% AT

u({(.(!‘& Gatsp# P

lai Ja Jaw g LICSBAS 13810 5 51 0olaw! U yaelyg Cadid 43 (30§ Commniig 8 S50 (g 5Lw ]
Y@léulﬁ b‘.w)ﬁ ‘*Yd)mu ‘.ao)..\,‘.oé c\ 494&59‘5 RV 7]

Il ey e i dues o8zl pnay pole 0aSzils (Ol § (Some (cwlidiipe; 0,5 (TS gaeiils -
h-nassery@sbu.ac.ir : el .oyl ! ()5 « g duad olSiils «pn; pale 0aStils (ol 5 (Soma wlids e 09,5 bl *-Y

ulJJl ‘u‘)@r‘ ‘ >_..m.e W 2 Sl ."“'h sl ) ‘0915 oasisls LLT)T 9 ‘Sn.\M stl....u 3 05; ‘)l."ufél.! -y

LXVOES

(Ndid WMI»)9)BWDJ»T JL» Ve d')" M)f)])é (S dL{bdw) Pl @W‘é\awwl
w _ .. et . g
S Oy S Sliguy £55 9 S S (B 5 9945 g0 Canmdigyd 4y oo (2o (wej)

) 25 20l 35 Canin b 35 Jolse (lolid 5 e sl ) (ol JSix
n

3 sl (635l el e Cunl (e T egybly (e S50 1 glS SlolS



% AT

u!{r.,fg« Gatsp# P

doddo —)

PR Cand (ine &y ¢ amainy 00y Sy () Centigyd dilb oo ) e 5 (658 dx g oS Canl (Slar aline Sy (e Gy b
ol oo ylojlu iy yai wlwl p (Zhan et al., 2025) cuwl oy dlge b oSTiie Jds @ pej o SSU 8y b b g
ol 52 8 ol 5 B S > bl oo i B yin oo 223 U ) s (el & 5 s ol 505 a0y 05,

929y w0 O e 03D epuS b weipi Ol dgy o cuily g Siid ol b ol 68 (Galloway and Burbey, 2011)

(Babaee et al., 2020; Motagh et al., 2007, 2008; Razavi-Termeh et ol oas acuss (6 jbud
4>|9Awm9)50.b.b9uT@a‘ud‘hp]duJb)szwbxb‘X‘)‘ﬁ .

wibaio oy, ol 0aiS J S Jelgs ololid g odss ol 385 &5y oop) o (Ghahroudt

Sloimygd (SF5 Ly (e Cubye o e Sl oalitul LB, g2
pobe; b agje cle 4 (Rather and Bukhari, 2025) cuwl i Slyoss il sl Jld 5 o3 oSl (o )b pasds
» [(Ge et al.,, 2026; Hong et al., 2007) o :é)md.gds).a.a% o Sy lahay oyl 5l oolitwl dgdme o jidigy 9 oydg
bl b ST oyl ] gplas salylS 350l S oly.caqq“_,c,;.m By 400y loylgale (slmodly e (o)l (i S35 ¢ Jlbo
Ol ) Cudin 3 ik Slaby) (4 podg e 5 wf&” F S yiahe €83 g 03508 by 59> Larlyd plos )3 5 Shos

iy deny yio Juo U 1) fﬁs\%db) Y3 J..l;u 5 oolatwl b ypiron (Metternicht et al., 2005) g o aslis

(SBAS) "S5 o5 (slinolod dcgommo i (59, cslolgnle polai 3l oslitwl b Caniig b dunle Jglie sla g, 51 S (Perissin, 2016)

N\ X u
1 Oy ol S e SaeS o 5 e (sluelas b daaie (gl 515 a5 &y plEl SAR et (golj slass jl eslizl b & el
N\ ~

(Berardino etdll., 3,91 o wly3 YU cds L) la sbuls Slojspmw Lol el a5 cunl Tlanis  Jolis clo S5 315 5 S 5 &8l

