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Ground Subsidence Estimation in a Coastal Reclaimed Land Using JERS-1
L-band SAR Interferometry

Sang-Wan Kim, Chang-Wook Lee and Joong-Sun Won*
Department of Earth System Sciences, Yonsei University

We measured subsidences occurred in a coastal reclaimed land, Noksan industrial complex, from May 2, 1996
to February 21, 1998, using 5 interferograms of JERS-1 L-band SAR. SAR with a spatial resolution of about 16
m can detect the two-dimensional distribution of subsidence that is difficult to be estimated from in situ mea-
surements. Accuracy of the subsidences estimated by 2-pass DInSAR was evaluated using the measurements of
Magnetic Probe Extensometer (accuracy of +1 mm) installed at 42 stations. DInSAR measurements were well
correlated with the field measurements showing an average correlation coefficient of 0.77. The correlation coeffi-
cient was further improved to be 0.87 (with RMSE of 1.44 cm) when only highly coherenced (>0.5) pixels were
used. The slope of regression line was 1.04, very close to the unit value. In short, DInSAR measurements have a
good linear relation with field measurements so that we can effectively detect a subsidence in the coastal
reclaimed area especially using pixels of high coherence (>0.5). The maximum accumulated subsidence was
about 60 cm in the study area, while the subsidence in the northern and south western areas were less than 20
cm. The resuts show that DInSAR is extremely useful for geotechnical applications as well as observation of
natural deformation.

Key words : Differential SAR interferometry (DInSAR), Reclaimed land, Subsidence rate, JERS-1, L-band SAR
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Ag. 1. JERS-1 SAR multi-image reflectivity map of the study
area. The test site (thick black line) is about 2 X 4 km wide.
The black squares represent the field measuring sites and
the stars represent PSs used to evaluate the accuracy of
displacement calculated by DInSAR. ™




JERS-1 Lband SAR InterferometryS o183 <kl ksl #= 467

E dye AgEHe ANESiEA g 934 10
YEE 2001d 397HA] Hel 84 de AL Bl ¢
F¥ 6,956,000 mA(SF 2109 )T BAF 7R
ARIFE A FAEA| (Fig. Dol thall 19963 59
B 19989 9971x] #2% JERS-1 SAR AEE 9]
£3te], AAME A FAR 23] AT RkRls)
Fg Akl st 3 d4 #A=A59 DInSAR
£ olg3ld &€ A3E vw 4o N Anky
8zl Holelldl DInSAR 71&9] 28714 ¥ e%
Ag- AFR A .

2 A7d W XiE

JERS-10] &3== B¢ & A7AelA F 19
719} SAR AE7F HEHAT. H4b A7 HAE
ere wigd o= 19959 T 1A wiEFAF
4557 o)A AEx= AH interferometric pair
7b A o, oo w2t 1996d 59 2U%
B 1998 99 2997HA & 1370¢] JERS-1 SAR
AwTHE ARSI o] 7175t ATAIY L 1A
23S 9% A3 AE Aol JAYPHAL AL
2 PS7} ZAUEHA ket =3 Aot ARY
Alo} ke 1A A 3] A sk HeEA
2 I or EAT By ohzt FHIIEE
PSInSARAA 9} Zro] F7hdom =gA E£¥xd 3
9] 94T 2= phase unwrapping(Goldstein et
al., 1988y 4T 471 vt e B AFolA
+ %% DInSAR 7|&& ©]83ld Hatss ¢+
skt

DInSAR 71&& o|83ld ABHNE #5357 9
3] += 2-pass(Massonnet ef al., 1993), 3-pass L&
= 4-pass(Gabriel et al., 1989; Zebker et al.,
1994b) el Aok, A&H) Aukzlet #dg A
g3iA dEs] fslire 2-pass Wl MF &
Zolti(Massonnet and Feigl, 1998). 2-pass *'H-2
SAR & 9o DEM(Digital Elevation Model)®]
2ot B dAFedMe APA g e
1:25,000 AR =E A2 (Tin) 7[EE& ©]83l 15
m 749 DEME A4S vt S8R
A w7kt FRAA RS SAE7REE A9 F
o) xFEe] A ghow, AFEAY o WA
E2313 Q= $4F Ad 2 =4A G T
o] gI7] wWhigo| A =2 E HEs DEME +&
F fith uebd B dFedA= ERS tandem

