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ABSTRACT

Land subsidence is considered one of the most significant
Received: 06 April 2025 geomorphological hazards in arid and semi-arid regions, threatening groundwater resources,
Reviewed: 17 May 2025 urban infrastructure, and agricultural lands for decades. In Iran, unregulated urban expansion
Revised: 27 June 2025 and excessive groundwater extraction have intensified this phenomenon in major cities such
Accepted: 26 October 2025 as Tehran, Mashhad, Isfahan, and Shiraz. In particular, the eastern areas of Shiraz,

characterized by alluvial soils, high building density, and sharp declines in groundwater levels,
have become one of the primary hotspots of subsidence in southern Iran. Given the high

KEYWORDS: potential of Sentinel-1 radar data for analyzing land deformation and the effectiveness of
Subsidence DINSAR in rapid monitoring, this study aims to analyze the spatiotemporal patterns of land
Radar data subsidence in eastern Shiraz, investigate natural and anthropogenic contributing factors, and
Interferogram propose solutions for risk mitigation and support of sustainable urban development.

This study employed 24 Sentinel-1A SAR images (IW mode, VV polarization) from
2015 to 2025. Processing was conducted in SNAP software. Orbital corrections were applied

* Corresponding author using POD files, followed by radiometric calibration to extract Sigma® values. A 7x7 Lee filter
= a_sharifii@sbu.ac.ir was used to reduce speckle noise. Fifteen image pairs with temporal baselines less than 365
@ (+9821) 73932477 days and perpendicular baselines below 150 meters were selected to generate

interferograms. Phase unwrapping was performed using the SNAPHU algorithm with the
Minimum Cost Flow (MCF) method. To minimize atmospheric effects, image pairs with similar
humidity were chosen, and additional filtering included the Goldstein filter, topographic
masking, and variogram analysis. The final phase data were analyzed statistically using mean,
skewness, and kurtosis, as well as spatially through Moran’s |. Multiple regression analysis
was also conducted to evaluate the influence of groundwater extraction, soil type, building
density, and slope on the observed subsidence rates.

The results showed an average subsidence rate of 18.4 mm/year with a standard
deviation of 8.2 mm. Three main subsidence hotspots with rates of 25-45 mm/year were
identified in the north, center, and south of the study area. Statistical analysis indicated a
positively skewed distribution (1.23) with a kurtosis of 2.87. Multivariate regression analysis
showed that groundwater extraction (B = 0.78, p < 0.001) was the most influential factor. Soil
type (clay), building density, and slope also had significant effects, with positive and negative
contributions. Moran’s, | test confirmed a clustered spatial pattern of subsidence (I = 0.742).
DInSAR proved to be an effective and relatively accurate tool for monitoring land
subsidence, especially in regions with limited in-situ data. This study underscores the
significant role of human activities in exacerbating land subsidence and highlights the need
for continuous monitoring, smart supervisory systems, and a reassessment of urban
development patterns. Suggested future directions include developing machine learning
models with Sentinel-1 data, integrating GNSS observations to enhance accuracy, and
conducting land use change analysis using Landsat and Sentinel-2 imagery. The main
limitations of the study were the lack of up-to-date groundwater level data and the temporal
sparsity of some satellite images.
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Table 1: Detailed Parameters of DInSAR Processing

Step Settings

Noise Filtering Lee Filter, 7x7

DEM SRTM 1Sec (30 m)
Unwrapping Method SNAPHU — Minimum Cost Flow
Coherence Threshold 0.3

Interferogram Type Differential, Master—Slave Pairs

Slave
images

Master
images

Coregister images

Generate interferogram

Generate coherence

Pixel removal

Filter phase noise

Phase unwrapping

Generate subsidence map

Bebod IS gy ) S

Fig. 1: Overall Research Workflow
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Table 2: Descriptive Statistics of Subsidence Rate (mm/year)
Statistical Index Value
Mean 18.4+8.2
Median 16.7
Mode 12.3
Range 2.1-47.8
Skewness 1.23
Kurtosis 2.87
Coefficient of Variation 44.6%
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Fig. 6: Subsidence Rate Map in the Eastern Regions of Shiraz
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Table 3: Regression Coefficients of Factors Affecting Land Subsidence

