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Article Info ABSTRACT
Article type: Land subsidence is one of the major geomorphological hazards in arid and semi-arid
Research Article regions. Itis primarily caused by excessive groundwater extraction. In such areas, a decline

in groundwater levels can lead to the irreversible compaction of fine-grained layers, a
reduction in storage capacity, and damage to critical infrastructure. This study aims to
monitor the rate of land subsidence in the Damghan aquifer and analyse its relationship
with groundwater decline, using satellite data, piezometric information and field evidence.
The study area covers part of the Damghan aquifer in Semnan Province, spanning
approximately 1,522 km2. It contains an unconfined aquifer within heterogeneous alluvial
Keywords: deposits. The dataset includes Sentinel-1A images from 2017 to 2021, records from 38
Damghan aquifer,  observation wells from 2017 to 2022, and drilling logs from 13 exploitation boreholes.
groundwater depletion, land The results indicated that the decline in groundwater levels in the central and south-eastern
subsidence, SNAP, Sentinel- parts of the aquifer reached 5 metres, with an average annual rate of approximately 0.33
1A. metres. Radar interferometry maps confirmed an average Analysis of soil texture and
saturated thickness revealed that zones with higher percentages of clay and silt are more
sensitive to groundwater decline. Even small drawdowns in boreholes containing fine-
grained sediments resulted in noticeable subsidence, whereas boreholes containing coarse-
grained sediments showed limited deformation. Field evidence, including casing
protrusion in piezometer wells of up to 27 c¢cm, the formation of initial sinkholes and
changes in natural drainage patterns, highlights the practical implications of this
phenomenon. The findings of this study demonstrate that, in interaction with geological
characteristics and soil texture, groundwater decline is the main driver of subsidence in the
Damghan aquifer. Therefore, continuous groundwater monitoring and targeted
management of exploitation are essential to mitigate risks and ensure the region's
environmental and economic sustainability.
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Introduction This study integrates satellite radar interferometry

Land subsidence is a significant geohazard in aridand ~ (Sentinel-1A), groundwater monitoring data, and

semi-arid regions, primarily caused by the extraction ~ borehole logs to analyze subsidence patterns and their
of excessive amounts of groundwater and the correlation with groundwater decline. Eight SLC radar

compaction of fine-grained sediments. In the  images(2017-2021) were processed using MT-InSAR
Damghan Plain, for example, agricultural expansion ~ techniques in SNAP, with topographic corrections
and land conversion have put increased pressure on  @pplied via SRTM DEM. Groundwater level data from
aquifers, resulting in a significant decline in 38 observation wells (2012—2_019) were analyzed in
groundwater levels and irreversible land deformation. ~ ArcGIS, and subsurface profiles from 13 boreholes
This threatens vital infrastructure and reduces aquifer ~ Were interpreted using GMS software.

storage capacity. The Damghan aquifer, which is

located within a tectonic basin containing ~ Subsidence Mapping and Validation
heterogeneous alluvial deposits, plays a crucial role in ~ Eight interferograms were generated to produce semi-

the regional water supply. However, its lithological ~ annual subsidence rate maps. Validation was

composition makes it highly susceptible to subsidence. ~ performed using precise leveling data from station
1069BABI, confirming INSAR-derived rates of up to 5

Materials and Methods cm/year compared to 1.1 cm/year from leveling.

Data Sources and Processing Framework
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Sensitivity Index and Zoning

A sensitivity index (Sc/Ah) was calculated for nine
boreholes to assess soil response to groundwater
decline. Zoning analysis using ArcMap’s Reclassify
tool identified high-risk subsidence zones.

Results and Discussion

The maximum subsidence rate was 32 ¢cm and was
concentrated in the central and southwestern parts of
the plain. Over seven years, groundwater levels
showed a cumulative decline of 3.26 metres, with the
steepest drops (>7 metres) in the southeastern zones.
Boreholes containing fine-grained sediments and
experiencing moderate water decline exhibited higher
subsidence sensitivity (Sc/Ah > 0.30). Zoning analysis
revealed that 44% of the plain is affected by
subsidence, with 8%  experiencing critical
deformation. There was no significant spatial
correlation found between fault lines and subsidence
zones, indicating that groundwater depletion and
sediment compressibility are the dominant drivers.
Field surveys documented surface cracks along roads
and railways, sinkholes near pumping wells, casing
failures and structural damage to buildings and
bridges. These manifestations highlight the practical
consequences of subsidence hazards and the urgent
need for mitigation measures.