23031 el gl 5l eolil g oy (3 a5l 4 oad WJgr INSAR 3515, (sl 5l38le 5 ds opais 2003)
du‘_s.:lgw 9))&[5[;])/;)9[«0) dYLWL}S\‘MJDM L;‘B);leCSBAS )1)9|P))Lmu.Jl>u)| du.l.c‘_gb) ML)&l)JwJB

sl 03 2l glai (g5, oY GBI i bS] g e O

(Huning et al., cuwl olsdy cpl p 550 Jolge Judou g jlad yy sblio  Slolis siejls ‘Cj T o 3l p18 e Canniig B 5o Cu pde
.))b )‘).9 L;)L.w‘ Lgl!bpujl:ﬁ k.i))?]?J)ﬁ)M L;Lm‘_sf).@ )‘ dlbw 9 dAd=xilo JAl}C ).ula Cod w.wug)ﬁ L;:KA d}i” 9 C); 2024)

@ s ol Lol 5,8 51,3 ool 5y90 Conmiig b &y St (8lp Wl e a0l B 5 e slaJde 45,51 (Teatini et al., 2011)



% AT

i sirs ol

(Kumar et al., djlo o alge (2lle b Sy5 ol j3 1) byl 3,0)8 48" 5,15 5L5 i (sl yzal )by 5 385 (531> g 03,28 (slmodly
ot ) sl el 53 sl I oy (sl yisito ol e (S Ll (gl S0 13 58 (it (o )lel slaig) 505 (5w 51.2022)
@l g ey 5 S lajite (g odomy (Jad i baly) 23S 3 Qg > @ (hala SR 3)S9) ehaga cdle 50k
Sl ¢ i 0 YU Cds s ogMe i ysXl opl (Joshi et al., 2023) W4 o wguwine (awlio (13l il WS s sla o8 i
Gl a5l Hlonn Canlig)d ol p @S GlapusilSe Sp3 3 &5 WS o al)d 15 1) S5 slayite I Sy d Cucal o
Gilw o jl oalazul b polys cudsd jd gk 5> (Mohebbi Tafreshi et al., 2021) )1 5 5485  aoxo sb$;2023)

NI b ol

il g GS i 305 o] Coolies dlan I 350 Jole VF g a3lyyy ywe) G shd byl 4 GI

28yl ) Canitin B Jeusly p YL (elyg Cudd (i 9 (65530 S dad e (L woor ) i < o

Olee & (Jw ¥- Ulo)w)f)uiéa.wx.uwlo);?a?uf&wywmlfg Y Ju]yoipftwwbuoguuu’\

O o Cdl 5L Canmigd wyp Bam b Jodyl cuds 3 (claddlae yy boss N Codtlis 3 0SS Jolge o iohee

. .
2,8 ool (s 9 JuuS 5l dliold b pl Coolousds ¢ ol paoj 355l s Jole & 5IGIS j5 (556 zluw! Jao 3l e guojp;

5 Cwlius ( wy (65158 slaatins )l J3 sy wlib )y dalaioV 93> g sl Jole oy e Ol o cél ol ol ol

‘E s b edlit] ArcGIS e )5 She yol )b can g AHP® ;SAW?

o5 L SAW o) &) Comsd /50 | Siurad ey b AHP S5 ds,

Conl i ol alie Copte Lol

R

Slasls s ol oaisS J S Jolge o s 4 g 03,5 ST Connitig b & 5 Mlxoa;l.éﬁo Owolyg Cadd ) iy Slalllas el Sl cpl b
AN 4

sobay (A8 sl gilo i 0 )b Cundiy b muaslSe 3 (glodiiS umi il &S S Kiws Bos Al (S (gylidle ol yiel)l id
A

S Gt glbodly dedin 3.8l (Canig b Slalllas 10 (yuiile (650L (sl ol 03 S 318 o8y ol ot Blod Soloituns

