S

5535 % 45 3 ] H & & JH B &K Vol. 35, No. 3
2003 49 H REMOTE SENSING FOR NATURAL RESOURCES Sep. 12023

doi: 10. 6046/ zrzyyg. 2022170

U T, 220, VT, 55 BV R SRR A X 20 FB ) 25 M —— DAZS K T SR 2 BB XA B[ T ] A SR B 8
J%,2023,35(3) :310 - 318. ( Yu H, An N, Wang J, et al. High — resolution remote sensing — based dynamic monitoring of coal mine
collapse areas in southwestern Guizhou:; A case study of coal mine collapse areas in Liupanshui City[J]. Remote Sensing for Natural

Resources ,2023,35(3) ;310 -318. )

MY VY e R R I X g 0 T s A M
—— LS AR D R A X

T A, & W, E E R OF, RLE, IO, ZiRd, Hew
(o B B A SRAE A R BP0, LR 100083)

T I PG R DR BT R R X TR I R R i 2 51 R B R AR SR A K o TR
S DX Tl 25 WA, DL A8 7S Sk A TR A rp X DR A DX, A1) P s 23 [ 70 B 3 TR 5, o A S
VG P L 5t DX SR R o 8 SR b I A P A, T 7S /K i X 2009—2018 4 by o 9% S A5 BLMEAT 1 shAS Wil , I 44 1
WFFE XTI T R o AR 22 A TR, , ¢ B2 M DXl Jo 7 19 0 22 47 0k WY &, AT 2009 42018 4F
Hb I F T AR 167 % , HHTHS i 5 9¢ 3 X TR (5 40% (78 22 XI5 1 AU il 34% o MR 31 B7F 51X . o ¢ 35
R0t 4 AU F AR X, A B 5T 9 A R DORIZ O DR 8 A DIy BE T o AR 8 SRR U 7 L
J I P BB ST PN WIS DX L 3t Jo T T RE X RN ORI A 25 BRI )™ A 14 8 T 155 D, JHL r ox - ™ T 43
SR A I F A | SRR TET B R K A R R4 (3 193 4b) | TETRUEL T2 0 333,55 hm® . B S IX 9 LA T R
JUH X 3% 360 Ak, TETFR K 506. 36 hm , o 18 g U e 2 (647 126 Ab) BN 110.04 hm® , BFFE45 LT )y
Yl A ARG SR 1L M T 9 R R R AR S H s A BT T, R B X RS X A TR B i
DA™ 1L B AT, AT B 58, 4R X SR

REEIR : ANHUKTT; AT I PR B EEI 5 RAME I B X

FEGEDHES: TP79 XERARER: A XEHS: 2097 -034X(2023)03 -0310 -09

AR, T 1 e SRR A0 s 1) 7 A RO 1

0 .};‘ EW AN B > P V37 2
e R AN 5, BT S T TR B JEOG) Z

A L M BB 5 ) R A 7478 307 A s e )
JRASE AL B G, T2 BEALHE 0 B 9CH (A3 T
JeAT i T 15 s L SR AE SF ) | S K2 R B
SR BV IR R o VR R R R R A
S5 R 3 AP L S PR [ I S P RETOR
23 X RIB B (TR PRR SR ) 2 M 1 SR RETE Bl it
SR T T2 Bl R 10 3 P-4, A 1O T3 FE A R S YT
It A L TS T T T ) 458 I 2 L U <1 IR B B
HURIB BIRITR . SRR IE Y16 T 2R UK
b IR R IR K ) ST L A R A
7 IR, L b A — R R
ARZEAR SR A RZE R G E AR, A GE
18, 1 EHAREXE LG — o =S [ AL A R, AR
X DR ] Ay e o o 7 4 T T A R AR, B AE AT
L i 5 7 P TN FOUHR o 7 B KRl L0 e S

gy =p P
HEEUTH:
F—1EH:
BIEEE:

