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Abstract: Land subsidence is a major concern in vastly growing metropolitans worldwide. The most 

serious risks in this scenario are linked to groundwater extraction and urban development. Paki-

stan’s fourth-largest city, Rawalpindi, and its twin Islamabad, located at the northern edge of the 

Potwar Plateau, are witnessing extensive urban expansion. Groundwater (tube-wells) is residents’ 

primary daily water supply in these metropolitan areas. Unnecessarily pumping and the local in-

habitant’s excessive demand for groundwater disturb the sub-surface’s viability. The Persistent 

Scatterer Interferometry Synthetic Aperture Radar (PS-InSAR) approach, along with Sentinel-1 Syn-

thetic Aperture Radar (SAR) imagery, were used to track land subsidence in Rawalpindi-Islamabad. 

The SARPROZ application was used to study a set of Sentinel-1 imagery obtained from January 

2019 to June 2021 along descending and ascending orbits to estimate ground subsidence in the Ra-

walpindi-Islamabad area. The results show a significant increase (−25 to −30 mm/yr) in subsidence 

from −69 mm/yr in 2019 to −98 mm/yr in 2020. The suggested approach effectively maps, detects, 

and monitors subsidence-prone terrains and will enable better planning, surface infrastructure 

building designs, and risk management related to subsidence. 
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1. Introduction 

Ground deformation is described as a sudden sinking or gradual settling of the 

ground surface [1–3]. It is a major concern of the authorities responsible for handling 

global geohazard threats [4]. Urban subsidence can result from natural and human causes, 

for instance, excessive groundwater extraction [5], structural loads [6,7], seismic activity 

[7,8], subsurface architecture, and mining [9,10]. Each of these factors may have a distinct 

influence on ground subsidence. Globally, people are moving from rural to urban regions 

to seek greater job opportunities and contemporary conveniences. These unregulated and 

unplanned regional developments impact natural resources. The daily demand for water 

consumption is increasing, resulting in unsustainable groundwater removal, and causing 

ground subsidence [11–14]. Therefore, monitoring the spatial and temporal distribution 

of ground subsidence is becoming an important concern. Traditional point-based tracking 

approaches, such as GPS and ground levelling approaches, were unable to deliver the 

necessary samples for land subsidence mapping [15]. Rather than relying on ground-

based observations, researchers are shifting toward space-based observations, which ben-

efit from collecting more data in a shorter period of time at a lower cost and are not af-

fected by weather conditions. 
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Remote Sensing (RS) technology, such as Synthetic Aperture Radar Interferometry 

(InSAR) has shown substantial capability in a variety of disciplines over the last two dec-

ades, in particular landslide analysis [16], subsidence influenced by over-extraction of 

groundwater [17], measuring deformation caused by an earthquake [18], and the manage-

ment of urban growth. This method was successfully employed with significant accuracy 

and effectiveness, covering hundreds to thousands of square kilometers [19]. The princi-

ple of InSAR is the acquisition of SAR images of the targeted region to obtain ground 

surface information and its patterns of deformation. SAR Interferometry can be employed 

for a variety of land-based applications. Information is extracted from the signals trans-

mitted by the SAR system to the surface, and is scattered back from various objects on the 

surface. The phase (distance between a satellite antenna and target object) and amplitude 

(determined from surface roughness, terrain slopes, etc.) of reflected signals are used to 

calculate information about various objects on the surface [16,20]. Several advanced tech-

niques, such as the Small Baselines Subset Approach (SBAS) [21], Parallel Small Baseline 

Subset (P-SBAS) [22], Spatio Temporal Unwrapping Network [23], Persistent Scatterers 

Interferometric Synthetic Aperture Radar (PS-InSAR) [24], and the Interferometric Point 

Target Analysis [25], have recently been established. 

In previous studies, Differential Interferometry Synthetic Aperture Radar (D-InSAR) 

has been employed successfully to detect regional-scale ground subsidence with a cm to 

mm precision [10,19,26]. This technology has been frequently employed in measuring 

seismic deformation due to its all-weather capabilities of receiving deformation details 

[18,27], monitoring and detecting landslides [28,29], and quantifying and mapping met-

ropolitan surface subsidence [30]. InSAR approaches have been regarded as efficient tech-

niques for monitoring and predicting catastrophes [31]. Nevertheless, D-InSAR is vulner-

able to environmental delay as well as spatial and temporal decorrelation, limiting its ca-

pability for long-term period surface detection with high accuracy. 

