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Summary: Differential SAR Interferometry (DInSAR) is able to monitor land deformation at submillimetre as an areal measurement. DInSAR time
series calculates land deformation on every radar
acquisition date from all individual interferograms
in relation to the first/arbitrary date. These calculations help to monitor long term (trend) as much as
short terms (seasonal) variations of the land deformation. This research endeavours to investigate the
feasibility of a time series algorithm by use of no
consecutive radar data in a case study. The Hasht
gerd area of north-western Iran is subject to land
subsidence resulting from the overexploitation of
groundwater. The only tool for areal monitoring
subsidence in this area was the DInSAR method.
SAR data covering the Hashtgerd Plain include
ENVISAT ASAR and ALOS PALSAR data. The
interferograms were calculated by ENVISAT
ASAR and ALOS PALSAR raw data. For this calculation, the two-pass DInSAR method was applied. Time series algorithm was worked out in
three main steps by use of calculated differential
interferograms containing less decorrelation, atmospheric effects, topographic and unwrapping error and other noise sources. Firstly, residual orbital
tilts and linear atmospheric effects were reduced
from all interferograms by use of a least-squares
plane fitting approach. Secondly, all interferograms
were corrected in relation to one reference point.
Finally, DInSAR time series was elaborated by a
least-squares-based method integrated with a finite
difference approximation approach. This algorithm
was successful to link separate groups of interferograms by use of a proper weighting factor, and reduced a nonlinear part of atmospheric effects. The
results of Hashtgerd time series calculations
showed a relatively constant long term variation of
subsidence about 14 cm/yr, in spite of seasonal
variations of subsidence. The time series results of

Zusammenfassung: Monitoring von Bodensenkungen durch Grundwasserentnahme in Hashtgerd
basierend auf DInSAR-Zeitreihen der Sensoren
ALOS-PALSAR und ENVISAT-ASAR. Die Differentielle SAR-Interferometrie (DInSAR) ist eine flächenhaft arbeitende Messmethode, mit der Bodenbewegungen im Millimeter-Bereich bestimmt werden können. Mit DInSAR-Zeitreihen lassen sich
Bodenbewegungen überwachen, wobei zu jedem
Datum einer Radarmessung die Line-of-Sight
(LOS) Entfernungsänderung in Bezug auf ein gewähltes (beliebiges Referenz-) Datum bestimmt
wird. Diese Berechnungen helfen, sowohl langfristige Trends als auch kurzzeitige, z.B. saisonale, Variationen der Bodenbewegung abzuleiten. In diesem Beitrag wird die Anwendbarkeit eines Algorithmus zur Zeitreihenauswertung untersucht, wobei für das Untersuchungsgebiet nur unterbrochene
Zeitreihen aufeinanderfolgender Radardaten zur
Verfügung standen.
Die Hashtgerd Ebene im Nordwesten des Iran
unterliegt Bodensenkungen, die durch ein übermäßiges Abpumpen des Grundwassers hervorgerufen
werden. Die einzige anwendbare Messmethode für
eine flächenhafte Überwachung der Bodensenkungen in diesem Bereich ist das DInSAR-Verfahren.
Für das Untersuchungsgebiet sind SAR-Daten
(ENVISAT-ASAR und ALOS-PALSAR) verfügbar. Die Interferogramme wurden aus den Rohdaten mit der GAMMA Software berechnet. Bei dieser Berechnung wurde das two-pass-DInSAR Verfahren und ein SRTM-Höhenmodell verwendet.
Der Zeitreihenalgorithmus gliedert sich in drei
Hauptschritte, wobei nur Interferogramme mit hoher Kohärenz und deutlichem Bodenbewegungs
signal benutzt werden. Im ersten Schritt werden
residuale (Orbit-) Trends und großräumige atmosphärische Effekte reduziert, indem in allen Interferogrammen eine mit einer Kleinste Quadrate
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ENVISAT ASAR were compared with the ALOS
PALSAR time series results and by GPS data. The
DInSAR time series results demonstrated the ability of the time series algorithm applied and the accuracy of the optimal weighting factor determined.

