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ABSTRACT: There are many abandoned and operating
coal mines over Gangwon province in Korea. By the field
investigation the subsidence of sinkhole type can be
detected well, while the subsidence of trough type could
not be identified due to its very gentle and gradual settling
of ground deformation. Conversely, interferometric SAR
measurement is more powerful tools to detect subtle
settlements of the overlying ground surface. For effective
monitoring over wide areas we applied small baseline
subset (SBAS) technique using 21 ALOS PALSAR data
of Gangwon province during the period from October
2006 to June 2010. Fifty-five differential interferograms
with a perpendicular baseline less than 1100m were
constructed. As a result, we obtained a mean deformation
map and time evolution of deformation at each points
along LOS (Line-Of-Sight) direction over 70km × 70km
wide areas. Two main subsiding areas, which are not
recognized before, were clearly revealed by this map, and
the continuous subsidence at a rate of 4.5cm/yr, for a total
subsidence of 20 cm over 1334 day was observed at the
most significant subsiding point. The RMSE with respect
to linear deformation is about 1cm in overall area, and 23cm in densely vegetated area. Overlaying deformation
map with underground mine map shows good agreement
in spatial extent. Therefore, we expect that subsidence is
mainly caused by mining activities in the study area.
1. INTRODUCTION
Mining activity may lead to surface deformation, changes
in the local ecosystem, and have impact on manmade
structures [1]. The consequence, commonly related to
underground coal mining, is known as a sag subsidence,
which in theory shows gentle, gradual settling of the
overlying ground surface [2]. Careful monitoring and
modeling of subsidence has been conducted in efforts to
prevent associated disasters [3].
The majority of subsidence surveys have been
conducted over limited, high-risk areas on a point-bypoint basis using ground levelling and GPS techniques
with accuracies of a few millimetres [4]. However, these
techniques require many monitoring stations along with a
surveyed baseline to produce a meaningful map of surface

change. Interferometric synthetic aperture radar (InSAR)
offers many advantages in measuring surface deformation.
When compared with the traditional methods, it can
produce an observed deformation map over a wide and
continuous area. Differential interferometric synthetic
aperture radar (DInSAR) using the phase difference of
two correlated synthetic aperture radar (SAR) images has
the ability to detect surface displacements to within a few
millimetres accuracy over several kilometres [5]. Recently,
these methods have been used in various fields to measure
ground displacement and to retrieve three-dimensional
surface information effectively [6]. However, this method
has limitations such as decorrelation noise caused by
random temporal variations of terrain reflectivity and
atmospheric noise related to random fluctuations of
atmospheric refraction. To overcome such limitations,
small baseline subset (SBAS) technique has been more
employed recently. The differential interferograms that are
used in the time-series observation must be acquired from
relatively close tracks in order to overcome spatial
decorrelation [7,8].
More than 300 coal mines have been abandoned in
Korea since 1989, and it has become necessary to monitor
surface deformation at abandoned mines or operating
mines. There are many abandoned and operating coal
mines over Gangwon province in Korea, which is the
mountainous area with heavy vegetation cover. By the
field investigation the subsidence of sinkhole type, which
is generally characterized by localized damages
accompanied by small scale collapse, can be detected well,
while the subsidence of trough type could not be identified
due to its very gentle and gradual settling of ground
deformation.
Conversely,
interferometric
SAR
measurement is more powerful tools to detect subtle
settlements of the overlying ground surface. It is
especially difficult to apply SAR interferometry to
mountainous regions, where the branches and leaves of
dense vegetation cause volume scattering, resulting in
severe temporal decorrelation. Traditional DInSAR is not
suitable for the measurement of ground subsidence in sites
that commonly experience high temporal decorrelation. In
addition, subsidence in coal mines For effective
monitoring over wide areas and analyzing subsidence’s
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time evolution we applied small baseline subset (SBAS)
technique [7,8] using 21 ALOS PALSAR data of
Gangwon province during the period from October 2006
to June 2010.
2. STUDY AREA AND DATASET
2. 1 Study area
The study area is located in the eastern part of South
Korea
defined
by
N36°46−N37°28’
and
E128°40’−E129°30’ (Fig. 1). Figure 1 shows SAR image
acquired on July 16, 2008. This area is covered in dense
vegetation and the height above mean sea level is about
950 m on average. Also small scale N−S fault zones occur.
Sudden surface collapse or small-scale subsidence of an
order of several meters has often been reported in
newspapers and official reports for this area. The reasons
for this surface displacement are mostly due to
underground mining activities, groundwater outflow from
abandoned mines, or rock weathering in this area. The
government, notably, carried out an investigation in 336
abandoned coalmine areas between 1989 and 2003 in
order to prevent serious accidents (Coal Industry
Promotion Board, 2004), consequently several mines were
reinforced. However, more effective method is required
for subsidence monitoring over broad areas that can be
affected by the mining activities.
2.2 Dataset
Twenty-one ALOS PALSAR images were collected from
October 11, 2006 to June 6, 2010 in Taebaek area,
Gangwon (path/row = 425/730). Table 1 shows more
detailed information about collected data sets. All data
were co-registered to a master image acquired on July 16,
2008. Modeling was performed by matching the SAR
image to a simulated SAR image derived from a digital
elevation model. The 10 m DEM was constructed by
interpolating 1: 25,000 digital contour maps with as a
triangular irregular network.
3. DATA PROCESSING
An interferogram of SAR data is constructed by
measuring the phase difference between two single-lookcomplex images (SLC). The surface deformation is
included in the interferogram. In general, we can expect
more accurate results when we analyze interferograms as
many as possible, because multiple interferograms are
preferred for cross-validation. In this way, the
misinterpretation of topography, atmosphere, and noise as
displacement could be mitigated [9]. For interferometric
processing between PALSAR’s single polarization data
(FBS) and dual polarization data (FBD) the FBD data was
oversampled by the factor two in range.