The PS-InSAR technology has now been launched to resolve the disadvantages of the 

D-InSAR approach [24]. A multi-image framework can be utilized to generate a feasible 

deformation map based on the spatial-temporal development of so-called Persistent Scat-

terers (PS) [24]. The PS-InSAR technique uses unique characteristics of anomalies caused 

by atmospheric delay and backscattering of certain PS on the surface to improve conven-

tional InSAR deformation analysis accuracy. Therefore, PS-InSAR can modify and im-

prove the measurement of deformations, from 10–20 to 2–3 mm [24]. PS-InSAR has a wide 

range of applications in monitoring geohazards, such as mapping displacements induced 

by seismic activities, landslides, volcanic swelling, ground subsidence caused by ground-

water extraction, underground mining activities, and subway tunnel construction 

[9,32,33]. Similar research has been widely conducted in urban areas using the PS-InSAR 

technique to monitor ground subsidence using Sentinel-1 data in Algeria [34], Beijing 

[7,35], London [36], Los Angeles [37], Mashhad (Iran) [38], coastal areas of Africa [39], 

Spain [40], etc. 

Rawalpindi is a historic and Pakistan’s fourth-largest metropolitan city and a center 

of industrial, commercial activity, and military headquarters. Its twin city Islamabad is 

the national capital and the administrative center for all government agencies [41]. Rawal-

pindi and Islamabad’s population has grown significantly due to immense migration 

from the countryside to metropolitan regions. Water crises in the study region may be 

more common in the future due to significant urbanization and heavy construction [42]. 

The demand for natural resources has grown due to the fast population growth, adversely 

affecting the environment [41]. There are several serious environmental concerns in the 

Rawalpindi-Islamabad area, such as the risk of building foundation, subsidence due to 

loess instability, extraction of the enhanced quantity of groundwater, extensive contami-

nation of surface water and groundwater by improperly disposing of solid and fluid 

waste, effects of limestone, sand, gravel, clay, mining, and earthquake hazards [41]. 

For this approach, Sentinel-1 radar data from the Alaska Satellite Facility (ASF) were 

used. Various investigations have been performed in which the PS-InSAR approach was 
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used in conjunction with Sentinel-1 data to monitor land surface deformations. Crosetto 

et al. [43] were among the first to use Sentinel-1 data using the PS-InSAR approach. Alt-

hough the study time was relatively shorter, from October 2014 to April 2015, they pro-

duced encouraging findings. Recent research has been carried out by some researchers, 

such as Del Soldato et al. [44] and Roccheggiani et al. [45]. Initially, three hundred Senti-

nel-1 photographs were employed in three trials over 2 to 3 years of study to examine the 

pace of subsidence in a region of central Italy. Afterwards, around 320 photographs were 

used throughout a three-year research period to examine land subsidence caused by sub-

surface mining. Aside from monitoring the earth’s surface, Sentinel-1 imagery can also be 

employed in PS-InSAR studies for other purposes, such as estimating the deformation of 

major foundations such as dams and bridges [46–48]. 

This research investigates the ground subsidence of the twin-cities area using Sen-

tinal-1 radar imagery from 7 January 2019 to 25 June 2021 and from 8 January 2019 to 21 

May 2021 with ascending and descending tracks, respectively, using the SARPROZ soft-

ware. As per our knowledge, there have been no previous studies on land subsidence in 

the Rawalpindi-Islamabad area using the advanced PS-InSAR technique. 

Therefore, the primary objective of this investigation is to create a deformation map 

of the Rawalpindi-Islamabad area to comprehend the continuing various deformations 

and to identify hazard zones with a comparatively greater subsidence rate. In addition, 

this research investigates the capability of PS-InSAR to analyze land subsidence in a met-

ropolitan area. The findings will enable more effective planning, surface infrastructure 

building, and risk management related to subsidence in the research area. 

2. Description of the Research Area 

2.1. Geographical Position of the Research Area 

The research area is located between the longitudes of 72°58′ and 73°11′E and the 

latitudes of 33°35′ and 33°44′N (Figures 1 and 2). The twin cities located at the northern 

edge of the Potwar Plateau are overlain by Main Boundary Thrust (MBT), creating multi-

ple faults, namely Murree Thrust, Jhelum Fault, and Rawat Fault [49]. The geography of 

the Rawalpindi-Islamabad region includes mountains and plains that rise over 1175 m 

[41]. The area is climatically described as a semi-arid to subtropical continental zone with 

substantial seasonal variations, with temperatures ranging from 0 to 48 °C [50]. In Rawal-

pindi, the average annual rainfall is 1000 mm (39.3 in), and Islamabad’s average annual 

rainfall is 1012 mm (39.8 in) [50]. 
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Figure 1. The geographical setting of the examined area. 

