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T

Given the increasing demand for groundwater ressudue to population growth
and agricultural and industrial activities, dedtigi water levels in aquifers have
heightened concerns about land subsidence. Conshgube Tasuj Plain, as one of
the plains in the Urmia Lake basin, is experien@ngradual decline in groundwater
levels, making it essential to assess subsidendeszaluate its potential to mitigate
future hazards. To this end, the ALPRIFT framewarémprising seven layers of
parameters influencing subsidence- was used to theap % subsidence
potential. The subsidence potential index wasc;ﬂd mt@@ categories: low,
moderate, and high. To adapt ALPRIFT \to haasome parameters were
modified (removed or added) |?[$1®in a revisdsidence potential index
termed DIFA.The DI as c%tegorized intotalasses: low and moderate.
Subsequ \d@%%ntmel 1 satellite imagérg,average annual subsidence rate

W% to2022 was estimated at 3.4 cm, showirsignificant correlation with
groundwater levels during the 2016-2022 water ywad the revised subsidence
potential (DIFA). To further refine the DIFA methahd address its uncertainties,
artificial intelligence techniques—fuzzy logic (Sar and Mamdani) and artificial
neural networks (ANN)—were employed. The correlatamefficients between the
results from ALPRIFT, DIFA, DIFA-SL (Sugeno LogicRIFA-ML (Mamdani
Logic), DIFA-ANN, and radar-derived subsidence datxe 0.17, 0.32, 0.86, 0.84,
and 0.86, respectively.
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EXTENDED ABSTRACT

INTRODUCTION

The dry and semi-arid climate on one hand, angbtessure on groundwater resources for agricultural
development on the other, have in numerous casksoléand subsidence. Given the threats and
destructive effects of land subsidence on water soilresources, the necessity of managing this
phenomenon and preventing its expansion is corexdidarkey element in the country's sustainable
development (Amighpey and Arabi, 2024). The phemmmneof land subsidence is defined by
UNESCO as the collapse or sinking of the groundaseroccurring on a large scale (Poland, 1984).
Land subsidence is a geological phenomenon thaesaai slow, vertical sinking of the ground surface
(Hu et al., 2009). The main causes of land subsiglame the extraction of fluids, compaction oftstra
and reduction in the thickness of rock and soiketay The weight of the overlying layers causes
compaction and a reduction in thickness, ultimatedding to subsidence, which can have natural or
anthropogenic origins.

In various parts of the world, methods such asrraatarferometry, numerical methods, or overlay
methods of effective layers have been used to ifgeabd measure land subsidence. Salehi et al.
(1392/2013), in order to determine the area ofigrice and estimate the amount of land subsidence in
the southern Mahyar plain, used interferometry asliable method for measuring ground surface
changes with very high accuracy, extensive coverage high spatial resolution. In that research, th
maximum subsidence rate was calculated using ENVI&&ar images over the period 2003-2006 as
8.2 cm, and the results indicated a lowering ofgh@ind surface following a drop in the water table
at a constant rate (Salehi et al., 2013).

The Tasuj plain, as one of the plains in the Lakeid basin, relies on groundwaterﬁ\ s its major wate
f

source. In recent years, numerous reports of seibsideffects have been pres rom this area. In
countries with arid and semi-arid climates likenlrgroundwater extraction | s annually due to
growing population needs. As groundwater is exé@dand th W&téﬁ Ie@n the aquifer drops, the
likelihood of subsidence in the plains also inc ich er heightens the necessity of
identifying vulnerable and subsidence-prone aree o/manage the quantity and location of
groundwater extraction. Considerifyg th |t|0§ on of groundwater in the plains around Lake
Urmia and the occurrence of s Si ein thesaspﬂa recent years, investigating this phenomenon
in the Tasuj plai 2&@% essential. Thereiore present study, the subsidence potentigief
study area was ssed using the ALPRIFT framevamidk to modify it, some parameters were
removed and added, and for the first time, a medifsubsidence potential termed DIFA was
introduced. On the other hand, to improve the niediDIFA potential method and address its
uncertainty, artificial intelligence methods suchfazzy logic (Sugeno and Mamdani) and artificial
neural networks were used. Furthermore, to andaheeertical displacement of the ground surface in
the plain and validate the obtained subsidencenfiatethe Interferometric Synthetic Aperture Radar
(INSAR) method was employed.

