VEeY Ol ¥ sl ‘Y,,A.,\.u.,\b Comdiga ol ey 55
14

(o JS 10 S g SENTINEL ggbai jf oolaiwl b 595515 cid ominnig g8 il
(DINSAR) (s,

oo juods lgud ! o oI5 dabld

Ol e y> (lyd 538 5 pole oliils ¢ quulidyna 05,5 (5 55)58 90955 ;0 0 )| Ll 5.
Ol et s a2l o5 5 pole oKty ¢ onls gulie 0AKElS ¢ slidinn; 09,5 o ludls ¥

VEY/ 0Nt &=L AASATAMAL S BEF B

oS>

J975 5 et nl a5 (el 3 Lol ezl gloads B lits (gonpay wiz o LB Gladllr (s pdy 5o 5 Sl
Q9ys by aboz jlalides LY 4 (e S8 Sl oo (b oS oo (Byme ]y (Fglite slagSlbo 5
& Olgl OMane 5 SO Gy e S Jolse olpon 4 sumin o e 5o Sl G il e
syt B b g ol 50 sl o g 555 JUED] bglas dmooly o sSe (slolaiile «55,5LiS slo o)
YN0 Jlo Sl sosl o Jrsiw slaosls 51 g loly o 3105 3 5l eslaul b 9,5l s iy il g
SNAP |38l 5 lae 1o 49,55 Cuss (g)lol, ol 90 sl duslie b Ll ol jo .ol sl aBlo 5 Y- ¥
ol Jole ans oo GLis S92 90 dalel dcgermo & azx gl b g @l Conl 00l (o) e e Dl S
2° St b 5o (i 45 6yl ABl oo (e S0y S T gy g Sl (59,515 o Sty B
Vi g5 5 Jbo 5o Seidee A= Jlade b (eome Fd 0o BLLD) anlllas 590 (s039020 gix S
—al owyp lp i o)l pglas ) eslaiwl cpl by 00,8 e alaxde (9,55 clds o Jle jo e 6l

ilyn i ot s s slale

i (g0l (pmew S5 (g3l s iy ) :Lbojb ..\...15

Ao

Sl Ojg08; 3ilgii o oS Cenl r0) hans p8 i Sl 29 «Sigledige (Slodsy plyiedr (ree) Cendig Boniay
« .(Afifi, 2017; Iskandarsyah et al, 2020) sl 55 Sl 88l Sbul> oy 6l (e o SLSL L 20,05

Ly sogee GOS0 b a5 sllbise (o)l Ol gy S b (R25908 Jols Cenllig B oy K00 ke

DOl: http//dOI0rg/1022034/JE620231721019172 elmizadeh@kmsu.ac.ir 2 g 0 g5



con b Sleslanal b 0y 5l8 clds i 3 b Y'Y

ol L5l S o ol el ol e (b dlge (280 b (om0 G Guizre 5 o) e Gl 4 g, S5 >
39 Sbml b sreeb Jalse b Sifang il colled 1 5o ol (San 5 wiligad Sgamme 25,0 3blie (e 5 Sy
.(Fotoohi et al, 2021; Jelini et al, 2017; Mohammady et al, 2019)

Sl ()5 S5y 9 (e 2y slaaijle Mol filas S8 550985 (sl slaosasy S )0 Wl oo (e Senniti B
wiile Sl slacdled 5 6,135,135 oo ;5 F5e (i Ll (Sliga; 0515 9 (o) SloSB oLl oS50 23
35 olml (G5 ane g (qwaipe laojle Shanl (s 65 et il b (i) ool Sley 5 oy
33 053940 oyl ] 0 Ceniig 8 slaslas, cle o aae (Ajourlo, 2019; Yanbo et al, 2020; Keshavarz, 2019)
o i O 5las 5l i (6,10 0 00 9 Cubls p cdadllas 550 08 game diile St g Sid Gblie ogw, sloas s>
Safari et al, 2016; Sedaghat et al, 2020; Rahmani et al, ) sl o oyl mlaw sglae Cdl 4l 5 (uejpn)
S 8 pil3sa s ST G b GluY e O gt 45 ABlS 0uSos Slgw, 40 ohgd Candy ol (2021
Otrth sty LSS )3 plie b slaary sgzg 5 by 3985 SigiSigts slaany b pemen (lalpd 5 00g agal
(e g (g0l VYA () Sed g (6 pole ) Canl oals j5iS Calizes slacals ;o Cundiig 8 0l dy drwgl 4 yoxice Jud
(Pirouzi & Eslami, 2017;yv44