 

Figure 2. Examined area (in red) with footprints, reference points, and the master area (ascending 

and descending). 
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2.2. Geological Setting and Background of the Research Area 

Geologically, the Rawalpindi-Islamabad area is a segment of the Sub-Himalayas [51], 

which in Pakistan is determined by the Potwar Plateau and the Salt Ranges [52]. As the 

section of the Himalayan belt and located at the northern edges of the Potwar Plateau, the 

research area underlies extensive Himalayan fold and fault structures [53]. 

The study area is covered by sedimentary rocks, including Mesozoic sedimentary 

rocks, Rawalpindi group, Siwalik group, and the Quaternary alluvium deposits [54]. Fig-

ure 3 depicts a geological map of the study area. 

 

Figure 3. Geological formations in the investigated area. Mss: Mesozoic sedimentary rocks, R: Ra-

walpindi group, S: Siwalik group, Q: Quaternary alluvium. 

2.2.1. Mesozoic Sedimentary Rocks 

The sequence of Mesozoic sedimentary rocks consists of Triassic marl, dolomite, and 

limestone of the Mianwali formation. Jurassic sandstone, quartzite, shale, and marl of the 

Datta formation are also present in the Mesozoic sedimentary rocks. 

2.2.2. Rawalpindi Group 

Murree and Kamlial formations make up the Rawalpindi group. 
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Murree Formation 

The age of the Murree formation is lower Miocene. Rock consists of continental clay-

stone and sandstone. Sandstone is reddish-grey, medium-grained, and claystone is purple 

to dark red. The thickness of Murree formation in the research region ranges from 2000 to 

2895 m. 

Kamlial Formation 

The age of the Kamlial formation is middle to late Miocene. The rock units consist of 

claystone and sandstone. Sandstone is grey, purple, and coarse-grained. Interbeds of hard 

purple claystone are present in the research region. Kamlial formation thickness in the 

study area ranges from 1200 to 1600 m. 

2.2.3. Siwalik Group 

The Siwalik group consists of conglomerate, sandstone, siltstone, and mudstone; 

sym-orogenic, predominantly fluvial. Additionally, Siwaliks include Nagri, Dhok Pathan, 

Soan formation, and Lei conglomerates. 

Nagri Formation 

Upper Miocene/lower Pliocene is the age of the Nagri formation. It consists of subor-

dinate claystone and sandstone with less amount of conglomerates. Sandstone is medium 

to coarse-grained and grey in color. Claystone is brown in color and consists of silt and 

sand. The measured thickness of the Nagri formation ranges from 500 to 900 m in the 

research region. 

Dhok Pathan Formation 

The age of Dhok Pathan formation ranges from early to middle Pliocene. It mostly 

consists of claystone and sandstone containing lenses of conglomerate in some parts. The 

measured thickness in the study area ranges from 500 to 825 m. 

Soan Formation 

The age of the Soan formation is from lower Pleistocene to Pliocene. It consists of 

subordinate claystone, siltstone, sandstone, and conglomerate interbeds. The exposed 

thickness of the Soan formation ranges from 200 to 300 m. 

Lei Conglomerates 

Lei conglomerates comprise 93% subangular limestone clasts intercalated with 

weakly consolidated clay, silt, and sand. The 5% clasts from Siwalik group sedimentary 

rocks consist of the Lei conglomerates, 2% quartzite, and a trace amount of igneous rocks. 

2.2.4. Quaternary Alluvium 

The quaternary alluvium in the research area consists of unconsolidated conglomer-

ate, sandstone, siltstone, and loess deposits. 

3. Dataset and Methodology 

3.1. Dataset 

To estimate land subsidence with the help of PS-InSAR technique, we examined Sen-

tinel-1 (C-band) SAR images from Alaska Satellite Facility (ASF) along both descending 

and ascending orbit paths. PS-InSAR [55] needs at least 20 Synthetic Aperture Radar im-

ages [56] to achieve the C-band data analysis. PS-InSAR measures land subsidence over a 

month or year, considering environmental effects, signal noise, and topographic factors. 

Furthermore, this sensor is capable of various acquisition modes, such as wave, interfero-

metric wide, extra-wide swath, and strip map. In total, 76 images from the ascending path 
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(7 January 2019–25 June 2021) and 73 images from the descending path (8 January 2019–

21 May 2021) were used for this analysis. The properties of Sentinel-1 (descending and 

ascending) datasets and the parameters employed in this investigation are detailed in Ta-

ble 1. 

