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Dynamic monitoring of cultivated land changes in loess mining areas based on

time series remote sensing:a case of Dafosi Mining Area

GUO Qianhuizi' ,TANG Fuquan'? ,MA Ting' ,CHAI Chengfu'
( L. Institute of Mapping Science and Technology ,Xi’ an University of Science and Technology ,Xi’ an 710054 , China ;2.Key Laboratory of
Coal Resources Exploration and Comprehensive Utilization ,MLR ,Xi’ an 710021, China)
Abstract ; The western loess mining area is an important coal production base in my country. Large—scale coal mining subsidence has a sig-
nificant destructive effect on its cultivated land resources. However,there is currently a lack of quantitative monitoring and systematic re-
search on the changes in cultivated land caused by such mining. This article takes the Dafosi Coal Mine in the Loess Plateau as the re-
search area,The time series characteristics of the main crops in the mining area were analyzed through time series remote sensing images,
and Landsat images and MODIS remote sensing images were combined with the enhanced adaptive reflectance spatio—temporal fusion mod-
el to construct a 30 m resolution NDVI time series data set in the study area,and use the S—G filtering method in the TIMESAT program

package to smoothly reconstruct it. Combining multi—spectral remote sensing data and digital elevation models, Object—oriented combined
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with decision tree classification model is used to obtain time series data of farmland changes in the study area. Based on annual remote
sensing data,according to the degree of coal mining disturbance ,the monitoring area is divided into coal mining area,subsidence area,indi-
rect affected area,and non—mining affected area. By GIS spatial analysis techniques to analysis the temporal and spatial variation charac-
teristics of the reduced farmland area in the different mining—affected areas,the temporal and spatial distribution characteristics of cultivat-
ed land area changes in loess mining areas is revealed,and discusses the destruction of cultivated land and related effects of coal mining
subsidence. The results show that the change of cultivated land in the study area is closely related to the mining of coal resources. With the
advancement of coal mining,the area of cultivated land in the mining area is decreasing year by year,during the study period, with the lar-
gest decrease in the initial stage of coal mining. and there are differences in the reduction of cultivated land in the areas affected by differ-
ent coal mining disturbances,and the reduction gradually decreases as the distance from the Mine—out area is farther. The reduction of cul-
tivated land mainly occurs at the subsidence boundary and topographical changes. In addition, the production capacity of cultivated land
and crop conditions in the goaf and subsidence areas have declined compared with before mining. While coal mining,human intervention
and protection measures can alleviate the continuous reduction of cultivated land to a certain extent. which provides a reference for the sci-
entific utilization and protection of farmland resources in the coal mining area of the Loess Plateau.

Key words : cultivated land ; mining subsidence ;remote sensing inversion;temporal series vegetation index loess Plateau; dynamic monito-
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Fig.1 Schematic diagram of geographical location of study area and zoning affected by coal mining
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Fig.2  Scatterplots of synthetic Landsat images with

the original landsat images
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Table 1 Phenological period of major crops in study area
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Fig.3 NDVI time series curve of typical features
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Fig.4 Comparison of classification results of different classification methods
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Table 2 Accuracy assessment of classification results
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Table 3 Statistical data of cultivated land in coal mine
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Fig.6  Spatial distribution map of cultivated land use topography

(b) 20094

(c) 20124F

S

(e) 20154F

() 20174F

0 2 4 km i

20074 [ I 2019
4 f

(2) 20194F

B 7 FEAAERIRED 2

Fig.7 Annual arable land area and spatial distribution of reduced area

2 VRER TR A2 S 0 M/ 1o AR AT B2 S B Y

220

KAWL, WK 8 Fras, B =9I, RIS



RTI4TN A B OB M A gl 2 M I —— DU < DX B

www.chinacaj.net

2022 455 3

IR K R AR S B s T AR SR D, B R
2% DX L A 2 T SR e A R PR 1, B ot T R
(19 i B A BT A

600 110

E 100 F /" — B R 420

=L BBJPRE 10

2005—2007 2009—2011 2013—2015 2017—2019
AR X 8]

K8 i R iR m ARG MR I R EA
Fig.8 Cumulative cultivated land change and coal

mining volume correlation curve
7 A
4 'l:‘__" TE

4.1 RIETBEYT L AR RSN

AHAS5E KRR R TR M 20t 4 i 5%
M L B, S DU RE IR R, i SR | e iy b 3R
ARYJET R UURZSIE 25 B R 4 M ) S 4 1, 2 E
(VAR IR 27, SR AR TTC R 15 7 2H B0 b A1 39 5 A
KIMHEAS RSB, TORA T A B Ty BRKSF- A8 98 K il
RASTE A v T B 3 22 44 U] 5 SSORF b R R B
%, BB VEXE B
4.2 FIETMBEITHHHRENRNE