e Sl goges slaglraly ©oson ne) chav 50 @aNa 5 Sl 4 skl Sy plyiear (e iy
BB (Soluay o151 Jolo (o BT cosl (S 5 oo 9903 5 (57 oy slaogasms 13 5 2o U el
SLSE 5 ikl Glapius & wyFe 5 aney rdilieey ool cage Wi d9zy al b wSlS e
Xie) sig el bl 5 518 il gl o5 5 JUil bl ol ] 0515 5955 mtly 1) (53,58 bl
Coonl g 310 60L5 0,)5 Slhee Pluw 3,406, 40 5,050 ol (Cun et al, 2019; Chatrsimab et al, 2021
Sxis s pdgshS s 4 oS (2ly silepble 5 pasis ) Gl Gl S oe iz ) aslllas 990 g9
ey o8 S 4 (559 00 S Cannciig 3

ST g gl 5l ey Cemdtg B odady S 0955 9 (e (i )18) (b))l g addllas S abl, 0l o
rrse 9 omydaz I S5 (INSAR) 6)lsly polas ovw 31 SaSS lee ol 50 el 00l oolaiwl (go0sie
Syge ey pole Slalllae ;3 03508 joboay VAR ans Ll jo o)) slaojlsale ud Slilee b a5 widl oo ba s,
sl g, Hle 0 S5 ol (Abedini et al, 2021; Hamzeh, 2021; Li et al, 2019) el 45,5 1,5 solaul
5T bsy e 5 e siedyl 5l (S plsiear eny (b slap B Sl (53l S0T 5 (5o jluil (sl g5t
«(Piri et al, 2018; Tourani et al, 2018; Zandi et al, 2019) sl oo 7 ,las 450 § wlido «ae s ( SIS

5 08 cuds g plie LML (bl gl SIS aaled (o) 2 4 LOTAA 5 ATAD) (Koo 5 Slos c0leo 0l 5o