Schätzung angepasste Trendebene abgezogen wurde. Zweitens wurden alle Interferogramme in Bezug auf einen identischen Referenzpunkt außerhalb
des durch Bodenbewegungen beeinflussten Gebietes reduziert. Im dritten Schritt wurde die eigentliche Berechnung der Zeitreihen mit einer Ausgleichungsrechnung auf der Basis einer Finite-Differenzen-Approximation durchgeführt.
Die Ergebnisse der Zeitreihenberechnungen
zeigten eine relativ konstante langfristige Bodensenkung von etwa 14 cm/Jahr sowie deutliche saisonale Schwankungen der Bodenbewegungen. Die
Ergebnisse der ENVISAT-ASAR-Daten-Auswertung wurden den Ergebnissen aus ALOS-PALSAR-Daten sowie GPS-Daten gegenübergestellt.
Mit dem vorgestellten Algorithmus konnten auch
zeitlich getrennte Blöcke von Interferogrammen
durch die Verwendung eines geeigneten Gewichtungsfaktors verbunden sowie ein nichtlinearer
Störgrößenanteil (Trend) und atmosphärische Effekte reduziert werden. Die Ergebnisse der DInSAR-Zeitreihenberechnungen belegen die Nutzbarkeit des hier vorgestellten Algorithmus und die
Adäquatheit des abgeleiteten Gewichtungsfaktors.

1

(2008) applying InSAR technique and with
four ENVISAT ASAR scenes, over part of
summer and autumn 2008. The progressive
land subsidence of this area was monitored using 21 ENVISAT ASAR scenes between 2003
and 2008 by Ashrafianfar et al. (2009). However, owing to the gap in consecutive radar
data, the time series calculations were done
for two separate time series of 2003 – 2004
and 2007 – 2008 (Ashrafianfar et al. 2009).
Because of the importance of investigation
of long term behaviour of subsidence in this
area, this research undertakes to substantiate
the feasibility of a time series algorithm by
use of the existing no consecutive radar data.
To this end, the ENVISAT ASAR and ALOS
PALSAR data were ordered by ESA and processed by the DInSAR algorithm. Selection
and implementation an effective method of
time series calculation returns to the quality and quantity of calculated interferograms.
Owing to incomplete consecutive radar data
and the properties of the spatio-temporal baselines of the existing radar data, time series
calculation was done using a least-squaresbased method (Berardino et al. 2002), integrated with a finite difference approximation

Introduction

In most big cities in Iran today progressive
land subsidence due to the overexploitation
of groundwater is creating some unrecoverable geo-environmental hazards (Motagh et
al. 2008). The Hashtgerd area of north-western Iran is subject to land subsidence resulting
from the overexploitation of groundwater. The
first statement prohibiting the development
of groundwater exploitation by drilling new
wells in Hashtgerd was made by Iran’s Ministry of Water and Energy in 1986 (formal declaration no. 1323, 3236/250), extended and is
currently in force (Arasteh 2005). Even after
the prohibition of groundwater exploitation,
progressive land subsidence in Hashtgerd is
still damaging buildings, water and soil quality and is the motive for study of the subsidence in Hashtgerd. The only tool for monitoring subsidence in Hashtgerd is Interferometric
Synthetic Aperture Radar (InSAR). InSAR
uses radar signals with high spatio-temporal resolutions to measure deformation of the
earth’s surface (Massonnet & Feigl 1998).
Land subsidence in Hashtgerd was monitored for the first time by Dehghani et al.
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approach (Schmidt & Bürgmann 2003). This
approach and the process of removing residual orbital tilts of interferograms (e.g. Funning et al. 2005, Hoffmann 2003) are termed
as LSFD algorithm in this research. The acronym LSFD refers to the DInSAR time series
algorithm of this research, which was developed in MATLAB environment. This algorithm is completed by three steps (see section
3.2). The two main steps of those three are as
following: A “Least Squares plane fitting”
and a “Least-squares inversion approach” integrated with a “Finite Difference Approximation”. The LSFD algorithm used a weighted factor in order to connect separate chains
of interferograms. The resulting ENVISAT
ASAR time series were corroborated by the
results of ALOS PALSAR time series and by
GPS data available. The DInSAR time series
results demonstrated the accuracy of the DInSAR processing, applied time series algorithm
and the ability of the optimum weighting factor used in this algorithm. The results of this
research were applied to investigate the linear
and nonlinear correlation and relationship between land subsidence and groundwater level
data as the main indicator of aquifer compaction (Ashrafianfar & Busch 2012). Moreover,

