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Subsidence is an environmental phenomenon caused by the gradual or
sudden sinking of the earth's surface. Subsidence in residential,
industrial, and agricultural areas can cause catastrophic damage. In
most parts of Iran, there is a high correlation between land subsidence,
the decrease in groundwater level, and the density of soil layers. This
study calculated the amount of subsidence in Damaneh plain (Frieden
city) using two time series of radar images from Sentinel sensors
acquired in 2014 and 2019. Changes in water level of the region's
piezometric wells were investigated using data from 9 wells during
2014 to 2019, and the results showed a significant correlation between
land subsidence and changes in groundwater level at a 95% confidence
level. Continuing the research, a logistic regression model was used to
predict the subsidence trend in the study area and prepare a subsidence
probability map. The independent variables used in the model included
altitude, slope, slope direction, geology, distance from the road,
distance from the river, land use, distance from the village,
groundwater level, and piezometric wells. The output of the model is a
subsidence risk zoning map categorized into five classes. The accuracy
and validation of the logistic regression model were evaluated using
the system performance characteristic curve, and an accuracy of 0.89
was obtained. The logistic regression model showed good accuracy in
producing the probability map of subsidence in the study area.
According to the model's output, an area of 1980 hectares, equivalent
to 7.9% of the total area, is experiencing very severe subsidence. This
poses a dangerous situation and calls for control and management
measures to reduce this destructive effect.
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Introduction

One of the basic and increasing problems in many countries, including Iran, is the
phenomenon of subsidence. In recent years, there has been excessive extraction of water
from aquifers in most provinces of Iran, which has led to subsidence in many plains. In some
cases, this has even caused wells to completely dry up and resulted in the destruction and
depopulation of these areas. The Damane Plain, located in Isfahan, is particularly vulnerable
to this issue due to its climatic conditions. Deep wells are commonly used for agricultural
purposes in the Damane Plain, leading to the overexploitation of these resources.
Consequently, the number of wells and their water quality have decreased, causing land
subsidence and damaging the urban and rural infrastructure in the region. This is an
important issue that could have been prevented. This research aims to estimate the level of
subsidence in the region using radar interferometric techniques, explore its correlation with
piezometric wells, and ultimately predict the future extent of subsidence in the upcoming
years.

Methods and Material

Based on its purpose, the current research is divided into applied research, and the method
of collecting information is library-field. The data prepared includes Sentinel 1 satellite
images, land use prepared from Sentinel 2 satellite images, ASTER digital elevation model,
and geological map. To further the research goals, Sentinel 1 sensor products, specifically C
band, were utilized from 2013 to 2018. This data is one of the SAR image level products,
with a spatial resolution of 5 meters and a 12-day acquisition period. Information regarding
the underground water resources of the study area, which includes the distribution of
piezometric wells and their water level changes, was prepared from Isfahan Regional Water
Company. Field data was collected using the Global Positioning System (GPS). Various
software programs, such as ArcGIS and SNAP, were used during the research to prepare and
analyze the available data. The following criteria were used from different sources to produce
the analysis: height, slope, direction of slope, land use, geology, distance from the river,
distance from the road, and distance from the well. These criteria were constant variables in
the research, and the subsidence variable was analyzed using a logistic regression model to
calculate the influence of each criterion on subsidence. The areas prone to subsidence were
identified for a twenty-year period using the logistic regression model, and the validity of
the model was determined using the ROC curve.

Results and Discussion

According to the results obtained from the analysis of the radar images presented, the
classified map and supplementary information, we have observed a change in the water level
in the area. Except for the mountainous areas, there has been an accumulation of sediments
resulting in a decrease in the water level by up to -45 cm. In this research, the area in question
was investigated from 2014 to 2019 using the data of Mahora Grace and three algorithms -
crs, gf, jpl - on Google Earth. According to these algorithms, the water level in the region
has decreased. The logistic regression formula indicates that the groundwater level, distance
from the well, and geological formation have the highest influence coefficient in the model,
with coefficients of 6.0042, 3.681, and 2.66 respectively. It has been observed that in some
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areas with high well density, there is a direct relationship between these two variables and a
decrease in the groundwater level, which leads to subsidence. The probability of subsidence
is higher in these areas. On the other hand, the distance from the road and the distance from
the village have the lowest coefficients, with -0.0032 and -0.0004 respectively. The logistic
regression model with an AUC value of 0.89 indicates a very good evaluation, and the land
subsidence risk zoning in the study area has been accurately performed.

Conclusion

In this research, two time series of radar images with artificial aperture from the Sentinel
sensor belonging to the years 2014 and 2019 were used to investigate the amount of
subsidence in the plain of the calculation range and the changes in the water level of the
piezometric wells in the area. The information from 9 wells between 2013 and 2018 was
used for this investigation. It was found that the correlation between land subsidence and
underground water level changes was significant at the 95% level. Using the logistic
regression model, the subsidence trend of the studied area was predicted and a subsidence
probability map was prepared as a dependent variable for the logistic regression model. It
was determined that the changes in the land surface ranged from 3 to -45 cm. The output of
the model is the subsidence risk zoning map, which was created in five classes. The accuracy
of the logistic regression model was assessed and validated using the characteristic curve of
the system performance, and an accuracy of 0.89 was obtained, indicating good accuracy of
the model. In the production of the map, it was determined that an area of 1980 hectares,
equivalent to 7.9%, has subsidence with a very severe degree. This situation has put the
region in a dangerous condition and requires control and management to reduce it. This has
a destructive effect.

Keywords: Sentinel radar, logistic regression, subsidence, plain domain


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

&ﬁﬂﬁﬁﬁ?@?@@@g@@@%@
YOAA-BITA ‘_6 I

https:,n’[jgs.khu.ac.ir!

YYYA-YYT# dgg’l‘
d;/f.nz',

¢8990 axdllao) (g,l0ly o Sl 3l eoliw! b caniidg 8 (ol yls dbln o lwll
M(aswols cuo
> ol 25 e 5 50 el LS 1S

arashkiani97rs@mail.com :aellly .oyl pl ed 3 o83 olKiils « 590 3 sizmiuws g (o3 Ll yror SleMb| oimmmun oy b )5 )
mazidi@yazd.ac.ir :aeblly .oyl pl 5 3 6Bl (Ll yz> 09,5 ¢ oudBl cruab (Ll prr JLuiils «Jgiamo oo g5 .Y
zhosseini@yazd.ac.ir :aebbly .oyl 3 03 oK1 ()18 il 9 &5 po 09,5 « wbicd 395 g (b @sbio jLSLiw! .Y

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

oduS

Ao OleMb|

Gblo ;351 )0 ol (o) gelam (SUST (538 (51 (AU 9 (Hanmotoms j oy Canniddg 9
LY 1515 9 (o O w15 S g (o) Comnidiig pd (o (Y (Kiuwmnod ol
e guan di39, b oty polai Sloj 5w 99 3l oolawl b Jighy (nf 500,18 3925 S
9 Ao dold Calid jO Canliig 8 oyl o F41Q g YIF sl Jlu & glaio Juciow cudomww
Sloj o3 53 ol il A GleMbl 31 oslisw! b dilaio g yk0g 5w Wols O glaw &y
b (o) Comniliig B (gl im0 (Swrod oy pr gl (28,5 1,8 (ow) 23)90 IWAA L ITAY
Jowo 31 colaswl b dolsl 5o .cawl 00gs Hlo Smo QB .xdaw (0 (S ) O g Ol s
Coniiig 8 Jlodol alidli g (S oy anllland 590 039u0 Comniiig 8 A9y St (g )5 )
a5 WS (i g i Ol S (ygaw )5 oo gl p daly e (lgiedr 9 dned
Jolis ouiosliciw! Jismo 5L puiio ol 0099 yiouiilos —FO U ¥ s cywo ) el ol
() )l AilBog, 5l abold codlar I abold ((owlibiimme) o S o (gL

