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Research on surface subsidence information extraction method based on

high phreatic coal mining area
LI Xinju'?,ZHOU Jingjing'**
(1. National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, Tai’ an 271018, China;
2. College of Resources and Environment , Shandong Agriculural University, Tai’ an 271018 , China)
Abstract: Accurate, rapid and efficient access to coal mining subsidence information is great significance for land reclamation in mining
areas, especially for coal mining areas in high phreatic areas, which are likely to form large—area surface subsidence and non—watershed
areas. The work of reclamation is even more serious. Taking Baodian Coal Mine, a high phreatic mining area, as the research object, com-
bining and improving the water body and non—water body extraction methods, the surface subsidence information of the entire mining area
was obtained. On the basis of Modified Normalized Difference Water Index (MNDWI) , an Enhanced Modified Normalized Difference Water
Index (E-MNDWI) was proposed for the characteristics that the edge of coal mining subsidence was easy to be confused with water body
information. The Landsat 8 data was used to extract the subsidence water area through E~-MNDWI. The Sentinel-1A data ( Sentinel-1A)
was used to extract the subsided non—watershed area by Small Baseline Subset Interferometric Synthetic Aperture Radar (SBAS—-InSAR).
Finally, Kriging interpolation was performed to obtain the 10 mm contour of the subsidence of the mining area. The results showed that the
accuracy of extracting subsidence water by E-MNDWI was high, and the Kappa coefficient was 85.07%. The western part of the mining
area has basically reached a stable state, and the surface subsidence in the east was more obvious, and the southern surface was slightly

elevated. During the monitoring period, the maximum surface subsidence rate of the mining area was 41.69 mm/a, and the maximum sub-
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sidence was 85.16 mm. As of 2017, the subsidence area caused by coal mining in the mining area was 10.1 km”, of which the subsidence

water area was 4.6 km” and the non—water accumulation area was 5.5 km®. A number of reference points were selected to verify the extrac-

tion results of the subsided non—watershed area, and the coefficient of determination R> was 0.92. The use of multi—source and multi—tem-

poral data, combined with a variety of methods to obtain mining subsidence information, could provided a theoretical basis for ecological

restoration and land remediation in coal mining cities, and provide a new idea for the rapid and efficient monitoring of surface deformation

in coal mining subsidence areas.

Key words: high phreatic coal mining area; surface subsidence; water body information extraction; E — MNDWI; Small Baseline

Subset technology

0 3

Bt O e TN %) 2 S SR e TR T 3 G 1) b 5
U 7 R A ™ I, T SR, 450 58t > e BR Al 15 it
L A AR O 2 R A A TG A Y TR E AR
AP X KER 43 T8 T i W KAL) X FE TR 72
Nl Sy T 1R T R K AR 0 B A R, R P T
FU DR R Ak AR TR S PR, T X
HBRTAFRAEREE S, HErE R s KA 8 X0
Fafs B4R A 2 R IX TR KA R
P R S M S RO G AR B AR, B
WEgR 1 R R S RO HE R AR A5 R4
KITEMRLER T, 25 FOK AT B A Bk, 1R
RSB (4 Bt U5 — kK R4 B0 MNDWI ( Modified
Normalized Difference Water Index ) 75 7KAK$E By 1] B
A BRI RE AT LIARZS 5 Hb X 53 B 52 FUKAR ke
T KRB B ME T4 bR A S A M, 2 S A5 B
XHEEANTFT RGN, 3T Landsat TM S22 15842 H T
— P I MNDWI 321 HIS 23 ] 7K AR AR 5 10 25
AR 7 | FE TR ) 1 3 T A T b R A K1
W) R BUK T A AR, R
b W A SR 5 5 B AT DX K A WK
B FERTHERUK XS Y o R AR 5T, i JLAR R
R R 1A AL T35 T W I 2 R (InSAR)
J2 I A0 2 7 B Sy v 8 LA B AT Gk 2 oK Y
Bk, HA B b B R AR A p )
SBAS-InSAR AR BB AT R e iif 25 2 AH AT RS
SUE SR 5 M) 4 [ T ol AW 3000 e T2 A0 5 A5 DA K e 2
e, PERRIN M R I R A A8 T A8 T R T
PRI, AR JIE ] SBAS-InSAR 4
AR RIS Y b 2TV A2 sf [ F 91 7 225 (] E AR 5 A0 %
2. J& B 415 % ] Sentinel — 1 304, 75 SBAS -
InSAR FEAR Y SCHE T 15 30U SR IE 28 3 5K B2 Ry
6 mm/a, #AFHLE FIH SBAS-InSAR $ AR K H
“H P AU S0 R A 47 T % 3 3 N 3R R BRI
s 1 W0 H P N T 45 b DX T R B S A A
AL
106

|1

B R T /KA DXl 2822 W D 5 e
i DGRIBGICRE K PR A5 B s Uik AR BUK X5 & O
BEA KRB S & . BRI HERE BRI BUKIASS
ROR RE A U HBE S T/ N ELAN RS ey i I
BAK, 0 Landsat Z 5 Bds B A i a] 12 6] L 47 o
Sl B S PR IE A . Sentinel - 1A $i4l 76 Wa il 3
FATT ARG B PL . (AR X B
B o I 3 2 FhoBcls A5 i 416 n] LIRS
AT A XUIFANR R . 2B LG T iR A
11, S0 e v KA A X TR A, A5 A TR UK
DXARIEERUK X 38 BT vk, M 22 8 22 I AR R0 25
BT AR XM R TR, LW e IX +
W2 BERIESFEIRE,