For this approach, the SARPROZ software was used, which is useful for InSAR data 

research and commercial application [34]. SARPROZ has been effectively employed by 

Qin et al. [57], for example, to build a subsidence map of Hong Kong that illustrates the 

PSI’s millimeter-level precision. It applies the ideas mentioned in the PS-InSAR technique 

[24,58]. 

Table 1. Properties of Sentinel-1 (ascending and descending) datasets and their parameters. 

Data Information Ascending Descending 

No. of images 76 73 

Period of Acquisition 7 January 2019–25 June 2021 8 January 2019–21 May 2021 

Track no.  173 107 

Parameters Description 

Product type Sentinel-1 IW SLC 

Polarization VV + VH 

Band C 

Coverage (km2) 250 

Return frequency (day) 12 

Range (m) 5 

Azimuth resolution (m) 20 

Incident angle (degree) Vertical (23), Horizontal (45) 

3.2. Methodology 

3.2.1. Workflow of PS-InSAR 

The PS-InSAR approach requires data preparation and analysis, Atmospheric Phase 

Screen (APS) Removal and Estimation, and Multi-Image Sparse Point (MISP) Processing. 

The study’s research methods can be seen in (Figure 4). 
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Figure 4. Data processing steps in methodology. 

3.2.2. PS-InSAR’s Processing 

The PS-InSAR approach analyzes SAR data time-series. The technique focuses on 

steady, point-like scatterers that are speckle-free and provide a definitive response. These 

are Persistent Scatterers (PS), which provide a steady phase history across the acquisition 

time range [24,59,60]. The PS phases are stable over time and do not exhibit temporal 

decorrelation, allowing for long-term observation and deformation monitoring. The inter-

ferometric phase ���� of SAR signal of wavelength lambda (λ) between two distinct im-

ages is represented as: 

���� = �����������  + ���������  + ������  + �����������  + ������  (1)

where �����������  is the variation in phase caused by height errors, ���������  is the 

component generated by terrain displacement in the Line Of Sight (LOS) path in between 

two SAR acquisitions, ������  is the error produced due to phase triggered by errors due 

to orbit estimation, ����������� is the phase component as a result of variations in atmos-

pheric phase delay. Finally, ������  refers to phase noise, including thermal noise and 

other error components. 

3.2.3. Preparation of Data 

Importing a Single Look Complex dataset with precise paths is one of the computa-

tion phases in data research. For this investigation, the images used had the same rotations 

with ascending and descending orbits. Nevertheless, both ascending and descending im-

ages cannot be evaluated together. Thereafter, the polarization was calculated via orbit 

data, and slave and master images were taken. Initially, extracting the study area’s master 

images was necessary before moving on to slave images that covered an area similar to 

the master images. In these conditions, a star graph was plotted between the slave and 
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master images for both orbital directions (descending and ascending) (Figures 5 and 6). 

During the co-registration step, a specific area was analyzed and co-registered [34]. 

 

Figure 5. Star graphs showing the descending dataset’s temporal baseline distribution (path number 

107). 

 

Figure 6. Star graphs showing the ascending dataset’s temporal baseline distribution (path number 

173). 

3.2.4. Preliminary Examination 

Parameters such as the orbital errors, APS, and other considerations were estimated 

and eliminated. Afterwards, the phase stability was measured. Absolute amplitude scales 

were largely unconcerned about causing processing disturbances [61]. As a result, it was 

recommended that the pixels in all of these acquisitions had identical amplitudes and 

lower phase dispersions. In the SARPROZ software process, PS was chosen based on the 

Amplitude Stability Index (ASI). 
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3.2.5. Atmospheric Phase Screen (APS) Removal and Estimation 

Several atmospheric phase delays that influence SAR images during collection and 

signal disruptions, such as radar signals disrupted by aerosol particles, are common [34]. 

To avoid these interruptions in the dataset, the atmospheric phase screen is computed 

using multiple spatial-temporal filtrations [62]. At this phase, the results of the atmos-

pheric phase screen are eliminated, and the advanced steps are used to estimate topo-

graphical height effects and linear displacement velocities [34]. For this purpose, an ade-

quate criterion of ASI > 0.75 is suggested as a guideline for choosing the first PSs [24]. Our 

study selected PSs based on ASI values greater than 0.7. This constraint parameter esti-

mate is satisfied by permitting a restricted amount of persistent scatterer points, which is 

required to compute the correct APS. Regarding the selection of the primary persistent 

scatterer, a reference network must be built by linking persistent scatterers using Delau-

nay triangulation at this stage. The derived linear model (linear deformation velocities 

and residual height) is then removed, and APS is estimated from the phase residual using 

a reverse network. Moreover, it is necessary to determine a single reference spot and cal-

culate the object’s velocity. Pursuing graph inversion and atmospheric phase screen re-

moval, the temporal coherence of persistent scatterers was evaluated to determine atmos-

pheric phase screen integrity, producing a satisfactory result with a coherence larger than 

0.70 (Figure 7). 

