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Abstract: Land subsidence is a significant geohazard that requires scientific control and precise prevention.
The research uses high-precision surface deformation data from the Pearl River Delta plain acquired by
SBAS-InSAR technology from August 2016 to June 2019. It combines the AHP hierarchical analysis method

and the fuzzy comprehensive evaluation method to establish an index system based on two dimensions:
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danger (e.g., soft soil thickness and stratum lithology) and susceptibility (e.g., population density and
economic factors). The research classifies the risk level matrix to evaluate the risk. Substantial land
subsidence poses a critical concern across the study region, with spatial patterns revealing distinct
vulnerability zones. Notably, high-risk subsidence areas (110.84 km?) are concentrated in Baijiao Town
(Zhuhai) and Tanzhou Town (Zhongshan), while high-vulnerability zones encompass 853.60 km* spanning
Guangzhou's Tianhe District, Shenzhen's Bao'an District, and other urban cores. Furthermore, high-
susceptibility zones are predominantly located in Ronggui Street (Shunde) and Baijiao Town (Zhuhai),
underscoring the need for targeted mitigation strategies in these geographically clustered risk hotspots. The
key prevention and control areas must strengthen groundwater control and monitoring network construction,
while general prevention and control areas must focus on risk indicator regulation and public awareness
promotion. The research verifies the applicability of InSAR data and the multi-factor evaluation model in
regional geohazard risk evaluation and provides a scientific basis for disaster prevention, mitigation, and
spatial planning in the Pearl River Delta plain area.

Key words: land subsidence; SBAS-INSAR; AHP-Fuzzy comprehensive evaluation method; risk
evaluation; Pearl River Delta plain
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Fig. 1 Location map of the study area
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Fig. 2 Soft soil thickness map (a) and contour map of historical cumulative subsidence (b) in the study area
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£ 1 Sentinel-1A ##EiR
Table 1 Sentinel-1A data source

haes S ] R E] HE2k (d) 23 [ 2 (m) a2 S TR] ] R4k (d) 23] HE 4 (m)

1 2016-08-20 —540 —24.9201 22 2018-02-11 0 0

2 2016-09-25 —504 —71.5122 23 2018-03-07 24 33.6569
3 2016-10-19 —480 41.0221 24 2018-03-31 48 33.0937
4 2016-11-12 —456 22.8894 25 2018-04-24 72 —4.5008
5 2016-12-06 —432 —52.7644 26 2018-05-18 96 —9.4160
6 2016-12-30 —408 —23.2413 27 2018-06-11 120 —20.2598
7 2017-01-23 —384 24.5559 28 2018-07-05 144 65.0861
8 2017-02-16 -360 25.6406 29 2018-07-29 168 48.4791
9 2017-03-12 -336 17.366 1 30 2018-08-22 192 8.7526
10 2017-04-05 -312 —30.6814 31 2018-09-15 216 —33.1615
11 2017-04-29 —288 19.8775 32 2018-10-09 240 43.0673
12 2017-05-23 —264 26.6421 33 2018-11-02 264 —30.4242
13 2017-06-28 —228 —13.9288 34 2018-11-26 288 41.0173
14 2017-07-22 —204 41.7083 35 2018-12-20 312 96.948 6
15 2017-08-15 —180 —77.8193 36 2019-01-13 336 —21.7101
16 2017-09-08 —-156 425166 37 2019-02-06 360 95.7160
17 2017-10-02 -132 —20.0324 38 2019-03-02 384 —46.6752
18 2017-10-26 —-108 —71.2759 39 2019-03-26 408 —68.8817
19 2017-11-19 -84 19.4738 40 2019-04-19 432 —85.6731
20 2017-12-13 —60 56.1508 41 2019-05-13 456 —19.0388
21 2018-01-06 -36 19.38088 42 2019-06-18 492 56.9094
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Fig. 3 Annual average rate of land subsidence (a) and cumulative subsidence amount (b) in the study area
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Table 2 Land subsidence risk index and quantitative classification in the study area
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Table 3 Vulnerability index of land subsidence and quantitative classification in the study area
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Table 4 Land subsidence risk assessment system in the

study area
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Table 5 Vulnerability assessment system for land

subsidence in the study area
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Table 6 Risk classification of land subsidence in the study area

Sy (Vulnerability )
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Fig. 4 Zoning map of land subsidence hazard (a) and vulnerability (b) in the study area

®7 PHRRXMETREERIERSRIESXGITER

Table 7 statistical results of risk and vulnerability zoning of land subsidence in the study area
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KA IX R 5 DX S R 5 22 X P A 3k i Ak KO
e N BRI v R R X, M TR M
DA b XU DA A AR v 43 AT T BRTE = A s T #E Y
PO X, BN A R L AR 5 T A 4%
FER i e e | AV SRE R, — B kA
0 M IO RS, B Xof 4% S R AR it 25 1 25 4 1 461
F,IFAI BRI REMIE R BT, S4h, hAE
JRUBS: X o5 4= IX R FRAY 12.39%, 16 X N 24N
Yo oA, FEAEPIERRIG S, Al dbdg, v
B2 DXPUER A L PE AL ER . AR XU X
BRI X I I o3 DX 8, DI 35 Xk 2, A
TR Bl BEAR X BAR . WEAE AR KM B 540
{EAHXT /N
4.2 R E RN

b AT TTC A8 XU 1 A L 5 s ol R T b2 g XL
B PTA, I 76 SRR b R4 T IXURS: 431X, DAGE R B
XM A P SR L LT b T T A KU 1 DA &%
BRI, N 2EAL | BEBE ., SCHE
il 8% it T A28 307 25 S ke ) R Sy e o 2 7 A
B DX T X A2 — e B A X o