pair(ERS-1: 1995-12-17, ERS-2: 1995-12-18)& ©]}
&3 #7152 DEME F=33ith. 88 ERS
tandem pair G4 AFES 7171Y)5eH IS 7|
FHL o3 FEE WA o 7)7HEet A AS
ARZRE FHE A9y HaF FeHFE 020
cm(EFHA}F 0.18 cm)E @A -1.8 me] AEXE
fastzz FAE 4 Slth. ERS paird] 49
baselinee -315.38 m ©]22 interferogram uollA]
gk fringer 21’ F71) WS-8k I=H3E e
W= ambiguity height(Massonnet and Rabaute,
1993)e -25.8 m= -9 v}k, iREe] AtepAie)
A= 71884 decorrelation(Zebker and Villasenor,
1992)2 <f$t 9 deloid(aliasing)s} layover &
4 W&o DEMS &% 4 gAY Jddez 9
AoMe AEs DEME 44T 4 Slvh gvbge
Z ERS tandem DEM® A™x+& 7! baseline
(<500 m)?l H$N= 5~6 mE Az HFerretti
et al., 2001). ¥l& A= FHo| FALA= AUjko
v} AFREe] 2X4 kme] F-2 Kol P}
gslEg 4= m oo AYEE /1 Zer wAd
€rh. JERS-1 SAR A58t DEME ARE-3t A48
differential interferogram=- phase unwrappingdlt]
AFA ol BT FAHEre) AublslEs T3t
3 o] FEE ANERAFAL T AR ASE st
Za vlwsle] A=A g YAt £ d7Y
AAAR FHAPS 7R =xss Fig 29
Ztt.

JERS-1 SAR data

I

Radar Interferogram
DEM

h 4 H l
i

Differential Interferogram

|

Residual phase correctionJ

Digital contour map
(1:25,000)

ERS tandem pair

"| Baseline Estimation

b ------------------------ Phase Unwrapping

Subsidence Map

k—————h\ Field measurements

Evaluation of Accuracy

Fig. 2. Schematic diagram of data processing,



468 gk - o

3. AR XIEE 0|88 F5laE

3.1. Differential Interferograme| 44

#iolt] interferometry 71&& o]&3l A EA
WAsE HAE EX|5P] sk interferogram©. 2
RE g7 B 93 94 AAs differential
interferogram®- F3tedof e}, et & AFAHS
wjg=|o)7] mEol x| slEe] A gle HA A
Ho|BF interferogram© ZHE] gl 23 S
AAT "g Qlol, M7t 2AsA &e 2 AN 7IE
Heol 1x9t 4, AFAYe] HAAE F2 AL
sl WA AN % EHEIS, 2002). T
9} interferogram 2 Alols A FEREAC] 9% 9
e AAS7) Yaie FEE baseline E7F &7
gtk ERS-12 949 7% Y= Delft Fthel
ERS orbital data(Scharroo ef o, 1998)3 =<9
precise orbits(Reigber ef al, 1996} 54 cm °[
o] AU E 7K AlFHA T, JERS-1 949 B¢
de &% A=AEI} AFHA 7] HEd A=F
A o] AT 4= Sl interferogram % differential
interferogram 23l B¢ £8% IS e £ A
ol A3 baselined AN 8] oREF 2
g ARgsTh
1 &A) 5 SAR AEE o}g3te] AFerdA 2
3 9FL 7E 3 I interferogram(®,) 2.

2 ©A) master A= DEME o] &3l AlEd 0]
A¥ SAR B47 AA master SAR 97de] AL
3} master A= F4.

3 ) FHE master A= ©183t AR FA
DEME #o|tj&¥A DEMo.E W$l

4 @A) 27 AXE At FFFAAAY
baseline Zol9} ZAE®B,, o), D azimuth A7he| w
Z baseline Zo] € zZtx W3-EGB, sg A
(Fig. 3 3=).

5 ©HA)) 470¢) baseline parameter$} |o|t|&EA|
DEMS o|&dlo] X7eA 944e AASHH o
interferogram Al &3 014 (Ogim)-

6 TA) Gt Gsms ©1E3HA differential inter-
ferogram(@ggr = Qreat = Psim™ ARt

7 @A) differential interferogramellr] dolole At
] AR AA 2 SpAF FHedAM HAZE gl
T BasEe shdxe Aol TS RS
baseline 4.

8 T A4 FH(differential interferograme]

[e]

Lo

n
"

Pxyz)

4

Ipl

o

Fig. 3. SAR geometry. Where B is the length of baseline
between master (m) and slave (s) satellite, is the angle
between the baseline and horizontal plane, and is the angle
between the look direction of master satellite and vertical
axis.
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Fig. 4. Flat earth correction and topography phase subtraction for 9610/9701 pair. () Original interferogram, (b) Simulated SAR
image from DEM, (c) Simulated interferogram of flat earth and topographic phase, (d) Resulting differential interferogram.



