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Abstract: According to studies by relevant scholars, the ground subsidence rate in Sanhe City, Hebei, increased gradually from

2003 to.2016, with the most severe subsidence observed in the Yanjiao area , which has become contiguous with the subsidence
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area in Tongzhou, Beijing. However, the development trend of ground subsidence disasters in Sanhe City after 2016 remains
unclear. With the implementation of national policies such as the integration of Beijing-Tianjin-Hebei region and the
construction of Beijing’s sub-center, it is crucial to identify the development and evolution characteristics of land subsidence
disasters in Sanhe City and analyze their causes to ensure the urban safety and sustainable development of Sanhe City. In this
context, the authors used SBAS-InSAR technology to interpret the evolution characteristics of ground subsidence in Sanhe City
from 2018 to 2020, and analyzed several inducing factors that led to land subsidence in Sanhe City, summarizing the main
causes. Through this study, the spatial distribution and evolutionary characteristics of land subsidence disasters in Sanhe City
were grasped: the western part of the city exhibits severe subsidence, while the eastern part is less affected, with a focus on the
overall characteristics of key subsidence areas. Two main subsidence areas were identified, namely, the Yanjiao Town
subsidence area with three subsidence funnels and the DuanlJialing town subsidence area with one subsidence funnel, with the
former being the most severely affected. From 2018 to 2020, the overall trend of ground subsidence disasters.in Sanhe City
showed a slowdown. Through comparative analysis, it was determined that severe overexploitation of groundwater, soil
properties, urbanization development, and population growth are the main factors contributing to the occurrence and
development of ground subsidence disasters in Sanhe City. The research results of this paper will provide reference for the

prevention and control of ground subsidence disasters in the region.

%34

Keywords: Sanhe City;

cause analysis.

0 3|5

HiuTET DRS4S BT H AR s AR TR 5| &
AR A T [ 485 e 24 D3 50— DX Sl Ay e T v 2 AR A1 )
HOFTIRGE . h E HBTEDORE K F 46 T 20 tiE4D 20 4E4R, 4R
AUV JiE 2 v ] b O R A ™ A M X 2 — LR T
T DX I T R U ORI L A TR RN
ST, e X B B I Y R ORI T, SR
Hi TRT TR S5 — ZR 0 b T 9 3 1) ™ A R & JR, =T Tl
TR TR Xz

1% Gt b, TG T e WS D 7 YA A A 2K MEDN it . GPS Il 4t
STV, BRAURMEIR I O A W AR R L SER
550, & W ALAR T 35 T 5l & (interferometry syntheic
aperture radar, InSAR) J& T SLAF 24 (1) 1 17 17T R W 0 e
T, s W BERT YU AR AR, 20 i
28 60 4F1X, NASA B UCRH] InSAR 7 A X k £ F1 H Bk
R M PEAT WL Gabriel 55PE 1989 442! T D-InSAR
FAR, FHULHZH AR 0T T4 22 b Bk 9 B B0 4 14 R 1
i, A R A MR A S R K I B K o Ferretti 45
FE 2001 4F 4 Hi PS-InSAR $7 A, I 1% A Xt 3¢ [
Pomona 7 X & J& 50 $EAT T 1 U R LI, S a5 R %
HH 6 4F i) F R ITT I S —20 em, fix KRR f 9 6 cm,
fxtf Berardino 507 2002 442 T SBAS-InSAR R,
FEER T 1992—2002 4F Kk 9 1% &£ 4 . Campi Flegrei
2K 111 11 Naples 17 £ 4%, UEB1 T SBAS-SAR # AR 5

SBAS InSAR; ground subsidence;

groundwater overexploitation; urbanization development;

