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Subsidence can have many negative effects on infrastructure, the environment, and
ecosystems. Therefore, an accurate and complete understanding of subsidence is
essential to reduce the damage caused by the subsidence phenomenon. This research
aimed to assess the subsidence rate of the Samalghan Plain using radar interferometry
during the period from March 2021 to June 2024 using SNAP software. Ground data,
such as piezometric wells and groundwater level drop rates during minimum and
maximum periods, and exploitation wells, were used to calculate the discharge rate at
the aquifer level using interpolation using the IDW method. The results of the study
show that the subsidence rate in the study basin is within the desired range of 1 to 10
mm, and 35.18 percent of the basin area is in the very high critical zone and 36.88
percent is in the very critical zone, and in total, 72.06 percent of the study basin is in
the very high critical and very critical subsidence zones. The subsidence rate in the very
high critical zone is 4 to 10 mm, which indicates high subsidence rates in the south,
center, west, and part of the north of the basin. The wells of Hyderabad-Ghale Khan
Road, Mulla Hassan, Bagh Nodeh, and Ebtedaye Ghori are located in the very high
critical zone. Due to its specific geological characteristics and excessive exploitation of
groundwater resources, the Samalghan Plain is at risk of subsidence. To manage this
phenomenon, it is necessary to take measures such as sustainable management of
groundwater resources, reducing excessive groundwater extraction, artificially feeding
aquifers, and carefully monitoring the water table and examining hydrogeological
changes in the region to help control subsidence and prevent its increase.
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EXTENDED ABSTRACT

Introduction: Land subsidence is the gradual lowering of the land surface on a large scale, typically caused by
human activities, such as excessive groundwater extraction, or naturally occurring due to geological factors. The
most important cause of regional land subsidence in sedimentary watersheds of arid and semi-arid regions is the
depletion of groundwater aquifers due to excessive pumping from these sources. This situation is particularly
acute where indiscriminate pumping of porous sand aquifers, which are interbedded with water layers, causes
extensive subsidence in impermeable clayey ground. For accurate subsidence monitoring, the use of radar images,
especially the InSAR technique, is recognized as one of the most powerful tools. Radar images of this technique
allow the measurement of changes in the ground surface with millimeter accuracy. Meanwhile, the Samalghan
Plain has also suffered from drought, and subsidence is observed on a large scale. Therefore, this study was
selected to analyze the time series of subsidence of the Samalghan Plain using the radar interferometry method.
Methodology: First, the boundary of the studied watershed was determined using Google Earth software and
1:50,000 topographic maps. The mesa curves and waterways were digitized using ArcGIS software, and
topographic information such as elevation levels and topographic slopes was extracted. To extract geological
information of the region, 1:100,000 geological sheets were used. The method of work in this research is analytical
and field-based. In this research, ground data such as piezometric wells and groundwater level drop rate in the
minimum and maximum periods, and exploitation wells were used to calculate the discharge rate at the aquifer
level using interpolation using the IDW method. Additionally, radar data, including Sentinel-1 images, were used
to calculate the subsidence rate for the period from March 2021 to June 2024.