Fig. 1 Location map of the study area, seen by ALOS
PALSAR single-look-complex image acquired on July
16, 2008 (Path/Row = 425/730)
We constructed a total of 79 differential
interferograms with perpendicular baseline of less than
1100m. The 10-m spacing DEM constructed by 1:25,000
national digital contour maps was used to remove
topographic phase. Some interferograms were of low
quality due to severe temporal decorrelation. Twenty-four
interferograms with low coherence were excluded from
SBAS technique for corrected analysis. Figure 2 shows
the pairs of fifty-five selected interferograms as described,
considering the baseline and time interval of each pair.
The minimum and maximum perpendicular baselines were
56m and 1096m, respectively, far below the critical
baseline of 6km.
In this study, the small baseline subset (SBAS)
technique was applied for the time-series analysis of
surface deformations, which is utilizing Small Baseline
Subset defined by a pair of data with a small orbital
separation in order to reduce spatial decorrelation [8]. For
example, Usai [13] defined a ‘small baseline’ of an ERS
image as not exceeding about 150m in length of
perpendicular
Table 1. Acquisition date of ALOS PALSAR (L-band; λ
=23.53cm) data used in this study (path/row= 425/730).
No.
1
2
3
4
5
6
7
8
9
10
11

Acquisition
Date
2006/10/11
2006/11/26
2007/01/11
2007/07/14
2007/08/29
2007/10/14
2008/01/14
2008/02/29
2008/05/31
2008/07/16
2008/08/31

Beam
mode
FBS
FBS
FBS
FBD
FBD
FBD
FBS
FBS
FBS
FBD
FBS

No.
12
13
14
15
16
17
18
19
20
21

Acquisition
Date
2008/12/01
2009/01/16
2009/03/03
2009/07/19
2009/09/03
2009/10/19
2010/01/19
2010/03/06
2010/04/21
2010/06/06

Beam
mode
FBS
FBS
FBS
FBD
FBD
FBD
FBS
FBS
FBS
FBD
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Fig. 2 Relative perpendicular baseline of ALOS
PALSAR dataset. Lines indicate interferometric pair
used for SBAS analysis.

baseline. In the case ALOS PALSAR, since the critical
baseline is known as about 6km, interferograms with
perpendicular baselines of 1km or less were considered as
SB subsets in this study. For enhanced results, we used
only 4-look interferograms in range to maintain the high
gradient deformation in localized areas, and particularly
applied the refined SBAS technique proposed by [11].
This technique also performs unwrapping error
minimization and time-varying noise elimination.
4. RESULT AND DISCUSSION
Fig. 3 presents the spatial extent of the subsiding area.

Interferograms from November 2006 to October 2009
present the maximum 1-fringe corresponding to about
11.8cm movement along the LOS direction. In Fig. 3 most
interferograms show significant fringe patterns while the
interferograms from January 2009 to March 2009 and
from January 2010 to April 2010 do not show ground
displacement due to a short temporal term.
As a result of the SBAS application, we obtained time
evolution of deformation at each point along LOS (LineOf-Sight) direction over 70km × 70km wide areas. In
order to provide an overall image of detected subsidence,
we present the mean velocity map on the shaded relief
map (Fig 4a). The significant subsidence was observed in
the central part of the map around Taebaek city. For the
error budget analysis we simply calculated the RMSE
defined by the variation with respect to linear velocity
model (Fig. 4b). The RMSE is about 1 cm in overall area,
and 2-3cm in densely vegetated area.
Two main subsiding areas were clearly revealed in Fig.
5, which have not been recognized by any field
investigation before. The continuous subsidence at a rate
of 4.5cm/yr, for a total subsidence of 20 cm over 1334 day
was observed at the most significant subsiding point. The
six points marked as P1-P6 in Fig. 5 were selected to
monitor the deformation history in time. The time series
plot (Fig. 6) shows the general trend in gradual ground
displacement, but the partial displacement pattern is a
little different according to the location of a selected pixel.
At P1, P2, and P6 the deformation occurred from April
2007 to the early of 2008, and continued after the middle
of 2009. At P3, P4, and P5 it seems that the deformation
rate is decreased or stopped after the middle of 2010. To

Fig. 3 Representative interferograms derived ALOS PALSAR images. Rectangle corresponds to the area of the
enlarged interferogram for better observation of ground displacement. Each interferogram is overlaid on DEM
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Fig. 4 (a) Linear deformation rate map from SBAS analysis, (b) RMSE map with respect to linear deformation
explain the detected subsidence the underground drift map
in study area was obtained. From the overlapping of the
observed deformation rate and underground drift map

shown in Fig. 7 it was confirmed that the most subsiding
areas were well matched with the spatial extent of
underground mines. Therefore, we expect that subsidence

Fig. 5 Deformation rate map at major subsiding areas
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From comparing deformation map with underground mine
map we expect that subsidence is caused by mining
activities in the study area. This study shows that InSAR
analysis using multi-temporal L-band SAR is very
promise tools even in the vegetated area with the accuracy
of about few centimeters.
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Fig. 6 Time series plots of deformation at the point P1P6 marked in Fig. 5
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Fig. 7 Underground drift map overlaid on deformation rate map
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