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Abstract

Land subsidence represents a severe environmental hazard, causing significant infrastructure damage and threatening cultural
heritage sites. The Isfahan—Borkhar region of central Iran, with its dry climate and diverse topographical conditions, has been highly
susceptible to this phenomenon. Using remote sensing techniques, particularly radar interferometry (INSAR), this study investigates
subsidence rates over the 20192023 period. Advanced machine learning methods, namely Decision Tree (DT), Random Forest
(RF), and Extreme Gradient Boosting (XGBoost) are employed to develop a susceptibility map divided into five probability classes:
very high, high, medium, low, and very low. The analysis incorporates 145 Sentinel-1 radar satellite images and factors such as
elevation, groundwater levels, rock composition, vegetation cover and fault proximity. Among these, RF emerges as the most
effective algorithm, achieving a classification accuracy of 95.63%, while XGBoost proved inefficient for certain critical subsidence
zones. Results reveal that subsidence risk is concentrated in the central and eastern parts of the region due to excessive groundwater
extraction and geological vulnerabilities. Conversely, the western and northwestern areas exhibit lower risk due to stable geological
formations and controlled groundwater usage. These findings aim to inform regional planning and subsidence mitigation strategies.
Keywords: Land subsidence, Radar interferometry (INSAR), Machine learning, Isfahan—Borkhar, Sentinel-1, Environmental

hazards.

Introduction
Land subsidence, a significant and growing environmental
concern, occurs as a result of both natural geological
processes and human activities. It is defined as the gradual or
sudden sinking of the Earth's surface due to subsurface
changes. Globally, subsidence poses a serious threat to
infrastructure, ecosystems, water resources, and historical
landmarks, making it a critical issue for urban planners,
environmental scientists, and policymakers. The drivers of
subsidence vary across regions, but in arid and semi-arid
regions like central Iran, it is predominantly caused by
excessive groundwater extraction.

In recent years, Iran has experienced severe land

subsidence, primarily fueled by agricultural overreliance on
groundwater resources. Studies estimate that approximately
3.5% of Iran's land area has been affected by subsidence,
with some regions showing annual sinking rates of over 10
centimeters. Such rates are alarmingly high and have direct
implications for urban development, agriculture, and even
national heritage conservation. Isfahan—Borkhar, the focus of
this study, stands as a prime example of this hazard due to its
unique combination of climatic, geological, and hydrological
vulnerabilities.

The rapid urbanization and agricultural intensification in
Isfahan—Borkhar have exacerbated the strain on groundwater
reserves, leading to widespread subsidence and its associated
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risks. Furthermore, the region's geological context including
its proximity to the Qom-Zefreh Fault and the presence of
loose alluvial deposits makes it particularly prone to land
sinking. While individual studies have explored the impact of
factors like groundwater depletion and soil characteristics,
comprehensive research that simultaneously examines
multiple influencing variables remains limited.

The advancement of remote sensing technologies,
particularly radar interferometry (InSAR), has provided
researchers with powerful tools for subsidence monitoring.
INSAR techniques allow for high-precision measurements of
surface deformation across large areas, making them
invaluable in understanding and modeling subsidence
patterns. When combined with machine learning approaches,
these technologies offer even greater potential for developing
predictive models and susceptibility maps, enabling proactive
risk management. This study aims to bridge the existing
research gap by employing a multi-factor approach using
machine learning algorithms including Decision Tree (DT),
Random Forest (RF), and Extreme Gradient Boosting
(XGBoost) to map and analyze the subsidence susceptibility
of the Isfahan-Borkhar region. By doing so, it seeks to
inform mitigation strategies and contribute to sustainable land
and water resource management in one of lIran's most
vulnerable areas.