DATA AND METHODOLOGY

Study Area

The Tasuj study area is located in the west of Bastbaijan province, bounded to the north by the
Marand area, to the west by the Salmas area, ahe ®ast by the Shabestar-Soofian area. The airea o
the Tasuj study region is approximately 587.17 sgkdometers, and the extent of the Tasuj plain is
288.5 square kilometers. The maximum and minimuavations relative to the mean sea level are
1502 meters and 1268 meters, respectively. Thditocaf the study area is provided in Figure 1.
According to the De Martonne classification, thienelte of the study area is semi-arid and cold.
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Figure 1: Geographic location of the Tasuij P@{%y&) (R

L e))
Investigating Subsidence VulneraWn@ g ALPRIFT

The ALPRIFT framework as@rﬁ sed in the Shateptain by Nadiri et al. (2018), inspired by the
DRASTIC metho al.,“1987) (Habibi, 2013)his method is a quantitative operational
framework for assessing vulnerability potentialsigbsidence in aquifers, based on the rating and
weighting (PCSM) method (Nadiri et al., 2017a, pb,ALPRIFT comprises seven layers effective in
causing subsidence in the study area: Aquifer m@sliaLand use (L), Pumping (P), Recharge (R),
Thickness of Alluvium (1), distance from Fault (Bnd decline in groundwater level (T).

Investigating Subsidence Vulnerability Potential Usig DIFA

The DIFA framework, based on ALPRIFT, will be exaed for the first time in this study. The
objective of this framework is to remove and addnsoparameters influencing ground surface
displacement and subsidence, and to modify the AEPRramework to suit the study area. Its
parameters include: Decline in water level (D), &oipof Unsaturated zone thickness (1), distance
from Fault (F), and Aquifer media (A). The diffecenbetween this framework and ALPRIFT is the
removal of similar parameters such as pumping tate] use, and recharge, and the replacement of
the alluvium thickness impact with the unsaturatede thickness impact. To prepare the modified
subsidence potential map via overlay, the sameegmas ALPRIFT will be followed, ultimately
resulting in a zonation map of the area's vulndétgbi

Calculating Subsidence Using Sentinel-1 Satellitead®ar Imagery

Sentinel, as a constellation of multiple satelligpgced 180 degrees apart, images the entire Earth
every 6 days. As the first satellite in the Europ&pace Agency's five-satellite Copernicus seiies,
images the planet day and night, in all weatherditmms, using the C-band, and with 4 imaging
modes it also achieves a spatial resolution of flega 10 meters. Further details on the processing
method will be provided.

Optimizing the Modified Subsidence Potential (DIFA)with Artificial Neural Network (ANN)

The results and evaluation of the performance gifroping DIFA with an Artificial Neural Network
(ANN) are presented in Table 4.
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Table 4: Performance evaluation results of DIFA ogtnization with Sugeno, Mamdani, and artificial neural network

methods

Evaluation Model Type
Phase Criteria FL ML = ANN
RMSE 0.2 0.27 0.27
Test R 0.91 0.89 0.9
R? 0.82 0.8 0.81
RMSE 0.1 0.1 0.11
Train R 0.92 0.92 0.91
R? 0.85 0.84 0.83
R? with RADAR 0.86 0.84 0.86

RESULTS AND DISCUSSION

Based on the integrated ALPRIFT map, the subsidemteerability index in the Tasuj plain was
calculated to range between 94 and 180, and iidatedn with radar-measured subsidence yielded a
correlation coefficient of R2 = 0.17. Accordingttte ALPRIFT overlay map, the highest potential is
observed in the western parts of the plain. Howelvased on the final modified vulnerability index
(DIFA) map, the values of this index range fromtd3.16.

The correlation coefficients obtained between eafhthese methods and the radar-measured
subsidence are R2_FL = 0.86, R2_ ML = 0.84, and RANA= 0.86, respectively. This indicates that all
three methods provided acceptable results. Howekier fuzzy logic and artificial neural network
methods showed better results compared to the Mainmilethod, although there is not a significant
numerical difference between them.

e

CONCLUSION A\

NLUAE
This study modified the ALPRIFT subsidence assessnii rrggwor‘k\b@ﬁ‘é’ducing overlapping
parameters to create the DIFA framework. Validatimmng, In AR-défived subsidence data (2016-
2022) for the Tasuj plain showed DIFA (R?=0 , @med ALPRIFT (R2=0.17). Further
optimization of DIFA using Al methods (Fuz yﬁ%ﬁd%rﬁficial Neural Networks) significantly
improved correlation, with the @u mz%’ ehmwing the highest accuracy (R2=0.86). Spatial
S

analysis identifi W subsidence poteniacentral areas (due to groundwater over-
extraction) and \Q northwestern zones (ddieé¢egrained clay/silt soils). The findings provide
robust tool for guiding sustainable groundwater agament and targeted irrigation strategies in
vulnerable regions.
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