 

Figure 7. The graphs between the connections and temporal coherence for descending track on the 

right and ascending track data on the left side. 

3.2.6. MISP Processing 

The second-order persistent scatterer points were picked in the Multi-Image Sparse 

Point (MISP) step. ASI > 0.6 criteria were applied at this phase to produce denser PS points 

[61]. The same criteria and reference points used to calculate the APS estimate were used 

to remove APS. Finally, all persistent scatterer points were geocoded and plotted on 

google earth, and only persistent scatterer points with a coherence of higher than 0.7 were 

included in the subsidence map [61]. 

3.2.7. Post-Processing Analysis 

Ultimately, the deformation zones found were transformed into geographical coor-

dinates. The resultant ground deformation map and geological map superimpose were 

imported into a GIS for additional analysis. The GIS study combined PS-InSAR outcomes 
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with geology and groundwater removal [63] to estimate and verify the detected subsid-

ence zones, then conducted an examination in Rawalpindi-Islamabad geological setting. 

The previous processes’ outcomes were combined with different information layers in 

ArcGIS. These layers were used to assess the research area’s groundwater removal and 

geological formations and their relationship to PS-InSAR-estimated subsidence. 

4. Results 

As previously stated, we used the PS-InSAR technique, which was applied in 

SARPROZ software, for displacement observation in the investigated area, allowing us to 

identify deformation zones in the Rawalpindi-Islamabad area. The greenish color shows 

the stable locations defined by a stability threshold range (from −10 to 10 mm/yr). PS-

InSAR calculates and identifies movements in the region using a point of reference. There-

fore, a steady point is selected as a point of reference to correlate with the movements of 

other points in the region. Temporal coherence must be acceptable for further estimation 

when utilizing this approach. Persistent scatterer points with a temporal coherence higher 

than 0.70 were regarded as satisfactory and had a lower chance of inaccuracy [34]. 

When using PS points to measure movement along the LOS, it was observed that 

motion in the opposite direction of the sensor was negative, as illustrated in red. Other 

steady spots inside the investigated area show substantially no movements, as shown in 

Figure 6. Sites with comparable considerable movement relative to the blue dots are la-

belled as yellow and orange colors. In the research area, the subsidence was estimated 

between −25 and −40 mm/yr (Figure 8). The scatter plot data showed severe subsidence in 

the Rawalpindi area. In contrast, the Islamabad area showed minimal ground movement. 

One possibility is that Rawalpindi is located on a thicker (softer) alluvium. The other pos-

sibility is that it is densely populated with more water extraction and heavy weight of 

densely constructed buildings. 

 

Figure 8. The scatter plots of descending on the right and ascending tracks on the left side. 

The subsidence map obtained from both descending (path 107) and ascending (path 

173) pathways indicated a substantial number of persistent scatterer sites in the analyzed 

area over the analysis period (Figure 9). The rectangular part of ascending and descending 

scatter plots is positioned on google earth in the investigated area. Figure 8 demonstrates 

dense cloud spots in the research area; the results in both the ascending and descending 

directions reveal that most places are steady (marked in blue), predominantly uplands or 

mountains. While the primary population places along the main route are displayed in 
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red, there is a severe subsidence zone. The color ramp indicates the movement and rela-

tive stability of the persistent scatterer points (red = severe, light blue = stable, yel-

low/green = minimal). 

 

Figure 9. Land subsidence in the research area from ascending and descending paths. 

The finalized subsidence map was obtained from 2019 and 2020 to investigate sub-

sidence in the study area yearly to evaluate the subsidence rate of different PS sites over 

the research time interval (Figure 10). As illustrated in Figure 10, a huge fluctuation was 

found in the subsidence values from 2019 to 2020; the subsidence value in 2019 ranged 

from −69.33 to 77.1 mm/yr, while the subsidence value in 2020 ranged from −98.56 to 36.7 

mm/yr. 

 

Figure 10. Comparison between subsidence values from the year 2019 to 2020. 

Five PS spots (a, b, c, d, and e) from the subsidence zone were selected from the re-

search area’s ascending and descending findings (Figure 11). In this scenario, the PS points 



Remote Sens. 2022, 14, 3722 13 of 26 
 

 

indicate the relative displacement and stability (red = severe, blue = stable, yellow = min-

imal) compared with the surroundings. Subsidence analyses and these five PS positions 

are shown in Figure 12. 