B Standard

Variable Coefficient Error R? p-value t-value
Groundwater 0.78 012 645 <0001 061
Extraction
Soil Type (Clay) 0.34 0.08 4.23 <0.01 0.18
Building Density 0.28 0.09 3.11 <0.05 0.12
Slope -0.19 0.06 -3.17 <0.05 0.08
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A.Sharifi et al

(YY)

ODlfas g Ay Lo pule

9 M)lﬁ.».?bc 4L®C«>Lw)§‘) L OQJ.ZM.; g..\wa} 39 JLA.».}‘ “éia.ﬁ

m.slﬁi.‘;‘.ﬁ Slaladl J.AA)L.) as o)le S92 )'lﬁ.;:: IV @Lo @L:.A
Ll gole salel e 5 (5588

RIS RUR g1 P

&8l oy
Cowl oazd Hly B oty s lawgs a8l o )lad 55 a»

»—Lngel..\.o

[1] Shirzaei M, Birgmann R, Fielding EJ. Measuring, modelling
and projecting coastal land subsidence. Nat Rev Earth Environ.
2021;2(1):40-58. doi:10.1038/s43017-020-00115-x.

[2] Herrera-Garcia G, et al. Mapping the global threat of land
subsidence.Science.2021;371(6524):34-36.
doi:10.1126/science.abb8549.

[3] Davydzenka T, Tahmasebi P, Shokri N. Unveiling the global
extent of land subsidence: The sinking crisis. Geophys Res Lett.
2024;51(4):e2023GL104497. doi:10.1029/2023GL104497.

[4] Bokhari R, et al. Land subsidence analysis using synthetic
apertureradardata.Heliyon.2023;9(3): e14690.
doi:10.1016/j.heliyon.2023.e14690.

[5] Ao Z, et al. A national-scale assessment of land subsidence
in China’s major cities. Science. 2024;384(6693):301-306.
doi:10.1126/science.adl4366.

[6] Motagh M, et al. Quantifying groundwater exploitation
induced subsidence in the Rafsanjan plain, southeastern Iran,
using InSAR time-series and in situ measurements. Eng Geol.
2017;218:134-151. doi:10.1016/j.enggeo.2017.01.011.

[7] Azarakhsh Z, Azadbakht M, Matkan A. Estimation, modeling,
and prediction of land subsidence using Sentinel-1 time series
in  Tehran-Shahriar plain: A machine learning-based
investigation. Remote Sens Appl Soc Environ. 2022;25:100691.
doi:10.1016/j.rsase.2021.100691.

[8] Moradi A, et al. Assessments of land subsidence in Tehran
metropolitan, Iran, using Sentinel-1A InSAR. Environ Earth Sci.
2023;82(23):569. doi:10.1038/s41598-022-25659-4.

[9] Karami E, et al. Monitoring of land surface displacement
based on SBAS-INSAR time-series and GIS techniques: A case
study over the Shiraz Metropolis, Iran. ISPRS Ann Photogramm
Remote Sens Spatial Inf Sci. 2023;10:371-378.
doi:10.1007/s10040-023-02657-y.

[10] Ou Q, et al. Large-scale interseismic strain mapping of the
NE Tibetan Plateau from Sentinel-1 interferometry. J Geophys
Res Solid Earth. 2022;127(6):e2022)B024176.
doi:10.1007/s12665-023-11225-2.

Karami et olados alox 5l cpiinn Sldlas b gl JolS cillas
Q5,00 bl 3L 285 (V- YY) Gharechaee et al 5 (Y- YY) al
2l el s (S5 glaShy 5 seein o
Sl gy i Jelee ple il Caniigyd F p 08,50 s
O35l Geien s (s lline I 5 (e e 5 Sleisle oS
39 Comidgyd 5l 38 saie g Sladies (565 S oaimo s Moran’s |
diwz |y jeomedalaie g dedon & jlas &g b 4S 00 gy ddlaie plaw

