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ABSTRACT 

    Land subsidence due to gas extraction in the Sarkhun gas field, 20 km northeast of Bandar Abbas, 

Iran, is investigated and evaluated in this study. For this purpose, the Stanford Method for Persistent 

Scatterers (StaMPS) package was employed to process 46 descending Sentinel-1A satellite images were 

collected between 20190111 to 20220309, and 28 ascending Sentinel-1A satellite images collected 

between 20200111 to 20220217 to extract the displacement along the line of sight of the satellite and 

due to the occurrence of an earthquake on November 14, 2021 near the gas field with a magnitude of 

6.4 and 6.3 in Fin city of Hormozgan province, land surface deformation was measured in the two 

stages before and after the earthquake for each track to understanding the effect of the earthquake on 

the behavior of displacement in the study area, and the presence of subsidence in the Sarkhun gas field 

was seen in the results of the two tracks. The calculated subsidence results for two tracks, descending 

166 and ascending 57, and for before and after the earthquake are: During the years 20190111 to 

20211028 along the LOS for descending data until before the earthquake is between 6.8 and -9.1 mm 

per year and during the years 20190111 to 20220309, until after the earthquake is between 5.8 and -

7.2 mm per year. During the years 20200111 to 20211113 along the LOS for ascending data before 

the earthquake is between -23.4 and 12.9 mm per year and during the years 20200111 to 20220217, 

after the earthquake is -17.4 and 11.1. 
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1. Introduction 

    Subsidence is actually the downward movement of the 

earth's surface as a result of natural factors or factors 

caused by human activities, natural factors such as volcanic 

activity, earthquakes, land collapse in the place of soluble 

land, and human factors caused by mining, underground 

water extraction, oil and gas extraction and construction 

(Sharifikiya, 1391). This phenomenon has harmful effects on 

many structures and infrastructures in urban areas and their 

suburbs, such as bridges, buildings, refineries, water supply 

lines, gas and sewage lines, and power transmission lines 

(Mirzaii et al., 2019). In addition to the environmental 

consequences, the displacement of the earth's crust causes 

changes in the topography and hydraulic characteristics of 

the region, an increase in the degree of flooding with a 

decrease in the degree of soil permeability, and a change in 

the state of the earth such as the direction and speed of 

underground water flows (Mirzaii et al., 2019). Due to the 

dry climatic conditions of our country, which has few water 

reserves and on the other hand, it has rich oil and gas 

resources, as a result, due to excessive harvesting of these 
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reserves, subsidence is prone to occur both in the plains and 

in the areas that are used for oil and gas extraction.  

    And subsidence has become a destructive and 

problematic phenomenon for the country in the past years. 

In this regard, it is necessary to monitor the areas under the 

risk of subsidence to identify its behavior in time and its 

spatial extent continuously and with modern and accurate 

methods of the day with available data. The first major cause 

of subsidence in Iran is the uncontrolled withdrawal of 

underground water, which has caused subsidence in many 

plains of the country, such as the subsidence of Neishabour 

Plain, Rafsanjan, Mashhad, Kerman, Kabudar Ahang Plain, 

southwest of Tehran, which in recent years, during various 

researches, researchers have measured the amount of 

subsidence in these plains (Dehghani et al., 2009, 2013; 

Motagh et al., 2007, 2008, 2017; Mousavi et al., 2001). One 

aspect is the investigation of the vast subsidence of the 

Tehran plain caused by the indiscriminate extraction of 

underground water sources, which causes the subsidence of 

the southwestern region of Tehran with a maximum 

subsidence rate of 36 cm per year, which is one of the 

highest subsidence rates in the world. And secondly, the 

investigation of local subsidence to a smaller extent but in 

densely populated urban areas due to other factors such as 

underground constructions and wear and tear of old 

infrastructures has been investigated (Samiei Esfahany & 

Ajourlou, 2018). 

    In the last decade, researchers investigated and measured 

the subsidence caused by oil extraction in some oil fields 

such as the Azar oil field, Maron oil field, Durood oil field, 

Naft Shahr oil field, and Aghajari oil field (Mirzaii et al., 

2019; Fathollhi et al., 1397; FouladiMogadam et al., 2011; 

Mohammadi et al., 1389). 