470 gk - ol
Table 1. JERS-1 SAR interferometric pairs.
Acquisition date Time Ambiguity
No. interval  height
Master Slave (day) (m)
1*  1996-05-06 1996-06-15 44 4101.3
2 1996-06-15 1996-10-25 132 258.6
3% 1996-10-25 1997-01-21 88 -97.6
4 1996-10-25 1997-06-02 220 -215.0
5% 1997-01-21 1997-06-02 132 108.9
6 1997-10-12 1997-11-25 44 -34.8
7% 1997-11-25 1998-01-08 44 -79.8
8  1997-11-25 1998-02-21 88 -264.2
9%  1998-01-08 1998-02-21 44 107.9
10 1998-02-21 1998-07-03 132 184.5
11 1998-05-20 1998-07-03 44 21.7
12 1998-07-03 1998-08-16 44 -70.2
13 1998-07-03 1998-09-29 88 204.7

*pairs used for the analysis.
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Fig. 5. Phases at PS's. (2) 9605/9606 pair, (b) 9610/9701 pair, (c) 9701/9706 pair, (d) 9711/9801 pair, (¢) 9801/9802 pair, (f)

9802/9807 pair.
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9605/9606 (b)

@@@

9610/9701) (c) 9701/97086

0 essssssssnen——_ 1t
9711/9801 89801/9802

Fig. 6. Rcsultmg differential interferograms. (a) 9605/9606 pair, (b) 9610/9701 pair, (c) 9701/9706 pair, () 9711/9801 pair,

(e) 9801/9802 pair.

Fig. 7. Subsidence maps estimated by DInSAR. Pixels with low coherence(<0.3) were removed. (a) 9605/9606 pair, (b)
9610/9701 pair, (c) 9701/9706 pair, (d) 9711/9801 pair, (e) 9801/9802 pair.
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Table 2. In situ measured subsidence and DInSAR estimated during a time interval of each DInSAR pair. The field measured
data were obtained by magnetic probe extensometer at 42 field measuring sites (Korea land corporation, 1999). The value in
parentheses represents the coherence.

Site Depth of  9605/9606 (cm) 9610/9701 (cm) 9701/9706 (cm) 9711/9801 (cm) 9801/9802 (cm)
laying"
no. (m) In-situ  DInSAR In-situ DInSAR TIn-situ DInSAR In-situ DInSAR In-situ DInSAR

1 0.8 23 -1370.57) -1 -0.73(0.57) - 0.74(0.39) - 1110037 - 0.46(0.34)
2 -14 AL 243(057) <03 0.12(047) - 1.09(0.35) - 247(047) - -1.41(047)
3 .14 82 - 53 -63000.54) 62 -671(0.40) -6.3 - 3.7 -6.40(0.40)
4 07 46 -774(043) 63  7730.52) 74 -676(038) -7.3 -1.11(043) 7.9 -4.65(0.34)
5 04  -66 -10.03(0.35) -5.7 - 65 -755(0.39) -64 -3.100038) 6.5 -2.66(0.42)
6 35 72 -6.99%04D) 6.6 -6.19045) 9.1 -827(0.39) -1.8 - 03 -

7 41 320 -3.68(0.37) - 7.45(0.39) - - - -235(0.38) -5.1  -4.94(0.55)
8 0.6 -59  -5.54(043) 269 - 164 . 0.8 -2.99(034) -04 -1.15(0.40)
9 27 34 - 42 -448030) -5 -8.27(036) -11.1 -8.01(036) -4.6 -3.23(0.32)
10 02 41 -3.18034) -48  0.57(049) -6.1 -10.97(0.40) -4.7 . 35 -3.26(0.45)
1 06 2.8 ; . . . . . - - -4.53(0.39)
12 13 48 ; 8.2 . J145 419039 -5 2720055 1.5 -1.43(0.39)
13 08  -5.7 -3.86(036) -4.6 - 6.6 -4570039) -34 -2.15(033) -5.2 -

14 L0 29 -347(0.50) 4.2 -1.10(040) -4 -7.67(045) -1 -1.81(040) -1.5 -2.38(0.65)
15 1125 - 23 402055 46 -1.60(045) 3.5 -2950.68) 23 -4.71(0.39)
16 14 -16  -0990.60) -104  -4.90(036) 9.3 . - -1.63(0.60) - 3.47(037)
17 04 37 - 52 -428(044) 97  -645(037) -5.6 -4.83(0.32) -06 -

18 07 265 . LD -7.51(052) -13.6 -12.33(044) 44 ; 13 -1.70(0.37)
19 12 171 . -36.1 . 7.0 -1699(0.34) 0.8 0.15(0.38) -0.5 -

