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Abstract: The ground subsidence that occurred in an aban-
doned coal mining area, Gaeun, Korea, was observed by us-
ing 25 JERS-1 SAR interferograms from November 1992 to
October 1998. We estimated the subsidence on a subset of
image pixels corresponding to point-wise permanent scatters
(PSs) by exploiting a long temporal series of interferometric
phases. The results were compared it with a distribution map
of in situ examined crack level. PSs were identified by means
of amplitude dispersion index and coherence of the interfero-
grams. The measured subsidence rate represented the average
velocity in a period of image acquisition and excluded com-
plex nonlinear displacements such as an abrupt collapse. The
mean line-of-sight velocity in the study area is 0.19cm/yr and
an r.m.s. error is 0.18cm/yr. The center of the abandoned
Gaeun coal mine (0.49cm/yr) and the area near to the Gaeun
station (1.66cm/yr) were observed as most rapidly subsiding
areas.
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1. Introduction

Causes for ground subsidence at rates higher than a
few mm/year include ground water pumping, hydrocar-
bon extraction, active or abandoned mining, etc. There
are increasing demands for monitoring surface defor-
mation. SAR interferometry is one possible technique
for surface deformation mapping or one possible ele-
ment of an integrated monitoring strategy. However,
temporal and geometrical decorrelations often prevent
SAR interferometry from being an operational tool for
surface deformation monitoring and topographic profile
reconstruction [7]. The relative unsatisfying visible
spatial resolution with respect to the ground distortion
is caused by residual phase noise of the differential
interferograms. These drawbacks can be overcome by
carrying out measurements on a subset of image pixels
corresponding to point-wise stable reflector (or perma-
nent scatterer: PS) and exploiting a long temporal series
of interferometric phases [4]. On these pixels, sub-
meter DEM accuracy and millimetric terrain motion
detection can be achieved.

In this paper, we will discuss the application results
of permanent scattering interferometry over an aban-
doned coal mining area. The study site is a region

approximately 2x1 km wide in the Gaeun region, Korea.

The area is of high geophysical interest because it is
known to be unstable due to abandoned coal mines [2],
[3]. Fig. 1 shows aerial photograph of the study area.

2. Data and Method

1) Interferogram Formation

Since the area was strongly affected by temporal
decorrelation, the analysis was carried out in a multi-
image framework. We analyzed a series of JERS-1 (L-
band, 1.3GHz, 23.5cm in wavelength) SAR images
between 1992 and 1998 to observe ground surface de-
formation. Data sets as many as possible lead to an im-
proved temporal resolution of non-linear deformation.
The 2-pass was used to derive the differential interfero-
grams indicated in Table 1. It summarizes coherence
mean, elapsed time, and perpendicular baseline of the
interferometric pairs used. The initial baseline estimates
based on orbit data were improved by rectifying the
orbit with a simulated SAR image from DEM.

2) The PS Technique

The permanent scatterer radar interferometry
(PSInSAR) is a further development from the DInSAR
method and was invented by POLIMI group of Italy.
The approach is a processing technique aimed at isolat-
ing the different phase terms (atmospheric phase screen
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Fig. 1. Location map and an aerial photograph of the study
area.
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Table 1. Summary of the JERS-1 SAR interferometric pairs.