1 Interferometric Synthetic Aperture Radar



') VET Ol ¥ d5lad oadin dlor (ibige polid e 455

OLSe 5 0ljgy ol aLBISS 1 (50l SloaiSEl Log 5o (65515850 2 5 Cal SigiST98 550 5 ()5 poe il a5 el
Sl ) Camidg ¥ 0oy Jitions ozt (5 oy laosls g (g oy (JLoley w3105 gy 5l eolaiwl L ((VYA0)
50 Jle o e ile YA gy job 4y ddlais aS ols lis Sloj (5 Judow gl .aiols 1,8 o) 0 0590 1) lowind,
Gl i 3l 48 5l eolainl b og 058 pl clds Caniigyd sl 4 «(VYAA) e g el ol s >
o3k yo el Jlo jo e o8 Glie a0 ey o] aw célsdiaslis asdlais oyl jo olbso] ldlas ozl ,
50 yowiles O B Yadlaie )0 Caniiy)d S yus lawgio ENVISAL glo loale glas VY jloolatul LY OBV Y Slo;
ols oyl bt ioged ealatul Yo e B Yo F Slejojb 10 o] p 350 sloyial by Judow g (5,0, (Lolas o 5105
Ui Jlastinl 4y 5 ciS Cod bl jo 9 Jlo jo e sble FIT sgas dalate [0 Caniiy B oyl yee (g yidin &S
u‘j}gTW};ﬁ w)ﬁbc(\vqﬂ)ul)K@jwmwl ool C) GH.A)J)) GLBUT cwaﬁmwsﬁsuib)‘
OHen 5 (soudl pl .50 gal Syglp ]y Jlo yo ol Sl Canciis F5 (Yo VA=YV 0) gloj o3l 5o obl,gs coivs
Sy oloo) o (Foe ) ST Col a5 0id )5 asit CubaSh (6 b 03gamme Caniig d e Lol L (1YA])
SSS 5l ookl b paey Caniig 8 Jdod 4 ((VYAR) (en 5 (g0l ol ool adlaie o e Lo AD B VO
Coniigyd Ol S Tas a8 aisls y 03 VA adlaise )5 (6 wg5m 9 (SeiSSe55 slaol> ledlbsl (g ol (w0
pgas FY 5loslatul L (Y1) o, o RASPINT .owl caws 4 oblcdl alxe osgama ;o o gheo TV o] Cews 4y
2 Oy S8 ss Sl 5 S8 SgSl oy (i JBI Bg, 51300 - Vo) lale ;5 SAR ()b,
—osz 5l ol ol Cegu g ey ol ol Chl @ az g Lol Sedes cubs sl e o ylg Jleds

3ged (2l alle (A8 0)90 (b adlare (pl slp Jlo 5o e ile FIB 390 3 ) Ceniiig 2 25 o 5 08
Caniiig 8 Glian a5 Qi0ls lis 5 Aidges gy 555950 (5,0 3blie jo 1) Caniiig,d I3 (Y VD) o Kea sAbIdIN
oKea 5 Faunt s S g uSejlail Jlo jo yie il Vo B0 o |y ol Jlade 5 cusl Sloj g olad &l s sl
Ohal38l L 4wl 1S 0l (65,0l slacdad 51 S aS L ,adls Iy 0,0 10 fae) Camdig B owyp b (Y10)
Sy o) e o pae Sb)l o ol solitul (So3elg 0 sla o Bl Caniiig d 10 duejp ol by
Foslo VIO - ¥ o o cddsd coge YooV L o JuSis pglas oS ols las S des ashate ol o
losls Slej (5w Judoi 5l cylonind, Cudis )0 iy B lrae gadllas b (Y VF) o], Kea g Motagh ool oo
5 Jols gl .aisges oolaiwl YVP B Y+ F Sy o3b ;0 ENVISAT§ ALOS SENTINEL sleo,lsale 5,0,
wlolid g w4 (YY) o Ken 5 Bhattaral .aes oo las |y Jlo ,o el O 5 (i Gty (o5lo s o
FIN rw g oy b Hla50 590 diilaio a5 0ls L 53l 1 ol o lo 5 Jls 5o guilewslS (sliwg, 1o Canidy 3 (goduay
IS V- W) ).15[.»4.' )‘ ‘05))5 Cd Ms)ﬁ LJ’“)L' R RV lJ u*‘-“ﬁ)" UJ‘ o ] i JL‘> e JL...J B ).».o.»...il.w

ool 00 0olalul YoV g VN0 Jlo &l s Slej so3b o gyl (o 3105 SGaST g Jooiew



coe b heslanad b 0,5l e ceiig b L VY

L w9y 9 3lge

oo &8lg ol3T slas] mhaws 5l yio AV« glas )] 0 5s 0y (5,00l S VYO 40w STy Sl alids loe jo 09,5 all>
Yy . J}A}wa)ls ul.....u‘ ujs).e(uua);u..mfjwﬁj)f‘:wl.hooéjm)buj))lsw(\Jim) Sl
YA otz 423 VTP 5l aS 009y S o (yaukin OVY (5 55 Clis ) slol adss 5w Ahl e 8 5
5 Slgwy iz (A5 job 4l ool JoSi dilaie  SSgiSS Aig, g alud slaal [0 a5 cowl Sal s o an
j-“-‘ ).7)4‘55 4.......»5...'[4 g_)l;j.w) 9 ‘;o}l.i.s ‘L))LQ 4‘575 ‘(SLA-M ‘_ngu_i..m 9 00g) ‘STL.J; 00gite oD J.&...u ‘_gl.m_f...u
Sligay g 4S8l bgyoee Sladllas oogasme s Jlod Slelas )l anil> )0 .00 5 oo cowlive dalaie jo 0uiSTy & g0
VIV 56 aldle pses Lawgie g o5 ol az 0 YYIY alle &)l d )0 lawgie e Lo $0+ o] aldls Sai )L

