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RADAR TIME SERIES ANALYSIS OVER WEST ANATOLIA

Mahmut Arıkan, Andrew Hooper, and Ramon Hanssen

Delft Institute of Earth Observation and Space Systems (DEOS), Delft University of Technology,
Kluyverweg 1, 2629 HS, Delft, The Netherlands. Email:(M.Arikan, A.J.Hooper, R.F.Hanssen)@tudelft.nl

ABSTRACT

Interseismic tectonic motion manifests itself as a long
(10’s to 100’s km) wavelength signal. The magnitude and
the extent of the signal is crucial to understand kinemat-
ics of the crustal motion. For two decades, GPS mea-
surements have been the main source of information for
observing such a signal. In this study we use Persistent
Scatterer Interferometry (PSI) observations, which pro-
vides better spatial resolution, to monitor tectonic signal
over West Anatolia. The region is characterized by horst-
graben morphology which is controlled by oblique-slip
normal faults. The faults cause an extension circa 25-30
mm/yr in NE-SW direction as observed by sparse GPS
network measurements. In our analysis, we have used 42
ERS images acquired between 1992 and 2001 years. We
have identified coherent interferograms which would re-
duce the noise level in the rural areas leading to increased
point density. Finally we compare our PSI results with
two other GPS studies within the region. The modeled
interseismic signal from a recent GPS study ([1]) agrees
with the one modeled from that of PSI observations in
trend direction.

Key words: InSAR, Persistent Scatterer Interferometry,
interseismic deformation, West Anatolia.

1. INTRODUCTION

The Anatolian continental crust is continuously under-
going strain due to the collision of three major tectonic
plates: the Eurasian, African and Arabian plates. This
produced a complex tectonic setting: compressional tec-
tonics in the East, strike-slip tectonics in the North and
extensional tectonics in the West. The interaction of these
major plates has caused the Anatolian block to rotate
counter-clockwise towards the Hellenic trench since the
late Miocene [5].

Here, we focus on the part of the West Anatolia region
where geological structures are dominated by a horst-
graben morphology, controlled by oblique-slip normal
faults, see Figure 1(a). Recent GPS studies show that
the region is extending circa 25-30 mm/yr in the NE-SW

direction [11, 12]. In this study, using InSAR observation
we attempt to quantify the magnitude and extend of the
deforming crust along the West Anatolian Graben system
and identify possible active faulting.

In the last decade radar time series techniques, such as
DePSI, StaMPS, and StuN produce invaluable results to
monitor ground deformation [10, 7, 9, 6]. However in
rural areas where there is a low signal to noise ratio
(SNR<10) PS density decreases and this makes it dif-
ficult to estimate the parameters of interest.

In this study, we present our approach to improve PS
point density in the rural areas of West Anatolia for mon-
itoring interseismic displacement. For our analysis we
used 42 ERS 1/2 images of track 362 and frame 2835 ac-
quired between 1992 to 2001, which covers part of Gediz
(Alaşehir) Graben, Küçük Menderes Graben and Büyük
Menderes Graben. The region is rather sparsely popu-
lated with towns and small villages along the basins, and
the land is mainly used for agriculture and forestry. The
topography is quite rough from 70 meters up to 2000 me-
ters high, see Figure 1(b).

2. METHOD AND ANALYSIS

2.1. Forward Projection of GPS velocities in the
Radar Line-of-Sight

We use GPS observations to obtain a first indication of in-
terseismic displacement. Usually this is necessary to de-
rive assumptions and refine our model equations. Using
the displacement measurements of two recent GPS stud-
ies [12] (spanning 1988–2001 periods) and [1] (span-
ning 1997–2006 periods), we mapped the horizontal dis-
placement vectors to the radar line-of-sight (LOS) of a
descending acquisition geometry. In this study, we will
refer to [12] and [1] as the GPS-1 and GPS-2 studies, re-
spectively. Let the surface displacement orthogonal com-
ponents be D = (dx, dy, dz)T , in east, north, and verti-
cal (up) directions, respectively, for a given point at the
Earth’s surface. Then, the projection of the surface dis-
placement vector D to the line of sight can be formulated
as:
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Proc. ‘Fringe 2009 Workshop’, Frascati, Italy, 
30 November – 4 December 2009 (ESA SP-677, March 2010) 