20 . . . - -10.06(0.31) : - - 1.12(0.58) - -1.60(0.67)
21 04 95 ; 62 -5.79(0.55) 5.5 . 0.6 -0.380.58) -1 y

2 05 -124  7.01034) -7 -5.84(0.59) -9.5 - 6 -490(0.56) 48 -2.60(0.38)
23 14 83 . 104 ; 12 -10.51034) 7.8 -5.01(0.52) -6 -6.17(0.68)
24 1.0 <121 -1176(0.47) -18.1 -12.58(0.45) -42.8 ; 76 -7.23(038) -6.5 -8.14(0.38)
25 1.5 -23.8  -3.76(043) -16.5 -11.07(0.39) -27.6 -18.67(0.37) -5.9 -474(0.50) -5.1 -3.56(0.55)
26 02 -128 - 9.6 -9.67(0.41) -172 - 63 -7.33(042) -4.6 -4.63(0.36)
27 -1 -164 - - -7.96(0.42) o -8.84(039) 1.1 -1.56(0.60) -1.8 -2.86(0.35)
28 0.1 08 -238077) -38 -3.93(0.55) . . - 631(0.35) - 23.70(0.44)
29 07  -42  -560(0.66) -21.9 -533(0.44) 227 -630(032) -3.8 -2.57(0.37) -2.8 .

30 L6 <175 746(0.32) -13.5  -9.46(0.43) -29.8 . 5.8 -4.87(040) -48 -6.33(0.38)
31 13 236 ; 535 . 35.8 N 5 -459(0.50) 44  -4.35(0.68)
32 510 -19.1 -14.70(047) -51.9 - -30.7 - A48 -4.48049) 4.1 -224(0.46)
33 16 217 . 40.5 ; 26 ; - 4200033) -58 -

34 09 -11.1 -11.49(0.48) - - - - - - - -281(041)
35 ? 73 -1038(0.40) -8 -7.68(0.80) -7.6 -9.57(0.68) -3 -1.51(0.67) -2.8 -1.89(0.37)
36 36 <112 -11.68(0.76) -33  -4.61(0.36) 3.6 -4.21(0.45) - -0.18(0.33) - -

37 02 7.6 -6.08(0.64) -11.5 -491(0.36) -10.5 -7.60(0.35) -2.8 - 297 -

38 02  -96 -6.80(045) -129 -14.26(0.48) -15.6 - A1 -3.74(072) 37 -4.44(0.48)
39 10 =67 -5.86(036) -6.7  -6.28(0.70) o 6.95(033) 7.8 -5.23(0.51) 6.5 -7.07(0.41)
40 0.6 - -9.04(0.34) - -440(0.51) - -6.63(0.46) - 673(0.36) 4.8 -2.35(0.46)
41 0.5 - - - - - - o 328(0.67) 46 -4.91(0.55)
42 14 39 0720058 -7.1 -2.07(049) -6.6 -277(0.45) -1.6 0.89(0.54) -1.5 -1.72(0.67)

— not available, ? an omission in the report.
U Depth of laying is denoted a relative height of the upper tester with respect to the original ground level.
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Fig. 8. Scatter plot of the subsidences estimated by DInSAR and field measurements. The radius of circle is proportianal to
coherence. (a) 9605/9606 pair, (b) 9610/9701 pair, (c) 9701/9706 pair, (d) 9711/9801 pair, (e) 9801/9802 pair, (f) All points

having high coherence (>0.5) in (a), (b), (c), (d) and (e).
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accumulated subsidence, and the outer part of the study area was modulated by elevation (The IKONOS image acquired on

February 9, 2001 is the courtesy of e-HD.com).
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Table 3. Error range of vertical movement caused by phase
and DEM error due to loading height (LH).

Error of vertical movement (cm)

No. Inte.rf eromet- phase DEM error
ne par error due to LH Total

1 9605/9606 +0.94 0.01 -0.93~0.95
2 9606/9610 +0.80 0.20 -0.60~1.00
3 9610/9701 +0.65 -0.54 -1.19~0.11
4 9610/9706 +0.55 -0.24 -0.79~0.31
5 9701/9706 +0.68 0.48 -0.20~1.16
6 9710/9711 t1.41 -1.50 -2.91~-0.09
7 9711/9801 +0.75 -0.65 -1.40~0.10
8 9711/9802 +0.47 -0.20 -0.67~0.27
9 9801/9802 +0.87 0.48 -0.39~1.35
10 9802/9807 +0.36 0.28 -0.08~0.64
11 9805/9807 +£245 2.41 -0.04~4.86
12 9807/9808 +0.78 -0.74 -1.52~0.04
13 9807/9809 +0.46 0.26 -0.20~0.72

mean - +0.86 0.02 -0.84~0.88
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