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Fig. 1 Topography, karst development characteristics, and geomorphic zoning of the experimental area
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624 hEER

2025 4F

FoR MG VR B i 69 NIEASARA M) . A
LB ] P AT AR AR 3 n] DL /N 3 fesK i
0O -1 0 +1

g_| 0 0 1 0 - ©

3 ZWERST

3.1 LEXFEHRTERE

FE1 3 4 th 7 P Sentinel-1 5CHR 45 505 B 0 0L
SR B R, A SRR 887481 AT H
B, T EIE S 2010 -k * AT F AR E B4
5 T HO T B4 -8 b, M 9595 D 2
) S AT BB . 92 b s PR, Hof, LR
BED DO W i, RO ASHAIAS) 118 mm-a
FEE TG K PR S R B A
W5 s A B B T X BB R, 1
fE—E AR
32 PR EREHIE

R DV L 2 P A, K SO TR PR
J, MARVEIC A, T ORI Hh 2 7, LRSI R
BORRIZ L8t I 10-30 m, J& T2 SE K 0
IR I 1973 AERIT A, B0 TR,

SR 150 A4k, BT ALZ) 110310 ™, HiBk
T8 5 BF BT IX 20 A 9 i T 2 I 937 W 00
B

Pl 4 % InSAR LI 45 5L 57 i 0 DX i A7
FEf R 118 mm-a ' IIEZE, T Pl ALFFE X R
A DU B HE 31, 2 T AR A R, Ak AR L
Wi A T HEw B B AR, B AR R R
85mm-a’, K Saf/n Lk BRI A REET
572 mm, JEAR AR I AN . P2 A TH i X AL
TR R, 20 X IR TAER R, JEAR 3 R 1k
F| T 34mmea’, A 5b Bk BRIEARST
281 mm, HH, P2 ZbJEARTE 2020 47 JF Ui B0 g 3%
Tk A, AR B A T AR HUB AR 0 A FRA Fl E
ONATAR BERRBER A 51, AREUT 2017 4F- % 2020 4F357
Bew IX B9 A AR TR A0 (8] 6, e T SRt fe KA 4
RHE 2020 4EFF R A% 6 380 J7 t, BAAE IR LR
Tt T 3T 50%, #E0 AT 682 th T4 35 7 R 16 g i
BT IR AR .

3.3 ZIBULIKEREHHE

G K PR A TN ILER - B R, 16 7 45 1
AR P R T AR SR Th e R P s M AR 1,
A IE A HH L 68 mma ',

K8 25t T T il HERUAR | P3 A B AR
WARGE IR, BRUEARINE] T 272 mm, 324 X4 HE

3 FIF Sentinel-1 #IFRIMA RN X FHFETHEEE
Fig.3 Mean displacement rate map of the study area derived from Sentinel-1 InSAR data
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Monitoring of surface deformation and its spatiotemporal characterization in
Tongling City of Anhui Province based on time-series InSAR of Sentinel-1 data

YANG Chen'’, JIN Yuan', DENG Fei*, SHI Xuguo’
(1. Institute of karst geology, CAGS/ Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China; 2. Pingguo Guangxi, Karst
Ecosystem, National Observation and Research Station, Pingguo, Guangxi 531406, China; 3. School of Geography and Information
Engineering, China University of Geosciences, Wuhan, Hubei 430078, China; 4. Bureau of Foshan Geological Survey,
Guangdong Province, Foshan, Guangdong 528000, China )

Abstract Tongling City, located in the south-central part of Anhui Province on the southern bank of the middle and
lower reaches of the Yangtze River, lies within the hilly region of the riverine plain and experiences a subtropical
humid monsoon climate. With a total area of 2,991.87 square kilometers, it is a crucial region within the Wanjiang
Economic Belt. Renowned as the "Ancient Copper Capital of China", Tongling is abundant in natural resources,
particularly minerals, including copper, sulfur, iron, gold, silver, coal, and limestone. As a significant mining area in
China, there are currently 220 licensed mines in Tongling, which are extracting 30 million cubic meters of ore
annually, with a total mining and processing output exceeding two billion yuan. The carbonate rock strata in Tongling
are highly developed, with a cumulative thickness of over 1,500 m. These strata are primarily concentrated in the
Middle-Upper Carboniferous to Lower Permian and Middle-Lower Triassic geological periods. Due to factors such as
mining dewatering and groundwater pumping, Tongling has been vulnerable to geological hazards such as karst
collapses.