(\f’ M c‘_;‘jjl} Avaf cu‘)ls.o.ﬁ 9 célj‘salﬁ) o )...ASLM

570000 575000 580000 585000 590000

3276000
3276000

LAKE
[ Alluvia

3272000

3272000

3268000
3268000

3264000
3264000

3260000
3260000

3256000
3256000

570000 575000 580000 585000 590000

L;L—JUa.«a IRPREN @L&‘P CosBge A J
Fig. 1. Geographical location of the study area
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Abstract

In this study, images from the Sentile 2 satellite have been used. In the study, the proximity of
the images was taken into account to minimize the error due to changes in gray scale. Also in this
study, GIS and remote sensing data and SNAP software were used as tools.According to the
subsidence zones obtained in the study area, it is observed that the maximum amount of
subsidence around the tomb of Sheikh Mohammad is between 80-90 mm per year of landslide.
The results show that the highest rate of subsidence in the study area is due to agricultural use
and irrigated agriculture in the region. This problem may be mainly related to the issue of
groundwater extraction for agriculture and drinking, and possibly other factors such as geology
and tectonics. The centralization of the maximum rate of subsidence in residential areas has led
to relatively insecure living conditions for the inhabitants and increased their vulnerability to land
hazards. Also, considering the results of the steps taken to study the phenomenon of land
subsidence in the study area, it is concluded that the phenomenon of land subsidence has a
significant relationship with the grain size and with the lowering of the water table. Therefore,
the combination of radar interference methods with high spatial resolution with high
spatial resolution, satellite positioning systems with high temporal satellite positioning
systems with high temporal resolution, and precise alignment with very high accuracy,
is a good way of to study the movement of the earth's surface.

Keywords: Subsidence, Kazerun plain, DINSAR, Sentinel.

Introduction
Land subsidence, as a morphological phenomenon, is a type of deformation of the earth's surface that
involves vertical deformation or downward movement of the earth's surface, as well as gradual
subsidence or sinking of surface materials. In other words, the phenomenon of land subsidence
involves the collapse or sinking of the earth's surface, which may have a small horizontal
displacement vector. This movement is not limited in terms of intensity, extent or the areas affected.
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Many factors cause subsidence (Moradi et al., 2019). However, various technigues and methods have
been used to study the extent and nature of land expansion and to measure behavior in relation to
subsidence. One of the most recent and effective methods is the technique of interfering with radar
images. In general, groundwater pumping and effective stress conditions in the field, continuous
compaction and viscosity and loaded soil characteristics, dense crust thickness, instantaneous loading
time and the presence of loading as effective factors in subsidence generation have been introduced.
(Moradi et al., 2019). Landslides can destroy irrigation systems and farmers' fertile soils (by reducing
their porosity). Damage to wells in rural and urban areas is quite common, leading to well collapse
and causing phenomena called well growth or piping ( Amighpey, and Arabi, 2009). Since the early
1990s, with the advent of radar satellites, radar interference has also been widely used by geologists.
Radar data interference (INSAR) between different methods for detecting changes in the Earth's crust
is considered the best method for continuous measurement of these changes in terms , scale and speed
(Arab Ameri et al., 2018).