    In other parts of the world, researchers are carefully 

focusing on monitoring the subsidence in oil and gas fields 

and studying these fields with accurate modern methods 

such as radar interferometry. As an example, we can 

mention the Lost Hills oil field, which has a long history in 

oil and gas extraction, has and suffers from long-term 

deformation (Shi et al., 2022). In the Gudong oil field 

located in the Yellow River Delta, the second largest river 

delta in China, researchers used the Stanford Method for 

persistent scatterers (StaMPS) to investigate the subsidence 

phenomenon. Subsidence in river deltas is a complex 

process that has both natural and human causes. The 

increase in human activities such as aquaculture and oil 

extraction in the Yellow River Delta, has caused subsidence 

in this area. Field investigation shows the connection 

between non-uniform subsidence areas and oil extraction 

(Liu et al., 2015). The images of three satellites Sentinel-1, 

Cosmo-SkyMED, and TerraSAR-X were used to detect 

vertical subsidence in the Tengiz oil field of Kazakhstan 

(Bayramov et al., 2022).  

    In this study, the subsidence caused by gas extraction in 

the Sarkhun gas field and the effect of the earthquake of 

November 14, 2021 on the behavior of subsidence in the 

studied area has been investigated. The purpose of this study 

is to investigate the presence and occurrence of subsidence 

due to gas extraction and the influence of earthquakes on 

the behavior of subsidence. For this purpose, persistent 

scattering interferometry, using the Stanford Method for 

Persistent Scatterers (StaMPS) with the help of Sentinel 1-A 

satellite images, has been selected for estimating 

subsidence. Due to the short period of time to receive radar 

images, suitable spatial accuracy, and especially the shorter 

spatial baseline and availability, Sentinel-1A radar images 

for the period of 2019 to early 2022 were selected for this 

study. 

 

2. Area of study 

    The Sarkhun gas field is located in Hormozgan province, 

20 kilometers northeast of Bandar Abbas, where the 

presence of gas was proved by drilling the first well in 1351. 

On average, this field is 27.75 km long and 7.5 km wide, 

between 56.35 and 56.45 longitudes and 27.29 and 27.37 

latitudes. Sarkhun field has two reservoirs named Gouri-

Bazdeh and Jahrom-Razak, and production from Sarkhun 

field has started since the end of 1365, and the gas produced 

by the wells is for processing to Sarkhun and Qeshm gas 

refineries next to the field and after that, for urban, 

industrial consumption and gas power plants in the 

provinces of the southeast of the country is sent. 

 

 
 

Figure 1. The blue box is the Sarkhun gas field; the red 

boxes are descending orbit images D166 and ascending 

orbit images A057. 

 

3. Data and methods of use 

    Interferometric Synthetic Aperture Radar (InSAR) time 

series techniques are powerful geodetic remote sensing 

approaches for estimating millimetric surface deformation 

from space (Hanssen, 2001a). InSAR is a well-known 

geodetic technique that has been widely used to measure and 

monitor land deformation in different regions for several 

decades (Hooper et al., 2012). The wide spatial coverage, 

the ability to collect data during the day and night, and the 

possibility of measuring deformation in time intervals from 

days to decades using stored images have made InSAR an 

efficient technique compared to other geodetic methods. 

    InSAR uses phase difference observations between two 

radar acquisitions to estimate surface deformation. In 

addition to the desired deformation signal, the 

interferometric phase also includes residual topography and 

orbital errors, atmosphere, and noise (Hanssen, 2001b) .

After all, only the fractional phase is observed, which 
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indicates that the number of integer cycles from the satellite 

to the ground surface is unknown. 

    Persistent scatterer interferometry (PSI) was first 

introduced by Ferrety in 2000, and 2001. Persistent 

scatterers are targets with a coherent phase behavior in time 

that often corresponds to human-made effects on the Earth. 

Phase difference observations from persistent scatterers are 

used for a specific estimate of the deformation signal and 

other phase contributions, such as topographic height 

differences and atmospheric disturbances. In addition, they 

form a network of reliable measurement points where phase 

unwrapping is performed. Persistent scatterer 

interferometry (PSI) has been successfully applied in urban 

areas where PS density is high. PSI has been used to 

estimate deformation caused by various causes: subsidence 

caused by water pumping, mining activities, hydrocarbon 

production, and landslides ((Gini) Ketelaar, 2009). 

    In this study, the StaMPS method has been used to 

investigate the existence and occurrence of subsidence 

phenomenon in the study area. This algorithm is based on 

the phase characteristics and allows the detection of stable 

pixels in areas where amplitude-based algorithms may fail. 

By using this approach, a larger density of PS is found in 

certain areas (e.g., vegetated, cropping lands) in 

comparison to the Ferretti et al. (2001) approach. Contrary 

to other PSI algorithms, this method uses only the spatially 

correlated nature of the deformation, and no a priori 

assumptions about its temporal behavior are done (Siles, 

2015). Moreover, this method has been proven to work also 

with a few SAR acquisitions (Hooper et al., 2004). 