these results are usable to develop the linear
and nonlinear simulation models of land deformation (Ashrafianfar et al. 2011, 2013,
Ashrafianfar 2013).
This paper presents five sections of the research: Section 2 presents the hydro-geological background and existing radar datasets,
section 3 discusses the applied algorithms of
DInSAR and LSFD, section 4 presents the results of the time series of ENVISAT ASAR
and ALOS PALSAR data and compares these
results with GPS data, and section 5 presents
the conclusions of the research.

2

Background and Datasets

2.1 Hydro-geological Properties of
the Case Study
The city of Hashtgerd is the capital of Savoj
bolagh County, Alborz province in Iran. The
Hashtgerd region is located to the west of
Karaj and northwest of Tehran (Fig. 1). This
area of 1282 km 2 is situated between geographical longitudes of 50° 20’ and 51° 10’
and latitudes of 35° 27’ and 36° 07’. Hasht
gerd Plain is located in the Kordan-River ba-

Fig. 1: Situation of the city of Hashtgerd in north-western Iran superimposed on the SRTM digital
elevation model of Iran (from DLR) (right). The location of the operational wells over Hashtgerd
Plain superimposed on the SRTM DEM (left).

500

Photogrammetrie • Fernerkundung • Geoinformation 6/2014

sin of the alluvial area to the south of the Alborz range between Kordan and Abyek. The
general slope of the plain is from north-northeast toward the south-west. The study area is
mainly located in the part of the Quaternary
sediment. With a mild climate and situated
near Tehran, the area is consequently highly
populated. The growth in population means
increased demand for water. The area is mainly farm land and most of the water required
for agriculture is provided by 4094 pumping
wells. In the Hashtgerd Plain there are 21 piezometric wells with available monthly information for the years between 2003 and 2010.
By interpolation of these data the unit hydrograph1 (Mohammad R ezapour Tabari 2009,
Zand & Sahraei 2014) of this area was calculated.
This unit hydrograph (Fig. 2) shows a decline of nearly 10 m especially between the
The Unit hydrograph of this research was calculated by following steps: 1. Collecting the monthly
groundwater level information of the existing piezometric wells, 2. Calculation of the Thiessen
area of every piezometric well, 3. Calculation of
the mean of groundwater level of all piezometric
wells in the area with using of following equation:
1

h=

(∑

n
i =1

)

Ai ⋅ hi / A , where, Ai = Area of the Thies-

sen polygons of piezometer i (in cubic metre), hi =
Groundwater level of piezometer i (in metre), and
A = Total area of Thiessen polygons of all piezo
meters (in cubic metre), 4. The calculations of step
3 were done for every month and with using of
these results of several months during 19 years, the
unit hydrograph of Fig. 2 was constructed.

years 1996 and 2001 caused by an excessive
pumping out of groundwater (Arasteh 2005,
Mohammad R ezapour Tabari 2009) (Fig. 2).