1 ¥ XERSEIEEE

1.1 & XER

o R LU ZR 48 B 1 T AR IR PG A DX ) i
LR A (L 1), M Ak % M A FE VY e ot , e L AL i
FEloMAb 25 35°23713.2" ~35°28'8.4", 5 4% 116°48'7.2" ~
116°52'26.4" T FRZ) 35.71 km*'") | %" X M
IR = U I, M TETAR 55 O +39.97—+44.75 m,
DX Il il 550 24 10 i P RROT D, DR 43 b b o A B X
R KA RES R TE 2~ 5 m, 8 T 8L ) = K A
SRR IX, HET XOEFRE B AT TR R R AR
6w 3, T 1977 4E 10 H 14 H3h T 2%H, 1986 4 6
A 10 B, 408 30 ZAERITF R, ST -
XA B Y o TR, B TR KA s, SUTEARIE B
TR RUK M,
1.2 HIBERFAE

FIH Landsat R I EHE R BUKAGFERE (£ 1),
TT9 5 02 R BB B 1 — A~ B S 40, v LUAR 4
S HEEEMBIF R XA E, XS5 XA
SROKAAR 38 BUZ A X PR 5 [ 1973 4F (1979 4%
11984 4F 8 IR VEAT AL B, B IX UG /K A 32 B35k
B 2015 4F % 2017 4F 5 5o i R AT, = il b
A9 Landsat 8 OLI 52 f& #17#2 X, Landsat 8 L& &
H Rl ——WEIE 1T Landsat 2251 DA | PERE



AR A L KA DX R DR R BB 9

www.chinacaj.net

2020 4F55 4 #

D7 AR T 2Z HER A T AR KA &, IR ELAE K
i b 2 TR RS S HL AR A W Iy T A e i e 8,
FHENVI 5.3 JE47 8088 19 48 0 4 1, KA IE %6
IhEE,

© il A

Bl #)E7 KX
Fig.1 Baodian Mining Area
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Table 1 Main information of Landsat series data

=) 11915 AREAE o BER/m TR

1973 122/35 1973-11-19 30 Landsat1
1979 122/35 1979-10-28 30 Landsat2
1984 122/35 1984-04-19 30 Landsat5
2015 122/35 2015-11-03 30 Landsat8
2016 122/35 2016-03-10 30 Landsat8
2016 122/35 2016—-10-04 30 Landsat8
2017 122/35 2017-04-30 30 Landsat8
2017 122/35 2017-11-08 30 Landsat8
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Table 2 Main information of Sentinel-1A data

Fr5 FRIBUNE Ji] HaEE  AFE3ELR/d
1 2016-01-14 142 0
2 2016-03-02 142 48
3 2016-03-26 142 72
4 2016-04-19 142 96
5 2016-05-13 142 120
6 2016-06-30 142 168
7 2016-07-24 142 192
8 2016-08-17 142 216
9 2016-10-04 142 264
10 2016-10-16 142 276
11 2016-11-09 142 300
12 2016-12-15 142 336
13 2017-01-08 142 360
14 2017-02-13 142 396
15 2017-03-21 142 432
16 2017-04-14 142 456
17 2017-05-20 142 492
18 2017-06-13 142 516
19 2017-07-19 142 552
20 2017-08-12 142 576
21 2017-09-17 142 612
2 2017-10-11 142 636
23 2017-11-16 142 672
24 2017-12-22 142 708
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Fig.2 Spectral curves of ground object
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Table 3 Relative error of two water indexes relative to GF-1

o ) AR 22/ %
Hdlg e FEHA A]

MNDWI E-MNDWI
Ra—5 2017-07-08 — —
Landsat 8 2017-07-19 34.67 7.44

H 3 3 A0, E-MNDWI & BU 7K 7 45 5 40
X 25 /0N, B 2 20KE B2 T sy, T MNDWI (1) 15
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Fig.3 Comparison of MNDWI and E-MNDWI water information extraction

32 KEHEERSN F 4 E-MNDWI {2 KM ER
MRYEIGH X 8 TH )5 i) Landsat £, & BU7E RESHAEXERLHI
SRR X 7K A H A5 30 ] ya] B , e % P LAt 7K e Table 4 E-MNDWI extraction of subsidence water
WA JE B B X WL A R 7 32 o 1 ] 37 i area in mining area and its proportion in study area
G I i ULBERAR TR km? Pt i Lt/ %
FIF E-MNDWI 43 542 8¢ 2015 4E 11 H,2016 2015-11 3.81 10.67
43 J1,2016 4F 11 H,2017 4F 4 H DL J 2017 4F 11 2016-03 3.99 .17
FB DK (B 4) it B AR LA S S B a2 2016-10 405 .34
/T\ /I%ﬂ(ﬁilﬂiﬁmﬁjj 0~ 1 1%Bjj ArcGis10.2 %T]‘ 2017-04 4.12 11.54
IEHT AT IXULR R IR BT (K 4) . 2017-11 4.60 12.88
(a) 1973-11 (b) 1979-10 (c) 1984-04 (d) 2015-11
(e) 2016-03 () 2016-10 (g) 2017-04 (h) 2017-11

B4 K[ e EE-MNDWI T K AKE R
Fig.4 Results of water body extraction from mining area by E-MNDWI
et o R FE iRk E, 2016 4FEL 2015 4F TRBREERR, hy 2016 4R ALBERY 2 %, BUAORE,
DUBA R T RVE AL IN O 0.24 km? | (58T XTI A DX TR K A T AR M S N e FE AR 282 R (H2
FAHY 0.67% 32017 4F- [t 2016 4FH45 K T 0.55 km®, 4% TR AEXIK AR 0.4 km?
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Fig.5 SBAS-InSAR processing results
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Fig.6  Coal mining area subsidence information
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