AW A E ST -

B = I 45 R F] PS-InSAR J7 ¥R B T b 5t K A i
i1 IX-2006—2010 4 1) Hb 1T 370 5 B[] )5 510 36 A AR A
A HE S L DX TR RN 19.66 mm/a, = Ja] I X 3l T UL
FAE3H S8 A 10 mm/a, HLUTRR R R e K (e, 56
TR H GRACE T B0 S s £ RARBOF 047 T
A A6V i b 1T R R I s ATERER:, HE =] X AR
2003 —2010 4 fy Hb 1A D0 B 2 2% 10 ~ 24 mm/a., JE
2 BLZ ] InSAR TS+AEM Wi il £ A, KB T 2007 4F
4 H—2010 4F 9 F =7 (AR M I 45 51, o rp =iy i
HERB UL R N 19 mm/a, 2R 0K X 4F 1T [ 7 R %50
Smm/a. ZEMEH SFCDR I BCE PS-InSAR +7 AR 3R EUIF 5T
X 2007—2010 4F = ya] 7 b 1 T 15 B[] ) 370 3l AL R A
YA T FHE D b DX AR F TR R A K Gk 25.58 mm/a, K
JE—HERR TR X Sl NV IR S R — .
ZEUOBR ] TS-DInSAR Hi A, ALLI KB T =317 2015—
2016 4T [ HiL 1T ITC R 3 e, JH o 2 400 4 1) T % 3R
104 mm/a, 2V ILF] 121 mm; = 17 3% X b i T
R 42RO 60 ~ 80 mm/a. 3 3 A &2 K =TT b X
b TV R T AR R AE A AF 5 2R T 01, 7E 2003—2016 41
H 1), =307 T b 1T IC R S 0 20 K, JHE eI b X b
T TR fe o, B =T R R %, 2016 4E >
Je =T T Hb TR R O 1 4 e AR R R B AR I, TE
T, 2% % SBAS-InSAR $% A f#% =1 2016—
2021 4F Hiy T {70 4 & JR i A R T, I ok B DR AL B A A7



2024 4

R, 5. SBAS-InSAR 5 ARAE AN = 1] 17 Hb 17 T A3 AL R AE B 3 IR 43 o 1 7 P £ 99 -

1F, SRy iz X 3 T 3T R ok
5%

1 MREESHEIR

1.1 WS XA A

=L T AL RS T AL ER, PRI s, RAER
A, AL L LRGP R X, s AE = AR, A b 1A
R}, FeHE b3 A A5, RT A3 AR B ‘bﬁﬂ(i&%ﬁﬁn%
D A oo R AR K, R T s

BTG RO E A HR

T g ARUR A A, 3 AR 5.9 ~ 31.9 m, Hb i F SR
1/1 500 2247, AR L FrBig 32 2853 A 76 2 A0 38 % A LU b
DX o Ml T2 A3 A AR AR T AR e A 5 R AT )
T T R, MM . 2 RUKEEH, (B 1), MR
T DX f e XRAFURI o AR B, PR IR K 22 1] 30 ke, F 7 40
M3 25 km, FFE KU 120 km, &4 [ &5 A0 50 b
?i&é’ﬂwyil: UEAFA, BT — A b i (1 AS 7 4
i, AR 22 18 B L T D RE T s Hi Ik A5 #
TV K R, 2 B R ) L AR A T

B B TR
—YPPOL s msiin |\ Nl
NPT

CYDHOL g A0 N 3km

E1 #EXESEE
Fig.1 Scope of study area

1.2 FdEi

ARICF T H 2018-01-03 & 2021-08-03 3 100 Y]
MRS Jmy ) Sentinel-1A 5 7 R 85 18 518 5, o3 R %
5 mx20m, FHEEAE, VV ik, IW R . DEM
e K NASA $24E (1 90 m 43 3R () STRM $ F 1w
FRASRIT N %% 790 18 B4 >R B 23 JR) 1% POD precise
Orbit Ephemerides, H & Vi AFE LT 5 em!™,

oy [R1 IS IE InSAR HHG B2, 76 =i PR IX A ik

AR K ME AR, 59 A A K UE W A R AT K oE T
H, 7J</E}£IEHEE 500~2 000 m 45, R4k K 2 88.3 km,
IKHEBR AT AN 1 7R o S—UOKHEDI S [E] 2 2020-
07-15 2 2020-08-10, 2 — YK EM B (7] 2 2021-07-22
% 2021-08-15, ZK#EM & FH R FH Trimble DINIO3 %471
LK AN S 2 1 25 RUHHEA T RN, 0 kG B BT
KKV ) A 4R TP R 22 o0 +0.61mm, PR 22 4 +1.0mm; 4
TR K ED B 42 rhi 22 4£0.32 mm, PR 2 4+2.0 mm!™,



- 100 - Hh [ M KCE 5 B iR A 4R

%34

TEHL 2020 4F 8 H—2021 4F 8 H —4F5E 8 i /K AEM & i
5 InSAR B #4715 H .