0304

0307

0207

0004

0201

LOS

LOS

GG

KMG

BMG

Ödemiş

Salihli

Alaşehir

Ödemiş

|A |B

Figure 1. (a) Ascending and descending satellite passes over major horst-graben structures in West Anatolia: Gediz
Graben (GG), Küçük Menderes Graben (KMG) and Büyük Menderes Graben (BMG). The structures are controlled mainly
by oblique-slip normal faults. (b) Topography and seismicity surrounding the grabens. Square dots depict epicenters of
the earthquakes having magnitude Mw > 3 within the region for the period 1990-2009 (B.U. KOERI, 2009). The dash
box outlines the test site covering Ödemiş town.

dLOS = sT ·D (1)

s = (− cosαh sin θ sinαh sin θ cosθ)T (2)

Where dLOS, s and D denote the line-of-sight displace-
ment, the satellite unit vector, and the surface displace-
ment vector, respectively. For detailed description of the
satellite unit vector and its parameters see [2].

We use master acquisition parameters for heading, αh,
and incidence angle, θ, of an ERS descending pass.
The result of the forward projection is illustrated in Fig-
ure 4(a) and 4(d). Both line-of-sight projections indicate
a trend in N-S direction. This is due to lack of vertical
displacement component in the GPS measurements and
low sensitivity to the North component of displacement
of the radar satellite orbit.

In order to simplify comparison of GPS and PSI mea-
surements, using a bi-linear model we estimated inter-
seismic signal from the LOS projections of GPS-1 and
GPS-2 studies as indicated in Figure 4(a) and 4(d), re-
spectively. Model estimates and residuals are illustrated
in Figure 4(b) and 4(c), Figure 4(e) and 4(f) for GPS-1
and GPS-2 studies, respectively.

2.2. Radar Time Series Analysis

Our radar times series analysis uses coherent and usually
strong scatterers, known as Persistent Scatterers (PS), that
provide coherent phase information over time for moni-
toring scatterer movement. In areas with high (>10) sig-
nal to noise (SNR) ratio, such as urban areas, there is a
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Figure 2. (a) 417 PS points detected using full resolution
SAR image, overlaying mean amplitude image. (b) 2029
PS points detected using oversampled SAR images with
a factor of two, overlaying mean amplitude image. The
cluster of points indicates the location of Ödemiş town.

sufficiently high density of coherent targets. On the other
hand, in non-urban areas, due to change of backscattering



characteristics of scatterers, time series techniques may
fail to pick enough coherent targets in order to produce
reliable results. This is because a low density of coherent
targets makes it difficult to estimate parameters of inter-
est, such as atmospheric phase contribution, deformation,
and dem error, in a stack of interferograms.

In our PSI processing, a full scene covering West Anato-
lia grabens is analyzed using a series of 42 ERS images
spanning the period November 1992 to December 2000.
The master acquisition is chosen to be orbit 18226 (Oct
1998), providing maximum expected coherence for the
whole series of interferograms. This is computed based
on the perpendicular baselines, the temporal baselines
and the mean Doppler centroid frequency differences.

First, using 41 computed interferograms, we select an ini-
tial set of PS points based on a rather high amplitude
dispersion compared to studies done in urban areas [6].
Among these points we identify coherent targets by first
using a spatial window, we estimate noise for each can-
didate, using the noise term we compute coherence over
time. Those points which have high coherence are kept,
since they are likely to have stable phase behavior over
time [8]. After this analysis we proceed to the estimation
of the parameters.