SAR image Perpendicular baseline  Time Coherence
No. - - -= - (Ambiguity height)  interval .o
Master  Slave [m] [days]
1 ouiies 982.3(-51.0) -1452 0.27
2 92/12/19 462.2(-108.4) -1408 0.30
3 93/03117 554.5(-90.4) -1320 0.29
4 93/06/13 -635.8(78.8) -1232 0.28
5 93/07/27 1002.5(-50.0) -1188 0.27
6 93/09/09 1285.6(-39.0) -1144 0.27
7 93/10/23 1034.8(-48.4) -1100 0.29
8 93/12/06 2117.1(-23.7 -1056 0.24
9 94/01/19 1464.7(-34.2) -1012 0.27
10 95/02/19 -2399.9(20.9) -616 0.24
T 96/03/21 -1309.4(38.3) -220 0.30
12 96/07/31 270.1(-185.5) -88 0.39
13 96110727 96/12/10 1271.0(-39.4) 44 0.33
14 97/01/23 800.6(-62.6) 88 0.33
15 97/03/08 546.3(-91.7) 132 0.38
16 97/06/04 488.9(-102.5) 220 0.35
17 97/10/14 -3366.1(14.9) 352 0.21
18 97/11/27 -2210.7(22.7) 396 0.25
19 98/01/10 -1912.0(26.2) 440 0.26
20 98/02/23 -2389.2(21.0) 484 0.25
21 98/04/08 -3181.7(15.7) 528 0.21
22 98/05/22 571.9(-87.6) 572 0.31
23 98/07/05 -3042.4(16.5) 616 0.21
24 98/08/18 -1895.3(26.4) 660 0.26
25 98/10/01 -1557.8(32.2) 704 0.28

deformation, and residual topography) on a sparse grid
of phase stable, point-wise radar targets. The main steps
of the technique can be summarized as follows: 1) In-
terferogram formation, 2) Digital Elevation Model and
differential interferograms formation, 3) Preliminary
estimate of LOS motion, elevation error, and atmos-
pheric contribution, and 4) Refinement of step 3. De-
tailed description of the processing technique can be
found in [5], [6], and [7]. PSs are only slightly affected
by decorrelation and can be used to estimate and re-
move the atmospheric phase screen.

3. Results
1) PS Candidates Selection

In order to select PS candidates, we calculated a
time series of the amplitude values of each pixel in the
area of interest as well as coherence map. If a target
exhibits a coherence always greater than a certain value,
that is selected as a PS candidate (PSC). However, due
to the high dispersion of the baseline values and the
limited accuracy of the DEM, some coherence maps
turn out to be useless. Coherence computation implies
space averaging of the data inside a sub-window [7].
Thus, we used a pixel-by-pixel analysis of the ampli-

Fig. 2. PSC Selection. (a) Coherence map, (b) amplitude disper-
sion index, and (c) PSC. Blue dots satisfy the condition (coher-
ence > 0.3); red dots satisfy the condition (amplitude dispersion
index < 0.3); and green dots (PSC) satisfy both conditions.

tude returns relative to each SAR image to choose sta-
ble point targets and excluded interferograms having
larger than 1,500 m perpendicular baseline.

PSCs were selected when amplitude dispersion in-
dex was lower than 0.3 and all coherence values of the
15 interferograms were higher than 0.3. Fig. 2(a) and
(b) represent coherence map and amplitude dispersion
index map of the study site. Fig. 2(c) represents PSCs
satisfying both conditions.

2) PS Identification

After PSC selection, elevation errors and LOS ve-
locities of the PSC were computed by means of an it-
erative algorithm and then atmospheric components
were estimated on the uniform image grid. After re-
moval of atmospheric phase contribution, one could
compute clevation errors and target velocity on a pixel-
by-pixel basis [7]. Therefore we can analyze most phe-
nomena that contribute to the phase values such as ter-
rain deformation, DEM errors, orbit indetermination,
and atmospheric disturbance.

Fig. 3(a) represents the phase contributions for a
LOS velocity of —0.4cm/yr. and a height error of -15 m,
which were estimated from the 25 wrapped interfero-
grams available with a joint estimation. Fig. 3(b) repre-
sents an example of the differential phase values plotted
versus normal baseline of each acquisition for a PS, and
an example of a time series of the differential phase
values for the estimation of the selected point. Each
slope of the fitted straight line is the local height error
and LOS velocity, respectively. Although the results
obtained with this technique were useful, the algorithm
does not account for nonlinear target motion: coherent
scatterers undergoing a complex motion are not identi-
fied as PSs, or, in other cases, the nonlinear term of
their motion is considered as part of the atmospheric
contribution [6].
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Fig. 3. (a) Space-time distribution of the available data. The bi-
dimensional complex sinusoid represents the phase contribution
for a LOS velocity of -0.4 cm/yr and a height error of -15 m. (b)-
(¢) Regression of interferometric phase differences between pair
of point targets with respect to baseline and time.