2 SBAS-InSAR #3EANIE

SBAS 3 2 ] 5L 11 e R0 M 2H 5 T AT R 4 /N Ak
2T W N, TR A R i/ R ) e
SVD J5 i AR UM H AR A AL 5 3 R s [a] 1 U
HALHE 2 i (1) 38 3 A 2R B iy 035 7 22 73
INFEZ A HE AR B R R AE S (2) 4R 4 T R A1)
WA AN . ATl SARscape B4, AT N 5t
SAR G A AL Y R 22 0 X R AT 25 0 Ak B

454 2% DEM BUd b i 25 0 T b B . M A 48
7 B ASAEAE B IR A8 (R X B 24 1 o 45
il s A A B AR R BT H 225 45, 1 1 ) FH 2 B A AL )
iR AT A, RERTR AT . XS TR T
UK S A A B A5 35— R B S L SRS, RIS —
YR T S5 A 4 ) At e 2 R AR S R R AR AT, B
LATRNE AT 5 LRI RE AR Ak o K BT IS 2 A B AR
5 2018, 2019, 2020 443K 3 21, Sk 3RA5 3 4 1Y Hh 1T 17T
Ferefb i ] 2020-08-08 & 2021-08-03 3t 31 W 1440
R S XoF b [ 309 7 7K o 0 R B0 TIE InSAR 5245 1 K
£, BB NE 2 PR,

2% DEM

GCPHE IS A 5 A

A A 4

NESAREALR | EEEER [

el R T TR AN

HUL R
PR ET

\ 4

IR e 5 HSVDIE | B RS | F— U
AR YA #ETEARME [T R B AR 1 E R B A i
2 [l Tt 7 3
Bl 0] T R

E 2 SBAS-InSAR ZMIEFE
Fig.2 The flowchart of SBAS-InSAR

InSAR [ e 45 o0 LOS Jiim VL&, b T 5K
T R LU 75 e 48 18T 1y I A8 K T I )
B 4k B () R 2k 1] (LOS ) TP A8 45 S 43 ff 31| 3 1 Hh 3R 19 7
] b MR TTRRE TR
S =d/cosb 1
. S— M T VT FERE /mm;
d—— SR TR IR L Ty ] 9B AR B /mm;
O——TRIN ML 9 A G f (IR ML ZR T 1) R 22
RELIIA)/() o
3 BRESW
3.1 KET
=TT NS AT B KN B2 4 2%, 23 AR R

L ORMA R —RAFER) | KIFZ A BN - &
JERS) L AAL (IRILEE R AR | 8 B2k Gl —Be

W) . ARREALFE KIS 171, 45 DD01—DDI17;
KGR AL — 45K 2 104>, %5 DHO1—DH10; 4R
&AL R K UE S 124, 45 GGO1—GG12; il Bt
LRALTE —SIKIE A 20 4N, 45 TDO1—TD20! 7,

T K 5 AL B 5 SDFP 57 8 I AE—— X7, ik
LKV 5 R [0, A5G AR 100 mo (4 8, 76 BT 2 2 A
T 55 X 0L A AU A EAT AR, InSAR AR FIK vE
JRCR LG UL & 3, - 4 25 H R 6.8 mm/a, fe/N2E{E
A 0 mm, ¥ 7 AR TR 220 8.02 mm, K E ik B2 Kk g G
AR LA, A — K fE B2k A InSAR i 3% i SR 5 7K i
D2 R A8 A R AT AR — 3, R X TR ™ B X 1Y)
WS B2 5585 o InSAR J7 vk W TN TE A5 4 B 3k 31| 22 K 4%,
FEHH InSAR Xef XI5 b T U0 o g 1R 205 SR R T 6
3.2 20182020 4 = yuf 7 My i T AT AL FRAE

i 2 SBAS-InSAR F B 3515 2018—2020 4 = i



2024 4F: R, 45 SBAS-InSAR HEAAE A Y = 7l T8 170 ReR I AL P AT B IR 43T o £ 1o - 101 -

TDO01|TD02|TD03|TD04| TD05| TD06{TD07|TD08| TD09| TD10{TD11|{TD12|TD13|TD14{TD15|TD16|TD17|TD18|TD19|TD20
GG01|/GG02|GGO3|GG04GG05|GG06|GG07|GGO8|GG09|GG10|[GG11|GG12