0556 s Dl > Se3P550,em 5 owlibsees Jole ) Su ym Canl (s3bo S (sl B0k JSix w580 b (LICSBAS) 550

S5 (plold Cendip b asts Gble (lgie 4 €3 5p8 w5 g 0 Jd e

(Halataei et al., 2025)

Bolas Ko b 5o Jolge Cuenl e g (S 695Ul (i 9 LICSBAS L Cannin 6 €5 (s gy (ol B -l 0 plox]

b oybly bodly Soloiumms 328l o aSly ¢ dobad IKis w3,051 5,8 1o 1.9)‘0 & ingd opl yely 45 cul S5 @ a5 Ll



% AT

uf{(.(fgzg;z,(/lgféi
Pk odsl gl o cnl Jolo o Coenl (ilo oS 5 42 )L 3,509y S B > SuJgl e 5 (BT Sw Bes) i3l sl el

B yigy 9 g0 —¥

adllaes g0 dilsie ) —Y

cslomaec] () JS5) Cusl 00 gBly )05 b Brdosin o & Cul Sai b ase I iS5 e

45 Lo ol g (6399 )3 slolo s
Sl ol bdo 4y 438 ] dilate 4o

gl g Lisu lol b il Slgw) g Gres Hlgso]

Wl &ild33y Sliguy g

i i. oM ! i i c
2 g b dly g oljl ga 3l cudd Jladd lgsul il 0353 9)\eu>u lil lesul go8 dw gl)ly cpolys cudd (55916559 0um o5

23 ol 33 5l g2 0uiSTyy psboay Jlad i : Ble sl o ol ped cul oy seme 55 5l ol gz 9 55

I8 (6 piogim pdaw ol g iwaipi ol 3l jbre dol i 6300 b &

2 Fobe 5 dibate Jleud 3 gl g sl iz 0 Jloud 5l Gwejpj Ol Gl cax



% uﬂ/ui.'.ard'/.:«(;?{

uf{f.,fc;a U’Lu(/’,_»/fl

3930000

— Road
LN

1t Aquifer
L S i

=
S
S

]
&
o
&

— Fault
Geological unit

J Alluvium (Quaternary)

7 Kahrizak F: Conglomerate, sandstone
w1 (Pliocene)

Hezardarreh F: Conglomerate, sandstone
with clay silt (Pliocene and Miocene)

3910000

Upper red F: Red marl with intercalations
of well bedded sandstone (Miocene)

3900000

{Qom F: Cream green marl (Oligocenc)

T Lower red F: Red marl with conglomerate
(Oligocene)
Karaj F: Trachyt, andesite, basalt, trachy
basalt (Eocene)

Ziarat F: Limestone. conglomerate, gypsum | At

3890000

Eocene . -
S, G N\
. VWV W *
Fajan F: Conglomerate, marl, sandstone, v:‘é; SRS AN -  — 10
N 3
gypsum (Eocene) T e T T T
545000 554000 563000 572000 581000

Fig. 1- Location an e0 map o eVaramin aquifer (Haddadan and Mohammadian, 2006)
(Haddadan\and Mdha ian, 2006) cwolyg (3ot cwlind o ; 9 Corrlgo anids — ) JSUS

. wmus” Y-y

obigS (slualas 3,504, 4 ( R) (Yl omiw J3105 ST 1 cpmelyg cudd )3 (o) Cannndiin)d 75 dnslono yolate 4 (mgs (pl )

EL-1 glojlsale ysolas 51 (55500 b bgy cpl .ol oids oozl LICSBAS Jl58ls 5 JB ,> (SBAS)
SBAS ,l;8l»,; (Raucoules et al., 2003) &S o o2l)3 |) muwg Lidigy o o oo €83 b o) s ol

dilo o wl)d 1) Sloj (slagspw Jalow Sl g ooly JialS' ) pglai (Vb o JSitie 23Y (sla 550 i plosl g o 00 4 SIS