Sl g0
!y Sentinel-1 glaosls 5 i DINSAR SCiSS 5l ¢ 3udos ol o
Jds 4y SBAS-INSAR L PSINSAR uile (s s iy slacSass 4
P slanT daosls a4 ) s g (B3l ey ( Solw
4z byl jleday iy b st bl g 255l Gl

;Qa*i,‘sn 4§|)| 2 LSL“QLQ“'“"‘J

u"/)’/cﬁ'&"‘l@“"“""

el sl 3ol ;5 st 25 ] e bl (s3hsgions 0

o 5 6 s

9 6)“") sleools sl B vy d.o.ll.l slablo 6)'L.\.v'|o|)

tslo,lsnle

slsly yo L2l 628 5 d arwg szl o S5k

(S ] rals

S SaSS sl eslawl b wlus 2lsi 0 S (a6 (g5l

(ehRgh oleiiny

Ol (6,50l 5l eolainl b i 3 cm i o aswsi O
£ 599559,000 9 INSAR (sleesls oS 5 g

5 by slaiul =ds (ial58l (51, INSAR 9 GNSS (slaosls plesl o
¢ S5

Landsat jglas 5l 5,500 b (olyl ()5 Slpis 56 oy ©
Sentinel-2 4

PSINSAR SBAS-INSAR (slacSuss b s SYsb Slalllas sl,>1 0
Llal glasss, Jolos

Sraelin lp Sl gbeslon; p cwdisd Sl D)) o

(SR (S jlopglie

Sl Slollad Sy 285 4T gy ol bt ez 59
Wy @l Sy e 3 65k g3l 2 eCanntig B oy @S 3

B35 a3l S 530,08 WS e petts ol (sl (Sal, 5


doi:10.1038/s43017-020-00115-x.‎
doi:10.1038/s43017-020-00115-x.‎
doi:10.1038/s43017-020-00115-x.‎
doi:10.1126/science.abb8549.‎
doi:10.1126/science.abb8549.‎
doi:10.1029/2023GL104497.‎
doi:10.1029/2023GL104497.‎
doi:10.1029/2023GL104497.‎
doi:10.1016/j.heliyon.2023.e14690.‎
doi:10.1016/j.heliyon.2023.e14690.‎
doi:10.1126/science.adl4366.%20‎
doi:10.1126/science.adl4366.%20‎
doi:10.1016/j.enggeo.2017.01.011.‎
doi:10.1016/j.enggeo.2017.01.011.‎
doi:10.1016/j.enggeo.2017.01.011.‎
doi:10.1016/j.enggeo.2017.01.011.‎
doi:10.1016/j.rsase.2021.100691.‎
doi:10.1016/j.rsase.2021.100691.‎
doi:10.1016/j.rsase.2021.100691.‎
doi:10.1016/j.rsase.2021.100691.‎
doi:10.1038/s41598-022-25659-4.‎
doi:10.1038/s41598-022-25659-4.‎
doi:10.1038/s41598-022-25659-4.‎
doi:10.1007/s10040-023-02657-y.‎
doi:10.1007/s10040-023-02657-y.‎
doi:10.1007/s10040-023-02657-y.‎
doi:10.1007/s10040-023-02657-y.‎
doi:10.1007/s12665-023-11225-2.‎
doi:10.1007/s12665-023-11225-2.‎
doi:10.1007/s12665-023-11225-2.‎

J. RS. GEOINF. RES. 3(2): 321-332, Summer & Autumn 2025 (¥YY)

Vot s 5 ol oF o ylos o b o S0 eMbl 5 130 1 iinw (sla ity s ale 4 piii

[24] Nguyen TT, Tran HT. Analyzing of land subsidence by
Sentinel-1 time-series images using PSINSAR method: A case
study of Thai Nguyen, Vietnam. Remote Sens Appl Soc Environ.
2023;32:100987.

[25] Sadeghi M, Rahimi A, Hosseini M. High-resolution PSINSAR
mapping of land subsidence in the Qom Plain and integration
with groundwater data. J Remote Sens Hydrol. 2025;12(1):45—
62.

[26] Zhang Y, Liu X, Wang J. 3D fault zone detection via SBAS-
INSAR and GNSS in the Hangzhou urban and rural area. Remote
Sens Environ. 2024;297:113873.