Additionally, we considered the influence of the sub-pixel
positions of scatterers where phase centers may not align
exactly with the pixel center. For this reason we oversam-
pled each SLC image with a factor two. In this way, we
expect to improve the signal to noise ratio by better es-
timation of scatterer phase center, especially in the rural
areas which suffer from low PS density, see Figure 2.

More over, using the best 100 PS points, which were
identified based on very low amplitude dispersion thresh-
old, we compute spatial coherence with a window size of
40 by 10 for every interferometric combination.

Then using the computed coherence matrices for each PS
point, we estimate an expected coherence matrix for each
baseline, i.e. Doppler, perpendicular, and temporal base-
lines [3]. This coherence matrix is then used to identify
interferogram combinations that suffer from considerable
decorrelation that could be related to a high Doppler cen-
troid, large perpendicular baseline, and/or large time sep-
aration, or some other reason. This allows us to iden-
tify and eliminate noisy interferograms from our analy-
sis. Figure 3 illustrates the coherence matrix of interfero-
grams sorted based on perpendicular baseline.

This approach ensures that we use the maximum amount
of available coherent acquisitions for parameter estima-
tion, which makes it most reliable. After oversampling
and eliminating noisy interferograms, PS density consid-
erably increases in the full scene covering rural areas.
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Figure 3. Expected coherence sorted on perpendicular
baseline Bperp, estimated using best 100 PS points with
a 40x10 spatial window size.

Table 1. List of ERS datasets found to be have low coher-
ence over time.

Date B⊥(m) Btemp(day) Bdopp(hz) Sat.
20-Apr-1992 963 -2369 261 ERS-1
05-Apr-1993 728 -2019 273 ERS-1
01-Nov-1993 6408 -1809 253 ERS-1
25-Oct-1995 903 -1086 179 ERS-2
26-Oct-1995 992 -1085 -41 ERS-2
04-Mar-1999 -1128 140 50 ERS-2
29-Sep-1999 805 349 277 ERS-1
30-Sep-1999 583 350 25 ERS-2
23-Mar-2000 1213 525 -387 ERS-2
27-Apr-2000 774 560 -264 ERS-2
01-Jun-2000 104 595 -440 ERS-2
06-Jul-2000 -92 630 -539 ERS-2

23-Nov-2000 120 770 -32 ERS-2

3. RESULTS AND DISCUSSION

Using a forward projection on the GPS data, we trans-
lated horizontal ground motions to the satellite LOS as-
suming no elevation change, since GPS data was lack-
ing elevation measurements. This lead us to simplify our
equations by dropping the terms relating to the vertical
displacement vector.

In our PSI processing, first, we analyzed oversampled
dataset using a small crop covering Ödemiş town, which
is situated the inside Küçük Menderes graben. The region
is rural and mostly populated with distributed scatterers.
In our PSI analysis, initially we detected 417 coherent
targets using full resolution SAR images, and later using
the oversampled dataset, the number of PS is increased to
2029 points.

Following that, using the expected coherence matrix, see
Figure 3 for an example of a coherence matrix sorted
on of perpendicular baseline, we have identified 13 ac-
quisitions that show higher decorrelation than the rest
of images in the stack. These acquisitions were elim-
inated in PSI processing and are listed in table 1. In
a full scene processing, initially, we detected 64385



Figure 4. (a,b,c) GPS-1 study: The arrows show the velocity field of GPS measurements with respect to the stable Eurasia,
from [12] (1988–2001). (d,e,f) GPS-2 study: The arrows show the velocity field of GPS measurements with respect to
the stable Eurasia, from [1] (1997–2006). The color images show the line of sight (LOS) velocity field produced from the
GPS measurements for the Descending orbit. (g,h,i) PSI study: The color images show the line of sight (LOS) velocity
field estimated using PSI (1992–2000). The black frame depicts the ERS coverage over the grabens. The solid lines
represents the normal faults bounding horst-graben structures. The colorbar scales present different magnitudes for each
color images.