2.2 Radar Data
Radar data covering the Hashtgerd Plain include ENVISAT ASAR and ALOS PALSAR
data (Tab. 1). These data were ordered from
the European Space Agency (ESA). At some
locations ENVISAT ASAR data is available
every 35 days and ALOS PALSAR data every
46 days. However, there is no such consecutive radar data for the Hashtgerd area. This
absence of data aggravates decorrelation arising from vegetation and construction activity
as well as provoking additional problems for
DInSAR processing.
The ENVISAT ASAR data (45 radar images) include a total of 27 scenes from track
149 between July 2003 and April 2010 and
a total of 18 scenes from track 421 between
March 2004 and May 2006. All the 45 Level
0 ENVISAT ASAR images, in the descending
mode and incidence angle 22.9 degrees, were
converted into single look complex (SLC) format using orbital data of the Delft Institute
for Earth-Oriented Space Research (by use of
GAMMA software). The SLC data were used
to calculate interferograms.
ALOS PALSAR data include a total of 14
scenes from track 572 in the ascending mode
and incidence angle 38.7 degrees. These
scenes cover the time span from June 2007 to
November 2010. All the ALOS PALSAR im-

Fig. 2: The unit hydrograph of the Hashtgerd Plain between the years 1991 and 2010 (provided by
Groundwater resource management, Ministry of Water and Energy of Iran, 2011).
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(MCF) algorithm. In order to reduce unwrapping error, only a subset of the original interferograms was selected. This subset contained patterns of land deformation
in most of the differential interferograms in
the Hashtgerd area.
f. The calculated interferograms were projected to the UTM coordinate reference
system by geocoding.
Every individual interferogram records
the difference phase between two radar acquisition dates, which is in fact an indication
of the land deformation between these two
dates. The Hashtgerd Plain is mostly a rural
area and owing to the changes in the vegetation it produced high decorrelation during the
radar observation period. This decorrelation
and the existing temporal gap between radar
data (Tab. 1) resulted in only a few of the interferograms being usable for time series calculations. A total of 487 interferograms were
calculated using the ENVISAR ASAR (SLC)
data of both tracks. However, only 76 interferograms used in the time series algorithm were
containing less decorrelation, atmospheric
effects, unwrapping error, topographic error
and spatially constant patterns of land deformation (Tab. 1, left). The temporal difference
between the interferograms calculated by ENVISAT ASAR data is between 35 days and
350 days. A short temporal baseline reduces
decorrelation of interferograms. The minimum and maximum perpendicular baselines
of the calculated interferograms are 8 m and
860 m, respectively. In addition, a small spatial baseline reduces topographic errors as
well as decorrelation of the interferograms.
After visual inspection of interferograms, the
atmospheric effect of every interferogram was
calculated and those interferograms containing less atmospheric effects were selected for
time series calculations. This reduces nonlinear atmospheric artifacts on time series calculations.
A total of 28 interferograms were calculated using the ALOS PALSAR (SLC) data.
However, considering those parameters of interferograms explained above, only 18 interferograms were used in the time series algorithm (Tab. 1, right). The temporal difference
for the calculation of interferograms by ALOS
ASAR data is a minimum of 46 days and a

maximum of 1242 days. The minimum and
maximum perpendicular baselines of the calculated interferograms are 133 m and 4914 m,
respectively. In Tab. 1 every interferogram is
shown as a line between every two radar acquisition dates. These interferograms were
used in the time series calculations of both
data types, which is explained in next section.

3.2 DInSAR Time Series Algorithm
The calculated interferograms of Tab. 1 were
used in the time series algorithm LSFD developed in MATLAB software by the following
steps:
a. Removing residual orbital tilts of
differential interferograms
A significant component of the atmosphere is
linear and acts as an orbital ramp. This part of
the atmosphere and the orbital ramp can be reduced by fitting a plane to the points far away
from the deformation area (e.g. Funning et al.
2005, Hoffmann 2003, Dehghani et al. 2008).
According to Funning et al. (2005), this simple
but effective method reduced a part of the linear atmospheric effects of the interferograms.
It should be noted that for reducing the nonlinear atmospheric effects (turbulence effects)
those interferograms with high atmospheric
effects were not used in the time series calculations (discussed in section 3.1). Also, a
weighting factor (W) in step “c” of time series calculations was applied, which reduced
a part of the nonlinear atmospheric effects of
the time series (Schmidt & Bürgmann 2003,
Biggs & Wright 2004).
In this step of the research, the residual orbital tilts of the interferograms were corrected. This step was completed by subtracting a
surface fitted to some of the points distributed
over parts of the plain which showed no significant subsidence signals (e.g. Funning et al.
2005, Hoffmann 2003, Dehghani et al. 2008,
Dehghani 2010). For this aim, a least-squares
plane fitting was performed. It is supposed
that a plane is definable as (1).
ax + by + c = z

