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Effects of the underground coal mining on the dynamic changes of vegetation in

arid desert area

DUAN Yufeng, ZHANG Yuxiu®, YU Chuang
School of Chemical & Environmental Engineering, China University of Mining and Technology ( Beijing) , Beijing 100083, China

Abstract: The ecological environment in the northwest arid desert areas of China is fragile. Coal mining activity severely
damaged vegetation and affected the ecological environment of mining area. However, the impact of the underground coal
mining on the dynamic change of vegetation in the arid desert area is not yet clear. In this study, taking Lingwu city as an
example, the dynamic changes of vegetation and its relationship with underground coal mining from 2000 to 2019 was
analyzed using a combination of remote sensing technology and field investigation. The results showed that the vegetation in
the region of Lingwu was mainly desert plants such as Artemisia salsoloides, Caragana korshinskii, and Achnatherum
splendens. From 2000 to 2019, the fractional vegetation coverage (FVC) and the greenness rate of change ( GRC) showed
that the vegetation was slight improved. The normalized vegetation index ( NDVI) had significant correlation with
meteorological factors such as annual precipitation (P) and mean wind speed (S), indicating that meteorological factors
played a major role in the dynamic change of vegetation in northwest arid desert areas. Coal mining activity encroached on
grassland and shrubland areas, and led to changes in land use types, while the implementation of ecological environmental

protection policy played important roles in the changes of land use types and vegetation improvement in this region. The field
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investigation showed that the plant community structure in coal mining area was changed by the coal mining activity. The
vegetation coverage and species diversity index both showed a downward trend within 1—4 years after coal mining, and an
upward trend within 5—9 years, and tended to be consistent with the control area after 10 years natural restoration. This
indicated that the succession of vegetation under natural restoration in coal mining areas experienced three stages: the
degradation,, improvement and initial recovery. All these results provided a theoretical basis for vegetation restoration in coal

mining areas and ecological environment construction in the northwest arid desert areas.
Key Words: arid desert area; coal mining area; fractional vegetation coverage; land use type; species diversity
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Fig.1 Schematic diagram of the geographical location of Lingwu city and Ningdong coal base in Ningxia Province, China
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{B, RAF AT S A TR A (S5 IBBA X (C) BEARS SHIE X (H) ) RS IFRAEBR (1.2 .3 -
11a) Z N, 40 2Q 7 IXEE S A 444 2Q-CK ZQ-C1 ZQ-H2 . ---ZQ-H9 % ( Hiip 8k ZQ JkEHL CK AR IRIX
C RHSIBIAIX H AR SR X BOE SRR BB AER ) |
1.2.2  fHGEERS T Tk

(1)NDVI

8BS AG B F JEE 1) Landsat 5 TM #(dE 1 Landsat 8 OLI _TIRS #(di (3 1) , B IR BSEAR I 1 Wi
JEFHEBR A 2 T MR AL s, EROR PR AE K S 5—9 A H KT 5% ME BB . 8B 80
2t WAL FRE A ENVIS.1 #pF, 453 NDVI ',

(2)FVC

FVC & AR (AL FE I ZEARL) i 36 5 4852 TR o e 3t IXOR TR B 43 L, He 80T A B 2 T3
FVC M F73E7 . T NDVI R A K A6 bn , B 5 FVC A RGO AR S, T3 AR 3 1% o0 — 40 A
Y 40+ 38 NDVIAAE M HE NDVIEZEF T INACEY  FVC B E AT .
NDVI-NDVI_,
" NDVI,,-NDVI, (D
= NDVI, R4l -+ B OTHIBE BUE , BE FH5E F 05 NDVI,, AR R LA DR O bl P8 5500, B8 BT 1,
HI TRARAFTEME A  NDVI, FINDVI, 23 58 NDVI JUR R i1 5% 1 95% , TESSb s & i kAl b, 2%
Tong Z"™ XTSI FVC 2340, 8 R FVC E U 5 MR AR (F 2) .