BRI X B T B B KRS 59 B
X3, SO T oAb R ) B 4%, AR S
Yok /L MR K R SR, T Xof Y 3 S 19 B T
RS & (14 M T OB ) W 5 45 B, DL A 5 T

PR B U OC AR S K2 e R K M o %
T IR DI, 7 26 F ALV, Ll S T
[ o e Ab, 5 58 35 TR TR 5 M 7K I 1Y
2%, I RIS By Ik AR B AL FI T, LS
THA AR BRFEARAP TE

— BB DX U T A T KT R, i
S8R B, DX St TR TRAE B Y 248 A el . A vERA A
{2 S SO I DURE Y 2R, JF R ] 5 98
M T TR AU AN HE A, LARRARXUBS: o [R1IF, i
77 9B IR A, 8 0o 2 AR ) L R PR 5 R

B,
ﬂ: N
5 4518

(1)3£T SBAS-InSAR FHE VR4, & AHP-HH
LEO VAR, 45 B BR VT = A I J5IX T TR
E GRS X (R 110.84 km?, 542X 1.03%) T
A T ERIG AR, P LB A AR - R X, 3%
T S X (TR 853.6 km?, 542X 7.75%) & H T
JUIHRIRTIX | I 52 28 X AT A0 X, o KU (X
(TR 63.8 km?, 541X 0.58% ) U434 T 2k
P | BRI AR N O S AR T XU 43
A B A 55 b 5 228 | 3l A KT ARG

(2) fa Bt Fo 45 P 2 R (R 0.232)
(R 0.123) M RHIE AR & (R 0.174),
Sy AL AR BRI N B B (R 0.232) . A TH
T GDP(AUHEL 0.360) 518 #% % B (ALE 0.177) . 4=
DX AR RS P AR, A Jmd 3 15 f Bz X 5 1 2 i IXC
F14) 25 [ 2 I 38 TR T 7 3 AU

(3) X 3 5 B I X CAn s vty L 3858 T
2R, W s N K RASE L RALER)E K2
IR 2, oy ed DX it >4 St A T m0 s — e is IX.
o7 3 B XU 8 A sl A R (= R R BE ) | 58
S WM A R, RIS FA AR B KB IR, DS RS
SPCE IS AT RS R R HARRER

Sk

HCECED T R K O 5K BE 2023 0 T U IS ¥ InSAR
F R B 7R 5 b TG IT0 R B 28 AR AR (], o B R K
5 PR 2HR,34(1):58-67.



338 L O R

2025 4F

g XA 2 SO ) S AR R 2023 T I TIT i 1A T
R AR 0 T B KU DA (9], vl ) b I 5 5 B 9 2
112,34(6):127-135.

1o RS B R, A %2020, N R U XK - H T ITT
Wi "R 0E B s 00 9% A (0], N R ,51(S2):94-
97+157.

] 5% T 3 MR B A LA R b M AL A B S D1 2% 2021 3
R TSGR PG RENE GB/T 40112—2021(S].

HEHETE, R IRAR, B ). 2019, 8 1 38325 Xl o 5 5
SRR BRI MG SHr [7]. A RERIT,40(9):103-109.

FENFAR.2013. AT 5 LAAU I SE0 16 b T 2h K 5 | & 1)
RT3 (R R [7]. AR K FIK L, (5):16-19.

MR AT IR S A AT A 1, 2 A 4 SO0 S8 1. 2023,
FT InSAR FIEE 3 18 GNSS F-B v 38K 125 [X b i 37T
o M DN 55 TR 8 2 > T [C. Bt [ b R R
HARALS.

XU 15,2022 56°F AHP (4 75 ARAE L0 5T 5 9K 9@ K 1T
B [3]. EERITIE A2 (A SRR, 43(5):35-43.

XUFRER B D21 5K B, E B, 2021, KL T35 St 7S (1 15
SRV X 1 Mo — 2k R S5 A I SE [C]. BRI P
HIRBFF R G AR S

VAR X MILAAT 450, M2 X 4502021 T R IR A ik 1
A A BT XU VA 3 (] A AR BRI B
1k,(6):41-47.

2R OG0 AT B R, T OB R R H 201658 T
C BRI L i BLH SBAS-InSAR 5 A Wi )™ M) i 1
TURE [7]. W25 T#2,25(11):60-64+71.

T B, R — 2R R 202206 5T T ¢ E R AN B 5
(] ARG R 274l (FARRLIR),43(3):54-61.
R, A2 B R PR, S I . 202 L3R VL = A P i X
i TR TR IR B R 40 AT (3], PR TR, 33(8):8-

10.