.(Morishita et al., 2020)
Jolis LICSAR oslel ¥ guasme ¢ Jgl als yo 55 ol ) dls yo g (lnodld (g5lwodkel) «  Juol alsyo 93 Jolis LICSBAS ;5 sjlsp ai),8
A 0dly 5y dalllas 550 ddlate «uoyd pousS I us 9 045 3Ll COMET-LICS oL 514 wgien (sladids ¢ Yosd b sla,) S5 515

5 bl gloodly pod dls po 10 3T Bls yiolad 5l (g yowag 5 ISl GACOS (g yhuuncd] gusual dilobw laodld 1 odlatwl b (puwe



»
P X
% AT e
- ¢ »
u({(.(!‘&u’;l;(/‘g/{.i

o Sloj o3b 0 adsl HJBS SIG VEWY gheme 1 Jlosl g (alS sl Sloi— SlKe yild ol 5o 13,5 dpuloee Comdigyd &
85 148 ool 3yg0 Caniig d (Sloj (g yw glycinl (gl yime (Sloj Sl YFY olusw ¢ a8 (slajlzo Jlasl 51 s OF+Y oo b VYAV
39t Comalig b 5 (& iy 4k cal> po ] 2ld (295 25 2] 509l olo i g (155UT) (isinly rngidaliyy Lo 53 ol po (oolos
2d)S 58 eolatwl 5yg0 (Bolal K Jae )0 diusly psie lgie & oS

w

S ool 5 5855 (slaoslouBulul S S S5 55 abiigs " SamsS bgy 5l oozl b 3ol an g 4 VFeY
L)

OsZmed AAd ol agd e V0 “J},S by Ghey jl eolaiwl b laols ol 5l cudld gy jlade « gylo o yug (sbrols 5l iS5
u
)Jé.i )l o)y (Chod Cuwundd 8 L ).35 U»L.»‘)J wL@e 2 ..\3.&0] Cawd & L;.».\JB‘ alold U»L.ul 2 d‘d&obj &J&J 9 Jmf )‘ alold
- DB ol JS5) 505 g0 o ba Jsho Curbgo g ol
w

S



ut/“v_',t’dt'x;«ﬁ;{

»
i pp
& Observation Well " 4 Observation Well \
; ,_ w%*a S city “—¢—r _
] LR Aquiter soLE
Depletion “|' |Groundwater Depth -
Meter Mecter
- -0.17 224 ~
: H
|—--37.15 g - i
2 2
] =il =
a 2
_ il 5
(b) 0 5 10 (a) 0 5 10
— kM L S—
T T T T T 3 T T 5 TR T
545000 554000 563000 72000 S81000 545000 554000 563000 572000 S81000

Fig. 2- (a): Groundwater iso-depth map for SeptemberﬂQM (b)Wndwater iso-depletion map

(October 2014 to Oct8ber

ZEEE City & Well Log
[ Aquifer g| |BEE city :
Bedrock Depth | 10777 Aquifer B
Meter Clay Percentage
o 268
- 1.5 - 2
& 2
A
\
§ % H H
-~ - -
(b) \ o 5w
e
T T T ) T T T T D 1
545000 554000 563000 572000 581000 545000 554000 563000 572000 581000

Fig. 3- (a): iso-Clay percentage map and (b): iso-Bedrock depth map
S Sow Gospd aids (D) g wy Mo dep 4l i(a) Y JSUS



uﬁ/uu.'fdw."«ﬁ;f

uf{v..,fcp 5&;(;"&'-:1

L city
Fault
i _tAquifer

Distance from Fault

Meter
o 16284

I

3930000

renpmanmna,,

Meter

3920000
L

-

T
3900000
)

T
3890000
1

10

()