http ; //www.ecologica.cn



8720 A EF E MR 405
F1 EBEPSGEEAM
Table 1 Remote sensing image data
i’ alibriR TE HiH =i
No. Data identification Satellite Date Cloud cover
1 L.T51290332000235BJCO0 & L.T51290342000235BJC00 Landsat 5 TM 2000/08/22 0.79&0.1
2 L.T51290332003227BJCO0 & 1.T51290342003227BJC00 Landsat 5 TM 2003/08/15 0.11&0
3 LT512903320062511KR00 &L.T512903420062511KR00 Landsat 5 TM 2006/09/08 0&0
4 L.T51290332009179BJCO0 & L.T51290342009179BJC00 Landsat 5 TM 2009/06/28 0&0.23
5 LT51290332011169IKR00 & L.T512903420111691KR00 Landsat 5 TM 2011/06/18 0.26&0.89
6 LC81290332014209LGNO1 & LC81290342014209LGNO1 Landsat 8 OLT TIRS 2014/07/28 0.1&0.07
7 LC81290332017249LGNO0 & LC81290342017249LGNOO Landsat 8 OLT TIRS 2017/05/17 0.01&0
8 L.C81300332018241LGNO0 & L.C81300342018241LGNOO Landsat 8 OLT TIRS 2018/08/29 0.02&0.27
9 L.C81300332019170LGNO0 & LC81300342019170LGNOO Landsat 8 OLT_TIRS 2019/06/19 0.01&0.28
x2 HEUBEESEMER
Table 2 Vegetation fractional coverage classification system
i sr% ik
Value of FVC Categories Description
0—0.05 R 5 T L HE R R X A
0.05—0.15 r AR B 5 1 FETERE M | B AIG7 # Hh 25
0.15—0.3 FRR B B PR 72 S AT A 7 A 45
0.3—0.6 P R PR 7 M R b LR PR 4
0.6—1 AR T e i SR PR AR, A R 2 b S
7K Water 7Kk RGN N TN ST P72
(3)GRC

GRC JE SR B FVC AE— B (8] AR BRAE i/ IN 0 R BN [N R AR . SR B/ — ek B4

WF5E X SEH FVC HR el a1

n x 2:=1i x FVC - Zleizlll FVC.

GRC =

n ) noo\ 2
n X E 2 —( E L)
i=1 i=1

i

(2)

Horh  GRC REHLAIRIAR, n BN R R,  BARDY, FVC, 2 i 4FRYFH FVC {E, GRC &55R ik

BRI AFRF-25 FVC %, 24 GRC>0 I, FVC #; )2 FVC I8/ GRC=0 [ FVC AZ,

(4) L3R 2R

TERFAN S 1 % S RLm | 218 2017 AFEM A 4 & S Am i R B0IR 23 25) (GB/T 21010—2017) 2|
ST IX 34 K 8 A F I ZEA (32 3) . BB AR BMR 2 1 RE AR I 5 R0 K SRS IE S, 4 FH 52 45 1) 4 4L
(Support Vector Machine, SVM) 4325283047 B4, 5 J5 R ArcGIS 10.3 SRS TER SR 2 |

®3 IHAASEER

Table 3 Land cover classification system

T+ A I A ik THFIHER R
Land cover types Description Land cover types  Description

i M
AL R B S S i LRGP KRNI B M
Construction Shrubland
Lo BT HERFS7 AT HIE A & A b AR R LIS
Industrial and mining Grassland

< 9 A AR b A |
i Forest ?ﬁi;};%\fxiﬂ‘fk\{ﬁ/lx%ﬂﬂ\ﬁ%ﬂﬁ\%/Fﬂm ]fj:i‘ﬁl BRAT R M
o arren

e KRS K T P P K A
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Fig.2 The dynamic change trends of FVC and GRC in Lingwu city from 2000 to 2019
ARV P T