(1)
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We considered that every plane is at least
constructed using three points. These three
points should not be located along one line, or
in an area affected by atmospheric or phase
unwrapping errors. The least-squares solution
for the calculation of residual orbital tilts in
the selected points far-off from the deformation area is expressed as (2).
z = In ∙ Flt

(2)

Where at the selected points: z is the calculated differential phase by every interferogram (INT = 1,…, k); In is the index matrix of
the least-squares solution including indices of
the plane (1); and Flt is the residual orbital tilt.
The algebraic solution of (2) is expressed as
(3) for calculation of Flt.
Flt = (InT ∙ In)-1 (InT ∙ z)

(3)

Using (3) we fitted a plain to the selected
points far-off from deformation area of every
interferogram as (4).
Flt(i, j, k) = Flt(n1) · i + Flt(n2) · j + Flt(n3)

(4)

Where i and j are rows and columns of the
raster data of every interferogram, respectively; k is the number of the calculated interferograms; n1, n2 and n3 are the selected points in
far-fields from deformation area.
The plane (4) is removed from all interferograms according to (5).
INT _Flt(i,j,k) = z(i,j,k) – Flt(i,j,k)

(5)

Where INT _Flt(i,j,k) are the flattened interferograms. Now, all interferograms have the
same scale in order to use them in the next

Fig. 3: An Interferogram calculated by ENVISAT ASAR data before (left), and after (right) removal
residual orbital tilts. The positive values show subsidence in the line-of-sight (LOS) direction and
in radian (15. 8. 2008 – 19. 9. 2008: temporal baseline (∆t) = 35 days, perpendicular baseline (B ┴) =
-390.05 m, RMSE = 0.0339 m).
Tab. 2: The maximum and minimum RMSE value of the least-squares plane fitting in order to remove residual the orbital tilts of the interferograms. This value shows the uncertainty of interferograms due to residual orbital tilts and linear atmospheric effects.
Interferogram

ENVISAT ASAR

ALOS PALSAR

Track

∆t (day)

B┴ (m)

RMSE (m)

min. RMSE: 26.9.2003 – 6.8.2004

149

315

166.6

0.0002

max. RMSE: 13.2.2004 – 2.7.2004

149

140

-443.5

0.0872

min. RMSE: 10.8.2005 – 8.3.2006

421

210

337.6

0.0027

max. RMSE: 10.8.2005 – 23.11.2005

421

105

618.1

0.0071

min. RMSE: 18.9.2009 – 6.11.2010

527

414

1925.7

0.00001

max. RMSE: 15.9.2008 – 6.5.2010

527

598

3588.7

0.0569
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step of the algorithm. An example is given in
Fig. 3, which presents an interferogram before
and after removal of the residual orbital tilts.
All interferograms of Tab. 1 were processed
by this method. The RMSE between the interferograms and the fitted plain in the faroff points is calculated for all interferograms.
Tab. 2 presents the minimum and maximum
values of the RMSE of the least-squares plane
fitting for every radar type. The RMSE shows
the uncertainty of interferograms due to residual orbital tilts and linear atmospheric effects.
b. Correction of differential interferograms
to zero level
After step a, all interferograms were corrected
related to a reference point, located in an area
without land deformation. This correction of
the interferograms is expressed as (6).
INT _Flt _ref(i,j,k)
= INT _Flt(i,j,k) – INT _Flt(refY,refX,k)