The sites with potential geological hazards are typically found in regions exhibiting clear signs of surface
deformation. Real-time monitoring of surface deformation allows for comprehensive identification of the sites with
potential geological hazards and timely early warnings. The simple monitoring methods, such as pile-embedding and
painting to observe known hazard sites, have been employed; however, these techniques cannot capture large-scale
subsidence data, making it difficult to detect and monitor unknown hazards. In recent years, Interferometric Synthetic

Aperture Radar (InSAR) has been widely used as a large-scale, high-precision deformation monitoring tool. It offers
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be categorized into two levels: high-risk and moderate-risk. The high-risk zone is mainly distributed around the sewage
treatment plant and cement plant area, comprising 70.83 % of the total study area. Conversely, the moderate-risk zone
is mainly located in the northwest corner of the study area, accounting for 29.17 % of the total.

In conclusion, it is recommended to strengthen the dynamic monitoring and management of groundwater, along
with implementing measures to prevent and control surface sewage seepage. These actions are essential to protect the
region from ground collapse hazards and to reduce the risk of disasters.

Key words karst ground collapse, formation mechanism, susceptibility, vulnerability, risk assessment

(%4t K %)

(358 631 T1)

several advantages over traditional methods, including all-weather capability, continuous operation, extensive spatial
coverage, and high accuracy. With the development of time-series InSAR techniques like Persistent Scatterers InSAR
(PSI) and Small Baseline InSAR (SBAS-InSAR), high-precision surface deformation monitoring using coherent pixels
within InSAR data has become increasingly important in identifying and monitoring geological hazards.

This study focuses on Tongguan District and Yi’an District in Tongling City, situated in the south-central part of
Anhui Province, along the southern bank of the middle and lower reaches of the Yangtze River. The study area boasts
extensive soluble rock distributions and rich mineral resources like gold, silver, copper, iron, and sulfur, with a mining
history spanning over 3,500 years. Consequently, geological hazards like karst collapses and mining collapses are
prevalent. Fig.1 marks 130 locations of historical karst collapse, primarily concentrated near Shizishan in Tongguan
District. Fig.1a illustrates the terrain and karst development within the study area, while Fig.1b depicts the landform,
characterized by higher terrain in the south and lower, flat terrain in the north (the Yangtze River alluvial plain, with
elevations ranging from 6.5 to 20 m) and hilly terrain in the south (with significant topographic relief and elevations
generally between 50 and 250 m, peaking at 493 meters at Tongguan Mountain).

This study utilizes SBAS-InSAR technology to process Sentinel-1 data covering Tongling City, identifying local
deformation zones from 2015 to 2021, including the Xinqiao Mining Area, Laoyaling, Bijia Mountain, and Liuguo
Chemical Plant. The maximum deformation rate, observed in the Xinqiao Mining Area, is approximately 118 mm/yr.
Analysis of these deformation zones indicates that the combined effects of karst geological conditions and human
activities like mining have contributed to the observed deformation characteristics. Notably, deformation in the
Laoyaling tailings pond is also influenced by rainfall. Our findings demonstrate that InSAR technology can be
effectively employed for large-scale geological hazard identification and monitoring, providing vital information for
disaster prevention and control. For areas with significant deformation, it is recommended to install corresponding
ground monitoring measures to assess risks in detail. With the launch of China’s land exploration satellites and future
satellite missions, abundant SAR satellite data will become available for more detailed analysis of deformation
characteristics, enabling more precise monitoring and assessment of hazard sites. InNSAR technology will play an
increasingly critical role in disaster monitoring in this region.

Key words karst area, deformation monitoring, time-series InSAR, rainfall, mine
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