FEDC GRC SR RIS (F 4) , 20002006 4, GRC TV FL K 0 S 5 L I
SEAL S, 31 AT I TR ) 20.89% 1 44.24% ; T4 2006—2019 4, GRC RS Al B A R A ok 4 %
G, 5 AT 84.3% ., F 1 52 2 R B FE 2000—2006 4F 6] = % il Ak 2 3B AL R 4 7 LAY
69.14% ,2006—2019 4F-[A] 3= E & i 3 a3, o3 i AR oy R T AR A 93.69% 5 2000—2019 AT [ A B 1B 1k 1 A
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P.PET J¢ N5 EJF, RH 285 FRE@EHE, T 2 ETHESE, S% M W T [FREFEE , F 8 2000 45 LR AFIE X
SE R FERRLE T R IR A S B LT,

*4 RERTARHEBBEARZETUEELZWER
Table 4 Area of different GRC grades in each period of Lingwu City

S - 2000—2006 4F YAear 2006—2019 4F Ygar 2000—2019 4F Ygar
GRC Grades TN Area/km? ks t.t MY Area/km? ke [:.h TN Area/km? g t_t
Proportion Proportion Proportion

<-0.1 JrEIRE 190.26 4.10% 93.55 2.02% 44.12 0.95%
-0.1—-0.05 ARk 965.01 20.80% 35.73 0.77% 49.86 1.07%
-0.05—0 BiaR it 2052.35 44.24% 167.42 3.61% 211.33 4.56%
0—0.05 ek 930.56 20.06% 3167.69 68.28% 3910.75 84.30%
0.05—0.1 NI 297.21 6.41% 986.08 21.26% 359.43 7.75%
> 0.1 A I 203.60 4.39% 188.52 4.06% 63.51 1.37%

FEBE A Z KA TRBE AR AOFEIR , NDVIT 3222 FH LA 5% i AR B 5 ol B4 28 £ RO B IR ' 45 906 1
SHRE Y AR AR A I N I — R, N TR R E SR TR (K 4) 1
SEHFAEAF Ay (2B AR 3B 43 =S BHE B4 BT NDVI B84k, 7€ 2000—2006 4, NDVI F 225 R [
%5 P P.PET RH T S fl W% Fr B aHE—% FHS S (r=0.99,P<0.01) W% (r=0.98,
P<0.01) .P.PET (r=0.78,P<0.01) # T (r=0.77,P<0.01) & 5.3 1F A6, FWI7E % JLAE i 5 3% 1 J4 1 0
D REEREAR, KGR AP A K, 330 NDVI FRE, 7 2006—2017 4, S Tl W% T, P P.PET F1 T
T NDVI FEZ F+ 5, H NDVI 5 P (r=0.86,P<0.01) 2 B EFIEM L, 5 S (r=-0.86,P<0.01) fl W% (r=
-0.81,P<0.01) S W HAE, K P S A W% M ] B mi g A K 0 B L W7, P Ry el if 4
BEK 43T i TS W 9% P B AR DU feft XUt/ FH T A, DA T B2 AR XD P A R R S AR e A R TR 9 A
K, 2000—2017 4E[E] ,NDVI H5 P (r=0.68,P<0.01) & & F 1A, 00 P Z52m v b T 52 5 35 X AR W Ak
FFE R 55 K AR AR T,

2.3 DXda MR R S B AR AL A by

R 2000—2019 4F = HA B A WAL 4 Frzs , 76 2000—2006 4 8] [ FLEE I ) £ A FH 2S5 3 20 41
HA T FH AL, 205035 T 800 km® 1 150 km? | TR/ ) 3 Bk BRI N AR U T 162 km? T 82 km?,
FIREAE B TR TR AR o Rl T R 2 8 DA i) ok b 2 A, 5 e ) A M P 46, R SR R AR R B
2006—2019 4F[a] T FRIE i B4 - o F1] FH2S R0 3 R A FITMHE , 43 B35 N T 400 km* A1 60 km , T A/ A4+ 3
FURHE AR KOO T 135 k™ F1 502 km?  HERICFBERG P AT S S5 S5 I F43 B AL #E AR K 641, 2010
AEJE IR R ThReE (K 4) , T4 I AU R4/, 22 2010 4 A B AR RAAK ™ 25 S IR BUR
B SIZ it , (58 A e ) A b A6, 5 [ DA 46, 3T BB AT 9% X A 22 G R B R R 2 — R IR TT
RAE—EREE T FECE MR IS AL AL (B EOR A e A v A5 T R
2.4 IR TIFRAE BRI XA ) BF 75 45 4 B 5 1