(6)

Where INT _Flt _ref(i,j,k) are the corrected
interferograms with relation to the reference
point (refY, refX).
The interferograms resulted by step b are
expressed as INT in the following equations
of time series algorithm for simplification of
writing.
c. Calculation of land deformation in
every radar acquisition date by use of
the differential interferograms
DInSAR time series monitors land deformation on each radar acquisition date, beginning at the first date and using all calculated
individual interferograms. We applied a leastsquares-based method (LS) for the InSAR
time series calculations. The main principle
of the LS method is as follows: If there are at
least as many independent interferograms as
acquisition dates, and if the chain of interferograms is not broken at any point, it is possible
to perform a least-squares inversion method in
order to calculate land deformation on each radar acquisition date (Biggs & Wright 2004).
Accordingly, the relation of the calculated
interferograms and deformation on every radar acquisition date t = [t1, t2, t3, …, tn] is ex-

pressed as (7) (Berardino et al. 2001, Schmidt
& Bürgmann 2003, Biggs & Wright 2004):
For "(i, j) → INT = g · ϕ

(7)

Where INT = [φ12, φ23, …] are the calculated interferograms (the observed land deformation between every two radar acquisition
dates); ϕ = [ϕ1, ϕ2, …] is the unknown phase
of land deformation in every radar acquisition
date relating to the first date, the deformation
in the first date is assumed to be zero (ϕ = 0);
g is the design matrix of LS solution, which
links unknown and known values. The rows
of the design matrix g is equal to the calculated interferograms (INT) and its columns are
as much as the radar acquisition dates minus
one (because we assumed the deformation in
the first date is equal to zero).
The algebraic solution of (7) is expressed as
(8) for the calculation of the land deformation
in every radar acquisition date (ϕ).
ϕ = (gT ∙ g)−1(gT ∙ INT)

(8)

As mentioned before, if INT ≥ ϕ and the
chain of differential interferograms is continuous, the deformation phase in every acquisition date is calculated according to (8). Due to
several error sources in the original interferograms (atmospheric, orbital, unwrapping etc.)
this calculated time series is not very precise.
However, land deformation as a natural phenomenon is considered as a smooth parameter of time (Biggs & Wright 2004). Therefore, in order to remove the noise partly, other methods are integrated with the LS method described above (Biggs & Wright 2004).
We combined a finite difference approximation with the LS method (Schmidt & Bürgmann 2003). This integration of methods partially reduces temporal noises of time series
as nonlinear atmospheric effects and connects
separate groups of differential interferograms
of the research. In order to link independent
datasets of radar data and mitigate several error types, a finite difference approximation
for the second order derivatives of the time
series was used as a weighting factor added
to (7). The application of this weighting factor
(w) presupposes that the velocity of phase of
deformation during two sequential time peri-
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ods is relatively constant and there are no unexpected significant variations of subsidence
(Schmidt & Bürgmann 2003). To apply this
weighting factor (7) is written as (9):
 g 
 INT  
2 
=
 0   w ⋅ ∂  ⋅ φ
 ∂t 2 

(9)

Where w is the weighted factor of the LSFD
algorithm. The weighting factor (w) was determined optimally by the common method of
“trial and error” (e.g. Biggs & Wright 2004,
GAMMA Software Documentation 2013).
An appropriate value of the weighting factor can smooth a noisy time series preserving
those nonlinear (seasonal) signals of land deformation (Schmidt & Bürgmann 2003, Biggs
& Wright 2004). The plot of the root-meansquare error (RMSE) of the LS against various corresponding weighting factors is used in
this research (Fig. 4). The RMSE is calculated
as (10).
RMSE =

1  k ˆ 
⋅ ∑ RINT 
k  INT =1


2

(10)

