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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 4- Groundwater level zoning from March to June (Right) and September to December 2023 (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
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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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Figure 15 - Land subsidence March to June 2023 (Right) and September to December 2023 (Left)
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Figure 16- Land subsidence March to June 2024
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Figure 17- Subsidence growth rate in meters
AR 2 3D Comnlidg pd Conluns duoyd - Joua
Table 3- Percentage of subsidence area in each zone
ol ©ad D e ) Colue 1o
Sl (o5 132.170656 11.52
o buwgio 188.26133 16.42
Shypo s 423.12644 36.88
ool s 40362574 35.18

8 5 4
oy IR wiawl) YoV (505 b wyle Sloj (slaojl Sentinell I oslatwl b jlilows cudd jd (peo) Cannidigyd gl ol 5o
YvY )ML»J i )NQLMA’ s(\\c'\ .)‘.))> G YYFe.. Ju.o.a.ul) Y.vY 039} G L)")L" ¢(\\c" )JT G )9)){,“:) AR )»AL:JJ i )“"L“‘“’ s(\\c"
3956 oole (VY 3T U 590 ,08) Yo VY yuolod b probivas (V=Y 3,3 B VF o) sil) VoYY 1595 6 ojlo VF+V [3I G 590 05)
Cono pelaieds Slise Wil g (gegim sbrols (laodly I jolaie iy .8)S N8y dy9e (VY D ys UAFLY wawl) VLYY
Pl}ol IDW u"’9) )I oslawl L Lfn‘“"" UL‘"‘P L;lia.law u] dl}bo)b L)"’L"" » uT C.‘a,«: ul):\,o LN Y] A oolasl (’*_ULJ ),w...o) 9 (T
55 ka5 3)90 03l 53 (waj 5 Ol il £ b a5 e 4y il la e (b e Ol pdaw Jlagel 5 <85 )15 Dbl 3090
0,8 o3> JLS Y BB pun Mo ylane (5568 (slols &S g ygboay aily cdl Calisee (gl Jlo > dwsjy; ol ow a5 a2 o ylis
opl 45 wlosly yolazdl dgs a1, VF-¥ oI35 B YA sidnol) YoVF 0595 B Y-V wjlo Job j3 wejpj o cdl 5 in Lae
sodeo Vo U Yl Sldllas ddgs 1> Cunidin b oyl SNAP Sl58le 5 5l oolatwl b s Dgus Gy yd &y oo Wilgi oo cdl o500
g odol Cansdy IFAL plyy g dsloe Cantig b ine g hroj ol Gl lire o (Stased Gyt A s 55 350 050,
Cawl 48 )3 )18 Slyon (LS ding 50 Mo D YEIA 5 (Slyou b (s digs 50 dd s Colus jlasyn YO/NA o plod] lalllas ol
St iy 0 Candigyd line .l Sl (LB g Sl ol S Cade b dlgy o Slilllas Asgs l ds s VY8 goamme 1 g
Aad o i |y ddes Jlod 5l By 5 oy S pe cgin 3 |y Cunidinyd YL lie (ol &S Cusl o due Ve B F 5 Sl oL


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.3.5
https://jircsa.ir/article-1-583-fa.html

[ Downloaded from jircsa.ir on 2026-05-20 ]

[ DOR: 20.1001.1.24235970.1404.13.2.3.5]

(VE-F AT als ¥ o)les) 3y T Zohaw saiLolu YA

4ol (Silogo ¢y asl5 3Ll 5o slaely ¢ Sl sl (S digg 53 (6558 (sl g 038 L cua Mo (B asl5 —all )1 3l (slaely
wing 4l Boo oo ster slaely (Sl o 2k digg 3 e (5)58 (BLAIST ge3 S (irkio Sl llzpze ¥ B
w2 dalllas 390 dilaio o Sl Clialin L4 )5 )8 Sz oS aigy 0 bl pMul ols 5 Jlyzu lawgio digs ;3 las 0)8 edl>
S o a1y dliols gl o g aalleg 5 slogl 5 L jlssd 53065 S5 g