DHO01{DHO02/DH03|DH04|DHO5{DH06|DH07/DHO8 DHO9|DH10|
DDO01|DD02/DD03|DD04/DD05|DD06/DD07/DD08DD09|DD10|DD11|DD12|DD13|DD14/DD15/DD16/DD17,

—0— FRRLIKME A — @ — ZRRKZSBAS-InSARSHIFAE e R SOKHMEN 2 AH
— & — KJSZSBAS-InSARFHIFE —m— ALK — # ~ JNYZLSBAS-InSARFRIF{E
—A— 0 B KA A — A — EBZESBAS-InSARSFIFE

3 kAEMEES SBAS-InSAR fFFEXT L E

Fig.3 Comparison between leveling measurement values and SBAS-InSAR interpreted values

T RIS P I AS BEAE SR AN AT 4 B7R, XRZUIRERCRE 46 4 DL 3} X, 23 5] J2 386508 K 4wl 7L e s =
FHAmAE 53 DX, FERIBR 57 R M RN, B B AR = a X HISR REDTRE 3 b X KA & R — B Z AT

A AROY TR S XU AR T I, DUREIX 258 TS ¢ DXL B b A —/ N FE R DR T < d X,

(b) 2019

(a) 2018

(c) 2020

r<o
—_
(=]
[
(=)

B4 2018, 2019, 2020 & = Ay 7L P B (8] A7 518 AL AE
Fig.4 Time-series evolution characteristics of land subsidence in Sanhe City for the years 2018, 2019, and 2020



- 102 - Hh [ M KCE 5 B iR A 4R

%34

Ha, b, o XN T =] T7 PUHE A HERR G, d XA T =0T
TR B H IR

8 o X 2018—2020 4F 1t ¥ InSAR 285 40 #r & PR,
a X B KU 2 =70, —60, —48 mm; 4R YT >
-50, =50, =30 mm [ T FL 4 1.95 , 0.47 , 0.79 km’. b
X e KU 43 51 80, —40, —40 mm; 4E 4T [ K
=60, =30, =30 mm FY AL 5351 1.23, 1.28, 0.66 km’,
¢ X H R YT 1 —70, —60, —40 mm; 4E BTk
=50, =50, =30 mm [T AR 5300 4 1.51, 0.74, 2.47 km’,
d X114 d5e R T R 2 43 391 oA =70, —40, —47 mm; 4F TR
K F—40 mm {9 [ B4 971 24 0.45, 0.29, 0.73 km®.
BT I, 2018—2020 45 = 7] T3 1 [fif 7T R 7 25 (] 1 2 30
VUTREE, R E, K H DI XA SARRRE, Horp
FHERR T REE X2 =30 T by T {70 g 36 d oA ™ o DXk, AR
e R T R R S O O
3.3 HbIECRE B ST
331 HIFKIFR

AT LR KR E AR RZ M K 2
TR FEAE T K. WZH T K2 5 R K IR
43%, & )7 T KLY b M KR 1Y 39.7%, B m T
IR R K IR 17.3%, RIZH F/K EEHT
All, R T A 32 AR TS K, N T
Tolk K o AR =TT Mo R K FF R G RL R =l
1996—2000 4 #b T 7K >R 72 5y — il >k , 2001 —
2010 AFHl K H R AR B E R . 2011—2020 4F—
TRl M R KRR B A ™ R . 2016 4F =i 44 &
B R KA R S BN 1R, R 1 T RISEAR LAY
H R AR e, 24 AT HE R K K & Y 33.9%,
T AHEARTFE TR )22 R 7K ISR 5 2y =0 T % 23 b 1 7K I

R 3% — T A 10 A EAKK R L, BR B H
U4 7K U5 b A AR — LI SRR 2 b R K A 7K IR, LB K
JEFE TR Z T K . o e B A 2 kKoK
U5 b, St dE 5 FLEE IR RIF (A 5) .