AL (Jo (2955 el 0090 (5093 sLoly (o)) ST s iy I akold
9 <83 byl aeldl )0 3,5 Sl WS Ey 59 45 e Cunildg P jhas (gusudiyy
P s 9 Skos Auaio (sicxtn 1 00likas] b Sotn) (y9mm0,5y Joo (50l
MBS S5 3 St sy S g5 B3 45 ol Camd & (IAY) B0 g 25
& WS ke Jue (29,5 )0 bl oo addllaos ge edgame O Cumiligyd Jleikol
Caundy 45 0390 Ao sl 4230 b Comiddgd slyls 7 V/A Joleo HlSa 14A cooluno
1 o2l GRS sl oo g J S 42 5l 3 ol 00l 41,5 S s Lyl 43 1, adaio

:lio g4
ey Allie

IARSVARSARY
16595k &b
VE- /YN Y
oy )b
VE--/oYIVY
AAERIER AR
VE-YIAL-N

HEYS{PRW (s
‘M )'Q‘)
Sz ygumw )5y
. - e 'SFZ

Aowld Cus

J51a5 5l eolaul b caniig 8 (lls gl oluliss (VF+F) cpauladl ot o oz g taam c(g0 o sl S ¢ LS 0Ll
YE-AF (YE) VY o olslis pale (600,00 Olido 4 (ails Clis (69,90 adlllas) (s)lely o

D OO

BY NC

http//doi.org/ 10.61186/jgs.24.74.14

By © O oilem oty 1 il

[ DOI: 10.61186/jgs.24.74.14 ]

i 3105 5] ooliiw] b iy b (sl 3blie olulids (lgie o o Jgl ot g o)l ol 15 aal LL 51 a5 5 gl cpl )
ol oo g8 0 ol8zils ;o VYA Jlo ole (4L 10 a5 Al (o pos § pg0 o0ian s oleal, 4 (atels Cd (63,50 anlllas) ()b,


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid A

doddo
5l a0 edie ¥ Blas b el AFF Toj»)@(z VPV 5l as s oo s YoV F Lo jo v e el Slallas
S58,S 5 s e 5 (i T slagsh 5 e Gy 3 o St o 1318,) (e ol £33
dozjl Glez Slo)3aS 5l ()l yo oel 0925 4 (3938l3, 5 (smubil IS 51 (S (V- 20T g lale (g pa0)
s S 55,59 b 5 )8 i b 6 5 51l Sl 45 oty ]kl on Camnin i oy o0l
(sloys iy JuS iy ol slacKin Joxe 53 tmey iy oS (xeek Jolse 51 e wilgica (oo
IS Glogeslo 5555 5 i 5 (e o gl b glizeal) Ll else 5 (55wt 5 (50555007
Sl ppdy Pl glocSins s (2w )55 (hej iy ol @il ol Jale 50 azgio ol olayg; Cojomo iz o 0,5
@ 4 o] e Wlgoe Cantiig B oaay (VY Y0 ToLen 5 L,k FO Y0 TGS 5 s5))
XYY N TS g 52) 08 sloolr 5 Ly, S e sl da Ll o bigs oy doolS3g,8 wily dapylezsLo
25 (sl JBg5 GPS il oolictl aiile 30955 e 9 Siogsy clizmo (slobg,y ey Comniti B (5 pSo3luil gl
olssar 3l sladlo ;o 52576,y (s S5 (g, (YRS V- F 801 San 5 (6 53Y) )0 S92 5 008 5 1Sl
b9y Onl el 8,5 )18 4z 535 )90 Lo 310 a9, S0 4 S &S (2l @ 4z g3 b SS095 28 ey 5 (S
S5 538 5 280 b oy grbans Dl (S0l (sl gy (el plgieay (ol g (e slaigy ole o
ol amliin sl (FA N ¥ A glo g g 8 AV Ve e e T e 5 5205)8) 35500 Jlod a0 Vb oy SIS
iy o i g lacubs ST 1o iy B oy ol el i gla L 45 ol slaplil it o o sloo i
b asalo o ol 254 g oleaal cesl oas o] Cares adss § laoiss ol g bool> JolS jas Sis el
3 laS Blas gl anals Clis ;o o)y caiSs [Las al b cel salixdly ol jo a5 a8l byl il a4y angs
il 5 oalil i K00 b 5l eends slie ol 5l dugyi bl el ole ol 45 05 o oolitl Grac slools
ol G2als 5 Jelse (ol den sl 00g0i Fidin Cilyed 1) Cundg baojh (ul 4055 gl (1als 5 (592 SV
e E3090 S | dihaie (nl (ol Gited GESlo ) 4 Ojlus g e ity b gl O CoiS g laolr
alarly 599,53yl dilate 1o Cenin B liee b el 0l sl Ghaghy cnl po Cesl 00,8 oo (6 Kt BB il
Loogd asloyy (ST sladlo ;o Canitisyd (lime (i 4 Saltds® 59565 )18 oy 090 S slrolz L ()]
aels oo adlaie (6,25 )1,8 5 g Hloj iy blod 4y (gl (i JSI5 8 ate) (nl 50 99290 slahs, 4 4z g
Sl (2Ul5 51 e Gy ;500 a4y S ol (g, Y 28 5 (VT A%0g 55 &)lh9) Camitin 3 lyom b lacads Cacd o
o 5 ol S5 08 by g o, g a3 bl A it dyaz ojlsle (il gla Lo 5 sl 1555 1 5 5YL
g5 &5 3 )55 (ol sl gy s |y S e sl JS s (6530l 5 iy o o
YL YOF glalo loy akols 1o g oylol, i U505 g, b oledol ol ;5 atals Cass 4o cyme) b
Ol s S3l% oy dilate )5 Gy B a4y (Y VD) Nl 5 plogd 285 sl 118 aslllansge (o33
2 o)l gl INSAR lej (6w Sipy5iile 5l gl izl )bl (i S35 Sloy gm0 Jeloigny 26
(S g ol o 5 5 S s S s on 5 gl 0 ool et (3 i