Oyt 6 o8 b ol 3 4B g0 Cndin S (5 oo lilows S 5 (o o o Sy Sy gy b
lilows € szl 3 adg Jlod g 35 50 50 Cunntig b o (1 5t sl 039 sl szl Sl ayg)i0 @l 5 ois o
033 &) (Vb jo )8 Sjle g (4S9 )3 Cobus doyd (n Fui) EB)] 05 e lulagS (asElby s o (ol 215 53 00d i
5 sl B3 ooy polaidlsgs &) Cunntinyd Sl (3L Olise 49 5 (hgdje (O 5 GaNile )3 Adsx )8 ) Gz
@ 09350 9 OB Sl s [ Cuntin)d (gl (VL cumlas 2V o8 Sl 5 £l o5 Wi dlakasS (laasilby s
S o )8 diile (ol Lyl )3 Lol 395 0 ogmimo Cannitig b il 3 polie (sl (S jlods 395 (Sal I oS 5 S
P Sled 29 dlog b b Cunig b dbul el (adge joboa Slgie (uej; o wlie 1 00 )bpoye b py oY e
Jolis oy cpl bYS oyt A8l o 36 Ldlsee LYo 4 5,5 g hedje dile Kol (classjle )3 caniigd o lilow cubs
G 3b o g ho)lS (slasil )b o Sal glosiils (wlid o) Slo Sy «SK5glg ot Slyds ¢ nas Sloc] o alS
(ol slaoyis 5 BSs (b (Al )3 gt ey sl do | o bl S50 Wil cpl ggeme > cesl O pilie
Sogpd Cumlin sl b5yl slp Wil cpl (SoFglgfarhen (Shy g (S e 3555 Jlod culply Kgd e Canndig b dnts
claaY le by Sal claa¥ cul oy jolaidl 36 a1y adlas 390 asgs 0yt 5| (SooS Lisu ju 459 35 Cansl
S5 9 Gl ) S oy 4o e ol Dsdice i domed Wile 4 ki ohgdge il YL ise Sile Sal
ol Vgano 355l (ol 35208 b (olia )3 Camnitin b i Jlod &2 Conig b sstnn (Slailos (i nten 31 S (658 (slaarY
Gblie ) (SiS5g5 Slilllas g ej ol e 385 Copte bl cnl sl gy SlaSis Mol g g5 dlgo (538
2 g Wik copl sl

Wiged (gly 3l Sl (snte llllan L ¢ iy b g sixojye; o] g ol leo atns alasly 135 5 il alio gl
2 (0FY) Lo 5 (b 09,8 cuds )3 (W) GhlSen 5 (1 dooro (Jlod Jlage s )3 (WAY) e 5 (2l (g 5
aslllas oyl )0 a8 Canl o (B yxe Cannliin b ol Jolo laisdy ol pdaw il joolid < (> (YY) pade (IMS ¢ ylalows cuiid
sk A (oo Ak gy E50 cl g paTdie 555 Camiig b b bt e Bl A 3 g e ol Cudloy bl 5
ol Joes 3 sl Jlo )3 o ol (pulidope) g (aomacunsj wae Sloso Sl (o lilows > )3 (nj Camnlig b €35 lgi o0
a5, 3l pow g pod (Jgl lyed dy &S Wlaidly ygeid ) (65,168 ligw) g (s dln g Vol Ll Al il el
OOk €] 08 e Sl sS (slaailbg S g (ol B &S Cunl a9 cdner (SB 5 (gdje W3le 1 Jels
5 Cawl ol S p g dlgs g (28l Slgw 1 lilew cuid Colus (p e (ke 4 Cul b olaid] 2ed @ 1) Colus duo )y
Ol sl 03528 (9350 9 (S 5 o9 ol wile (e (wlide) sBinly (69 (409> 0)8) bt 3 cubs
Aeis o351 pliend 9 Sy S Sy Jbar gseze 3 &5 )b ol 5 Glo oy oSl oSy 56 il
= ot Ly ol > (it sl (slaCblSd sl 185 (LS s (oo Ol lie olis] o (1S Cyg0 )3 Gl B
Slagpe; > a5 loss slonl dibate JuS (sbiwly oa by Yl iSa; 5 Of v <l Jdsa cuss 0pf Jlad 3 g
A Coh) BB jpelas