    The task of PSI algorithms is to identify the pixels that are 

dominated by a single dominant scatterer in order to extract 

the phase information contained in the interferometric 

phase. The StaMPS algorithm selects PS based on phase 

stability analysis, which makes it a powerful tool compared 

to amplitude based methods (Adam et al., n.d.; Hooper, 

2008; Sousa et al., 2011). Because a higher PS density has 

been obtained in this method. 

    Pixels with low SNR can actually have a stable scatter. 

However, due to variations in the scattering properties of 

surrounding scatterers in the same resolution cell, the target 

pixel is characterized by a noisy phase. While the scatter-

based algorithms do not consider the amplitude of this pixel, 

but StaMPS considers these pixels in the PS analysis, which 

primarily selects PSs including two steps: 

a) amplitude phase discrimination, and b) phase stability 

selection. 

    Although StaMPS uses phase stability analysis to select 

the final PSs, it has minimized the initial selection of 

improbable PSs and thus reduced the data processing time 

(Siles, 2015). It has an amplitude-based measurement for 

early detection of PS. For this purpose, the dispersion index 

𝐷𝐴 is used. The DA threshold in StaMPS is usually set higher 

than the value suggested by (Ferretti et al., 2001). After the 

initial selection of PSs, they are sent to the phase stability 

analysis step. An additional step is also included to analyze 

pixels with a higher 𝐷𝐴  threshold limit than the initially 

determined threshold limit (Siles, 2015). 

    The interferometric phase is masked by many 

components: atmosphere, topography, orbit ramp, and 

noise. By using an external DEM and orbital information 

the topographic and orbital contributions can be extracted. 

Then, the differential phase in the interferogram can be 

expressed as follows, 
∅int = ∅def + ∆∅∈ + ∅atm + ∆∅orb + n 

where now ∆∅∈  and ∆∅𝑜𝑟𝑏  are the height and geometrical 

residuals due to the use of an inaccurate topographic model 

and imprecise orbit information, respectively. ∅𝑎𝑡𝑚  is the 

atmospheric effect between the two passes and n, is the noisy 

term due to different decorrelation sources (Hooper et al., 

2004). 

    In this research, the data of Sentinel-1A was used in two 

tracks 166 descending and 57 ascending to investigate the 

occurrence of subsidence in the gas field. 166 track was used 

to check whether the subsidence phenomenon occurred due 

to gas extraction in the studied area or not, and 57 track was 

used to check the results of 166 track to see if there is a 

displacement signal on this track, and on the other hand, on 

November 14, 2021, earthquakes of magnitude 6.3 and 6.4 

occurred in the city of Fin in Hormozgan province at the 

near gas field, with a short interval of time, so the 

calculation of the displacement in each track was carried 

out in two stages, the first stage before the earthquake and 

the second stage after the earthquake. 166 track includes 46 

images taken from 20190111 to 20220309 in descending 

mode and 57 track includes 28 images taken from 20200111 

to 20220217 in ascending mode. 

    Image 20200915 has been selected as the master image 

of descending 166 track and 20210129 as the master image 

of ascending 57 track (Figure 2). 

    All interferograms have been generated with respect to 

the master image in SNAP software (version 8) (SNAP 

Download – STEP, n.d.), and the correction of the 

topography phase contribution has been done by SRTM 

1Sec HGT and the correction of the orbital error has been 

done by the accurate orbital information of the Sentinel 

satellite. And finally, from the interferograms produced in 

the SNAP software, the output is taken for processing the 

time series in the StaMPS software (version 4.1b) 

(StaMPS, n.d.), and from the StaMPS-Visualizer (Hoeser, 

2018/2022) to see the time series of two points, one near the 

south side of the Sarkhun and Qeshm gas refinery on 

descending 166 track and the other on the southwest side of 

the gas refinery on ascending 57 track. The SNAP-StaMPS 

workflow chart is presented in Figure 3. 

 

.
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Figure 2. The single master network in Persistent Scatterer Interferometry (PSI), for the descending 166 track data set and 

the ascending 57 track data set, (a) with 46 images for after earthquake, 166 track, (b) with 41 images for before 

earthquake, 166 track (c) with 28 images for after earthquake, 57 track and (d) with 24 images for before earthquake, 57 

track. 