2 Roy et al

% Margarita et al

4 Chen et al

5 Lanari et al

6 InNSAR

7 Crosetto et al

8 Fruneau & Sarti

9 Sentinel

10 Schumann & Vajedian


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

A\ LS 9 QUS| ... (g ol omiew ST 1 o0l b Conciicig 18 s I)ls giblio oy Lwlils

9 OmiwsS | el 0o odmlive ddbite ;o Jlo o 0 i e V¥ Caniigd ol iSTas b soges la ol
e J3105 g JERS-Y (glolsale yglas 5l oolatul b g6lS cos pan) Caniig,d oluld a4 «Y-12) V) o] e
ol s i U5 ssim o513k 0T 1 ool b el s § e an b (3o ol izl
-1996/01/16 pglas cax 5l Jlo 99 (s 956l Cubd iy b ST a5 0,5 Lo oylg5 oo (5510 5 ameis .Slesls
Sy yo bamog Caniigd olulis 4 (Y1) LK 5 (b ol e Bl VEY 550> 1998/07/28
DL it o] gl sy imn oS sl ey (5 Jebitzs Y1) B Y-V Ll s
5552 55, sl oid LSS Yoo 9 VAAY Jlo 5 a5 (F 5\ (oloSimms Soiz) ol dmdg> 50 45 amd s
Jlas 5 2eskeS ) 305 40 gMilaze 1o YooV = YoV alle F o)0 (gl Canniin b 25T Lol i o ceunitig
;0 DINSar ;JU1 bawgs cre Comitig b ololis & V- 1V2) 7o San 5 g0 sl ools &, Sug 0 laazsg> 3,0
aibie ol o 6ol &) gl sla slouly gy 5 alolid Gas b dlie ol aiisley, e oo ol ol
o o s gl 51 e yma 05130 5 e yimn ) i 515 e ytma o515 o, sl (ol
i el it L o staicles Y/O YY) 51 (LOS) (slo lynle Al 13 o drlone (sla sl a5 sls olis ko
DBy Sl sl 0050 gl y0 50 Gl Sb5,l g pKiRos; Jlaie sl SAR miw 3las 5l (Y1) TS
45 wisls )l plate s WU S5 5 Gloj 509 L (segtan p5T,3L0 ol Slaalive Jlo (i 5l o Jol> mlis by
Canniig 8 mry a0 €Y+ V) 001 IS g Ml sl 00y (5,505l (LIDAR) aisls 4 555 obo, 3280 (6,5 05ll b
4575 5l e 00wl lawddy (60408 iy o SN0 V) i (slolgale slasols 5l eslatuwl b dusyg s o
S oo Cowiiig,d Jlo 5o e e YO U ploz 5 50 Lojgr Colid w0 s lid (s 90 (] 5o 350 S o sla o
B 53 25 SloliBle p ) v plrale 13U o) 4OV GLlSes 5 plass (Sl Slidllas alex |
S0 el ol 45 ol gl b sl 6lol, e S5 5 1Fe b (65l slacSuiss 5l solital b s
Sba,8lnl dbewss (o255 Sgleidle 093 gliiinl 4 bayye @l 5039 yuass ;5 <ITY 9 <N (o 03 )0
wlal o bl e b lay ol slhbail b as wols lis as )0 QA 5 00,0 AY ply s 5 a4 285 OR 4 AND
o3l L1V YAN) (S0 5 gyl 28,5 )13 (o 20 y90 oLzl o 565 5 (plorasler 5l ol (6 03y G2iST5 e
GreS Ol (snp 5 )] AE (e BN (B, 9 VWAV 5 ATAT (la Sl Y i slojlgale pglas
0,99 , aS oy las polal (pl (g9, p ool plail Gla gils n mls Woges pladl Ol Clds [0 frwe) Cannilds )3
JHI e, 008 Glaie b camghy 10 (VYA 00l) sad 5 (b el alils iy B e 5L VY g0« Slalllas
o 3oy (el pl ads> 50 o5l Jlasiol LB Gl 5 By Bas 05150 5 40 (o993l ptomis pslai 5 (i
e Bk jl el jupl ads> sly Gy by el LANASAL 8 (glolsnle ol 3l oslial b ol> i,
Iy oo, A oYL S cds aS ol uiw Como e slaools b g sl s 4y 1,5 oo bl alewsas 9 NDSI
solaiw! D-INSAR g, ¢ Sentinel AL slo,lgale yglas 5l 55 anlllass g0 dilate By Gos dwlre glp 0l ioles
Slyeds paas ol Jdo ued 45 0l co B a8l slo ygu s gl 45 00,5 astie LANASat 8 jglas wyp Lo
@ By Bes 4l g odd (i BN pgal (al 4 Zud pgla pled g oS Bl (ri SIS Glp Al nga
Sl s
oo ) byl b Mol (e JBINS g5 a5 s e (LAS Ol gy ane; po ool planil Slalllae ) 2
b el 0092 gy Bblio ;5 Cantig b (e ghiinl 5 (o) 2 1 (95 e celio s VU (qwgien b gl (o

11 Auggstin
12 Shi

¥ Hao

14 Nof

15 Aslan


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid AY

L ced T Gighy ool sl o0t Gty b ooy 4y 8l (555 gyl Glalllas dilaie o 4l 4y az g
T dbe 4 e wiled Canig 3 lils slaangy zlal 4 pladl lal g yloly v JBlaS hg, 5l eolasal
ol Grmgh Dglds amo 8 e Cono 8,90 1 sl asods i g S Lasin gloj o3l ;0 00l Jol> cunisg B
ololy slaosls s il oo YU gloj g Se cdo bojlgnle g yiinn ygla olow l oolazul cslive slodiges Ko b
4 0,10 aLidS slatagh pew e sosls A Cans 5 5YL il SIS SIS @s,08 a5 Sentinal - 1A o lgale
J53le 5 bags oo 331 glaesls o3lo s Lg,l olad uils] 5l eads 33 pglad Slasein Jubd 5l s 50 SleMol of po
i Slroeas plosl asle )V i o)lgale (g,l0l) sboosls Lol sla jsls 5 coles L...).a.. S58le 5 sl <SNAP
Sty yine iYL olyon 5 5bite ©ygon 1) (I (i JI05 ol yen 4 (JSl (Fhag s (o yemdl, g

&S oo

R

axdlland yg0 ddlio (2 L3l her CanxBgo

095 GYIo sloogS (o 10 (550 aneld el iy 8 s s 5 &Bly Gl 35 50 5o Sledal Gl (sl el 51 (5o sl
WEYYTYY s oye 9007 T L 0T YO 5,0 Job aids o slehol wf (g teskS VY e 5 atels 0l el
i 5 S plgee |y anels (egit I8 JIE a3 b gt 635 e idu 50 b cnl el oaiadly YT
Oy g B [0 Caniig b b palize LYs @ p3T slale o sl onl el Glebol pliwl oy slo 0l
Da5 o lid ) aslllass jge dilaie JlSKe Comdge (V) JSCb sl 0053 9545, (53,9LaS

S0°240°E S02TOE HrI0E S0U330°E SOIE0E SU°I0E SPAZ0E
x
D
£ : z
&l

£ 2 K
a = E
Fd z=
= B J\ =
z = B cg
24 =
= - B
z e oy =
54 o0 25 8 10 15 20 12 |
H Kilometers "

SPIPE SPITIE O SPNOE SPMOE  SPIRIE SCIIE 50420

o9 el by,
e — bl o1 Sledlbl g pslaaz i)y 5 Ngd o0 medl 3,8 Glagiaghy 232 pol Shagh an ol
Jaw ¥ Jiiws loylgale pglas oo ags ool)l (60,8 ) Jaiws (glojlsnle pglar Jold oo ags sbrosls !
Sl Vi oz (5,0l polas ipgh sl (glrosls 51 (Sl pwlids e aiis ASTER clis )| osd,
odizmiow DY gaste 5l gt Blasl o i (gl 058 ,F 0gkils (il po ey jo a8 Lgl olad lesle col sl as
SAR jolas S maw DY guaze ooy cpl el sadoslainl YYAA BAYAY gla Jlo Sloj o3l ,0 C il o) Jeciws
SWlas ddlhis o)) ol mle 4 b e Sledlbl .casl 055, VY il poygo bg ;i O Sl S8 &,08 L
003,54 Sl i sledlaie o 8 8 51 o8 ol il s Sy 5 (5 gy csloely 25T, ol o
Slycwl oals clls y Slaws Oyg0a GPS) Sl Cemdge sl i 3l oolaiul b Slase slaesls ol