ol 9 e e s S g (18l 4 & Gresdasd 5 Gres slaoly Gob Sl i O e gy et pogdle
Ol o awl odds S odaw ladyY yinsd > g Comdigyd 4y i doS )0 g Syl laayY ud 03 i cely cpdaw ialS
iy ol bl bl 53 ofiga dlge ol 5 25yl 2V (6 3seSTH & il g sy slaY Dy Joar (pwlidpe Sl
cge o 3l Sl 3 ol la JLsiis 5 (corldl Gl rizen 2) o)Ll Kgd (e aw (Bl 5 Cunidd el Wl e
g b A5 4y g 005 inm ) Sl sl e i ol o yol 3] 4 sl 005 gl 45 g S5, lpme yilS
Ol (655l (slaaSid 4l 9 ()l (Sla U ks dacili s g Jilie daojlo 4 ol 5 (53,85 5 .l 03,8 S8
Cuniig b oo Sl 51 65,088 ol (sygore 1015 g LS Loy & sl g balssel & W Sogl Som5 Sy (o i S
(i ol gl gy )b yese 5 (ol ldomes Gl S iy Joa plilews o & 503 s g ee Wl > (] o


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.3.5
https://jircsa.ir/article-1-583-fa.html

[ Downloaded from jircsa.ir on 2026-05-20 ]

[ DOR: 20.1001.1.24235970.1404.13.2.3.5]

va eS8y (B JA 1T (g 3l 03l b yliloww Coddd Cannid y8 (4l 5a0 (203!

Uil (e ol lie Sl Copie pbai  SllEl cul p5Y wlty cpl Copde (glp &S 43,5 )5 Caniigyd Jhs (o yme y
aibate (SO5el3sgyn Sl (uyp g O (alun] gaw 385 Gl g ool (ogias 445 (ueipj ool agy e cuslby
D9 SoS o1 Gial33l 5l pS el g Camniin s J S 4 b 3gd ploc]

M Ol Yo

d Sl )LE LiAT 5 ot adius b aslSe )b 5l imgh ol 55 o edlatul guls 5 laosls (031> dy o siawd

ol 01 plorl ST gy B ) gl ol i Jle Cules

sl 04 41BIS g plol (5 el Loy dlie caliseo sl yi5k 1 g el 3j)8 g (Bolo e o) (glaiine Sozxo (g el muttl pl 1) 5 dnny 95 &5y Lo
S5 g sy ol s g Cllae il g (5SS (ogad 5> (adlie dlaS A5 s 45 Gyl g0 pMel dlie oyl B g 1y N g8 2Bl SLAT

Al oo 138 5 S5 ol wlie slaodly pals cagn Jlod ol o cladlaie T e84 5 i ) B sy :d)'}fw‘{w

&be

SRz (s @b 5 w15 saiaing 3 IDW g Sizm S (39) 99 9, (WA+) Sls ¢ siuogus g o (ol £33 05 oy sl
https:/MWW.ijf- SVE-Y0 (FF (h/ UKo (o) 3L a6l B1S dibate 153)90 addlas) g 3l sls b
isaforestry.ir/article_4666.html

4 Ol yiol Cubd Connliigyd (guwyy (VF+Y) i 03l) (6390500 g el dw D5 oMl e gyl o o)l oo (58T Y
doi: 10.22059/ije.2023.358148.1724.' + +~YAX (Y)V+, (sjslssbetssT - siwoi ) ol lio 31 (6l p0 0 e

5 by o 35 SISl ool b g d e 35l (V). dloo 09 3lSlys (50l g o csnle A )bl ¥
AYY-NY ODY a8 gisadipossy (Jod)) b (ey90 adlae osl) ) 5 hein ool lajell
doi: 10.22034/gmpj.2022.304999.1302.

9 ) (Pt 315 ) oslial b 08 cub> Canntiy b adllao (WAA) . Jadllg (LS 5 0] ogane dp (g dypj cals ¥
doi:10.22071/gsj.2018.113987.1367 .YOA-YAY (M¥IVA ¢ e mele .ol (Sujslsiiaried slo Sis

ARAY  NWYIA os pale . yliows Cubd Camiin by dwojys o gdaw Slywss 51V pledl ¢ Slol B 5 cpmsdlie olis .0
doi:10.22071/gsj.2019.93191

3 oalitl b lilonw b Contig b (lise g (wojyj sl Cl b ol (VYAR) cdems WS g dms gl 0,8 cdobold ¢ midy £
ST o SR (05 psle (i 2SI (3003 ple 13 glSonl> (o ol S (gl s bl (i JS1