Distance from River

wom 10735

0

10

\

3930000

3900000 3910000 3920000

3890000

1km 1km
S45I000 554‘000 563‘00!] 572‘000 581I000 545‘000 554‘000 563‘000 572‘000 581’000
Fig. 4- (a): Iso-distance map from the river,and (b)ydso-distance map from the fault
JuS 5l adlold o i i(b) g 4By, b didi i(a) -F JSSw
‘ &
[ 4
(7 xps
|| Aquifer
Exploitation wells
\/| | Cubic Meter
— 2,800,00
- 5
“ s
u 1 E
0 10
1km
545‘000 554‘000 563'000 572‘000 581‘000

Fig. 5- Production well extraction map

A




% uﬁ/uu.'fdw."«ﬁ;f

T b
615590 s (g0l I Culild g i -0 JS
ol i o oS ¥Y
g5 Shl38l (sl BoOtSIrap o loyaigel (59, 3l 9 e (9051 9 (390l slo i 4 ¥e 4 Ve Gl ool ol JSi> Joo 0
Copol lep p b 48,5 )18 awk-fold flite (et litel (b9 c@ulis (6 pdypresd Sl ool 9 Jo (o lisl (gl b oolisl ()65
GaoMB D5 asuiie Cauudayd ol Suy iy 5 Jole 12 ppaw U A denle a2l ialS jleo | eslaiwl b 550 (sl o

Sl pow (A 53 g Canti b dnwle Jolye Laidig) pgd 9 Jol Lis )3 ab ans Lodig) & )90 4 (glid )5 i cslaodls

1-3SB
Inversion

| Input data | - -
o T 2

Distance from River t ;

Groundwater Depth

Change Parameter
Exraction from Well N\ 30%Train
Distance from Fault 70%Test -
Bedrock Depth Test Data Final Model
Clay%
Map Predictive Map Input Important

Fig. 6z Flowvcha the steps for calculating subsidence with LICSBAS software and implementing random
forest

3 Solas JKia 12l s LICSBAS 13310 5 b Camuniig sd dawlone Jolyo Losiig, -5 JSWi

Coy g b =Y

=Wy



% u’/“'erd"*‘:::{

ur{v..,u'cpgy,(#cﬁ:i
o o ADO/Y g b # 5 yiSTas ol Cauwd 4 V¥ Y sloyoo B VYAY ypo dlls Y+ 090 (sl LICSBAS ljblp 5 bowgs Cumig b duiis
Jlos y3 el 1)ls 3blolgy jods pglome 1> gl Ggin 1) Canniig b &5 oy 5 i ol YYAIS Jlro Bl 5l g io Juo VAY/D :S5lo b
0y 33 CuBISy b 0y 53 2l Sy eS Camtig B 5 b ot Camlig b digy o gl 3 U gty g cynelyg S8 sl s

il oliol (Y JS5) 2945 00 ol tunig b &S gn sl (26 i g 6 (Jlad 53 200 3529 YU 53 b iy p S8

Qo) ¥ colus pl 51 ale0 S dyyon |y g 3 51 oalisee Sl yd 05leuBly Ao yd 5 ol Gl B 4818 ddlaio | as > VV/E ¢ nlus




i pp
1 1 1 1 1
Cumulative Subsidence N
mm W El g
-600 - -955.16 -§
1-400 - -599.9 : &
= -200 - -399.9
= 0 - -199.9
1 No Subsidence &% s
| . 3 ,o’ T4 % e 2 >
m Clty //, £ . §
o Aquifer,/" : y .
¥4
S
o LS
2
>
=
7 S
&
>
S
7 =
g : =
o 0 5 10
v [ ee— )
T T T T T
545000 554000 563000 572000 581000
Fig. 7- Map of the ¢ ulativ@mt of subsidence in the Varamin aquifer during the period from October
2014 to October 2024

IFAY olo e (Sloj 03U 13 (molyg 3ledul 45 Comnliin pb craosdi jlalle duidli —Y JSWS