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

AV OLSeR 9 QUS| ... (o ol ormiow ST 1 o0 liiaw] b Conciiiig 15 syl giblio oy Luliis

ool imgs Job ,0 AICGIS, SNAP silea ol sloyliéls 5 5l 09290 (slaosls Judowigas j25 5 (g 5lwoolel
(el G iead Cam el gl el a5 0l adg i mlie )l eslatuwly jse sla lxe b aslol jo 0l
Jero b g Gl 00y Bafiod ol lo pxie 9 el 009y ol 5l bl g col> 5l alols aslog, 5l alold ¢ pwlispe
055 dnilone Caiig by jlenn o A5, B CE,T 8 Jlotg o 00 Strg) (ygem)S5 Joe 50 anniiy b
Cowo g aid T O o Siiwd g )55 Jow loslaiul b Al cancny o 0,90 (sl i 8 s 3blie ololils

ol 0050,5 i ROC it 5l oolainl b 5 St (g0 )55 Joo (i

S elao Ahlaio 55 iz b (ol 308 (ree

ol Slasie o 5l k50,50 Sledbl ol jor 4y ) Liiiw o)lgale (g ,lol; (slaosls ool Canidg 8 dids ags Cq>
53l 5 Lasgi SIC Conyd b ol jslas (550800 5l g 5 g3 Yo A B YVE alalo o Ll olad LuilsT 5l ons 35
al> 1o ;0 g 00l 3lils ASTER o jlsale V& o8, ddlate clas)| Jow slave g master g0 5 Jol g aps SNAP
Jleel b g SIS Bd> g 516 (S5 5195 531 B 5l 9 18,5 )00 516 4 6,53 5000 has 5 1,58 50] ad o
ailate ;3 03l 5 Cnig b lin (V) US54 argi b ol 485 &g olralr & JB s sulid WIS L3
dilais 5l S0l corlis 8 0 oVl sblie 3750 atii Gillae s 5 aseiie VWAA LIYAF Slej ol o el
shyls bl .05 co ounliv ddlaie )8 39250 JuS (liwl) 10 0uiSTy sloasd & jgods g cul ools plaisl g 4 |,
bl Cowl a8l auSy ddhaie 35 0 slagisn 0 baS) Syt 5 (o 5 Jled slagisu 0 Canidy )
ool 5 (e 5 Sl o (IS s 4 oS 035 (5 Rag5 slaoly » elate (ads S50 5 g o ity
ol 039r (65,988 50 T sl i

o oz 1 (e ddbiio Gy pd gaiudigy (V) S

SV O Y ceisg 8 L bl wgd oo (V) Joguz o (V) S8 (g podlS 4l )0 89290 Oledbsl jlas” il p b
YVIVY FIAY Jolao o i g aS LS Vo F-Y 5 OFY e AVVY ol colus i 5 4 plaS 1o e il YY VA VA
5 sy 220,80 0,80 ;0 ylowl FO -YV o YV-YY iy 3 L gblio .aigd oo Jols |y adlaie JS 5l oo jo F4/¥- 4
) dalaie Colus 3las )0 UVD 5 YVA Jobwo s 5 4y a5 [LSe YOV 5 0FA0 padl colus iy 4 plaS)o
Ol 0ol (gais S aids (V) JSi 40 a5 (5,lol) palas Judow 5l sanlcawsts amis 4 axgi b .l ools olas] og5
Bblo j2ay mlatils +V mhaw (y ddlaie )0 haw yuoss el salaSl )1 (V) Jgaz j0 ol (JoeSS Sledbl o (F) S5 5o
el 0091 yroniile —FO U Slgu, ol oz Cde 4 2501


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

VEo¥ sl VF ojlods g0 lgz 9 Conny Jlw o bk pole (00,5 wilidini 4 ol AY

Sl dibie Cuilig b sud s WU (V) JSb

Sl ailaie oy b oud (o WIS abids JuoS ledbl (1) Jgux

KW-3X) S & colun oS ol

AN Yora —+/YY --/f0
YVIYA OFa0, - 7Y —+JYY -+ VY
\AR JEACA AR EMARIERIARY
YV/IVY INAREAA AL SIAR
FIAY VYYE,£YD TR

S 0)lgale b (Giuwo 15 ST el Sl (a2 (et
ailaie 5 sgzge ol 50 VWAA B ITAY Lo 5l adle 5 oloj o3l 55 o ool T o IS i (g5l 5T slaton,
5 oo o5l o dalllas o (glnolr sl g Slyweis loj (6 e 45 cabosliasl (g o], sloosls I canlllass,gn

ol 0als ooly yioled (F) JSCi 0 alles

2350

2345

2340 //\'\
1, 2335
— 2330 —

> b - o

b N 7 N o
2315 ~" \

2310 — il

2305 \
2300
RSHYDIBEEBBRASRIRRER
L RN TR PEEE RN

IWAASITAY Sl 5 aols cobs anlllans yg0 diges sLools So) ) G b il o)l jmo &y . (F) JSs

oy Sleas 1o oYU Cllld 05 o @l oy S8 loie ailale O ygods )5 o)lsale L LEVEIZ  slacols
55 Slise ey JB Gl (5l oes Jole (e 03 sloc] prla (lad Dl i a5 ol o s ey JB (e
Oleol Hliwl aels cubs jo e slao] v Ol sy il ST o 5 (slolgale slaosls SUlg Gubios oyl

16, Gravity Recovery And Climate Experiment (GRACE)


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

AD OLSeR 9 QUS| ... (o ol ormiow ST 1 o0 liiaw] b Conciiiig 15 syl giblio oy Luliis

Dyt st Sy e D jg0s ] 5l Jol> s a5 abl g slojlgale o35 (gl S 0390 sl 00 )
bl g ol BB iz S5 5551 e Ll pd 52 00 (e slac]

Ground Plaer Changes GRACE

5 03158l b (505505 ST elans Sy (g (8) S

ailaie CFS, Of, JPI 00,65 dws b Vel 565 5l ooliinl b g (ms )5 o)lgale (slmosls 5l oolanwl b idgh cpl jo
pioosdl d ol )0 aS Bl oo (B) IS8 & jgod amiis aS 8,5 18 cwy n VN JL BV VY Lo 1o 90 5o 50
Lol 03505 loy palS ddhate T 55 568

Socomxd 09'..‘“";) Jowo aiuslg g o goolo
e eli | A

I, adlaie Gl bl sl 009 ol slacs] v 5l e YVYA B YYAY gl )l gl)ls Sldlas adlaio oF) IS0 4 axg5 b
L sblis wad so awlS ddlais gl )| mhaw 3l @uiS &5 > atdhais (635 0 Bblo oo 4y 4z ;2 g ools S Slelas )
Lol ool g3 18 (6, Rt Ojgod | Slail Dlre 5 55,0laS SThe 50l Olelas)|

350°24'0"E S0°28'0"E S50°32'0°E SO400E

~

6D

s

Sh

elas | e

Al Cuds 03ge

addi glosal,

Ly
YYIA 7o

Loyvay .

axlllans yyo aibie Ui 1 () JSCB
e S (V) JS8 0ad wdgs asdi @ az g b sl oabad g8 jtl (oli)] g9y 4Y 5l ool b adlaie oo 4t
Gble g o)lo 1) (Slgls cnjtin (3,8 Jlod 5 (B30 0oz ((Jlod (090 S o 4 aalllaed 90 03500 j0 L
Alon § et sl (Bph 0oz g 5 1655 e Bble 40 cord SlpdS el 0 )93 AT (eSSl lgen

17_Google Earth Engine


https://earthengine.google.com/
https://earthengine.google.com/
http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

VEo¥ sl VF ojlods g0 lgz 9 Conny Jlw o bk pole (00,5 wilidini 4 ol A?