9 eins ol daw b ol bloyl g opmej Camntig b lgsel lite iy (ob3))(VF+Y) doms oS g dms gl 0,8 ekl () Y
ek mlio yo  ldlis Sl blobo g 450 j] yizciw (g oly (Mol (o 30 SaSS il eolazal b (2LS iidey &l yuss
doi:10,30495/GIRS.2023.689174 .HY-YY (Y)Y

Gt ol 2 o) 86 5 Clr (o 5 @ S )l g lormias (VF0Y) 4028 onid g (o) (g5 ol domo cgul iS55 A
doi:10.22034/gmpj.2023.393690.1432.0A¥VAQ (Y)Y . oS (599990555 (sl g . e 3LT 593 g5l e

ol SB > S il cble anaigg cur G b 90 Sty dwlie (MTVP) Al ) (ol g s i A
doi: 10.22034/jest.2017.10341 N¥Y-\YN (M .y Lo (2555055 5 sl - S0t 3 ST ol oo

5 oslizal b 3l g5 cas sl Cantinh oy (IYAR). lo cs5) 5 suulillnl ccsbonlpual M (6 )50 IS hadss  sasid .+
doi: 10.22034/gmpj.2020.106424. NVN-AY (S oS (ojshsd 087 (cla ingy - s 0y (o 515 b,

Pyl ol b o9 jlae Cudd Cunitinyd gy (VAT o yo o Sl g dLopoME ) (6l oo (55908 L) o 2dlo N
AV=FY (WY .ol T g oyl pwtinee -yl o J3155


https://doi.org/10.22071/gsj.2018.113987.1367
https://journals.iau.ir/?_action=article&au=2720855&_au=%D8%B3%D8%B9%DB%8C%D8%AF++%D9%82%D8%B1%D9%87+%DA%86%D9%84%D9%88
https://journals.iau.ir/?_action=article&au=2791753&_au=%D8%B3%D8%B9%DB%8C%D8%AF++%DA%AF%D9%84%DB%8C%D8%A7%D9%86
https://journals.iau.ir/?_action=article&au=2720855&_au=%D8%B3%D8%B9%DB%8C%D8%AF++%D9%82%D8%B1%D9%87+%DA%86%D9%84%D9%88
https://journals.iau.ir/?_action=article&au=2791753&_au=%D8%B3%D8%B9%DB%8C%D8%AF++%DA%AF%D9%84%DB%8C%D8%A7%D9%86
https://ensani.ir/fa/article/journal-number/63652/%D9%BE%DA%98%D9%88%D9%87%D8%B4-%D9%87%D8%A7%DB%8C-%DA%98%D8%A6%D9%88%D9%85%D9%88%D8%B1%D9%81%D9%88%D9%84%D9%88%DA%98%DB%8C-%DA%A9%D9%85%DB%8C-%D8%B3%D8%A7%D9%84-12-%D9%BE%D8%A7%DB%8C%DB%8C%D8%B2-1402-%D8%B4%D9%85%D8%A7%D8%B1%D9%87-2-%D9%BE%DB%8C%D8%A7%D9%BE%DB%8C-46-
https://doi.org/10.22034/gmpj.2023.393690.1432
https://doi.org/10.22034/jest.2017.10341
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.3.5
https://jircsa.ir/article-1-583-fa.html

[ Downloaded from jircsa.ir on 2026-05-20 ]

[ DOR: 20.1001.1.24235970.1404.13.2.3.5]

(VE-F AT als ¥ o)les) 3y T Zohaw saiLolu Ao

(Sl drwgi g Ll yoling cubd olwgy gblie D o) Caumiigyd 3k g o oo @l il b3 (VFY) D pade JUS NY
doi: 10.22067/jgrd.2024.86096.1379 .\5A-Y+\ (¥ )VY

by (ew 35l ealatel b cawdsgy gl sble ololis (VF+Y) L cptldl ot o a5 donl g0 50 S ¢ SLS VY
doi: 10.61186/jgs.24.74.14  NF-AV (YENY ([ oldis pole) ldlan pole (04,5 ClEdscs (aily Cusd 6390 aslllas)
d0i:10.61186/jgs.25.76.13 NFY-\EN (VEWA .  ldliis pale (00455 lidze ) Jisiuw yyglas 3l odlau!