[27]1 He S, Li K, Chen Q. Deep learning-enhanced hybrid DInSAR
for rapid urban subsidence prediction. ISPRS J Photogramm
Remote Sens. 2025;198:100-113.

[28] Zhang L, Lai Z, Syvitski J. Variation of material fluxes in a
large heterogenic subtropical river: A combination of climate
change and human damming influences. J Hydrol Reg Stud.
2023;50:101560. doi:10.1016/j.ejrh.2023.101560.

OB aen g (S o
AUTHOR(S) BIOSKETCHES

Al lids )5 gzetils (50Ul 2 g o
i S olRENS e ol (gl wis
SYlie Slar 4 339e 03SL oLl il oo
5 Mol g (Ll slo il S jo suaie

FlolS S slrosls el g sleais;

Qiloads

Barzabadi, P. Department of Geoinformation and Geomatics
Engineering, Faculty of Civil, Water, and Environment
Engineering, Shahid Beheshti University, Tehran, Iran.

p.borzabadi@mail.sbu.ac.ir

Al ol IS (ggmmiiils ygudly,y ailundl
A o8 ils ey 0ol lo pi s
Sl @ 3390 (95U plinlanil e Stige
5 2l sl il e jo saee oYL

sools el g slaaie; jo Molliys

ailoads (gamy 4w bl (Sl
Razaghpour, A. Department of Geoinformation and Geomatics
Engineering, Faculty of Civil, Water, and Environment
Engineering, Shahid Beheshti University, Tehran, Iran.
a.razaghpour@mail.sbu.ac.ir

[11] Khoshlahjeh Azar M, Shami S, Nilfouroushan F. Integrated
analysis of Hashtgerd plain deformation using Sentinel-1 SAR,
geological and hydrological data. Sci Rep. 2022;12:21522.
doi:10.5194/isprs-annals-X-4-W1-2022-371-2023.

[12] Grebby S, et al. Delineating ground deformation over the
Tengiz oil field, Kazakhstan, using the Intermittent SBAS (ISBAS)
DInSAR algorithm. Int J Appl Earth Obs Geoinf. 2019;81:37-46.

[13] Bockstiegel M, et al. Simulation of present and future land
subsidence in the Rafsanjan plain, Iran, due to groundwater
overexploitation using numerical modeling and InSAR data
analysis. Hydrogeol J. 2024;32(1):289-305.

[14] Gharechaee H, et al. Land subsidence susceptibility
mapping using Interferometric Synthetic Aperture Radar
(InSAR) and machine learning models in a semiarid region of
Iran. Land. 2023;12(4):843.

[15] Haghshenas Haghighi M, Motagh M. Uncovering the
impacts of depleting aquifers: A remote sensing analysis of land
subsidence in Iran. Sci Adv. 2024;10(19):eadk3039.
doi:10.3390/ijgi11090495.

[16] Weiss JR, et al. High-resolution surface velocities and strain
for Anatolia from Sentinel-1 InSAR and GNSS data. Geophys Res
Lett. 2020;47(17):e2020GL087376.

[17] Babaee S, et al. Spatiotemporal characterization of the
subsidence and change detection in Tehran plain (lran) using
INSAR observations and Landsat 8 satellite imagery. Remote
Sens Appl Soc Environ. 2024;36:101290.

[18] Rafiei F, et al. Aquifer and land subsidence interaction
assessment using Sentinel-1 data and DInSAR technique. ISPRS
Int J Geo-Inf. 2022;11(9):495.
doi:10.1038/s41598-022-17438-y.

[19] Wang R, et al. Large-scale surface deformation monitoring
using SBAS-INSAR and intelligent prediction in typical cities of
Yangtze River Delta. Remote Sens. 2023;15(20):4942.
doi:10.3390/rs15204942.

[20] Hinderer J, et al. Water depletion and land subsidence in
Iran using gravity, GNSS, InSAR and precise levelling data. In:
Beyond 100: The Next Century in Geodesy. Proc IAG Gen Assem;
2019 Jul 8-18; Montreal, Canada. Cham: Springer; 2020. p.153—
159.