ARBISE LAZS [ AR AR A ) 14 596 24 0B TS [ R B BR XA X (ZC ,YC LX) a5 (% 5)
TRl A B R A A (BT 5) B2 MR, S AR R Y A A B0 o0 B (36 5) R B, R KT A v
FHELAVDES by SRR B RS TE R ON F  ERTTRIG 3 AT XA A SR 4 e A B e e I
K 1—2a 0], TEVNE A7 EAEEFVREEAAS (B4 Sk A1 4E 0 FURT ( Cynanchum hancockianum ) 55 JFEAG 5
AR A LIVD K (Agriophyllum squarrosum (Linn.) Moq. ) FlfI 181 7 ( Hypecoum erectum ) 55 A % {9 48 £ 55 28 JE A 7ic
TRABY) s R TFR 3a i, A0 S ANAEAL AT A IR A 350 SCR S L 3, 0 S 4 i 5 0 BR IX AR — 3%, A
FREC AT (K] S) FIABER IR 1—2a [RIAEYI P FIEAT — E FR LRGN, 3—4a BIAEYI Y FIECR T R 35, 5—9a
[EAE AN ECZ T BT, 10a J5 0 5500 B IX R T — 38, FBRE 5 I SRAT) 00 00 A 0 A 7 00 ol 2 1S R 485 ) 5% i)
K, HEESEHEYYRETTE SR & AR
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Fig.3 Interannual variation of meteorological factors and NDVI in the study area
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Fig.4 Area of land use types and raw coal production in the region
x5 ZQTREXRHESEYRBEM
Table 5 Dominant species of plants in sampling sites of ZQ coal mining area
P A
Sampling sites Dominant species
7Q-CK V& Artemwasia salsoloides 1% % ¥ Achnatherum splendens ¥y'4&% Caragana korshinskii
7Q-C1 YK Agriophyllum squarrosum (Linn.) Moq. VP Artemwasia salsoloides ffi i & Hypecoum erectum
7ZQ-H1 Wik H Oxytropis aciphylla Ledeb. Y>3 Artemwasia salsoloides SA T Hypecoum erectum
7Q-C2 YK Agriophyllum squarrosum (Linn.) Moq. F14% Caragana korshinskii VP& Artemwasia salsoloides
7Q-H2 VAT Ammopiptanthus mongolicus U Artemwasia salsoloides 7 5% Caragana korshinskii
7Q-C3 VB Artemwasia salsoloides S H Oxytropis aciphylla Ledeb. R Lespedeza bicolor
7Q-H3 F 7% B Achnatherum splendens RSN Cynanchum hancockianum U Artemwasia salsoloides
7Q-C4 ISk ) Oxytropis aciphylla Ledeb. RIZ S Ammopiptanthus mongolicus RS Caragana korshinskii
7Q-H4 VDS Artemwasia salsoloides \BF 78 Artemwasia lavandulifolia R 3 Caragana korshinskii
7Q-C5 VP Artemwasia salsoloides ¥ 1% % Achnatherum splendens VY47 Ammopiptanthus mongolicus
ZQ-H5 A Sk ) Oxytropis aciphylla Ledeb. FEFEL Achnatherum splendens e Cynanchum chinense
7Q-C7 VHE Artemwasia salsoloides j}"{fj{$ Achnatherum splendens \ﬁﬂ M Lespedeza bicolor
7Q-H7 % 7 B Achnatherum splendens & Caragana korshinskii U Artemwasia salsoloides
7Q-C9 bl Oxytropis aciphylla Ledeb. \)FT% Caragana korshinskit U Artemwasia salsoloides
ZQ-H9 5% Caragana korshinskii JEALEHT Cynanchum hancockianum VP4 Ammopiptanthus mongolicus
ZQ-H11 Y Artemwasia salsoloides F7 5% Caragana korshinskii A8 FTHT Cynanchum hancockianum