Ao Cubd D e Camdd § gmojp; ol pdaw Bl (VWAY). 4S5 (hign 5 auin) (S gw chodmo ¢ y988 L paME ygr (6,50 N
! licd Gpaf sloyoddl yislon

Candind i 3 swoiy O] cdl 13l ol (IYAA) dypj )l 555 9 M ¢ owg)S cdwos (b3S ¢y ¢ oo N
=P (A ldlis cleMb] og)8 cuid iadllas Dyge edgizme V= it (gybly  polas I edlatwl L
doi:10.22131/sepehr.2020.38617 .14

d0i:10.52547/gsma.3.2.57 &V-A\ (Y)V . ewuts” sbolio sl clelllas dolidins ( osh sl 5 il

5 oolatl b (plyoul cubd Cumiigyd Sloj gy Julod (VF+F) 253 ¢ s yul g putl il ¢ g yul cLsy odl) dion )| cazes oy gdoiize A
doi:10.61186/jgs.25.78.22. YYF-YAY (VAND . lsliis eale (004,55 Ciliize . gy (w3105 g,

References

1. Aghayari, L., Abedini, M & Asghari Saraskanroud, S. (2012). Estimating the rate of subsidence using radar
interferometry technique and groundwater and land use parameters (case study of Ardabil plain). Journal of
Quantitative Geomorphology, 11(1), 117-132. doi:10.22034/gmpj.2022.304999.1302. [In Persian]

2. Agustan, A. S., & Takeo, I. (2016). Measuring deformation in Jakarta through long term synthetic aperture
radar (SAR) data analysis. Environmental Science, 47(1), doi:10.1088/1755-1315/47/1/012022

3. Akbari, M., Azram, Z., Eftekhari, M., Eslaminejad, S. A., & Mahmoudizadeh, S. (2013). Study of subsidence
of Esfarayen plain due to exploitation of groundwater resources. Journal of Ecohydrology, 10(2), 289-300,
doi:10.22059/ije.2023.358148.1724. [In Persian]

4. Akhavan, R., Khorramabadi, M. K., & Soosani, J. (2012). Application of Kriging and IDW methods in
mapping of crown cover and density of coppice oak forests (case study: Kakareza region, Khorramabad).
Iranian journal of forest, 3(4), 305-316. https://www.ijf-isaforestry.ir/article_4666.html [In Persian]

5. Bates, R. L., & Jackson, J. A. (1980). Glossary of Geology. American Geological Institute. Second edition,
Falls Church, Virginia, 749 p.

6. Crosetto, M., Tscherning, C. C., Crippa, B. & Castillo, M. (2002). Subsidence monitoring using SAR
interferometry: Reduction of the atmospheric effects using stochastic filtering. Geophysical Research Letters,
29(9), 26.1-26.4. doi:10.1029/2001GL 013544

7. Faunt, C. C., Sneed, M., Traum, J., & Brandt, J. T. (2016). Water availability and land subsidence in the
Central Valley, California, USA. Hydrogeology Journal, 24(3), 675-684, doi:10.1007/s10040-015-1339-x.

8. Galloway, D. L., Phillips, S. P., & O’Connor, A. S. (2000). Land subsidence in the United States. US
Geological Survey Circular, 1182.

9. Goodarzi, M. R., Sabaghzadeh, M., & Rajabpour Niknam, A.R. (2025).The relationship between land
subsidence and water use in Yazd, Ardakan plain using Sentinel-1 images. Journal Of Geographical Sciences,
25(76), 144-161, doi:10.61186/jgs.25.76.13 [In Persian]

10. Haddad, A., & Khorasani, E. (2019). Groundwater level changes effect on the subsidence in Semnan plain.
Geosciences, 28(112 ), 181-190,10.22071/gsj.2019.93191 [In Persian]

11. Hajeb, z., Mousavi, Z., Masoumi, Z., & Rezaei, A. (2020). Investigation of Qom plain subsidence using
synthetic aperture radar Interferometry and aquifer hydrogeological characterization. Geosciences, 29(114),
251-258 , doi:10.22071/gsj.2018.113987.1367 [In Persian]

12. Joughin, I., Winebrenner, D. P., & Krabill, W. B. (1998). Observations of ice-sheet motion in Greenland with
synthetic aperture radar interferometry. Journal of Glaciology, 44(148), 243-252.


