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1 INTRODUCTION  
 

A comprehensive analysis of the earthquake cycle is a key issue for the definition of the 

hazard in seismic areas. The analysis of active tectonic topics is oriented towards the 

investigation of three seismic phases: pre-, co- and post-earthquake. Although the effects 

of the co-seismic phase are now widely known and modelled accordingly by 

conventional Differential SAR Interferometry, there are major issues with regards to the 

remaining phases. Thus, the utility of this service for the end users is mostly related to 

the PSI technique, which is the tool that is best able to answer the remaining issues, and 

which allows the information gap on the interseismic phase, i.e. pre- and post- seismic 

phases to be filled. In particular, the post-seismic phase can be monitored to measure 

the amount and the surface extension of possible deformation rebound or residual 

strain release. This is a relevant issue for end users to estimate seismic hazard 

effectively. On the other hand the preseismic, or a-seismic, deformation remains an open 

issue, in particular for its modeling complexities.  

Deliverable 3.5 is one of the preliminary ones of WP3 - Task 3. “Integration and 

harmonization of InSAR, GPS and seismic data”. D 3.5 contains the velocity maps and 

time series provided by applying the Persistent Scatterer Interferometry (PSI) data 

processing technique to a huge dataset covering the time period 1992-2010. The region 

of interest is extended from the Metropolitan area of Istanbul far to the East beyond the 

epicenter of 1999 Duzce earthquake. 

 

2 SAR DATA 

The PSInSAR technique has been applied to two different areas in the Marmara region. 

The first one is related to the Metropolitan area of Istanbul and the PSInSAR coverage 

has been obtained using 6 SAR frames. In particular, the entire dataset is composed of 

two Envisat frames along Ascending orbit, two Envisat frames along the Descending one, 

and two ERS frames along Descending path. The overall number of SAR data is 180. 

Temporal coverage of ERS data spans from 1992 to 2000 while each Envisat analysis has 

covered 2003-2010. The spatial extension ranges 800-4000 km2 while the PS density is 

between 30 up to 220 PS/km2.  
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Table 1 shows parameters for each satellite data.  

 

 

Table 1: Parameters of the satellite data for Istanbul test area 

 

 

On the other hand, the second area of interest concerns the North Anatolian Fault 

System (NAFS). It has been observed by means 14 portions of frames acquired by ERS1-

2 and Envisat satellites. Also in this case, Envisat data are available either from 

ascending or from descending paths while ERS only from descending orbit. The overall 

number of SAR data is 137. 

As far as the temporal coverage is concerned the ERS dataset spans 1992-1999 up to 

consider the last image just before the August 17th, 1999, Izmit earthquake. On the 

contrary each Envisat analysis exploits data roughly covering 2002-2009. The spatial 

extension ranges 400-4000 km2 while the PS density is between 3 up to 182 PS/km2. 

This latter value ranges a very large interval and in some cases seems to be below the 

minimum threshold to have a reliable meaning over the whole frame.  
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Table 2: Parameters of satellite data available for NAFS test area 

 

 

 

3 DATA PROCESSING 

The multitemporal interferometric technique used for SAR processing is the Persistent 

Scatterer Interferometry. PSI is the collective term used within the InSAR community to 

distinguish between single interferogram DInSAR and the second generation of InSAR 

technologies, of which there are but a few. The first of these to appear, in 1999, was the PS 

Technique™, the base algorithm of which is PSInSAR™ (from the Politecnico di Milano 

(Polimi) and licensed exclusively to TRE).  

All PSI technologies are advanced forms of DInSAR. In other words, the interferogram is at 

the core of PSI. The fundamental difference is that PSI technologies develop multiple 

interferograms from a stack of radar images. As a minimum, 15 radar scenes are usually 

required for PSI methods, even though there are circumstances when an analysis can be 

conducted with fewer images (typically in urban areas). However, it should be noted that the 

more there are radar scenes available, the more accurate will be the results of PSI methods. 

The main driver for the development of PSI was the need to overcome the errors introduced 

into signal phase values by atmospheric artifacts. By examining multiple images, usually a 

minimum of 15 scenes, many interferograms (in this case 14 interferograms) are generated 

by selecting one of the scenes as a master to which the other 14 scenes become slaves. 
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The process by which removal of atmospheric effects is achieved involves searching the 

imagery and interferograms for pixels that display stable amplitude and coherent phase 

throughout every image of the data set. They are referred to as Permanent, or Persistent, 

Scatterers. Thus a sparse grid of point-like targets characterized by high signal to noise ratios 

(SNR) is identified across an area of interest on which the atmospheric correction procedure 

can be performed. Once these errors are removed, a history of motion can be created for 

each target. 

Having removed the atmospheric artifacts, the interferometric data that remain are 

displacement values (resolved along the satellite LOS) plus noise, dependent on the quality 

(SNR) of the reflector. 

All measurements are made in the satellite’s LOS radar beam and are relative to a point that 

is pre-selected as being stable and not moving (P0). The selection of the reference point is 

best made conjunctively with the client, the latter having better local knowledge on which 

sub-areas are stable within an area of interest (AOI). 

Once the data have been analyzed, it is possible to develop the history of movement across 

the AOI. This is achieved by sequentially calculating the relative displacement between an 

individual radar target and the reference point, throughout the entire period of the analysis. 

Thus, the deformation is relative in time and space (from 

http://treuropa.com/technique/insar-evolution/).  

In the following pages is an example of the processing report for PSI provided to Marsite 

project from TERRAFIRMA ESA project, through a Service Level Agreement signed by the 

responsible of both projects. 
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4 TIME SERIES AND VELOCITY MAPS 
As stated above, in order to have a reliable coverage of the Istanbul test area two SAR 

frames have been needed for each satellite pass. In this way we obtained 4 velocity maps 

for ascending and descending orbit for Envisat datasets and 2 velocity maps for 

descending orbit ERS datasets. 

Figure 1 to 6 show the velocity maps. 

 

 
Figure 1: The Velocity field map of ISTANBUL_WEST_ENVS2_V_D_T107_ESA satellite data 
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Figure 2: The Velocity field map of ISTANBUL_EAST_ENVS2_V_A_T429_ESA satellite data 
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Figure 3: The Velocity field map of ISTANBUL_EAST_ENVS2_V_D_T336_ESA satellite data 
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Figure 4: The Velocity field map of ISTANBUL_EAST_ERS_D_T336_2781_ESA satellite data 
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Figure 5: The Velocity field map of ISTANBUL_WEST_ERS_D_T107_2781_ESA satellite data 
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Figure 6: The Velocity field map of ISTANBUL_WESTI_ENVS2_V_A_T200_ESA satellite data 

 

In the case of the NAFS it has been concatened 5 frames for each datasets covering each a 

different portion of the investigated area. The resulting velocity maps can be then shown in 

three different figures. The first one (Figure 7) concerns the ERS_Desc PSI.  

On the other hand Figure 8 and 9 show the Envisat velocity maps estimated along ascending and 

descending orbit respectively. 

The temporal coverage for each datasets is shown in table 2. 
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Figure 7: ERS velocity map. The red stars are the epicentres of 1999 earthquakes 

 

Figure 8: Envisat ascending velocity map. The red stars are the epicentres of 1999 earthquakes. 
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Figure 9: Envisat descending velocity map. The red stars are the epicentres of 1999 earthquakes 

 

Figure 10 show the time series for the Envisat descending dataset extracted by some PS in 3 

different zones. 
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Figure 11: Time series of some points along the NAF 

 

 

 

 

 
 

 