3) Subsidence Rate

Fig. 4 represents the estimated LOS velocity field
and location of the PSs. More than 100 permanent
scatterers were identified in the area of investigation.
As for PS density, the total number of stable scatterers
in the study site is relatively small because the area is
mountainous region subject to temporal decorrelation.
Most of the identified PSs were observed in the urban-
ized area. Coal Industry Promotion Board, Korea, as-
sessed its ground stability in 1997 based on crack
classification and standard suggested by [1]. G1, G2,
and G3 were influenced by the Gaeun coal mine aban-
doned in 1976 and their buildings were damaged or
cracked; on an average, G1 was over 15 mm, G2 was
5~15 mm, and G3 was under 5 mm in crack width [2],
[3]. The mean LOS velocities of the PSs identified in
G1, G2, and G3 were 0.49, 0.30, and 0.19 cm/yr, re-
spectively. The order of group’s subsidence rates cal-
culated through PS technique fits well that of group’s
crack level. The most highly subsiding area was near
to Gaeun train station and the mean LOS velocity of
its detected 5 PSs was 1.66 cm/yr. The area except G1,
G2, G3, and G4 was not affected by an abandoned
coal mine and considered to be stable. Table 2 sum-
marizes the number of PSs, LOS velocity, and crack
level of five groups. Fig. 5 represents the temporal se-
ries evolution of four PSs. Each PS was selected once
in G1, G2, G3, and G4. The higher LOS velocity

3a

A
s
04 i
2

Gl

LOS Velocity (cmiyr.}

G psy 3129,

o4

ANeq

108 Velocity [crmi]
M oot002 0.7%1.0
o204 1 10w13

oawor i 18

Fig. 4. Estimated LOS velocity and location of PSs.
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Fig. 5. Temporal series evolution (from 1992 to 1998) of the dis-
placement of four selected permanent scatterers.

value is, the steeper the slope of the fitted straight line.
The higher coherence value, the better linear velocity
model fits the subsidence pattern of PS. Consequently,
G1, G2, and G4 are expected to subside and the resi-
due areas are considered to be stable.

4. Conclusions

We estimated the subsidences occurred in the

Table 2. Estimated subsidence rates of five groups located in the center of the Wangreunglee area.

Subsidence ratc

No. of Crack level
Group rccted PS—LMYRLOSL ik mem] Remarks
Mean  Std. Dev.
Gl 4 0.49 0.44 Severe (>15)
G2 17 0.30 0.20 Moderate (5~15) - Areas influcnced by the Gaeun coal mine abandoned in 1976.
G3 29 0.19 0.24 Slight (<5)
G4 5 1.66 0.55 Noficlddata  ~ the arca across fromAGacun station and cxpected to be the
most highly subsiding.

Ge 80 0.19 0.21 No ficld data - the arca except G1, G2, G3, and G4.
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Gaeun area, Korea, from November 1992 to October
1998 by using 26 JERS-1 SAR interferograms. The
center of the abandoned Gaeun coal mine (0.49cm/yr)
and the area near to Gaeun station (1.66cm/yr) were
observed as the most significantly subsiding areas. The
estimated subsidence rate represents the average veloc-
ity in a period of image acquisition but excluds com-
plex nonlinear displacements such as an abrupt collapse.
The major advantages of the PS approach are the suit-
ability for wide area monitoring coupled with the capa-
bility to provide deformation data relative to single tar-
gets. However, the performances are limited by the
intrinsic ambiguity of phase measurements (enabling
the detection of slow deformation only) and by the ca-
pability of providing one dimensional displacement
data. Further study comparing with ground measure-
ment data will follow. This study demonstrates a poten-
tial of L-band PSInSAR to measure ground subsidence
where there is of high temporal decorrelation for vege-
tated areas.
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