BEERE 5K 2o B 2R BT 2003, A ] M I TR S HL R
FE R JLAN [RIRE [T]. 55D 28 057, (6):585-593.

1=k, WA M 0 X 20 2023 mE R AR A1 HE TR
W1 AE W 7 X 1 D-InSAR TEM ST [1]. L4 53
55 T,30(6):162-168.

FEEBRAF 3k A IR 3K I 22,2005 38 61 3t 1 1 R B K% B 3 4F
FWFFE [J]. T EHLETK F 5BR 24 ],6(2):1-8.

T BV D WA A R ILINT.2020. 550 LS b X 3 TR
WFotit R 5 B % [J]. MZELAE,45(4):125-133+141.

A AR RPN B 2017, P T R i T TR R AE 43

B[] Life £ PR, 38(2):22-25.

0, B TG R XA S R W B2 1 B AT T PN A
B.2023 J T PS-InSAR AYERIT 1 HLTY SR 18 i [X Hi
TR 2 REAERF ST [J]. AEREHT,39(1):116-126.

X VA1 2 A5 7 A T . 2016, 77k T TR P e 1A I AR PR
SIBT B IAXT RIS (1], 13 4 B8R, 37(3):60-64.

Berardino P, Fornaro G, Lanari R, Sansosti E. 2002. A new
algorithm for surface deformation monitoring based on
small baseline differential SAR interferograms[J]. IEEE
Transactions on Geoscience and Remote Sensing,
40(11): 2375-2383.

Barends F B J, Brouwer F J J, Schroder F H. 1995. Land
subsidence[C]. Proceedings of the fifth international
symposium on land subsidence, the Hague, Netherlans,
16-20 october 1995. Rotterdam: Balkema, 128-138.

Gambolati G, Teatini P, Tomasi L. 1999. Coastline regres-
sion of the Romagna region, Italy, due to natural and
anthropogenic land subsidence and sea level rise[J].
Water Resources Research, 35(1): 163-184.

Ohenhen L O, Shirzaei M, Ojha C, Sherpa SF, Nicholls R J.
2024. Disappearing cities on US coasts[J]. Nature, 627:
108-115.

Miura N, Taesiri Y, Sakai A. 1988. Land subsidence and its
influence to geotechnical aspect in Saga plain[R].
Proceeding of the international symposium on shallow
sea & lowland. Saga: Saga University.

Teatini P, Ferronato M, Gambolati G, Bertoni W, Gonella M.
2005. A century of land subsidence in Ravenna, Italy[J].
Environmental Geology, 47(6): 831-846.

Ao ZR,Hu XM, Tao S L, Hu X, Wang G Q, Li M J, Wang
F,HuL T, Liang X Y, Xiao J F, Yusup A, Qi W H, Ran
Q W, FangJ Y, Chang JF, ZengZZ,FuY S, Xue BL,
Wang P, Zhao K F, Li L, Li W K, Li Y M, Jiang M,
Yang Y H, Shen H H, Zhao X, Shi Y, Wu B, Yan Z B,
Wang M J,SuY J,Hu TY, Ma Q, Bai H, Wang L J,
Yang ZY, Feng Y H, Zhang D H, Huang E H, Pan ] M,
YeHY, Yang C, Qin Y W, He C Q, Guo Y P, Cheng K,
RenY, Yang H T, Zheng C Y, ZhuJ L, Wang SP, Ji C
J, Zhu B, Liu HY, Tang Z Y, Wang Z H, Zhao S Q,
Tang Y H, Xing H F, Guo Q H, Liu Y, Fang J Y. 2024.
A national-scale assessment of land subsidence in

China's major cities[J]. Science, 19;384(6693): 301-306.


https://doi.org/10.3969/j.issn.1001-9235.2019.09.015
https://doi.org/10.3969/j.issn.1008-0112.2013.05.004
https://doi.org/10.3969/j.issn.1674-3695.2021.06.007
https://doi.org/10.3969/j.issn.1674-3695.2021.06.007
https://doi.org/10.3969/j.issn.1004-5716.2021.08.003
https://doi.org/10.3321/j.issn:1001-7410.2003.06.001
https://doi.org/10.3969/j.issn.1003-8035.2005.02.001
https://doi.org/10.3969/j.issn.2095-1329.2017.02.006
https://doi.org/10.3969/j.issn.2095-1329.2016.03.014
https://doi.org/10.1109/TGRS.2002.803792
https://doi.org/10.1109/TGRS.2002.803792
https://doi.org/10.1029/1998WR900031
https://doi.org/10.1038/s41586-024-07038-3
https://doi.org/10.1007/s00254-004-1215-9

	1 研究区概况
	2 研究方法
	2.1 AHP-模糊综合评价法
	2.2 风险评价方法

	3 地面沉降灾害评价与体系构建
	3.1 InSAR数据源
	3.2 地面沉降风险评价因素
	3.3 地面沉降风险评价模型

	4 讨论
	4.1 评价结果分析
	4.2 沉降管理和预防

	5 结论
	参考文献