Where k is the number of the differential interferograms; R̂INT = (g · ϕ̂) − INT according
to (7), where ϕ̂ is the estimated phase by the
least-squares solution.
We tested several values of W ranging from
0 to 0.15 (Fig. 4) in order to calculate the time
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series of land deformation. The results of every time series with a specified W were compared to the results of the time series with a
very small W (W ~ 0). The subtraction of the
time series with a very small W (nearly zero)
and a time series with a specified W, e.g. W =
0.02, should show only noise over the whole
study area and no significant values of land
deformation. This means, only high frequency components of the time series (noises) have
been reduced. Finally, the results of the time
series with the selected W were compared
with the GPS information (see section 4).
Fig. 4 presents the plot of RMSE against
different values of weighting factor of the ENVISAT ASAR time series calculations. The
overall RMSE by use of weighting factor 0.02
is equal to 1.5 rad (0.0067 m).
The entire time series calculations are repeated using the optimally selected weighting factor for ALOS PALSAR (w = 0.005)
and ENVISAT ASAR (w = 0.02) time series,
which eliminates noisy fluctuations from the
time series, but preserves the nonlinear (seasonal) signals of deformation. The results of
time series calculations are interferometric
phases (in radian). These values were converted to deformation along the line-of-sight
(LOS) in metre by multiplying – λ / 4π, where
λ is the wavelength of the radar data. The LOS
displacements were converted to vertical displacement by dividing them by the cosine of
incidence angle (θ) of the ENVISAT ASAR
(θ = 22.9°) and ALOS PALSAR data (θ =

Fig. 4: The optimum weighting factor of the LSFD method used in the ENVISAT ASAR time series
calculation at 0.02 rad (0.0067 m) (red cross).
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38.7°). The time series results are presented
and discussed in the next section.

4

Results and Discussions

The results of ENVISAR ASAR time series
showed seasonal variations as uplift and subsidence signals in recharge and discharge periods of Hashtgerd area, respectively. In this
area, the discharge drawdown season typically occurs during the period of May to November and the recharge recovery season from
December to March (Mohammad R ezapour
Tabari 2009). The individual results of every
discharge period showed that the areas with
high subsidence are smaller in the discharge
period of 2008 compared with that of 2003.
Fig. 5 (left) shows the ENVISAT ASAR annual mean displacement map of the Hashtgerd Plain (between 18.7.2003 and 24.10.2008).
The maximum annual rate of subsidence in
every year was calculated at 0.142 m.
The time series of ALOS data also showed
the seasonal variations of the subsidence. The
area with the maximum subsidence has occurred particularly in the centre of the subsidence bowl, and in summer 2010, it seems to
extend more toward the east of the area. Fig. 5

(right) represents the ALOS annual displacement map. The maximum annual rate of subsidence was calculated at 0.163 m.
In order to evaluate the results of the InSAR
processing and time series calculation, the results of the ENVISAT ASAR and the ALOS
PALSAR time series calculation in part of
the recharge period of 2008 were compared
with each other. Fig. 6 represents the displacement map of the ENVISAT (left: 2.5.2008 –
19.9.2008) and the ALOS time series calculation (right: 30.4.2008 – 15.9.2008). Fig. 7
represents the histogram of the difference
between ALOS and ENVISAT displacement
maps (mean deviation = ALOS minus ENVISAT). This histogram shows the distribution
of the mean deviation of -0.0054 m around
zero. This difference of 5 mm stems from several sources, such as different radar data types
with various properties, errors contributed in
InSAR processing and also the time series
calculations. The ALOS PALSAR data with
L-band tends to less temporal decorrelation,
also less unwrapping errors compared with
ENVISAT ASAR data (C-band). The interferograms calculated using ALOS PALSAR
data contain smaller numbers of phase jumps
and consequently, less unwrapping error. Accordingly, the time series results of ENVI-

Fig. 5: ENVISAT ASAR annual deformation rate (from 18.7.2003 to 24.10.2008, left), and ALOS
PALSAR annual vertical displacement map (from 15.9.2008 to 6.11.2010, right).