Red dots indicate the subsidence zone, as shown in Figure 11. The acquired data re-

veal that ground deformation varies from point to point over the research duration. Figure 

12 illustrates the deformation along with PS spots b, c, and d, which are in the research 

area’s North to South section of the investigated area, where subsidence reached −85.6, 

−98.5, and −128.8 mm/yr, respectively. While PS points “a” and “e” are in the North-West-

ern and South-Eastern part of the research area, where subsidence attained −92.3 mm/yr 

(PS point “a”) and −101.3 mm/yr (PS point “e”), accordingly, during the study interval. 

According to the evidence, subsidence was considerably higher in the southern region of 

the study area, whereas it was lower in the northern part of the research area. 

The subsidence along these five persistent scatterer points was examined, and the 

final outcomes indicate a huge number of subsidence fluctuations from January 2019 to 

June 2021. Figure 11 demonstrates the visual illustrations of these five points. The graphs 

show that points “d” and “e” have more subsidence values and are situated in the south-

ern part of the study zone, whereas points a, b, and c have slightly lower subsidence val-

ues as compared with the southernmost part of the research area, as noted during this 

study. 

A white line was constructed from North-West to South-East and North to South to 

investigate the subsidence profile in the study area (Figure 13). The graph in Figure 14(a, 

b) shows that subsidence is very severe in the southernmost parts of the research area. In 

contrast, on the northernmost side of the research area, the subsidence is very minimal. 

The areas that experienced severe subsidence are the (Raja Bazar, Waris Khan Metro Sta-

tion, Rahmanabad Metro Station, Sadiqabad, Shah Sultan, Benazir Bhutto Hospital, and 

Muslim town areas). This investigation demonstrates that subsidence is noticeable in the 

southernmost region of the study area from January 2019 to June 2021. 

 

Figure 11. Land subsidence in the study area at different points (a, b, c, d, and e) from both ascending 

and descending tracks. 
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Figure 12. Subsidence along with PS points (a–e) (x-axis is the time from 2019–2021; y-axis represents 

subsidence). 
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Figure 13. Showing the subsidence profile from North to South and North-West to South-East. 

The white line in Figure 13 depicts the North-West to South-East subsidence profile. 

In contrast, Figure 14a depicts the North-West to South-East subsidence profile’s variation 

graph (x-axis indicates PS points, y-axis indicates subsidence). 

Similarly, a white line (Figure 13) depicts the North to South subsidence profile to 

investigate the research area’s North to South subsidence behavior. This subsidence pro-

file indicates that subsidence was overwhelmingly increasing from North to South, while 

Figure 14b depicts the North to South subsidence profile’s variation graph (x-axis indi-

cates PS points, y-axis indicates subsidence). 
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Figure 14. (a) North-West to South-East subsidence trend graph (January 2019–June 2021; (b) North 

to South subsidence trend graph (January 2019–June 2021). 
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5. Discussion 

According to the findings of this research, various causes contribute to and are ex-

plainable for land subsidence in the Rawalpindi-Islamabad area. These include extensive 

overexploitation to meet human demands and loss of soil during wet seasons, and natural 

consolidation of quaternary alluvium, along with uncontrolled building development. A 

brief description is provided in the following subsections. 

5.1. Uncontrolled Groundwater Extraction 

Groundwater is a crucial freshwater resource for the country’s long-term viability. 

Its consumption varies from home to industry across every area of the economy, making 

it a vital resource [64]. Overexploitation of groundwater is the principal reason for sub-

sidence, as described in [65–69], linked with geology (soft clay soil) in [65,68,69]. Seasonal 

effects have been reported in [69,70], which might be associated with hydrogeological var-

iables and groundwater level fluctuations. The overwhelming groundwater usage for 

household and commercial aims is one of the potential elements that cause subsidence in 

the studied area. Earlier investigations revealed that overwhelming groundwater extrac-

tion is the main reason for surface deformation [71–77]. Pakistan has a water shortage. 

Therefore, tube-wells and bore-wells are the major sources of daily water utilization for 

residents [78]. There has been a significant rise in water consumption in main cities [59] 

as a result of uncontrolled and unplanned settlement growth. To satisfy their needs, the 

majority of homes have constructed a bore-well. 