2022 -04 -28; {&iTHHA: 2022 -12 -12

Jo K AT OWLAIE 7 A B, 0 DX J5T 9 3 T 5
R T REREFE T,

EEX IR G H CATVFZ0R5E, RNl
b 105 J7 B i g 1 R b BT A, 00 43 T bR K
R X 5 W EARSE " S T ICE Y 3D 1 B
Y SRBCI AT I E R PR A B AR A 4
BB DX M P R T R IR R e T
T 25O 7 2 S 5 e e R TR R 45 A
T BT T X T S Wi 5 i R 2 OR B
PRRS B A 7R YR B %) i PRORG B )
WA IR T 387 HARAEMET X I & BUAR B 35 5
YA 5 W G R 1 2 A RS T M) A R
BRI IS S WM i 7k SR L TEH
4114 52 B B2 VR 43 BT 1 (analytic hierarchy process,
AHP) X5 H MK I ;AT 5.

AP SRR A Ry E A AT LU R T s i X A 25 7S (RS SR W (45 . 202012000000210017) e Bl o
F WU(1990 - ) , 5, TR, 22 N HR IR =1 it . 3 AR WE U . £ 5T . Email: 591701381@ qq. com,
2 PR(1980 - ) 4, g TR, B IR B P 15 | SRR H %Y . Email:an_na826@ 163. com,



%3 19

TOWU, A RSP RRIAEIR B DX R 0 i B A

PAZS /K T B SR 25 5 B X A 491 - 311 -

AT AT L H 5 ¢ 3 W I = B RN 7 i R T8¢
T FHR R L BFSE X M 48 7N kK T H b pe
B SR A 22 e TR 1 X AR R AR A 1
SN HLZ NER A 1) ) 2 P RS, R BCR A X
IR R AR SRS . AR TG R M X
FIPD K45 F F InSAR B % RAMEIR 1 4347
K25 BB P H S ™ A BRI, B4 5 7 A=
BRI L A SR M S X h SR Rk
AL BETR AR, VU R b X 10 R 25 3 W 2 50 T Hl
SAGES PR LK., 10T P T 2 TR AR, LM 5 T SR 3
X FERZS B P IX, KT FE R T SR S B0bo
PR REIR , B b T R B I, 5 A i, 1% sl
Wk E , BUERE 5 & T RS R Z 50k
HI B IR U ICE TR 1 L R F R
ASCTERT WS L6 E, F T 2009 4 F1 2018
A 5 3 W R, 35T S N A8 7S K b X AR
SR A X PO ML 3 9 A b A, I LA A A s
IFSE X 2045 LT 8 78 AL 1% B AN BIR , F R4 T 18
R PR R AR B RS — B X VR
L JUHB X R 18R A% PR A7 L o 5 18 SR A 7
W, 2D XA L R Y 2 S T SR A

1 #F % KB A B 38 IR

1.1 #HRRHER

SEMA AN TR TH P RIRE, DR 3
{EI I TR AR TR P DT SE s B R R . A
SCHECSE M 7S B A TR SR 25 15 B DX A Ay e o o
TFFE X, H B AR bl E110°27' ~ 105°017,N25°17" ~
26°04" ALY 4 105 km®, J& T 25 74 pg 1 J5 b X o
TIPS RS BK T B e B 26T, KINA
100 RASCEL) .

i)

0™ X 4 AT
IR Y

1 R#EKTHRK RapidEye & B EKET 575
Fig.1 RapidEye remote sensing image of mine geological

disaster study area in Liupanshui City

WIFSE X HIAL TR B S, 2 2 e o Dt o 5 L i
AR . % X OB R R BOR, P il
Moo 3 A Mk I e 2R R ABURE, PR B
X AT AT, VORISR AN, AT IR, BRI B v TR
Z A P BT 7 AT B R A S SR A
HEHRAE 1 500 ~2 000 m 2 [A] , 76 3 B fER A 1 5% g A
22 2 000 m, A H A A i - 1R
A R - Rk 3 KRR A, X P A B
R, LM ARk o =