B9y b dwejp; O aws il risls aslsl b el cuwd 0 Vel Wed s Gee 5t g Yoo b plp Liegh cpl 0 Vasenad slacd )
Sy Db 0 i adllas 390 dilaie 4> yia leo VOF/S jlude yiSTus b (uwdigyd odi] ;> (VFer o0 B IYAY jp0) azidiS Jlo Ve
3mlia 35 o £ S8 e Jlos b i 50 51 IS5 cotonn 4 Syl o sty Coniingb 3 (i Ol o

(A JS5) oy salgss &y camiig b olgsul sla it ple ) ol ord

AR



% u%fb'drdt/;/&}:{

i pp

Predicted Subsidence N
mm w<¢n

|m-600 - -756.6 E
[1-400 - -599.9 SR
-200 - -399.9
= 0 - -199.9 >\
[INo Subsidence"_ =)

%% City rd S
[iAquifer K

=
=4
>
- ——
=
Lar]
F 3
{\
=
>
2 =
=
N
o
>
=
=
- .
fa)
x
L]
0 5 10
—— kM
1 T T T T
545000 554000 563000 572000 581000

‘Cumulative amount of predicted subsidence based on the random forest model
UK Jde (bl s 00w (o i Coannniiig pd  rnodd ladio duids -A JSUS

9 (oS Sl Al i) Sy VL Sl & dogi b ccuntin)d Sl iy > (Solar JSia Jae 3 )Shes (o)l jglateds
2 o Bly polie (SuiSlyy ylages g Sl piine (slaJuuSy ) AV Jals L2lat claiges lages 2okt | Sske 5 yite Liales soliteds
odlie o dogs B Siuen oaimd L (jo,8 L) Vi) las Glbl 3 bl m5e5 b muww 5 diges oyl (gl oddd oyt polie oy
(oo =Veee & S353) o (Slacuntinyd aels )3 oo (2lp (S ) G SWSTy 251l glalie 5 ord o i

Conlio 83 g Slatumm oyl 395,50l dad Cpl (Sgmw 93 0 byl s o5 g V1) b dlial )3 blas Lol 38505 Lol 345 0 oanlitio

VY



% AT

u!{r.,fg«g;l,(/'g/'fi
adny g /A0y g Ao miwliel (oode (gl jasli b olpen crije o3 opl (A JSKB) Conl aniigyd 5 )5y 0 Jde

S e b 1y T palie o i g Conied S oSl ololis 5 Jde oYU Ulgs yio o 04/ (slas Slayye (S5l

Predicted (mm)
-200 -400 -600 -800 -1000

sz Jo 1 line

=200 A

—400 -

Actual (mm)

—600 A

—800 A

—1000

|
L)
d versusjpredicted subsidence values by Random Forest model

by 9238wl )3 (Flaalie Cumnidgyd pdlie SWSTy Jdgei -4 IS

2L 9 <83 jl Cuntin ) gt Jae o)l slisl g lite (oeiwliel (laylages bl
9 yo o YYIVE Jsleo (MAE) s llae 108 1 Sole .l Canmniliq y Slposs oy 13 Jdo YU oUles oiad Lis +/20 il y (R?)
N
oy (s ol Cnitip b i i i > Jo BB 285 Sl csto san D413 Jolan (RMSE) s oo e )
Sl (S0 5 bl oo Jdo 5yl g (il ie pas Sl +/20 ol OOB Ll ¢ /20 ,ly (Explained Variance) oidoslspus s
(oylizel Jolyo plas ) polie LS sl Jao cuslio gilosoges IS 5 Bilnote pie eximd s el slaedly el ol
2l 5 it slaingh @l L (+130) (s s e ol (V0 JS3) WS oo b 1y laodls o S Sl ply > St s)luk
(Rahmati l,ISen g sy ciges (gl 05l Slorod lod,S oalitu! Cundig ¥ dw s sl (Bolad UK i yoSl 5l a8 o bl
AV/A Jolo (AUC) oo pj gdaw ¢ B3lad JSin o065 5l odlaiiwl b laen cusd 3 Caig b s il Jio ,o et al., 2019)