Rawalpindi (Twin City of Federal Capital, Islamabad) primarily depends on ground-

water, accessed by more than 450 tube-wells (Water and Sanitation Agency, Rawalpindi: 

https://wasarwp.punjab.gov.pk/ (accessed on 20 April 2021)) (Figure 15), out of which 

over 100 tube-wells produce biologically polluted water. The subsidence fluctuation 

graph in Figure 14a,b shows that surface subsidence is more common in the southern re-

gion of the research area due to overpopulation, and one likely explanation is the existence 

of tube-wells. The tube-well location map in Figure 16 illustrates that the southern part of 

our research area has experienced more subsidence since having more tube-wells result 

in excessive land subsidence. 

 

Figure 15. Temporal expansion of tube-wells in the study area. 
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Figure 16. Tube-well location map of the investigated area. 

In Figure 17a–f, several places are represented in the research region displaying frac-

tures in the walls of local buildings. Cracks discovered in local buildings indicate that the 

research area witnessed subsidence. 
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Figure 17. Cracks in the walls of different buildings within the research area. (a) Cracks in the pil-

lars of metro track at Committee Chowk, (b–f) Cracks in walls of local houses in Raja Bazar, Waris 

khan, Rehmanabad, and Sadiqabad areas. 

5.2. Water Table Depletion in the Study Area 

The combination of urbanization and population expansion can be a major factor 

driving greater groundwater demand and consumption [79]. Demand for freshwater has 

grown rapidly in recent decades due to fast population growth and industrialization, re-

sulting in groundwater depletion, particularly in developing nations and metropolitan 

areas [80]. According to [81], declining water levels can cause many other issues, such as 

seawater intrusion, ground subsidence, effects on surface water bodies, quality deteriora-

tion, etc. 

Rawalpindi is Pakistan’s fourth-largest metropolis, and the city’s urbanized area is 

growing as the population grows. Over a period of three decades (1991–2017), the urban 

area grew by a whopping 37.89% [82]. Due to poor management, urban migration, and 

rapid population expansion in the investigated area, the gap between water requirement 

and supply is expanding daily (Table 2). A persistent decline in groundwater levels was 

noticed in the study area as a result of excessive water extraction. People are extracting 

the groundwater to a large extent, resulting in a significant decrease in our study area’s 

yearly groundwater table, which has fallen from 10 to 73 m in the last two decades. Ac-

cording to [50], groundwater levels dropped by 10–14 m between 1998 and 2003 and 5 m 

between 2003 and 2007. While from 2017 to 2021, the groundwater level dropped signifi-

cantly from 58 to 73 m (Water and Sanitation Agency, Rawalpindi). The population in-

creased from 1.8 to 2.3 million with an increasing rate of 1.97% in the last 10 years, as 

shown in Figure 18. 

Table 2. Overview of water demand, usage, and accessibility in the study area. 

Parameters Population 

Total water demand 67 MGD 

Total water production 51 MGD 

Deficit 16 MGD 
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Population 2.3 million 

 

Figure 18. Changes in groundwater level with the rise in population overtime. 

5.3. Geological Considerations 

Soil consolidating properties have been discovered as a major source of subsidence 

around the globe [73]. It was discovered that a large portion of the Rawalpindi-Islamabad 

area was found to be built upon quaternary alluvium deposits [83]. The alluvium is 

mainly composed of unconsolidated conglomerates, clay, sand, silt, loess, and gravel de-

posits [83]. The study area includes houses of many academic and research institutions, 

large to small government buildings, military headquarters and cantonment, and other 

commercial and residential facilities built on the top of alluvium deposits. 

On top, the study area is located in seismically active regions where earthquakes, 

faulting, and folding have been common in the recent geologic history [41], due to its 

proximity to the Main Boundary Thrust (MBT) in the North and the Salt Range Thrust 

(SRT) in the South, where earthquakes have been recorded [83]. All across the map region, 

quaternary sediments have undergone tectonic deformation [41]. 

Historical seismic activity statistics indicate that earthquakes with intensity ranging 

from VII to VIII on the Modified Mercalli Intensity (MMI) scale have repeatedly been felt 

in Rawalpindi-Islamabad [83]. The largest earthquakes documented near the study area 

are the 25AD Taxila earthquake with a maximum estimated intensity of IX on the (MMI) 

[84]; the 1974 Pattan earthquake with an estimated intensity of VIII on the MMI scale 

[85,86]; and the 1977 Rawalpindi earthquake with an estimated intensity of VII on the 

(MMI) [87]. Furthermore, the study area experienced a massive earthquake with a magni-

tude of (Ms 7.6) in 2005, which was caused by a portion of (MBT) regional boundary fault 

in the Kashmir area northeast of Islamabad [88–90]. It is worthwhile to mention that dur-

ing the 2005 earthquake, the Rawalpindi-Islamabad area suffered significant structural 

damage, including the collapse of a massive 16-story apartment complex (Margala 

Tower), which led to the death of over 70 civilians (https://trib-

une.com.pk/story/269546/earthquake-2005-faulty-towers-cursed-by-nature-haunted-
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byapathy (accessed on 15 May 2021)). Another significant fault, known as the Riwat 

