
Pingshuo mining area EAR 0027 0203**  0.165* 0.152* -0.102  0.207**  0.162* 0.156* -0.074 0.226™* 0.246**  0.184"
i 0.005  0.018 0.116**0.007  -0.055*  0.020 0.1157%0.007  -0.044"  0.089** 0.010 0.009

HMHL 0.056 -0.104* -0.062 0.088"  0.124"* -0.100 " -0.057 0.089" 0.123"* -0.106" 0.035 0.097

KA XA X TR TR I3, B T 3850 DX 8 b R 5 | b b 2 448 5 30 B 45 7™ B R A 156
L2 AN, 2R AT SR T LAARSE A AR A 7= | AR i B0 [X sl A 78 2 P A AL B, X FRr T X,
Bl e A o 2R A A DX A TR AR R A BT | R 2 S 4 DX % S L A s A S v A i L D
T AR X 2R B wB BB, AN 7 2 B KT B X bR 5 38 3 2 IE AR 56 (P<0.01) SRR 5 i 3
FAHIE(P<0.05) , 5 A5 M i (19 38 AR FH A2 3 3 AR DG (P<0.05) KT X 16 a AR 522 R a3,
o T S 3N A A 3K 5 RIS 1) B A M) R 3R 40T 4 SR — B, A 6 R R I S RN R F B A T
WFSE XA AR AL BB AF 1L, J T3 B K AR 2 0 ZR B8N WP R R X B, 3X 51K % BN K R s A S Ak
WA BT FR T B X, A 55 2 R AR A X ek F2 A X i AR 669 m BRI R HIE |, 43
BT AT MR VA DX 358 3 A0 B M DX A A4 I L 05 11 5 v e AR EL AR A ) 30 B LT 25 by Sk ) 3
S B A FH b, A b P AR X SR BB, 32 AN TP AR Y 7 o b 3 A VR I Tz i TR A e 7 i B i
X A TR EACER A & 1 R E M E RN S | 35 UM E AR S @ R V1A G 6 T X
5 7 5 S R AR 1 DX R B T RIS R TR X AR DX AR 8 KR X M B 5 5 1
1) X 8 A T2 R ER R KR AR R R X,

TFF 5T 25 S B 0A | T 9 FE 9 7 o AR A NSO DA A o 7 5 P AR Ak ) B AR 5T, L B2 DA [ A e 28 A5 £
0 7 i A A A B R A TS RIS, AN ) 23S B A ol 170 e 7 o P A8 Ak, iR Ak o At i 3ot AR R R
BRI SO 2 A T R B2 [, 55 A AR SE ROGTE T A SR D X R B 5 AR AR s, AR IR R AR A
X —ANTEZL A2 R R AT AR U — 2D 9T, i) i DX A AR Ak 5 N 2836 Bl % XA [R] A
1R Ak B DT IR AT S A e AR A X A e 1 B R A

5 #ig

MRS (ARSI, 16 a [8] 3 A8 X AHE R 2 B AR R 2 I a3 (P<0.05) s 7 F A0 AR A5 3R 5
SRR X A2 B DX B0 7 o PR A 3 Bt , B TR P b 1)L 0l 7 e FE ) A8 A1 8 SR SR )P 91 DX A
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S KA R B SR e SRS | R i R A AN AR OCAE (P<0.01 ) 5 B M X 2 B
B SR W o I Il 1) R RG] =2 ] 4 ELAE KON R IR ( P<0.01) 5 P34 X £ BER BN e |
e e T EL ARSI AR SE 1 (P<0.01) A TRTHTB M IX BP0 07 X 52 [ SR R B e 98 Y 5 IX AR A
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