Ve HUETE AT S |
Lo ¥ s 11

5 : i 4
Sl 5 530 dilis canid g (V) JS
o Y
adlaie Cond (A) JSo oo 0oy alds dy dzgi b .l ool adgr wl elas )] sogd ) Y 5l oolainl b adlaie Cond aiis
ool (pypin az 0 VIV B ol b oS oadgaiadds M iy ;0 9wl oo axy0 YO U+ 51 Sldlas
ol b bl .ol ailo |y STy o iion (655 0 sl ion jo dadlaie S 5 ogdle g ool plaislogs ) adlais
ol 435 y0 |y ddlaie 5 andl )0 )lg JSA g adlate Jlod o it ogdle 13 VIV (YL

lidioren; 4Y

S STy () K8 o)l 992y Gllllae adlaie 1o w5l g5 Ve aS sl lis adlaie gwlidipwe) 40 cw)
20 oy g ,lSe 4 aijle e Colus g 95l a6 Jud 5l T (LeSS Sledlbl § ams o lis ddlaie gl o 1) laas;le
NP Coluo b cws s @ 05,005 5 SalKw wanglgs aijle 0390 Sledbl llas ol oo &1, (Y) Jgo
Ll 0ols plaisl g ay |y Coluse o i as 0 A 911 DO Joles cod 5 0 ,lSa YYAP 5 OYY-


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

AV

OLSeR 9 QUS| ... (o ol ormiow ST 1 o0 liiaw] b Conciiiig 15 syl giblio oy Luliis

:
@

T

aiels b 03gdoe

i Sty AT

i glaal,
*ol>mY mWYF
H) mA m\)
Y ma om\F
=Y m)-m\Y
f mV\mA
mY miYE\Q
£ mAYEY-

S0°280'T

30°20°T

aslllaos ygo dibie cawbiodiipme () JSCi

axllaod ygo dlbio (o Ul o ) Al 4y b go o (oSG leMb! . (Y) Jguo

I IWIRWESRY BLACYPURLIEE WS Sile g9 as
e YA Voo ff S5 \
>0V AR by Y
S Y,V SRy} ¥
YAV Vevsq Sl By i
STV A>T &b Hyinerd o
- AQF YEeY osle 4
1Y) TYY, £S5 o LeglSs v
06, Ff VEAA QY Coraglgd A
VO ABA AYY ¥ 5] q
©EYF VAYS Ol g Jed gl Sl e o Ve
LYY YEYAD 5 osbe "
< ABY YYA) Jes o VY
V10 YYY,08 L geg)) g W
©eYY 19,Y§ S g V¥
1YY TYY,VE cudgol, o
¥,8VE AN YF @lailsog, asll g
.,Y4 YA+ Y NP VY
<88V YA Y o s YA
AARY YYAS Y Sigly \
Bid) TAY,YY SHAY slagsly Ve
alsg, 5l abols

Oy o )3 ] 3 35 ge sbailEag, o2 srasli il oo piul asge o Lo, Sldlas dilaie a5 LT

z > AIC GIS |l58le 5 o swaddl alols jaiws jloolaiwl b ailbog, 5l alols aY 105,95 co Wgm ob 4 dilaie o8
ools plasl sg5 | dalais l Colun o ion dilsog, 5l e A7) -+ alols b bl (Vo) S0 ol ags LIS


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

VEo¥ sl VF ojlods g0 lgz 9 Conny Jlw o bk pole (00,5 wilidini 4 ol M

Wliag, A Mol wts | F

iy ety gl

i huint)
#ale

wilsagy
-4
AT - 1AT-
BUAT. TR T
BT A - TAR.
LA TO Yo

axdlaos yoo ddlaino o dild g, 3l alold (V) S

by bl 31 alols &y

Blis ol 525 550,50 (lalllae dibate )0 sl 005y Galate s o5 5 ol bl b 5Ly 5l b, bl (2351,
Ly Bl 5l J1 glolie ailasdly 1Sy dilaie 350 50 SloaiSTy JSb 2 9 gz (of Coix (35 p0 GBS 50
alold s 3l oolitas] L laliasg, 5l alold Y sl 03l bl 055 4 |, dilaie o2 Jlod 5 ok j1 ola idks oo
V) S8 ol aes W g 53 5 ol sl (2 3Bl 5 5o (el

ot T

Sl ailaio ;5 Luwgy 31 abols (1) JSCb

05 Sl g aY

ool 039 VV/A 5 VY o ddihaie 10 O] fpl @ cw i Ges wdd o lis WS Oy |, e lao]
olid |y s e o 5l 650 YFA LY -/Y o T o ey ATJTCJG..JAS‘) siblio pgo o Jsl sla oS
slhaal> (F) 5 casl ools plais! g 4y adhin g o 1) (S5 idu 5 (Brd sbcwnd bl pl was
Coluno oy 6y VYA B YO O Gae b diblie .ol oo ya> Coond 0l 40 dilaie 10 39290 (& yiog il (slaol>
4;u>a&@,“s@,&z%b&m‘;,:,%;?,kjwsg,s“;wéu&@go,‘z@ym)@}l
w‘owjvmu.»‘)owcb


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

A OLSa 9 JUS |... 5,0y (oot SN 00liiaw] b Conniiig p8 51y Gbolio oy Lolids

st ] o gl b

s e bt

i glacaly
* ol
W-y-Tra
Wrrr-Tta |,
LT U
W - s
Wy -via

axlaos ygo ddlain ) Sy ) of oo (1Y) JSCs

osls 3l alold ay

Slaoz G 59 (6005 Sl g ywd g0 b (Bpd Cgix i ;0 5 AL E S )8 4 350l ddhaie (ol ool
agd S 7y )0 ol sl = B8l s o ewaldBl alold jaiws leslainl L ool alold Y cawl 00,5 sl Sl
A oo plaisl sg> 4 | dalaie jl Colus cp iy e VEee—e albll b gble (VYY) JSSS 0l

ey = BT o

Sl 5 90 dibie 55 ools i alols .(OF) JSCi
3l sl
skl W0 0 ENVI l38le 5 laoee jo cawadd lojlgale pgai 3l oolatnl b ashaie o1l 608 (VF) USS
ol U8 5las e Y2 L (50 ol (F) Jgoo jo oals @l)l Gledbl 5 (1Y) o leds S0 gillae o0l gunan b
Y Jobo cobuw b plg oo (55,0laS o)l ccnl ool plais] 0ss 4y wlelas )] jo 1) adlais 5l colue oy i