Thrust, runs near the southwest corner of the study area [91]. Along this fault, the most 

recent earthquake on 24 July 2015 was recorded with the epicentral location of 33.8840°N, 

73.2250°E with a magnitude of 5.1 km and a 19-km focal depth. Additionally, 2–3 cm of 

ground displacement was observed in the direction of fault lines. Moreover, Riwat Fault 

is an active fault in the regime which is a part of the Jhelum Fault, and can cause further 

ground deformation in the study area. 

The photographs in Figure 19 were taken at different intervals throughout the rainy 

season and showed flooding in different places adjacent to the research area. 

 

Figure 19. Water on roads in the research area during rain. 

Furthermore, the relationship between precipitation and subsidence has been 

demonstrated in [92]; extreme precipitation, on the other hand, disrupts the balance of 

underground aquifers. Subsidence may be influenced by this large quantity of rainfall and 

other contributory factors. The climate of Rawalpindi is relatively similar to its twin city, 

Islamabad. The monsoon rains typically begin in June, reach their maximum peak in Au-

gust, and stop toward the end of September [41]. The highest recorded rainfall in 2013 was 

1988 mm (78.3 in), primarily due to an extremely wet monsoon season. 

Figure 20 shows the persistent scatterer points overlaid on a geological map of the 

research area. It indicates that places with significant subsidence are covered with clay 

[41] deposits. Structures on other deposits appeared to be substantially more stable. The 

red area, in this scenario, highlights the subsidence zone, which is clear in the quaternary 

alluvium deposits. The research area had adequate scatterers to determine ground sub-

sidence. 
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Figure 20. Subsidence along the geological map in the research area. 

5.4. Uncertainties and Gaps 

Several anthropogenic and natural processes contribute to ground subsidence at var-

ious spatiotemporal scales [36]. Nevertheless, determining the significance of each ele-

ment requires many sources of in situ data, which were not accessible for this approach. 

We only looked at subsurface deposit types and discovered an interesting association be-

tween them and higher surface deforming zones. 

Identifying validation pairings was challenging due to the PS-InSAR’s analysis in-

sufficient spatial resolution. As a result, it was unclear which section of a building was the 

primary reflector. Additionally, the PS points were georeferenced to the earth’s surface, 

yet buildings are three-dimensional, and satellites observe the globe from the sides. These 

considerations must be considered while examining the PS points upon the buildings. The 

geocoding of the SAR data sets was also a source of uncertainty due to the relatively poor 

spatial resolution of C-band Sentinel-1 data. 

However, despite these uncertainties, our results accurately identified subsidence 

events in the study area by validating our results with groundwater level data, soil con-

solidation, subsurface geology, and past seismic activity in the research area. Although, it 

can be significantly improved using other alternative methodologies, such as Stable Points 

Network (SPN), Quasi-PS, and SBAS techniques with precise levelling in the research 
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area. Finally, well log data and geotechnical investigation will be necessary to calculate a 

more precise subsidence rate in the future. 

6. Conclusions 

The present study concludes that PS-InSAR is a very reliable and efficient technique 

for tracking urban structure failure, land subsidence, landslides, and other phenomena. 

In the current study, we take a look at land subsidence in the Rawalpindi-Islamabad re-

gion from January 2019 to June 2021, demonstrating the ability of PS-InSAR to detect time-

series subsidence. Groundwater removal on a large scale, and other issues have been in-

vestigated. The deformation map in the research area indicates that the area is experienc-

ing severe ground subsidence. The results also suggest that subsidence is increasing sub-

stantially in the southernmost part of the research area compared with the considerably 

lower northern and western parts of the study area. 

In the research area, the cumulative deformation varies from −192.14 to 68.29 mm/yr. 

The subsidence was −69 mm/yr in 2019, while in 2020, it reached −98 mm/yr. The results 

show a significant increase in subsidence from 2019 to 2020. There are several clear causes 

for this, the most evident of which is the rapid population growth that has occurred in 

recent years, along with groundwater removal due to the increasing demand for use in 

industrial and domestic sectors. 

Moreover, unlawful construction loads, drainage systems, and subsurface geology 

with insufficient outflow are important causes of land subsidence in the examined loca-

tion. Furthermore, multi-scale studies are suggested to be conducted to thoroughly inves-

tigate land subsidence in the future and avoid significant damage in the area. 
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