https://sid.ir/fa/journal/AdvanceWriter.aspx?str=%DA%A9%DB%8C%D8%A7%D9%86%DB%8C%20%D8%B4%DA%A9%D8%B1%D8%A7%D9%84%D9%87
https://sid.ir/fa/journal/AdvanceWriter.aspx?str=%20%D9%85%D8%B2%DB%8C%D8%AF%DB%8C%20%D8%A7%D8%AD%D9%85%D8%AF
https://sid.ir/fa/journal/AdvanceWriter.aspx?str=%20%D8%AD%D8%B3%DB%8C%D9%86%DB%8C%20%D8%B3%DB%8C%D8%AF%D8%B2%DB%8C%D9%86%20%D8%A7%D9%84%D8%B9%D8%A7%D8%A8%D8%AF%DB%8C%D9%86
https://sid.ir/journal/265/fa
https://doi:10.22131/sepehr.2020.38617
http://dx.doi.org/Doi:10.52547/gsma.3.2.57
https://doi.org/10.1029/2001GL013544
https://doi.org/10.1007/s10040-015-1339-x
https://sid.ir/en/journal/AdvanceWriter.aspx?str=Goodarzi%20Mohammad%20Reza
https://sid.ir/en/journal/AdvanceWriter.aspx?str=%20Sabaghzadeh%20Maryam
https://sid.ir/en/journal/AdvanceWriter.aspx?str=%20Rajabpour%20niknam%20Amirreza
https://sid.ir/journal/265/en
https://sid.ir/journal/issue/300972/en
https://sid.ir/journal/issue/300972/en
https://doi.org/10.22071/gsj.2018.113987.1367
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.3.5
https://jircsa.ir/article-1-583-fa.html

[ Downloaded from jircsa.ir on 2026-05-20 ]

[ DOR: 20.1001.1.24235970.1404.13.2.3.5]

A

eS8y (B JA 1T (g 3l 03l b yliloww Coddd Cannid y8 (4l 5a0 (203!

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Kalali Moghadam, Zh. (2014). Evaluation of the effects of water crisis and land subsidence in rural areas of
the Neyshabur  plain. Geography  and Regional Development, 22(2), 201-169,
d0i:10.22067/jgrd.2024.86096.1379. [In Persian]

Khan, J., R, X., Afaq Hussain, M., & Qasim Jan, M. (2022). Monitoring land subsidence using PS-InSAR
technique in Rawalpindi and Islamabad, Pakistan, Remote Sensing, 14,3722, 1-25, 10.3390/rs14153722
Kiani, Sh., Mazidi, A., & Hosseini, S. Z. Al-A. (2024). Identification of subsidence areas using radar
interferometry (Case study; Damane plain). Journal of Applied Researches in Geographical Sciences, 74
(24), 76-96, doi:10.61186/jgs.24.74.14. [In Persian]

Lanari, R., Lundgren, P., Manzo, M. & Casu, F. (2004). Satellite radar interferometry time series analysis of
surface  deformation for LosAngeles, California.  Geophysical Research  Letters, 31,
doi:10.1029/2004GL021294.

Lashgaripour, Gh., Ghafouri, M., Soeyzi, Z., & Peyvandi, Z.(2005). Groundwater level drop and ground
subsidence in Mashhad plain. Conference of Geological Societies of Iran. [In Persian]

Liu, C.W., Lin, W.S. & Cheng, L.H. (2006). Estimation of land subsidence caused by loss of smectite inter
layer water in shallow aquifer systems. Hydrogeology Journal, 14:508-525, doi:10.1007/s10040-005-0459-0
Mohammadkhan, Sh., Ganjaian, H., Grosi, L., & Zanganehtabar, Z. (2019). Evaluating the impact of
groundwater depletion on subsidence using Sentinel-1 radar images; Study area: Qorveh Plain. Quarterly
Scientific  and  Research  Journal of  Geographic Information,  28(112), 219-229,
doi:10.22131/sepehr.2020.38617. [In Persian]

Motamedi Rad, M., & Bahrami. Sh. (2022). Analyzing the rate of concentration and pollution of heavy metals
of sediments (case study: Gelian catchment in North Khorasan province). Journal of Geographical Studies
of Mountainous Areas, 3(10), 57 -81, doi:10.52547/gsma.3.2.57. [In Persian]

Motamedi Rad, M., Arjmandzadeh, R., Amiri, E., & Amiri, F. (2025). Time series analysis of the subsidence
of Esfarayen plain using radar interferometric method. Applied Researches in Geographical Sciences, 25
(78), 376-397, d0i:10.61186/jgs.25.78.22. [In Persian]