Materials & Methods

Study area: The Isfahan—Borkhar Plain covers an area of
approximately 3,743 km2 in central Iran, extending across
key cities, including Isfahan, Shahin Shahr, and Najafabad.
Elevations range from 1,500 to 1,730 meters above sea level,
while its dry climate and varied topographical features
amplify the region’s vulnerability to subsidence. Proximity to
critical geological structures, such as the Qom-Zefreh Fault,
further complicates the scenario.

Data sources: The study employed 145 ascending Sentinel-
1 radar satellite images processed via the SBAS (Small
Baseline Subset) technique to derive displacement data
between 2019 and 2023. Ancillary datasets included
groundwater, geological features, digital elevation models
(DEM) and its derivatives, such as slope and aspect,
vegetation and land cover maps. All input datasets (as input
factors for machine learning algorithms) were co-registered
to match the resolution of the InSAR-derived maps (100
meters).

Machine learning algorithms: Three machine learning
algorithms including decision tree (DT), random forest (RF)
and extreme gradient boosting (XGBoost) were tested. In
addition, factors were ranked based on their importance using
RF

Discussion of Results & Conclusions
Subsidence  measurements:  INSAR  analysis revealed

subsidence rates ranging up to 116.8 mm annually and
cumulative displacement reaching 506.29 mm over the five-
year period. These values align closely with reports from
local monitoring agencies and geological surveys.

Algorithm performance: Among the algorithms tested, RF
demonstrated the highest classification accuracy, achieving
95.63%. It successfully mapped five susceptibility classes,
including the high-risk "very high subsidence" category. DT
produced moderately reliable results, with an accuracy of
90.58%, while XGBoost was the least effective, achieving
just 75.42% accuracy and failing to predict high-risk
subsidence zones accurately.

Susceptibility mapping: The RF algorithm highlighted

central and eastern parts of Isfahan—-Borkhar as the most
vulnerable to subsidence, driven primarily by excessive
groundwater withdrawal and geological factors. The presence
of loose, porous sedimentary layers in these areas exacerbates
the phenomenon, particularly near the Qom-Zefreh Fault.
Conversely, western and northwestern sections showed
reduced risk due to stable geological structures composed of
shales and limestones with lower porosity.
Field observations confirmed the presence of visible
subsidence indicators, including cracks on building walls and
soil fractures. These findings emphasize the urgent need for
targeted mitigation strategies, such as controlled groundwater
extraction and urban planning.

Factor ranking: Elevation emerged as the most critical
subsidence predictor, followed by groundwater levels and
rock composition. Notably, sedimentary deposits in eastern
regions exhibit higher porosity and susceptibility, while
western areas resist subsidence due to their geological
stability. Vegetation and land cover contributed minimally,
reinforcing the predominance of hydrological and geological
parameters.

Conclusion: The findings of this study underscore the
critical need for a holistic and data-driven approach to
understanding and managing land subsidence in regions like
Isfahan—-Borkhar. By integrating InSAR with advanced
machine learning algorithms, this research provides valuable
insights into the spatial distribution and key drivers of
subsidence susceptibility. It highlights that subsidence in
Isfahan—Borkhar is not solely a consequence of groundwater
depletion but also strongly influenced by elevation,
geological structures, and proximity to fault lines, such as the
Qom-—Zefreh Fault.

In summary, the integration of advanced remote sensing
and machine learning techniques represents a promising
pathway for addressing the challenges posed by land
subsidence. By shedding light on the factors driving
subsidence and providing actionable insights, this study not
only contributes to the academic discourse but also supports
informed decision-making to safeguard lives, infrastructure,
and cultural heritage in one of Iran's most affected regions.
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(Source: Authors 2025)
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Fig 8- Land subsidence susceptibility map using the DT algorithm in Isfahan-Borkhar
Plain (Source: Authors 2025)
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Fig 9- Land subsidence susceptibility map using the RF algorithm in Isfahan-Borkhar
Plain (Source: Authors 2025)
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Fig 10- Land subsidence susceptibility map using the XGBoost algorithm in Isfahan-