[21] Ghorbani Z, et al. Use of InSAR data for measuring land
subsidence induced by groundwater withdrawal and climate
change in Ardabil Plain, Iran. Sci Rep. 2022;12(1):13998.

[22] Kariminejad N, et al. Deep learning-based predictive
models of land subsidence and collapsed pipes in Razavi
Khorasan Province, Iran. Earth Sci Inf. 2024;17(4):3529-3545.
doi:10.1007/s12145-024-01349-9.

[23] Ashraf T, Yin F, Liu L, Zhang Q. Land subsidence detection
using SBAS- and Stacking-InSAR with zonal statistics and
topographic correlations in Lakhra Coal Mines, Pakistan.
Remote Sens. 2024;16(20):3815.


doi:10.5194/isprs-annals-X-4-W1-2022-371-2023.‎
doi:10.5194/isprs-annals-X-4-W1-2022-371-2023.‎
doi:10.5194/isprs-annals-X-4-W1-2022-371-2023.‎
doi:10.3390/ijgi11090495.‎
doi:10.3390/ijgi11090495.‎
doi:10.3390/ijgi11090495.‎
doi:10.1038/s41598-022-17438-y.‎
doi:10.1038/s41598-022-17438-y.‎
doi:10.1038/s41598-022-17438-y.‎
doi:10.3390/rs15204942.‎
doi:10.3390/rs15204942.‎
doi:10.3390/rs15204942.‎
doi:10.1007/s12145-024-01349-9.‎
doi:10.1007/s12145-024-01349-9.‎
doi:10.1007/s12145-024-01349-9.‎
doi:10.1016/j.ejrh.2023.101560.‎
doi:10.1016/j.ejrh.2023.101560.‎
doi:10.1016/j.ejrh.2023.101560.‎
doi:10.1016/j.ejrh.2023.101560.‎

A.Sharifi et al

(YYY)

ODlfas g Ay Lo pule

RS By 3 Beee 50k o plS
S i Lo IS izmen g (bl
(5595 e ool Dl by )0 s
G5 9 S S e da S o o
O 5l eolial by oo (55l e 5 (521
Voo 3l G ol sl e jo acib oo 90 5l Liomiow slaosls
Oeizeed g dlodges all)l Lol sl il ,aiS g OMxe jo cole allis
9 ke sole ilaS g adome ¥l G (65l g (sale aeS o
Slaabe lasl a sy gleaise; wladls codbd ol

(e LI )5 (egian (9a o)l g (bl b pslad Sl n

93 3| G slos )5 dss
Sharifi, A. Associate Professor at the Department of
Geoinformation and Geomatics Engineering, Faculty of Civil,
Water, and Environment Engineering, Shahid Beheshti
University, Tehran, Iran.

B4 g_sharifii@sbu.ac.ir

b)) (el IS sl (Mol g
(i S oINS ey 0ol ol pis
SVl Ol @ 390 9SE plial il (o
2 el 9 (oo Glopuil a8 j0 saaie
FlolS S slaosls cnli g sl 4

loads (o dus

Aslani, M. Department of Geoinformation and Geomatics
Engineering, Faculty of Civil, Water, and Environment
Iﬂ\gineering, Shahid Beheshti University, Tehran, Iran.

£ m.aslaniasimarz@mail.sbu.ac.ir

SASEIIS 55 (6,0 At (i 09,5 liils (A i Lid pule
Bl o (S S o8l Gy e 9 O ol pee (wiiges
(i Ay 3 1) 095 (65150 g Al (bl )l5 S o il
SATRE 5 VTAY (elaJls 55 i 2 590 51 imioms —6 IS il
0597 130 53 | (g Slacullad wisges b o (s oKl

2024; 3(2): 321-332

¢ https://doi.org/10.22061/jrsgr.2025.12229.1105

Citation (Vancouver): Sharifi A. [Journal of Remote Sensing and Geoinformation Research]. J. RS. GEOINF. RES.

COPYRIGHTS

oIk

BY NC

© 2025 The Author(s). This is an open-access article distributed under the terms and conditions of the Creative
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)
(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/