'QP@JAL“)J_{Q_—,LMMM).;\ 95 i i A 3l


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

1Pl sl VF ol o lgz 5 Conw Jlo ot bdlpinr pale (0 3y 15 Coliini 4y pisi -

W ol

e e

e
| [P
[ PR
.r--' e

aslllaos g0 dibive 2,1 g p2)5 .(VF) S

aslllaos ygo dibio ol 631y noST LS .(F) Jou

w2yd & )5 o ol e 4 )5 p» ol S8 oW el
VEAY TAAV/EY 2k 2l
\iZR 2 ARM) S
VYOO TYO/64 ond aisle o)
FIFEY VWYO/PY &l sopes
YANE AYAVNYY 0 6jysleS

Swd (g 55 Joro
aule) g9y pae b gsBy Sl 9 5l (S g 9S00 1B (smr e S (s S, S 50 oy So & Sl
Joe gl b 9 Xi 51l LY a5 S (oo gy ) (05 (g0 sy |y S B £585 e b g5y o5yl ey
S 4 il oo (V) alasl) Simemo JS5 095 g0 Jol wil Cewd 4y S50 )T5 cal o 5l a5 Jlea (5 5VL ol

58 ke (V) abal

f@)=1/1+e™) (V) ala,
Z = bo + blxl + bzxz + b3x3 + - bnxn (Y) A.L:.:‘)

a3 e ploil [, SO b oo 25, LE(Z) lagss)l 5l (Jlex! s5le e o yite 45 ol Seiwcd ol ,Siles £(z)
39 (o) Cemnigyd x| o) ol G olad ;) Jlim! ol oo pess Cols o Cado U Colyd o (e J1 Z &S Jl> o
el oael (F) alal,

p=1/1+e7%) () aba,
39 o dulzne (F) alal, 5l oolawl L Z

Z = loglt = ln[p/(l - p)] = bO + b1x1 + bzxz + b3x3 + - bnxn (f) dJa.»‘)


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

) LS 9 QUS| ... (g ol omiew ST 1 o0l b Conciicig 18 s I)ls giblio oy Lwlils

A () 29550 S8 530 X B X1 g5 (Gge )55 cal p D B0 el (o ity 8 £589 Jlai| P alas], )0
ol S 5 o 5,1 b Gl b U Sy ol Lo Slallas asgy 3 Sty 3 585 Jaiol e ol eolis L
Ol 4 )3 atnly yusite g9 poe b g985 (e by edss Sln S o 0955 Iy S (nl Bus a5 > 09
009 S Do 40 .09 oo 00laiwl oy yu dde Glie p creds 020, L ol o SIYL doles caslin junds gl ]
308 o ple |y dols G geds ol Jlaix! [ Slias a5 Wl oo Caws a4 SOl g a8l sy o )8 s g o
a8ls a8 > 5By JLain] 50 (] 55 331 bl Sy Sl S sS Jhahe ol il e 5 45 g0 il
(Vo IYAP cen) 0o
ol o By (Y) Fosly yiio (lgieds Sty B Y (g S5 At il pd 0051 Cso 4 sl gy ol 5o
oddans sy ple g ol ools plaisl jas sae ol 585 pae 4 g G D3 () Cuniidg,d 489 4y 4S5 jsbay
Slo! mlhuw diwg, 5l alold ( Lol (5,0, w@ilsag, 5l alols wol> 5l alols « pwlisue) cowd Sz woud (glas))
5 Sesl ol a5 L5 yo alide slagys b Jies yoiie b (X) 55 S et Olsies (6 5gim! loolz c e
48,5 1,8 oolaiwls yge Judoe (pl (gl 4 (S Jgo,8 sl oelawads (+/V)) Slade Hlais 5 (iegh sl R2 oo

el T Sl

() alal,

logit (Landsubsidence) = +,+ * Y¥*aspect *,*+YY*dem +,+ ++Y7M*Dis_chah + 0.948*landuse
©e YPPY*itology Y, 7Y Y*river +, ¢+ ¥Y*roads -+, + YY*slope -+, + + ¥*village + 7, + ¥Y*Sath_Ab
Wil 5 TIPAY (g 0 bolz 5l alols 9 81+ FY o b e sl s St (50005 ) U308 4 4253 b
ol gl malS b e 90 cpl 5l glals o ol sog Jow 0 6,138,856 oo o 5VL Gl VIFF ulitine;
909 Comitig B ghls Bblio by eiins alasl; 5 99y 0b5 axlllass j90 03gamme ;0 ol o515 maadi s 5,809, (S0
Shakols g el it ol po cantis ) Jloiol 28y o ol o o 5 0L ol Sy ol ye 428 j0mss) i
5 Sl 6,5 BLb1 8 el 0393 caapi (5SSl = oo ¥ oy b biwg, 5l alold o/ ¥Y o bosls
OL>-)‘ ‘Sm alole b w,..f(;o S L}"‘s s)w:‘so OJ.)&)...QSLEOB b‘d.x.:gﬁu] LS)))L§5 @T 6))5LM5 GL{bwA) 69)10
slalold b s casl 00gy weSre Lgids Clils 592> ol 50 6188 oo Ll ol gy Caniig B L e Lol 6,55
slael b ping Jatue o st oo a> ;2 olSau (pl ahazgi b ol oo 00y plinn Caiig)d Jloso| Ly, g 0ol>

DBl e olg aBl 355 sae olg3 ail o 10,95 1 (VL Caeal ) e T il 555  Seaon

St (g 5 5 ol

§ S (o) Cemni B Slylo AT oad Bpme Joe 50V (551 L labeSoy gz 4 ol ool 5 i cnl 5o
Gl b o Sy o 5 ol 000310 5y diliad Canniiin B 9 g 00l B yme Jde 40 o il b aS Sla fuSey
Jeaz o 0ads &l GleMbl il a8 5 )1 8 aiwlod g0 1) ol slaolol ol g canl ooy )13 aunlin 5,50 caliee
el 03ls ] Lol Sl b1, oz ae olge (D)

aibio b JuwSy (595 12 g5y Julowi HLT.(8) Jgum

145, YY08 -YlogL - TAVAAD aibais glo fuSy S slows
\EIYPYY - YAVASY Sy oty JauSy olass
Ylog(likelihood)
neyeoy-s  Goodness of fit yYY g b b JuSes olaws
SY YO Pseudo RY 1,41 Y g b 9 slb S o jo



http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid

qy

\EZRALE) Chi- <o YAY
square (df=1)
YoYYE
YeYAY
N
99,957y
R fat

Sonig B b sloJuSy 2
ddlio gl 509> sladiges olass
ey B o JouSon sl diged Slas
Caneig b b Sy (51 s slows
b b e JuSn sy diged 2oy

5l ooz ae (slae Lol cl saoslai.l Square ¢ Pseudo R Square o,lel g5 51 Jow (5510 oy b3, 6l

Pseudo R Square =\ — (LOE (L)
Log(L.)