In general, radar interferometry (INSAR) is a valuable technique for measuring ground deformation
due to its high spatial resolution and ability to obtain information remotely. Differential
interferometry is the phase difference between two images of the same region taken at two different
times. It is used to estimate the deformation of a region. To measure the behavior of a deformation
phenomenon, we need to examine the temporality of a phenomenon in a study area. Therefore, several
images from different time periods should be availablefrom that area and several mapping
interferences between different time periods should be included in the calculations to calculate the
deformation rate (Roozban et al., 2016).

Materials and Methods

This study used images from the Sentile 2 satellite. In this study, the proximity of the images was
taken into account to minimize the error due to changes in gray scale. Also in this study, GIS and
remote sensing data and SNAP software were used as tools for image coding, processing, analysis
and output. Geographic information systems and remote sensing data have facilitated and used
analyses of processes and patterns of change over time and space. Images used:
S1A_IW_SLC__1SSV_20150928T023018 20150928T023045 007909 _00BOA9 2A63.zip
S1A_IW_SLC__1SDV_20210908T023055_20210908T023122_ 039584 04ADD1 9316.zip.

Results and Discussion

According to the map obtained from the amount and amplitude of subsidence using the radar
interference technique, it is observed that very large areas of the pit and the Kazerun plain have been
exposed to land subsidence. Thus, the final map of the average rate of subsidence resulting from the
analysis of the 2015 and 2021 time series for the entire subsidence area is shown in Figure (Figures
3 and 4). In this map, the redshift of the red areas indicates subsidence and the blue areas indicate an
increase between the two periods - that is, in 2172 days, this amount has shifted. The maximum rate
of subsidence in the region is therefore estimated to be about 9 cm per year. According to the
subsidence zones obtained in the study area, it is observed that the maximum amount of subsidence
around the tomb of Sheikh Mohammad is between 80-90 mm per year of landslide. The presence of
joints, cracks and fissures in various buildings and cracks in the ground observed during field visits
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may be one of the effects of land subsidence in the study area. The area around Burj Sokhteh-e-Olia
village, around Kenar-e-Sabz tomb and around Alimoradi mountain also shows subsidence of 40-40
mm. The area around the village of Pirabolhassan is also a high-risk area, with a subsidence of 10-20
mm. Further, around the cities of Kazerun and Khesht, including the areas around the villages of Tel
Milk, Mahbodi, Walid Abad, Rabmalek, Fatehabad, Javalghian, Mordak, Hassan-Abad Rilemi,
Telenadri, Kaskan, around Mount Dovan, around the Shahpour River in Next are the subsidence lines.

Conclusions

The results show that the highest rate of subsidence in the study area is attributed to agricultural use
and irrigated agriculture in the region. This problem may be mainly related to the issue of groundwater
abstraction for agricultural and drinking purposes, and possibly other factors such as geology and
tectonics. The centralization of the maximum rate of subsidence in residential areas has created
relatively insecure living conditions for residents and increased their vulnerability to land hazards.
Also, the main cause of subsidence in the Kazerun plain is the uncontrolled extraction of water from
groundwater aquifers with the findings (Roozban et al, 2016; Arab Amiri et al, 2018; Moradi et al,
2016; Ebrahimi et al, 2016; Shafiee et al, 2019; Abidin et al, 2015, Faunt, 2015, et al, 2017, Motagh
et al, 2016, 2015 Bhattarai) has it. Moreover, considering the results of the steps taken to study the
phenomenon of land subsidence in the study area, it is concluded that the phenomenon of land
subsidence has a significant relationship with grain size and with the decline in groundwater level. In
areas with fine grains, compaction is more pronounced than in areas with coarse grains, leading to
subsidence. The results of the population and housing studies showed that one of the densely
populated areas of the Kazerun Plain is at risk of subsidence if the open spaces with agricultural and
industrial activities are removed. Therefore, the combination of radar interferometry methods with
wide coverage and high spatial resolution, satellite positioning systems with high temporal resolution
and precise alignment with very high accuracy is a good way to study the movement of the earth's
surface.
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