 

 
Figure 3. SNAP-StaMPS workflow chart 

 

 

4. Results 

    Gas production from the Sarkhun gas field started in late 

1365 and in 1384 with the drilling of the first well of the 

Razak reservoir, it was put into production, and its 

development program was implemented by drilling new 

wells and was put into operation, which increased 

production (Wikipedia). Gas field subsidence is usually 

large in area size and low in intensity, and the occurrence 

of an earthquake can cause an upward or downward jump 

in time while the subsidence rate remains constant. 

 
4.1. descending 166 track data processing  

4.1.1. Data processing with 41 images before the earthquake  

    The result of this processing for the descending 166 track 

data with 41 images before the mentioned earthquake is as 

Figure 4. The displacement rate during the years 20190111 

to 20211028 along the LOS for the descending data before 

the earthquake is between -9.1 and 6.8 mm per year, as 

shown in Figure 4. The reference point with geographic 

coordinates lonlat= (56.32, 27.37) and with a radius of 250 

meters which can be seen as a black star in the figure below. 

This point has been chosen as a reference point for both 

descending and ascending tracks. 
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Figure 4. Deformation velocity map during the years 20190111 to 20211028 along the LOS for descending data until 

before the earthquake. 

 

 
4.1.2. Data processing with 46 images after the earthquake of 

descending 166 track 
    The Figure below, the rate of displacement along the line 

of sight of the satellite is calculated after the earthquake. It 

is between -7.2 and 5.8 mm per year. 

  

Figure 5. Deformation velocity map during the years 20190111 to 20220309 along the LOS for descending data until after 

the earthquake. 

 

 

    The Figure 6 shows the time series for a point near the  
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southern side of the Sarkhun and Qeshm refinery. The 

maximum subsidence value according to the time series of 

the selected point in Figure 6 can be seen on the date 

20210902, it is about -29 mm. 

 

 

 

 

 

 

Figure 6. Time series of a location near the south side of the Sarkhun and Qeshm refinery on 166 track after the 

earthquake. 

 

 

 
4.2. Results of ascending 57 track data processing  

    To validate whether the subsidence will be observed in the 

57 track and the amount of this subsidence is consistent with 

the amount of subsidence of the 166 track or not. The 

StaMPS method was implemented for 28 images of the 

ascending 57 track and the following results were obtained, 

and the processing was performed before and after the 

earthquake and the results are presented as follows. 

 

4.2.1. Data processing with 24 images of the ascending 57 tracks 

before the earthquake. 

    The results of this stage, which includes the displacement 

rate map between 20200111 and 20211113, are presented 

below. It is between -23.4 and 12.9 mm per year. 
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Figure 7. Deformation velocity map during the years 20200111 to 20211113 along the LOS for 

ascending 57 track before the earthquake.  

 
4.2.2. Data processing with 28 images of the ascending 57 

track after the earthquake. 

    The results of this stage, which includes the displacement rate map during the years 20200111 to 20220217, are presented 

below. It is between -17.4 and 11.1 mm per year. 

Figure 8. Deformation velocity map during the years 20200111 to 20220217 along the LOS for ascending 57 track data 

after the earthquake. 
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    Figure 9 shows the time series for a point on the southwest 

side of Sarkhun and Qeshm refinery. The maximum 

subsidence value according to the time series of the selected 

point in Figure 9 can be seen around the date 20210902, it 

is about -39 mm. 

.

 

 

Figure 9. Time series of a location in the southwest side of Sarkhun and Qeshm refinery on ascending 57 track after the  

earthquake. 

 

5. Conclusions 

    This paper presents the application of InSAR time series 

processing to investigate land subsidence in the Sarkhun gas 

field. The method of persistent scatterers (StaMPS) was used 

to reveal the phenomenon of subsidence in the Sarkhun gas 

field due to gas extraction for many years and in two tracks, 

descending 166 and ascending 57, the subsidence 

phenomenon was seen and measured in the line of sight of 

the satellite. According to the earthquake that happened 

near the study area, the subsidence was calculated for each 

path before and after the earthquake, and the behavior of 

the surface deformation of the earth was seen almost the 

same in both paths. 
 

    By comparing the time series of two points near the 

Sarkhun and Qeshm gas refineries, one was chosen near the 

southern side of the refinery on 166 track and the other was 

chosen on 57 track in the southwest side of the refinery, the 

same results indicating the highest subsidence near the time 

of 20210902 for both track, that according to the opinion of 

an expert and specialist in the field of gas extraction from 

the gas company in Hormozgan province, that during the 

three years under study, there has been no increase in gas 

extraction from the field, however, we have seen a slight 

increase in the rate of subsidence in the field, which 

indicates that gas extraction has been a key factor. 
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