Bl 5 o4 2020 47 8 H =il ¥R 2 E /K 2 HU T /KK 47
SRR AR BRI, H P S %0 2020 4E =T 2 b
AR GRS A B S0 A AR L YR P A
VS R A8 A 3 e IX K 7 R R, R B R A 35 m;
e BB AR IR | B R 04 BN A7 1 BRI il X 7K A7 B I
K, 30 ~ 35 my FHERRELH REHR L PR AL IR
JERR R FR K A7 HERAL K, O 25 ~ 30 m; FRERBEE e &5 FH 2
- PR B R b XK AR, 20 ~ 25 my HTAEE Y
A B A R B0y, R /N 20 meo KA AR = AT LA
B A = X B 4 SRR T KIS TR S e
(W1 e o 3 = Wi [ SNy DTN A 3 L
T A R PG M X, T2 MR A A e S R 3 e
NIRRT

&l 6 24 2020 4F 8 H =i IR 2 & 7K 2 H R /KK 7
SEAH LR RUR AL IR, (8] 6 57 2020 4F =30 1 1% J2 H
R ARK AN $E R A LA« FHE AT R X K 6 HE R K
H 50 ~ 70 m, Horf e RBAEAR X A — K AL TR B e
70t 3HE 208 B T S R e R AR b b XK A3 HE YR N
40 ~ 50 m; R EEARER | FF0 FEARL L 2 AP I A b
XK HEER A 35 ~ 40 my 16 BB R & . A% E AR 2
AU HE X KA HEVR Ky 30 ~ 35 m; B A AR L B F IS AN
B R R R A b X KA SR BN, A 25 ~ 30 my BT AEH
i X KA R B/, SE/NT 25me K b i o] LB
A = H DO R 2 AR R L R KRR T L, BT
G353 AT T HER B R FE B P M X, YRz R K

F 1. 2016 F=AHE S EMB TKFLFI ARR
Table1 Summary of groundwater development and utilization invarious townships of Sanhe City in the year 2016
A K gl ik Tl Hk _ _ _ B
£ — - EREIFR = W& IR ST R
1235 A w2 w2 b
Bl g 5123.94 0 480.06 1070.57 0 480.06 6 194.51 0 6 674.57
YA SRR 513.12 0 961.84 266.94 0 961.84 780.06 0 1741.9
e R 176.48 2 945.04 914.79 0 0 914.79 176.48 2945.04 4036.31
Fro 120.67 18.03 688.09 0 330.46 688.09 120.67 348.49 1157.25
BrHTIsH 63.8 56.11 448.46 0 0 448 .46 63.8 56.11 568.37
ZETHEE R 138.7 0 487.69 0 0 487.69 138.7 0 626.39
g YA e 247.11 0 1072.13 0 0 1072.13 247.11 0 1319.24
AR 202.94 0 696.02 0 0 696.02 202.94 0 898.96
SRR 268.22 0 964.47 0 0 964.47 268.22 0 1232.69
B 328.83 0 1098.45 0 0 1098.45 328.83 0 142728
At 10 202.99 7812 1667.97 7812 8521.32 3 349.64 19 683

TE: 0 H10% m’,



2024 4 Fa R, %5 SBAS-InSAR F A T At =707 117 b 11 70 P 18 AL AR AIE K A DR 43 e %) 1o - 103 -

J ) 5 P

40%50\' §
{

— . R KAL R /m —. Hib
<25 []30~35[_]50~60 [k AR5 IX L2k [ Bt s L4k
[]20~25[]35~40[ ] 60~70 LK fidnms S ftigk [ J2 T Kk I
[ 125~30_40~50] >70 [=Hb R /KM 0 5km

B 5 2020 £ 8 A=A ERKEM TR KA EELE KGR R E
Fig. 5 Groundwater level contour and buried depth in shallow aquifers in Sanhe City, August 2020

o RGN /m —. Ml
[]<25 []30~35[_]50~60 [k i R4 IX B2k [ Bl A&
[[20~25[]35~40[] 60~70 [Pk firbnms e fiigk (@32 M F KK I
[125~30_140~50 >70 [#h F 7K i )

25~30 A <25

6 2020 £ 8 A=AHIRERKEM T KKMUEBLEIKAIZRE
Fig. 6 Groundwater level contour and buried depth map of deep aquifer in Sanhe City, August 2020
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Fig. 7 Zoning map of total thickness of clay layer in the plain area of Sanhe City
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