PS points, then, with oversampled dataset 165374 PS
points, and finally eliminating highly decorrelated in-
terferograms from the oversampled dataset 461614 PS
points, respectively. Specifically, for the rural areas we
have improved our point density.

In both radar line-of-sight displacement of GPS-1 and
GPS-2, there is a clear trend in N-S, and NW-SE direc-
tions, respectively, By using a simple linear model, we
estimate this trend and compute residuals, Figure 4(b)
and 4(c), and Figure 4(e) and 4(f), respectively. The total
residual values for GPS-1 is ∼0.18 mm/yr and for GPS-
2 ∼0.76 mm/yr. Low residual values indicate that the
linear model is a good estimation of the interseismic sig-
nal. Using this assumption, similarly, we estimated a lin-
ear trend through our PSI estimation. This shows that

there is distributed block motion as suggested by [1],
however residuals of PSI give more detail on the vertical
motion inside the grabens. For example, Ödemiş (Fig-
ure 2) and Salihli undergo local subsidence (Figure 5).
It is reported that ,especially, for Ödemiş surface cracks
occurring due to changes in the water table [4]. Tilt-
ing of Ödemiş is clearly visible in Figure 2(b). These
areas need further investigation whether the water table
change is also controlled by the different permeability of
the fault planes. At the eastern side of Gediz graben, there
is a basin subsidence that correlates with the location of
graben-bounding active faults and seismic observations,
see Figures 1(b) and 5. This subsidence is predominantly
vertical displacement along the active faults which could
be due to interseismic signal, surface creep, and/or due to
water pumping.



Figure 5. PSI un-modeled signal: The color image shows
the line of sight (LOS) velocity field estimated using PSI
after removal of the estimated tectonic trend. The black
frame depicts the ERS coverage over the grabens. The
black lines represents the normal faults.

4. CONCLUSIONS

In this study we have presented our approach to increase
coherent target density in the rural areas in order to mon-
itor interseismic tectonic signal. First by considering in-
fluence of the phase center alignment and subsequently
by identifying and eliminating noisy interferograms.

We applied this approach on the ERS 1/2 acquisitions
over 10 000 kilometer square wide area covering major
horst-graben structures in West Anatolia. In this area,
our GPS modeling results show that the interseismic tec-
tonic signal can be represented as a linear trend. Since
GPS studies lack vertical displacement sensitivity and
satellite line-of-sight has less sensitivity to North com-
ponent of the displacement. The modeled interseismic
signals, which are estimated from GPS-2 (Aktug et al,
2009) study and our PSI study, show a similar trend direc-
tion compared to the model estimated from GPS-1 study.
This is perhaps due to the fact that GPS-1 study has a
rather sparse network.

On the other hand, PSI observations provide a higher spa-
tial resolution than GPS measurements. This allows us to
identify deformation along the grabens bounded by active
faults and even subsidence over towns. Conversely, this
high spatial resolution allows short wavelength signals to
delude our estimation of interseismic signal.

When the long wavelength signal component is estimated
and removed from the PSI observations. The remaining
signal, predominantly, represents the vertical component
of the displacement. This signal could be tectonic when it
correlates with the location of the active faults and known
seismic activities and/or geophysical parameters. It could
also indicate localized displacements due to non-tectonic

events such as subsidence due to changes in the water
table level.

We expect tectonic and non-tectonic displacements in this
study area. Without in-situ information, SAR observa-
tions could be an important tool to obtain estimates of
interseismic displacements in higher spatial resolution.

Further studies will be conducted to improve our analysis
and to estimate geophysical parameters. In a further study
we will extend our analysis to the neighboring frames to
obtain the tectonic signal on a regional scale.
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Global Positioning System constraints on plate
kinematics and dynamics in the eastern Mediter-
ranean and Caucasus. JGR, 105:5695–5720, March
2000.

[12] M. Nyst and W. Thatcher. New constraints on
the active tectonic deformation of the Aegean.
Journal of Geophysical Research (Solid Earth),
109(B18):11406–+, November 2004.