Borkhar Plain (Source: Authors 2025)
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Table 2- Classification accuracy results with the DT algorithm for creating the land subsidence susceptibility
map in Isfahan=Borkhar Plain
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Table 3- Classification accuracy results with the RF algorithm for creating the land subsidence susceptibility
map in Isfahan-Borkhar Plain
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Table 4- Classification accuracy results with the XGBoost algorithm for creating the land subsidence
susceptibility map in Isfahan-Borkhar Plain

Vo.LY OA
A LS
40.Y0 VLS s
OYAY LS s
AL MS o) PA
AL HS s
. VHS s
M VLS s
Veor LS S
0V.£1 MS ) UA
or.£) HS S
S VHS s

&« XGBOOst o, S L VHS (13I8 o8 cd O x5
cAé;hL@;VﬁDTﬁ),{U\&JLJ\jm&t_wu&)
T AT A N LS By AR OS
(Ao ;0A) sV v r 0 SKon s Oluabl L5 (sds5aV0

J)\,\;- U‘i‘ )‘ J_JL>- cat.’ qu_lJ.:Lq ] 0l &L«NL‘-«;’

) ez op e RF V-::’.)jfj\ ‘uc*“-.’.)jfj\ ol oe 02

OF 35 4 das o DL Y Jsir el el 035 S
Lo y3YY sgu= DT 5l g A ;30 550) Ls 340/
S IV ssa) /AT ol LS o 5 s (XGBOOS I e

0553 a0 .ol (XGBOOSt 1 e +/YY 550> 5 DT 3

d https://doi.org/10.22108/jssr.2025.144391.1308


https://doi.org/10.22108/jssr.2025.144391.1308

v gb&m E) WB )L(J

M\}J)ﬂ&wwu 6;55\-1 S oy b e Cadddy b Comle 228 4

s 0Lt el ol s ailate ol 53 (a3 S i
Sladllas b e 3 &l o 3151 Jol s 4 818
Sl e CUJ)‘ s opl el 5850w 5 S
S a s edal e Llis 53 S e B re K05 age Jule
et D s 3 b0l ans Sindg 5 S iy

apS fge s pmOlghol dilais 5

e & S 0l oy Kw i e 8L 0s

e Sl ailane O oS 555 e o )Lal Gl gt Ol dilaie
Jslss 5 Sosen e gl S cl sl |55 Sl
5 Bl Ol 1y dilaie G G ¢ lie 55 .l 1S
G135 L1553 i 48 dns o oSS | S
Rl o3 et Jebss s Ll VL el 5 o815

S Sy 0> Dl pl osd e e b -3

S o Uiyl el g b Ol e

O i g sl 828 035 p ST 5 e S
ol b Gllas 5 sdbanlllas dilate 5 RF (255800 51 Jusl>
G5 o Sla o 53 aes Sty bl o i kil
SRS 55,8 Jlasl S 5 adlaie G
S a3 aman 5 O E 5 28 et sla iy

A odaline )l - Olgdeol didlaie B0 Jles

ey S b g fe Jelee e
r.:LM.S\jS oyl 53 RF (,.:i)jfﬂ); S b 5l eslanal b
o ped arS huad,y |y e & Na p Sy Jalse
Crl 53 4 b0k ol sl 03,51 1) ST s (suas,
EOC W VY g_.)TcE.u sl gCl.é.?)l 3 gie odalin IS5
A o pim s S Sl Al 5 sdtaalllas Ak S

AL g (Blie 3 g ey Sl b p S5 Jelse

JS}A J.A\},c wﬁw“ \VScoJ\..iMJLb il J:.d) JL.J:)..[_}

B ey

=l

o me sk,
st o 5l alals
S
e
Ot P pdaw g glas )l

* ¥ A

Iy ¥ Y. ¥
PRV BRI

RF o2, 580 51 aalinl bl g5 Olghol Qi )3 oy Condin S Jol o (sbuad, -1V S
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