JREDTE XA DR b BT 6 b %) 52 ) A
J5 1T, — Sk - AP TR A AR, AR AE
J e R A, TR 17 BRKSEARIE B iR
AT AL T E B 2 S48 AT A, 28 T H 38 5
PEFIFLBR AT s #F K - A AL R S .
FERUTRE 5 L 1 A 3 2854 el A8 (i 45 3R ) 587 oy
i IR BEAR, 5 B bR A RE A 7=
RO AR T SRR H 35, R
Mt R A R R A s g AE 20 S B
B A S AN EY) ™ 5 T

3 A% /N2 B STAB ITAS TR UL R XA P K
PRSI AN 9 R, 2005 44 /N K gl
2007 4F/NAZ 8 2005 AR BT B AEAT & TR
BIR B /NE K AR TP B 115 0 1 A 2009
AESR AT X P LB, T SR B ) [X (1) /N 22 K 3 A
FOP(E AR (AR IR B R s XN RAED)
K7 RIS fe K, A IX IR 2, TR I X
TESRARATT U152 i 55 A, T i D g, A A 5 ) X AR
P AR RE R 2, 45 B B2 R AR sl AR /N

0.20
0.15 R X AULFEIX
BlaiimX  KEAERmX

a 0.10
;E_ 0.05
>

zZ 0
Z

-0.05r

-0.10

2005 2007 2009 2011 2013 2015 2017 2019
4

B9 A/N# NDVI fE 14
Fig.9 The curve of NDVI anomaly

4.3 RESESRHHRSER

Bl 2 >R T AR T A RS 4l it | 7SR 28 DX T R AR
FE AR BL T, BT 7R IR 17 B 05 i) K
H AR TP AE R, DT B DX R[] 422 52 il DX A SR B
o)y Al R R (R I SN SARGAY o e 5
JH4r,2013—2015 “FBUN H & T & Flok b R4 L K&
PR TR X RO 5 AR A MR OCBUR , insi 1 XF
W DXL PR A, Iz Al SERG TORG X IR EE TR i
R 52 M) DX, 10 RS2 7T A T 8 0, 60t J £ L
AU R IR A S Y AR AL
AR AR B) A5 BRI T AR BRSO, 3 1 B
UK T A R N AT G XA S A T 1
BOR . 2015—2019 4, Fifi 5 b T 1SR X580 AS W 3
T, BB DX R ()2 X AR 25 (] i S fER S
HEH AR BOR AN Al 4 T B T AR A RR 2 e adt | it
B B b T FR ER R AR B (EL AR A i B /N TR
B BT IR B .

5 4 e

1) i FH 2 JE i P 5040 T ik B v R R
X AR AR A BT 25 RRAE . A A ESTARFM #5571 5
IR T 32 SRR e 4 o RO R 1 R BR T, A Y
B P A2 5 FLSAR B A A OC R E0GE 0.946 1, B A7
ARG — B0V 5 R A5 6 W05 D GTE R AE f) T8 1) X 42
PRBHE AT S5 53 25, e 7043 R SO K %5 [R) R
fiE ey A AR IR 4, i 1 b i AR LY
KEEE . SRS B A 2 R SR 4 28 TL AH L
ARSCOT R HEAT A Mo 2 ) R RORS S 4 AR T T
20.34% ,7.78% , B & HUHEHb A B 1R 5] 93.3%

2) WEFTIX 2005—2019 4F ki 1 R 5 2 A s />
A AN RIS b R AR AR I A AN ] i R
5T AU B A6 A B S5m0 P A
SRR E D 722 hm? | e A 87 40 1 (2006—
2009 47 ) Yol /DR BE e R, I8 2 329 hm?, Bl R A X

221



2022 4F55 3 1A

www.chinacaj.net

HEMFHA

550 %

TR A 23 A, 4552 1) X PR AP b T R sk /) i D01
BT 82, 2013—2015 4, 52 BOM HE B R 30
A S AMEEUR S A lb TR 4 A B S, B 5T X Bk
Hb TR R BT