Nazemeh Ashrafianfar et al., DInSAR Time Series

507

Fig. 6: Comparing the displacement maps of ENVISAT ASAR (left: 2.5.2008 – 19.9.2008) and
ALOS PALSAR (right: 30.4.2008 – 15.9.2008).

SAT ASAR data showed an underestimation
of vertical displacement in comparison with
those of ALOS PALSAR data. The negative
value of the mean deviation (-0.0054) is related to this fact.
The GPS information of Hashtgerd was
compared with the results of the DInSAR time
series of both data types. In the area there is
one GPS continuous monitoring station (Naj
mabad Station) and some GPS periodic monitoring stations. The periodic GPS information was collected by the Geodynamics Group

Fig. 7: Histogram of the mean deviation between displacement maps of the ALOS PALSAR and ENVISAT ASAR data (mean deviation = ALOS minus ENVISAT = -0.0054 m).

of the Geological Survey of Iran (GSI) from
July to December 2008. The location of periodic GPS stations in the Hashtgerd subsidence area is represented in Fig. 8. The differ-

Fig. 8: The location of the GPS periodic monitoring stations in the Hashtgerd subsidence
area superimposed on the vertical displacement map of ENVISAT (from 18.7.2003 to
24.10.2008).
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ence between discontinues GPS information
and time series of ENVISAT and ALOS was
calculated at 0.02 m and 0.005 m, respectively (mean deviation = GPS minus ENVISAT/
ALOS) (Fig. 9). In accordance with these dia
grams, DInSAR measurements show fewer
values of the land displacements than those
measured by the GPS. This discrepancy can
be explained by the differences between the
two techniques of subsidence monitoring. The
results of the time series of the InSAR-derived
subsidence and information of the continuous
GPS continuous monitoring station (Fig. 10
left) showed good agreement (Fig. 10 right).

5

Conclusions

The performance of a developed time series
algorithm for monitoring long term variation
of land subsidence was demonstrated in spite
of the incomplete radar data for the case study.
This algorithm consists of three steps. Firstly, the residual orbital tilts of interferograms
were removed by a least-squares plane fitting
approach. Secondly, the interferograms were
corrected to zero level. Finally, the land deformation in every radar acquisition date was
calculated applying a least-squares inversion
approach integrated with a finite difference
approximation. The finite difference approxi-

Fig. 9: Histograms of the difference between GPS information and time series calculation results
of ENVISAT at 0.0235 m (left) and ALOS PALSAR time series at 0.0095 (right) (mean deviation =
GPS-ENVISAT/ALOS).

Fig. 10: The location of the GPS continuous monitoring station (Najmabad station) superimposed
on the vertical displacement map of ENVISAT ASAR (from 18.7.2003 to 24.10.2008) (left), comparing the information of this station with the ENVISAT ASAR time series (right).

509

Nazemeh Ashrafianfar et al., DInSAR Time Series

mation for the second order derivatives of the
time series was applied as a weighting factor. The weighting factor was determined optimally by the common method of “trial and
error”. An appropriate value of the weighting
factor can smooth a noisy time series, preserving short-term temporal (seasonal) variations
of land deformation. The time series results of
ENVISAT ASAR with ALOS PALSAR data
for a part of the discharge period of the year
2008 and with GPS data showed a good agreement. The results of the Hashtgerd time series
calculations showed a relatively constant long
term variation of subsidence about 14 cm/yr
between years 2003 and 2008.
The DInSAR time series results confirmed
the performance of the developed Hashtgerd
time series algorithm and demonstrated the
ability of the defined weighting factor. These
results can be applied for the prediction and
assessment of the land deformation in the
Hashtgerd area and in order to prevent and/
or mitigate subsidence hazards. The long term
and seasonal variations of subsidence are both
important in groundwater management programmes. Also, the results of the time series
are applicable in the linear and nonlinear simulation models of land subsidence and aquifer
parameters estimations.
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