(1) REESAFRP A TR R X AR, CK X IR IX, C MBS0 X, H AR 5 8B X 5 T B980T h PR AR R

FHIRAE BT 2 WIS DX 56 il 30 i A A 0 ot P 5 3 A7) FVC A 2018 4R A1 2019 4F B9AHSC R 8003 il ik
1 0.84 11 0.90, Ui W 8 BAHEAG I FVC BAE R {5, ol LURCBRATFEIX 19 AR i sh 281k, AN IR
SRR BR X AR DAL o JE AR A A S M 23 BT 2 W (&1 5) 5 DX (ZC  YC ORI LX) B AR ot JE B 7 SR IR
1—da [ 52 FREHS 5—9a [IZHR BT}, 10a 5 /ME L TFFZ @ T 58 E ; 32 WS RA0 XA #5E
—E R R R TR 1 L RREE U T - R AR BT, 7 A b B A S A AR R
2 FEEYIET R EEREAR 20 B XE S B DX AR i e T R S0 M A DX A A S, R
TR AR$ ) B3 B DXAE BB AR BE R T 238 B X, 5807 X Shannon-Wiener 5%, Simpson 45 £l Pielou 1
BAEYITD Z R R B B ST RAFBR B3 I 22 BRSE T B LT A 4 | 5 0l =i B2 A AR A 35—
XSGR UL AT AR 1—4a [MHLHEE 1L , R R BRI 1V 22 BRI , BB 2R O SR AT FIR B B (K A 9
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Fig.5 Number of plant species, vegetation coverage and species diversity index in different years after coal mining
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B4 A5 3 238 NDVI T 5 10a Ji NDVI AR E 2% B8 XK, 31X 51 iR S b i 2 A0 At 26 7 45 TR — 2
PE— RS T 05T X B R AT A MER I . RIS, ZQ 7 X R ML A0 5 A IX. NDVI BEE 5 I 2R 48 FR A 728 4k
AR TR AR X By (E 6) , AR XA NDVI 5 TR A IR X, BB 5 TP R 4420 35
B XA BB SRR /N AR B 21 IR B X

3 e

3.1 MBI T IR X SR 5 s A A Ak R i)
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P.PET fil T AYFEAE, SECEHEKM/D, H T B FRAR A F A 1 19 A K, 26 A [ AR =52 i v e+
ERCE XA AR A BN R, 20 A5 0 JR T A HE K 43 R R T R BK h G b T R X S I
FVC AR ABMR R ERE, SAMRNLGE IS —8, 1o, RETTH NDVI BEE S 1 W R TR, i &5 %
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Fig.6 Changes of NDVI at different coal mining area and various subsidence area after coal mining
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IR ATER, Chen ™ 28 ABEE T J2 P F ALy 840 A9 223K 3 [ 36 2 — 52010 4 LIk, bl 1R #F 8 AR5
A I RN S AL TR B IS0, Akt A0 45 i 1o AR 20> | A R A v AR K X SR R 5 X sl A
BEEI S — AN BRI, BT RGP I PG b T 5 5 I DR AR K ) R R BT SRR T X
T BIR Ak, 1T AR A5 PR AR UK 9 S ] A1 2 DR B A 4 R ki

3.2 MBI TIFRX 0 XA Sh 28 Ak )

WRIE TIFRSG AR R TR 1—2a (A1 — @ FEEERE N, 3 n] v B TP dd ol fid e, B0 o
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