Pacheco, J., Arzate, J., Rojas, E., Arroyo, M., Yutsis, V., & Ochoa, G. (2006). Delimitation of ground failure
zones due to land subsidence usind gravity data and finite element modeling in the Queretaro valley, Mexico.
Engineering Geology, 84:143-160, 10.1016/j.enggeo.2005.12.003

Rafiei, F., Gharechelo, S., & Gelian, S. (2014). Evaluation of the interaction of aquifer with land subsidence
and its relationship with groundwater level and vegetation changes using differential radar interferometry
technique, Remote Sensing and Geographic Information Systems in Natural Resources, 12(2), 53-73,
doi:10.30495/GIRS.2023.689174. [In Persian]

Rafiei, F., Gharechelo, S., &Gelian, S. (2019). Evaluating the impact of groundwater depletion on the rate of
subsidence of the Samalghan Plain using radar interferometry, First National Conference on Data Mining in
Earth Sciences, Faculty of Earth Sciences Engineering, Arak University of Technology. [In Persian]

Salehi, R., Ghafoori, M., Lashkaripour, G.R., & Dehghani, M. (2013). Evaluation Of Land Subsidence In
Southern Mahyar Plain Using RADAR Interferometry. Iranian of Irrigation & Water Engineering, 3(11), 47-
57, https://sid.ir/paper/247268/en. [In Persian]

Seifi, Y., & Mirzaei, R. (2017). Comparison of spatial interpolation methods to mapp heavy metals
concentrations in surface soil of Aran-O-Bidgol city. Journal of Environmental Science and Technology,
19(1), 147-131, doi:10.22034/jest.2017.10341. [In Persian]

Shafiei, N, Goli Mokhtari, L., Amirahmadi, A.Gh. & Zandi, R. (2020). Investigation of subsidence of
Noorabad plain aquifer using radar interferometry method. Quantitative Geomorphological Researches, 8(4),
93-111, doi:10.22034/gmpj.2020.106424. [In Persian]

Shankar,H., Singh,D., & Chauhan,P.(2024). Investigation of groundwater induced land subsidence in
Ludhiana City using INSAR and Sentinel-1 data, Quaternary Science Advances13, 100151, doi:10.1016/
j-0sa.2023.100151. [In Persian]

Smith, R. G., Knight, R., Chen, J., Reeves, J. A., Zebker, H. A., Farr, T., & Liu, Z. (2017). Estimating the
permanent loss of groundwater storage in the southern S an J oaquin V alley, C alifornia. Water Resources
Research, 53(3), 2133-2148.


http://dx.doi.org/10.1007/s10040-005-0459-0
http://dx.doi.org/Doi:10.52547/gsma.3.2.57
https://doi.org/10.1016/j.enggeo.2005.12.003
https://doi.org/10.22034/jest.2017.10341
https://www.sciencedirect.com/science/article/pii/S2666033423000837
https://www.sciencedirect.com/science/article/pii/S2666033423000837
https://www.sciencedirect.com/science/journal/26660334
https://doi.org/10.1016/j.qsa.2023.100151
https://doi.org/10.1016/j.qsa.2023.100151
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.3.5
https://jircsa.ir/article-1-583-fa.html

[ Downloaded from jircsa.ir on 2026-05-20 ]

[ DOR: 20.1001.1.24235970.1404.13.2.3.5]

(VE-F AT als ¥ o)les) 3y T Zohaw saiLolu AY

30.

31.

Zanganeh Asadi, M. A,. Zandi, R., & Shafiei, N. (2013). Measurement and evaluation of rice and summer
crops cultivation and its impact on the subsidence crisis of Noor Abad Mamasani aquifer, Quantitative
Geomorphology Research, 12(2)46, 184-199, doi:10.22034/gmpj.2023.393690.1432. [In Persian]

Zhao, Q., Ma. G., Wang. Q., Yang. T., Liu, M., Gao, W., Falabella, F., Mastro, P., & Pepe, A. (2019).
Generation of long-term INSAR ground displacement time-series through a novel multi-sensor data merging
technique: The case study of the Shanghai coastal area, ISPRS Journal of Photogrammetry and Remote
Sensing, 154, 10-27, doi:10.1016/j.isprsjprs.2019.05.005.


https://doi.org/10.1016/j.isprsjprs.2019.05.005
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.3.5
https://jircsa.ir/article-1-583-fa.html
http://www.tcpdf.org