3) AR5 W DX P9 B b T RS A S AE D K e
SRAEUURA PSR B AR O, H A 80 B e A0 23 i) 43 57
FRAE, 45 5% ) DX 1l 1 AR A A X A2 Ak R R 28
X (=7.73%) . ULFA X (- 4.96%) . [H] 43 5% Wi [X
(=4.13%) ZAEFLI X (-0.45% ) IR IR 25 X
HF b T AR B b ST AR Y EE e 2005 ARSET
FEHTHY 32.86% 18/ % 2019 4E#Y 19.87% , 75T % T
A T 31 55 B 30T e 2 2 T T 510 DX DX 35k 1 A R s A8 b e
Rk 2 A R v DR T DX A Bl T R N
YEYIK A EA 241 23 Tl AL RRAIE

2 % X HR ( References) :

(1] &N, FIES. T KSR FE AT [ 1] 475

2F4%,2014,34(11) :2837-2843.
LEI Shaogang, BIAN Zhengfu. Research progress on the
environment impacts from underground coal mining in arid western
area of China [ J]. Acta Ecologica Sinica,2014,34 (11) ;2837
—-2843.

(2] WD R, AR B R X - - Il S X R e

ZEFARRFARL )] A TAR S, 2015,31(7) :238-246.
CAO Yingui, ZHANG Xiaoran, BAI Zhongke. Temporal spatial
transformation characteristics of land use types in composite area of
ore—agriculture—urban in Loess Area[ J]. Transactions of the Chi-
nese Society of Agricultural Engineering,2015,31(7) :238-246.

[3] sk g, sk A% AT, VG ET 5 A BRI % 28 R AE K

FOEm KR [J].0 PRS2 ( 3 ARBFR) , 2018,
36(3):121-132.
ZHANG Ru, ZHANG Bei, REN Hongrui. Spatio — temporal
dynamics analysis and its affecting factors of cropland loss in Xu-
angang MINING Area, Shanxi, China [ J]. Journal of Guangxi
Normal University ( Natural Science Edition) ,2018,36(3) 121
-132.

(4] REZE BB, TR, 5 ESITF RIS 0 -4 5 & XA H
B PEAr [ 1] A0l TRAEHR,2020,36(9) :273-282,341.
XU Zhanjun,ZHAO Simeng, WANG Peizhou, et al. Evaluation of
the impacts of coal mining on farmland quality in mine—agriculture
regions in China[ J]. Transactions of the Chinese Society of Agri-
cultural Engineering,2020,36(9) :273-282,341.

(5] SBZHT, WIARBL, AT, S5 ST T W R SR KA X
B BrE A 3 A5 8 28 -~ U R 3% 7 i S [ 0] e S 3,
2021,46(9) :3039-3055.

GUO Jiaxin, HU Zhenqi, YUAN Dongzhu, et al. Dynamic evolu-
tion of cultivated land fragmentation in coal mining subsidence area
of the lower yellow river basin: a case study of Jining City [ J].
Journal of China Coal Society, 2021,46(9) :3039-3055.
(6] MG, FEALMR  BAhifT, 45 5 T 17 s 49 56 T A B8 B0 I 1Y
222

[7]

[9]

[10]

[11]

[12]

[13]

[14]

AAEZER I [ T]. 40k TR 2241, 2018,34 (13) : 179
-186.
HAO Pengyu, TANG Huajun, CHEN Zhongxin, et al. Early season
crop type recognition based on historical EVI time series [ ] ].
Transactions of the Chinese Society of Agricultural Engineering,
2018,34(13) :179-186.
WRpel, £Z77, sKLM, 55 5T ESTARFM NDVI (47T i
IR L SEE A HOAR IR BB 5 [ 0] T [ A A ARl 27 4R (0
) ,2021,29(6) :1105-1116.
CHEN Xiaolu, WANG Yanfang, Zhang Hongmei, et al. Extraction
method of irrigated arable land in Chahannur basin based on ES-
TARFM NDVI[ J]. Chinese Journal of Eco— Agriculture; 2021,
29(6) :1105-1116.
e, R, E LR X E R IR E Y RS
JELI]. BERFRFEOR, 2020, 48(4) @ 52-59.
BI Yinli, GUO Chen, WANG Kun. Research progress of biological
improvement of reclaimed soil in coal mining area [ J]. Coal
Science and Technology,2020,48(4) :52-59.
ERRR, wHT, O, SRR ORI B i R 4 5
Wi A 398K o33 B MU R I R [ ] R AR, 2021,
46(5) :1532-1540.
WANG Qiangmin, DONG Shuning, WANG Hao. Influence of
mining subsidence on soil water movement and Its regulation in
blown—sand area of Western China[ J]. Journal of China Coal So-
ciety, 2021,46(5) :1532-1540.
WOV TR AR R IT R DRI Bl s 20N K
WA B < AT AR X O B [ 0] M AT 2%, 2021,28(4)
110-117.
YUAN Tao, NI Xuan, ZHOU Wei. Spatio—temporal effect for
vegetation disturbance and delimition about scope of influence
caused by coal mining: a case of Ningdong coal mine area[ J].
Earth Science Frontiers, 2021,28(4) :110-117.
ZHU X L,CHEN J,GAO F,et al. An enhanced spatial and tem-
poral adaptive reflectance fusion model for complex heterogeneous
regions| J |. Remot Sens Environ,2010,114,:2610-2623.
3O INRIE, EHEUEEET Landsat 8 OLI AR SRRAF Y
T X ¢ M R R/ 5 O 3 [0 ] AR TR 2 4, 2018,
34(2) .248-255.
PEI Huan,SUN Tianjiao, WANG Xiaoyan. Object—oriented land
use/ cover classification based on texture features of Landsat 8 OLI
image[ J]. Transactions of the Chinese Society of Agricultural En-
gineering,2018,34(2) .248-255.
WH T, R, R, 5 2T MODISNDVI £ 47 I ) 4l
HOAAER A R [ ] 40l TR 2= 4k, 2014,30 (11) : 134
—-144.
XU Qingyun, YANG Guijun, LONG Huiling, et al. Crop
information identification based on MODIS NDVI time—series data
[J]. Transactions of the Chinese Society of Agricultural Engineer-
ing,2014,30(11) :134-144.
WLERE Sk T4, W], 55 2T Sentinel-2A NDVI i [] /7471
Hlri A /N 22 R0 [ ] LR R BE2%, 2019, 47 (16) £ 239
—245.
ZHEN Xianju, ZHANG Xuehong, WU Guoming, et al.