Results and Discussion: Using piezometric data for the period March to June 2021, September to December
2021, March to June 2022, September to December 2022, March to June 2023, September to December 2023,
March to June 2024, water level zoning was carried out and evaluated based on regional water data of North
Khorasan using the IDW method. The results show that the groundwater level has decreased in different years, so
that the wells of Ghori Meydan, Molla Hassan, Ghazi 2, and along the Ghare Mosala road have the highest
groundwater decrease during March 2021 to June 2024, respectively equal to -10, -7.7, -7.1, and -5.3, which can
lead to subsidence. The land subsidence was calculated during the mentioned periods, and then the rate of
subsidence growth in the final subsidence (March 2021 to June 2024) was examined, and its zoning was achieved.
Conclusion: Using SNAP software, the subsidence rate in the study watershed was determined in the desired
range from 1 to 10 mm. Based on the studies conducted, 35.18 percent of the watershed area is in the very high
critical zone and 36.88 percent is in the very critical zone, and a total of 72.06 percent of the study watershed is
in the very high critical and very critical subsidence zones. The rate of subsidence in the very critical zone is 4 to
10 mm, which shows this high rate of subsidence in the south, center, west, and part of the north of the watershed.
By examining the trend of groundwater level changes in the Samalghan plain, it can be said that the subsidence
in this plain has been affected by groundwater changes and excessive extraction from the aquifer of this plain.
The highest amount of subsidence occurred in the center and north of the watershed in the Samalgan Plain aquifer,
excavated in the terrace deposits and new low-lying foothill alluvial fans (the largest percentage of area in the
watershed), and the Upper Red Formation. Also, in the west of the watershed, the Tirgan, Mozduran, and Shurijeh
formations have accounted for a large amount of subsidence. It can be stated that the Samalghan Plain is at risk
of subsidence due to its specific geological characteristics and excessive exploitation of groundwater resources.
To manage this phenomenon, it is necessary to take measures such as sustainable management of groundwater
resources, reducing excessive groundwater extraction, artificially feeding aquifers, and careful monitoring of the
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water table and examining hydrogeological changes in the region to help control subsidence and prevent its
increase.
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Figure 1- Location of the study watershed and its geological map
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Figure 3- Groundwater level zoning from March to June 2021 (Right) and September to December 2021 (Left)
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Figure 4- Groundwater level zoning from March to June (Right) and September to December 2022 (Left)
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Figure 6- Groundwater level zoning in 2023-2021
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Figure 7- Graph of groundwater level in different time series

o> g oy yias 0395 b g g8 NS b 255 Olue (658 BLiST elaoly wad o i oud dups sladdid oS jsb lon
21355 0bTaMal 3 baols oled ol 53 BB s s |y Of o l5me oS 3LT pMasl g imio S50 oF 5 anld
JSo ol ond yin oYL 30,8 Wile 40 35 dbIaMul ol a5 Wlors yas gl o W clulngS claaSélbg S 5 ol
G S aa e s 1y (VEF 315,55 VYRR wawl) YoYF 5565 B YoVY oylo ojb 13 (siweipj of €l g5 V) B A o
s 5)98 sl VY S poll &S (g pgbos aritly il ciliee (slaJlo )3 (sejp; f g &5 > oo L5 oS
Do Cuamliin 4y o Wlgd o Bl l5pe opl &S Wlodls olaidl dgs 4y 1) =0/Y o =V,) VIV Ve b ply s |y (VY
]y Sloj ojl ol 3 (e Ol Sl liee (565 g ploj g taie S F (B 4l 039 ¢l slaoly (B )b ]

.JJ]M‘J _\/\ 9 _'/‘1 ‘_’/‘\ ‘_'/V

450000 aso0m0 540000
sanns, 0000 810000 ' 1 i
1 1 1

VT 3530 um e wivoists o7 i ot ToTY it G sucliom (o325 T Sl (50 40
| ‘ e i! ‘ i
® . . L
bl _
.
.
o ®
i il L
N
0 32 ) 95 26 i 2
- —

(£2) To¥Y puolod B puoliws g (Conwly) Yo ¥V (595 U jlo Ghaoj; O bl guiaaiay —A JSCd
Figure 8- Zoning of groundwater depletion from March to June 2021 (Right) and September to December 2021 (Left)
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Figure 9- Zoning of groundwater depletion from March to June 2022 (Right) and September to December 2022 (Left)
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Figure 10- Zoning of groundwater depletion from March to June 2023 (Right) and September to December 2023 (Left)
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Figure 11- Zoning of groundwater depletion 2023-2021
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Figure 12- Graph of groundwater decline in different time series
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Figure 13- Land subsidence March to June 2021 (Right) and September to December 2021 (Left)
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Figure 14 - Land subsidence March to June 2022 (Right) and September to December 2022 (Left)
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