Square=1- (Log (L) / Log (L0O))

Pseudo R

g oo drmlne pj b,

(8) aba,

sasasylis g Jow Jol5 il 5 olis sl S5 bl Pseudo R Square sl sowlcassay jlaie S1(9) alal, o

39 pae oaidsylis il yao b plp Jlade cpl a5 b0 e anlgs atanly e b Jites slo it JolS alal,
asb /Y 5l 55,5 Pseudo R2 Square jlaie a5 Sloj Ll g e0gy dalss atusly pite b Jitaw slo pusiio (o alal,

ol oo Cawd 4y 5 abaly o ool a8l,] dolee 5l eoliiwl L Chi Square olel .col Jos g5 [ 03l p s cpl

(V) ala

Chi Square(K) = —2 (Log (Likehood) - Log (L0))Chi
Square(K) = -2 (Log (Likehood) — Log (L

Kool az)o b 65 g @358 @l (ololn s sT) ctlrd (ool 0092 S0 (im0 (135 (28 4398 ool

u..ivb.o 9 osld ;Lo Ul =il .(F) Jgus

ol e Syl e o
MYV YV PO O-YE,V VAT s g
FYAY,YOAN - OFYLAY A el
AZEERAR AT OFYLYEYF ol> 3l alold
OY - YH90A faas,V. Y R RP
OYAY,YYas- faav,a\ . ¢ NI S
fa09,4-YY ININZEREN alsog, 5l alols
fA<0-\PF- INAREYN G4 ol 5l alols
ARVAANAE O+ Y5\ OAD o
ARRA SYN S £YY ., 4VF Liwg,
OFOYY,FY OYY-,a4v¢ i ol maw



http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

qy OLSeR 9 QUS| ... (o ol ormiow ST 1 o0 liiaw] b Conciiiig 15 syl giblio oy Luliis

axlland ygo ddlaio )0 (yr0) Comuiidgyd ylad (Guldigy bl dngd

Sy g e (53l 4 4 (e oty b (SSTyy 4l 5 0d (g5lwoole] JEus sloyiie Sl sloarY Ayl
A0 ,5 dp Gy 8 (galdigy il wul s ol Jlesl g oS 2 (gl sneliiwoas colps 5l eolatnl b s cas
intis oy (L 5 ol agte (oS (oS (L e 3 B 50 anllans e dilare Centis b sy (S AL
oo &l (V) Jgaz 50 o (eSS Sledbl g (V7 5 10) JIKal oo aols ioles sloaiss 1o gomdids opl sl
Jlos ¢ B Jlods slacond ;o dilais 51 S>o5 sloisu ;0 o5 (L3 Hlas b (oS edslcasd mls slhe ool
22,3 VIT Jolao dibaie J§ o 51 ,LS0 7 F (DS (pl 098 00 0000 (S5 Jlg8 O g0t ddlaie 038 5 (06 Jlod
adlate 4Bl ;3 (5 ly IO 4 g 0o adlate el )l bl Galate o5l b S el osls plaisl og3 4 |,
S FOFF LSl el adly STy cl jlo a5 1 il gl )] 5l aS ddlaie Gy gm0 (SogS idu sy A
- glaals sble jo S Hhas ) lawgie s b (WS cl ool ol |, IS colus 5l oo )0 VAT Joles
AP+ dga> golue W pl sl ools l> 093 2o o | dalate 635 0 culis gl aile g axils STy,
ot b bl Oygle jo ol s b oIS cal sols plais| 055 @ 1) colue J5 5l aoyo YA Jolee LS
I colus 5l oo, a YV Joleo LS AV ) padl colas 50 oS cplyls j1 3 Sldllas adlais 55 10 )0 ¢ Lawgie
3 @IS &jgoas g Sllllae dilaie oo oibo Bblie jo a5 ol LS s L oM Sl e sl oads Jolis |
S5 |y IS colus 3l oo 0 VA Joleo [LSe VAAL sgus>  Soluws 09 o0 o0y dilaie 0y o 0 S, oo
Ll osls plaisl

[t iy iy
(i ey e by

B s

& gy i
ST SFIETT HATY

S (g5 5 Joo b Gl 3 (gaiaige - (10) S5

£

P

S Cyguamt 35y Joo b Conniiig 8 (gudadigy odud gaivainb .(VF) JSCi


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid af

axdland jgo ddliin 30 Sooiwmad (ygumw ) 5 Joo b Cancliig y8 (gosudigy alds (JuoSS OledMbl (V) Jgus

WY R PRLIE S DWW e w coluw NS ol
YoFYO 201 oS L
YAYY Yo, ve oS
YAYYO bFHYF lhwgie
AREARR INERRAr4 ol
Y>aFA ARV.XFAR ok s

S g )5y Joo (i Ll 9 €8 (b,

S Dygods Jae B liae (i Come by cnpael S 5 005380 5 (S Mt 0 Sles dasiie Jnie
039 Bt (i 9 (Jloiml plolid § fantd Coogas il a0 b g, ol )5 51 (S andl g aily oo
GRgd orl o) asdly S ols Z5 0)lye e pd e 50 e G Ul cnmoplis (S ) e el
e 2 i e oS Sl Jlonl Jon Sl Jolo s (85 el 039 0] 985 pae L 98 (e Sty B
STAUC sl aols 1) s yd st 2bUlg Jow 51 aS 6 bar .ol ) B +/0 51 (TAUC olie g il axsls 1,
AUC o35 b, (S sbas ool ails (gomangy asss a3l jo 1) cds op 3L g ail (V) ] Jlode T4 (-0)
U5t g azgi b Jle Vo /8 g gs L /e A wg AoV cdasgie [V I8 cinds +[5+  unsl s Sy
o 5 4 plodl Setnd ygmae)S, Joe <A s s o) s eaimoplis AUC lade «(A) Jsaz 5 (1Y)
ol 253 Sl alllans g 4ite ;5 (pne} Comis il (sirbigg S W

ol baeb! g 3 8 ylasbuwl Gyl of yo a3 (ROC) i 315 ceorbins -(A) Jgor

Area Std.Error Asympotic Sig Asymptopic 95% Confidence Interval
Lower Bound Upper Bound
0.89 0.0 0.0 0.83 0.83
1.0 —
8=

g |/

g {

= i

o |/ < —— AUC=89.02%

= | SE = 0.037

.o . T T T
A 2 A & 1.0

False positive rate

axlaos ygo ddilaivn (gl Sz Joo (ROC) S &5 (o (YY) S0

18, Receiver operating characteristic (ROC)


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

a LS 9 QUS| ... (g ol omiew ST 1 o0l b Conciicig 18 s I)ls giblio oy Lwlils

& 325 Al
YWWAABYAY Sloj o3l 50 andllacs jge adlate 5,0l polai (hils 5l dol> bl g oals ploil sl Jdow 45 azgi b
5 Jlos 5l (showd ;0 35 Conidgyd shylo bl sl 0og el —FO U Y o e rhaw Ol s a5 0l asiee
Gollae g oo &Iyl Sledbl a4 x5 L .l oolidl glas] adlate (635 1o (slocond o 0uiSly slbaS & jgods g g
ot Jla Jlad B8 ot laannd s dilais | (SrsS slatiy 5o o L s L (IS wosalins gl
S5 a3 1y o0 VT Jolro adlais S mhaw 31 LS £ Sl 09 g0 0030 (So55 g8 O g0y dilaie )é g
S Y b b i) slo] i (sl Sl S e ol 4 g8 b el ool ol
sdnlcawsts colps 5l ooliinl b o ol 00gs Jow o NS, 5b o YL LI YIFAY (oo Lol 5l alsls
S ket g0k cawgio o8 (o5 b Jlad T D 50 Cuntig b (ganang 4l icalrd Gul Jlesl 5 I e sl
Ui e 4 it bl )5 )l U8 & 5 o0, allaie eli5,| 3blis et oS b L S o a4kl
VAIY Joleo jLSa TOFF S cpl cownl aidly STy conl jloye5 5 sl gl )] 5l aS adlaie )8 g )0 (S5
g andls STy sbo-slasls gblie o S, 5l lawgie las b (oS .casl oals ol |y IS colus 5l sy
YAIY Joleo jLSe 07« sga> sobuws oS cpl wasl 0ols sl> 055 J21s jo ) dalaie (635 0 s sl wiils
dilaie 35 0 0 g lawgio Hhas b 3blio & yglxe j0 0b) oz b oS sl ools plaizl gz |y coluwe JS 5l oo,
Sl o Jols 1) J5 colune 3l s, YY/A Jobeo LS AV pall goluse 55 (IS ol by J13 Sldlae
S0 S)E:L:-f@ﬁ s &)g0a 5 Sl adlaie Jols ido bl )0 a5 ol (L5 jlas b oW Coles)o
50 Cewl ool plaizl ogs a4 1) S Colus 5las )0 YIA Jolas LS VAAL sgus  olae 958 o0 00y ddlaie 8