www.chinacaj.net

T BT TR F IR B 0 AR 16 S 28 W —— DL R =R X 4] 2022 4E55 3 1
Identification of winter wheat based on sentinel—=2A NDVI times [18] HWEnn, SAPREL, B, Kb X RBETRG 2445 % )2 & K

[15]

[16]

[17]

series data[ J|. Jiangsu Agricultural Sciences,2019,47(16) ;239
-245.

it e WE 24 WR R, B BT IRAE B IR &N EK
BN [ T] . BB, 2018,30(2) : 171-177.

HOU Xueoui, SUI Xueyan, YAO Huimin, et al. Study of the
growth condition of winter wheat in Shandong Province based on
phenology[ J ]. Remote Sensing for Land & Resources, 2018,
30(2):171-177.

THAR AR, G R, 45 BT 7Y R P A L R T e
S AEARRAE AT S A [T ] /K R AR 5B 9T, 2021,28(2)
326-334.

WEI Xindong, SONG Linhan, WANG Shaini, et al. Spatial and
temporal changes and lis variatio n of cultivated land quality of
counties and cities in Shaanxi on the west bank of the Yellow Riv-
er[ J]. Research of Soil and Water Conservation,2021,28(2) :
326-334.

LN o= S = S e I e ot M) B YT A T b o e ST
BEASRHEATSE[ )] 141,201 9,50(5) :1139-1144.
TANG Fuquan, Ll Wenwen,GU Jin,et al. Variation of soil mois-
ture caused by mining subsidence in loess mining area and lts
mechanism analysis[ J]. Chinese Journal of SOIL Science.,2019,
50(5) :1139-1144.

[19]

[20]

[21]

REREI [T ] P EER, 2016,42(8) (113-117.

TAI Xiaoli, HU Zhenqi, CHEN Chao. Effect of mining subsidence
fissure on moisture of surface soil in aeolian sand area[ J|.China
Coal, 2016,42(8) :113-117.

Vishwakarma A K, Behera T, Rai R, et al. Impact assessment of
coal mining induced subsidence on native soil of south eastern
India[ J]. Geomechanics and Geophysics for Geo—
Energy and Geo—Resources, 2020,6( 1) :1-21.

TIER, TRIR & 32, 5. POk a8 X iR AL 52
2 RIS [ ] 50 2741 ,2020,45 (1) :338-350.

BIAN Zhengfu, YU Haochen,HOU Jing,et al. Influencing factors

coal fields:

and evaluation of land degradation of 12 coal mine areas in West-
ern China[ J]. Journal of China Coal Society,2020,45(1) ;338
-350.
RHE , PR, B RS, . ST GHE OTSU Bk IR R ML
BB VR 4 L AR [ ] IR AR 2020, 48(4)
136-141.
ZHAO Yanling, FANG Shuodong, DA Hongzhi, et al.
Recognition of out —of = production boundary of crops in mining
subsidence arable land based on improved OTSU algorithm[ J].
Coal Science and Technology, 2020, 48(4) . 136-141.

223