PN TET DX 7= B IR, JCLABE R BT I
B, A VIR 2 hR . HE XL T4 Tl &
VU RIS, Ja S VY 3 4 LS 1 AT X VY R, R
WRLIRER ARR ZEBR . ERNE R
GBI — R SRR S AR PO BRRER & R
TETCE MR A SRR RN &R T
A, 0 3 B, MBI JeA o b A
A AR T A IR A e
W2, FERZ R BIREAR; PBRUDE Biiba
N E R EESIRE, SHILTHR 1 ~2 R
25 BB b E e U, SRR KA K
Bes, SHILT R, LR RIRR A, — B
T o MR LLAEBE Dy 32, 0 A R o0 ZTBE R IR 3
o XNERMIBE S A R 105 42 ¢, i 5 A B
380 ZAL 1, EEBAAPRIIA T
1.2 iR

Wk T by 0 IR L 2 AR LR 5 Bl (R
AL D SE st A B R ) LK AT P R IO T
JeFR SRR TR I 2 T H IR A I X A
KRR BEAh, B YCEE T 2009 411 2018 4F 1) 1%
TETRBAE (R 1) o Hirp,2009 45 s 0 32 A
B, X EE 234 2009—2018 4=AF 5 X M o % 7 1
EBNASRANTOL. 2009 4F [ 7= TR Bdi 4 >R H
RapidEye 8 247704, Bt = T2 HOB A 5k
Ji& 2018 4[] TR K00 R AU K, >R L P
TR IR A R Al T 5 X, IR AR G ) K
%LN—ZSJ .

F1 FARIX 2009 F£7502018 £ TEHHE

Tab.1 Satellite data of the study area
in 2009 and 2018

T BIER SRR/, IR F Iy i
2009 4F RapidEye 5 a0 5 2 GE B
o1 4 0.5+2.5 A0 5EHMEIERS

2 MEmKEIERELE

2.1 MEENREEIL
AR WS DX [ 9 T e it S o 0 A PR S



- 312 - B % %

2023 4§

FEADFE YL R AR R AT 4 Ry . R

FEPRAEANIE 2 FroR

(a) W

(b) M5

(c) HiZd5E

(d) Fabast

B2 REXEBRYERERE

Fig.2 Interpretation keys of remote sensing data in the study area
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High — resolution remote sensing — based dynamic monitoring of coal mine
collapse areas in southwestern Guizhou: A case study of
coal mine collapse areas in Liupanshui City

YU Hang, AN Na, WANG Jie, XING Yu, XU Wenjia, BU Fan, WANG Xiaohong, YANG Jinzhong
( China Aero Geophysical Survey and Remote Sensing Center for Natural Resources, Beijing 100083, China)

Abstract: Southwestern China suffers frequent geological disasters. The exploitation of mineral resources in
southwestern China is highly liable to induce geological disasters and related secondary disasters. This study
investigated the remote sensing — based dynamic monitoring technology for coal mine collapse areas in the coal
mining concentration areas in Liupanshui City, Guizhou Province. Based on the high — resolution remote sensing
images, this study established remote sensing geological interpretation symbols of coal mine collapse areas in the
mountainous plateau of southwestern Guizhou and then dynamically monitored the geological disasters in Liupanshui
from 2009 to 2018. Moreover, this study analyzed the present geological disasters in the study area. The remote
sensing interpretation revealed that geological disasters in the study area were significantly aggravated over the
years. Compared with 2009, 2018 witnessed an increase of 167% in the geological disasters, including 40% of
new geological disaster areas and 34% of areas with deteriorated geological disasters. According to the geological
disaster degrees in the study area, this study identified four geological disaster concentration areas, which were
highly consistent with the mining concentration areas in the study area. Based on the remote sensing data, this
study analyzed the types of land damaged by geological disasters in mines and investigated possible resulting damage
to the people and the ecological environment in the study area. The results show that disasters that severely
damaged land caused the largest damage area for forest and cultivated lands, which had a total number of 193 and
a total area of about 333.55 hm’. There are 360 areas with potential hazards in the study area, covering an area of
506.36 hm®. They are dominated by 126 threats to roads, which cover an area of 110.04 hm’. The results of this
study can provide a reliable data reference and a critical research approach for restoring the local ecological
environment and controlling geological disasters in mines. Moreover, based on the characteristics of the study area,
this study further analyzed the causes of the geological disasters in mines, explored the geological disaster control
schemes, and proposed countermeasures and suggestions.

Keywords: Liupanshui City; geological disasters in mines; remote sensing monitoring; coal mine collapse area
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