Conclusions

An integrated spatiotemporal analysis has confirmed
that land subsidence in the Damghan Plain is primarily
caused by a decline in groundwater levels and the
geotechnical properties of fine-grained sediments.
These findings highlight the importance of continuous
monitoring, sustainable groundwater management and
development control in high-risk areas. This study
provides a robust methodological framework for
assessing subsidence and offers actionable insights
into how to make infrastructure more resilient and
aquifers more sustainable in vulnerable regions.
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Fig. 4. Semi-annual land subsidence rate maps of the Damghan plain derived from Sentinel-1A imagery between March 2017
and March 2021 (a to h).
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Fig. 5. a) Final land subsidence zoning map of the Damghan plain with a maximum rate of approximately 32 cm; b) Comparison
of annual subsidence rates at station 1069BABI based on INSAR and precise leveling data.


http://dx.doi.org/10.22034/JEG.2026.20.1.1020151
https://jeg.khu.ac.ir/article-1-3185-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-29 ]

[ DOI: 10.22034/JEG.2026.20.1.1020151 ]

\ b)l.o.»fa AR 0,99 ‘kS“J“\"'e ./a‘swLo.w O

AV Lo iy 4o e Jlo 53 2+ 1F & Soazs T
do,0 L BHI3 saled o pimmen cwl ouls blas plo gl
ol 4z g8 B i atiled cuo 0 VA sgas wilogy ) Jawgie
Jpa pde 0 o ol slacdl a5 sas o lid ol oS
Wgd e e ghae SO ot 4 ailed o lo gy slaayy
a5l ol iy 8 Hal oS e e Las ools (ggesme )0
Uit Culs g daailyy; ao ol maw cdl el Jele
oy Cawlies g dilocd o Slbgu, b bl a5 Jl> jo wijlo |,
5 ol i Cais U wilglgsul 0,58 alS o yme jo yidoy
PSS Sy sla Sy cdlis g ol cdl il cooal

S oo At el e ol @l Sl Sy e

Cmnilad “'g)ééjjsgfléc«élgcgiw|blﬁ)|
Cendig B Glie 5 S S 5 (o o e 24l Lo
Aoy ) Slgasy o,y a5 BH2 g BHL slaailed )5 5,10 5424
ol S5 bas slacdl > (/) o+ 3595) ceVb b
00l (o) (gt iy B 4y yxio (Jlos )0 yle +/Y 5g0>)
Ao cdew s o) GV STyl (S50 LS, cnl el
L BH4 sile slealed ( blie o sl gdiie jlid als
§09950 Comits a8 Ol il 0929 b b alo gy, s o
CalBes 9 (2P UASJJ &J“'D )ib; QﬁLﬁJ O"‘ Aleals QLM.)
2 Olgise |y aibe aiges il (255 J S 5o gledl slaayy
5 Cewl IYD dgaz ailoy ) o s a5 ol 0,5 caslin BH6

0- BHI0 BH12 BH8 BH3 BHIl BH2 BHI
147
0.5
1 —
1.54
2 |
§
e (s o i sl Sty 85
3 4
Legend
B8 ow
M
8 sw
88 sC
N c
% ailsy,

BH5 BH6 BHI3 BH4 BH7 BH9

2%

e — Yl p ST iy

bl Cwls g S0 Ol 55l iy b YL e olpen a4 S ol aaie . f S
Fig. 6. Soil texture profile showing annual land subsidence rate, groundwater level decline, and alluvial thickness.

03505 43 gy | Sl i o i 4 ols L la S
GV 5 sls bl b g 5l 5 clials ol (5555
Bl Jo ol b BV JSD) sl igen s
L) oS ols s B g 5 olidino) sl sl

3,00 g2 Cunniig B 03gdote g adlaie slo S L (5 lolixe

b ooy ok g Comlliin 8 (6059993
iy b Jawgio 7 5 Addi clands 8 ,l8) 5380 Julod sl
ArcMap ,o Reclassify |5l 5l solawl b Y+ Y=Y VY o3L 50
Olrals O‘?q,‘ Cobuo SHIFE a5 ols s mls ol (ganye)
) Coniin 2 &35 cnyidun ol TA &5 Conl oud Canniig b jls


http://dx.doi.org/10.22034/JEG.2026.20.1.1020151
https://jeg.khu.ac.ir/article-1-3185-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-29 ]

[ DOI: 10.22034/JEG.2026.20.1.1020151 ]

VY

s 5 008 | b pms s o b 81 T BLS | g (ay Sty 3 53 (el

S Lud ol caél oS as o plid gl ! (C-Y ISS)

D10 Cendiig B 7 5 et )0 (ol ey sl Lo 4 s

220000 230000 240000 250000 260000 270000 280000 290000

230000  Len o T
H a
g Land subsidence
zoning (m)
Bl o2 o
! 014 023
008 014
Bl oot 008

020000
4020000

b ;
Legend i
gen H
Subsidence (m)
e 0.04

006

199000 4000000

1980000

; o s 0 20Km
£ —————
23000 o o 20000
120000 230000 240000
boe G
» F~ 5
3 -
C' //‘ o e

1" egend

Subsidence (m)
e—Y)

- on

-~

2

220000 230000 240000 24000

200000 0000 280000 90000

5 b sy ol gl cdl Sligen (0¥ VALYV gladls b glels Glssol 10 ) Caniiiy b lawgio &5 ok (@ -V UK
Mj).@ 0dgdta g l.&bJ....f s.,u.d}a UL.A )ldl.l.m JoLJ)‘ e (C é(‘,.,.._.i’.jj)é $YL C)" $|)|$

Fig. 7. a) Zoning of average land subsidence rate in the Damghan plain during 2017-2019; b) Overlap of groundwater level
decline with high-subsidence zones; c) Lack of significant correlation between fault locations and subsidence areas.
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Fig. 8. Field images of land subsidence features across the Damghan aquifer.
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