Coniigyd 30,8 Slpme gblie ;0 sae £ ol> slaws (pl 51aS 0,0 )5 Slulid Gaes ol> 4 diols s dalllass j g0 0050200
Gooals VWAA L AYAY Jlej 0,90 j0 aS ol 0929 .cd )5 1,3 YL Jlaaxl L 3blse o Koo vae Vg 0o )5 slulis
Lol SLLI Gblis 5l (pan ;5 Caniis )b 5l alaailis 5 oog 5)05) ol gl (12l L a4 o0l (LS 3,5 gy O
saxesylis AUC laie .ol ools o)Lis ROC Jloges lawgs auoy0 40 VL1, I8 ol 5l alol> cdo g a8 5 soalins
Gilae ,5 (e Gty i bt sty 38 BlE o b o5 3y Jie (ol Lass AR Ot L o)
3o L oylsale 5 i yolas ol 5l ool i (gladiges K0 b yolo Limgy gl el a2b 5 plovl axlllaes 5o
i 63Vl i paty Sl SKSi5 ,08 45 Sentinal - 1A olsals (5o, (gloools args il o Vb o) 5 S
obad uilsT 5leads 33y glat Slasuie Jod 51 s 50 Sledbl of jas a5 0 )ls aLidS slo jipgh pow o (slrosls 4
&bl slosls Lol slaisloy alas Lg]ns S58le 5l «SSNAP (13316 5 Loy oals 331 slaosls (o3ls, L)l
S8y s 515 o Sl (g o oS 5 (st oot ol ale ) Jizi o fpals
s oalatuls j9e sla gy 5 (Resh (nl Ssye0 UL WS o (Slaiidy piee Y Lolian 5 5t Oygon )
ol el & Jloiol Sl §l g Sale 5 atals Cubls 43 5250 gulie ke 5 51 Slinions 2, 41| (g1,



http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jgs.24.74.14 ]

VPt sl VF ojloss oylgz g Conew Jlo o2 lislpiz pale (63,05 Oliini 4 i a7

Lo

Q"‘A) MEJB u’.)l.io Lg)LwJM (\YO‘)\) .OBM cLaS Lg)l...ou ‘uLAA) S (S gwge ‘UL’)S al.a).»S o.)‘)'g.:l.fbs ‘&L?L”M ‘u‘b—‘
SleML] ailoles g y505] izis o oldlam Dledbl wincw § 5905l o 5l oolatwl b Glae 1sul o35> wgiz 5o
YFNVUEN ¢ e olio o llyi

)») u’.u)Du LgLQQLo.oLw » um) G]a.w t5>L>44L> J.».)L o (\YO‘)\) u‘,als ‘°‘>‘}'.f']5 ‘)L».&u aob|)' ‘5.4.‘3 ‘J,‘.l} sulao..\.:»)
XE-vy a(\ YA ‘L)L"’U oo w.zjf ‘;o.zc sd)b‘) W&‘Ju 9 ‘;;(5“’ 6)13 61.&:&.?».&4 )l oolawl b o ).e,»

9 d).) d,o& é)j]).g )») )l»b‘) 6)5¢)‘W )ng.»aa 9 b.?t.u.u J:>L.b U"JE) ¢ﬁ)l5 (\Y"V\) )L».».?U so»)‘)' b..a.d ‘&...»5.@ ‘Gmw
N VY O By o] golie i oxoly ] adsm yo o1 31 Jlatol 5 T
AVOVDY (Y V)P slslyiz agle (20, l5

asg> 40 Stwzd g )5, (5)lol g, 5l eolanwl b o3a) pae) Slas sossary OV YAR).Alowl o (il o B en
FEV(EONY o lilyin ogle (00,015 i il 00

Agustian, Y., Hasan, F., & Siddig, R.(2019). Land Subsidence of Kanto Plain Detection Using JERS-
1 SAR Interferometry, Civil Engineering and Architecture 7(3):65-69.

Aslan, G., Cakir, Z., Lasserre, C., & Renard, F.(2019). Investigating Subsidence in the Bursa Plain,
Turkey, Using Ascending and Descending Sentinel-1 Satellite Data. Remote Sensing, 11(1): 85.
Chen,C., Wang,C., Chen Kuo,L.(2010). Correlation between groundwater level and altitude
variations in land subsidence area of the Choshuichi Alluvial Fan, Taiwan Engineering Geology
1(15):122-131.

Fruneau, B.,Sarti, F.(2002). Detection of ground subsidence in the city of Paris using radar
interferometry: Isolation from atmospheric artefacts using correlation, Geophysical Research Letters,
27(24): 3981-3984.

Garsia Rodriguze,J., Malpica,J., Benito, B., Diaz, M.(2008). Susceptibility assessment of earthquake
— triggered landslide in EI Salvador using,logistic regression geomorphology, 95: 172-191.

Hao,N., Takewaka, S. (2019). Detection of Land Subsidence in Nam Dinh Coast by Dinsar Analyses,
In International Conference on Asian and Pacific Coasts,1287-1294.

Lanari, R., Lundgren, P., Manzo, M.,Casu, F.(2004). Satellite radar interferometry time series
analysis of surface deformation for Los Angeles, California. Geophysical Research Letters, 31.
Margarita, M., F Georgi, Y., llia,Plamen.(2005). UNESCO- bas Project of Land Subsidence
Research in the Region of the Sofia Skopje and Tirana Cities, Geoindicators. 31-33.

Nof, R., Abelson, M., Raz, E., Magen, Y., Atzori, S., Salvi, S., Baer, G.(2019). SAR interferometry
for sinkhole early warning and susceptibility assessment along the Dead Sea,Remote Sensing, 11(1):
89.

Roy, E., Hunt.(2005).Geologic Hazards-A Field Guide for Geotechnical Engineers, London: Taylor
& Francis Group.

Schumann, R., & Vajedian, S.(2019). Detection of subsidence in Bad Frankenhausen with time series
analysis of interferometric Radar, Tagungsband Geomonitoring,27-35.

Shi, Y., Tang, Y., Lu, Z., Kim, J. W., Peng, J. (2019). Subsidence of sinkholes in Wink, Texas from
2007 to 2011 detected by time-series INSAR analysis, Geomatics, Natural Hazards and Risk,
10(1):1125-1138.


http://dx.doi.org/10.61186/jgs.24.74.14
https://jgs.khu.ac.ir/article-1-3992-fa.html
http://www.tcpdf.org