WY



% AT

y!{f.(!‘&g}n(/'g/";i
95 Odred +Cauwl Cnniidgyd dstmo (g5 S yio 30 Jbo cpl (sYL Hluws B> (S by &S 600,87 0,155 o lie! slaoly (gl oo
Sy Jde oS Woby LS s 50 K8l il O,mTal) i Job 33 yej Cannligyd i p (Zhou et al., 2021) ) Sen 4
BB ol iagh s b bl (sleJse Jl Jols s capd g Canl o) Vb ot €8l (olas JSin-Sage
Bbls 4 gl (63 Cabll 5 Cundigyd oy (g3l Jdo jd olad i pinyol (sYL o) ssimd jlis Jleden opl L asl o

] Sglite S59)g59 0 byl b calisee

)

Cross-Validation R? Scores Cross-Validation RMSE Scores
1071 o . o —— . —e— Test RMSE
2504 —®— Train RMSE
0.8
200
0.6 4
L
I=] w
A u
L 0.4+ = 150
o
0.2 100
0.0 —8— Test R? 50 4
—o— Train R? W‘
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0
Fold Fold

nd root mean square error for training and test data
130 nle Al ) 9 S G g yld90i -V ¢ JSS

Fig. 10- Plot of coefficient of determina
09031 3 90! «g‘“b‘b Sl»

N\

Gos bl pl (VY USKE) wd eolaiw] s alBL ialS adli 5l Bolal Kis Jae )3 (635y9 (slb st i oy jsliied

\ v _
LrvTL}o&goT 3o b olelid yelys Q|9:>'qT 3 Comligyd 0058 J5iS Jole 1y pnteo o alBU Lials 55 paw duopd YV/B L S S
N\

3oy ol by psizo plos yls 1,3 18,5k puiite Cyogw 5 (med lgicds doys VIV b iwnjs O rdaw il g dops YV Uy e
. - .2
G slaad, ) (1) ¥/3) ()l po e (slaols I cuildy g (30> A/Y) dalpl 5l alols ((aoys Vo/F) JuS 5l alols (o> VW/A) L,
-\ i
Lilo (awolids peo; sla Sg Lol el Canniigyd Lol 5l jin dwejyj ol cdl as 81 aS" o o oyl (glady pl W58 0 148 Cuonl
4

Sl JyuS cov |y ol e qij g ol 0aiiS s ik LS S Ges

\\i



% uﬂ/ui.'.ard'/.:«(;?{

uf{f.,fc;a U’Lu(/’,_»/fl

Random Forest - Gini Feature Importance

Bedrock
Depth

Groundwater|
Depth

Groundwater
Depletion

Clay%

Distance from
River

Distance feom|
[Fault

Groundwater|
Extraction

0.00 0.05 0.10 015 0.20 0.25
Gini Importance (Mean Decrease Impurity)

T

inputs in reducing impurities in the random forest model

Fig. 11- Percentage chart of the role of m

e s Jao b 6L 33 JMe 83959 (ki duoyd Hldg05 - V) IS
\
- u
Cou V-Y
u
gp)b%&l.wlob Lo O\ L»°w/&1.g).g]ﬁ\\"ﬂ\"ﬂ,ol.’i\Y"\Y').e(ouloms)éé)j&mﬁbbow&h9k@w

Jiois 35 b 9005 il 5 o ) aS iy b 5 b JSbiotons 0208 S (e sl 0313 &5 3UDlg 08 Sl g 055
u

alie ol 00t osaliie iy «uid (Ao plu jd .ol dBl aobsl 0yt 8y jye U lodus g cpmolyg (slo o

& 455&..‘ b (Y US8) ol 03,55 (s a3 93 ) e (o g ol VYT B WWAY 05l )3 odplsl iy slagiagi ples

YO—Y+ 39> o (Motagh et al., 2008) (VWAY o,93) Jlw ;3 o o O+ I i il odd &l glite b yidgts plo )d Cumdigyd

o3lazwl LICSBAS g 5l yidgs ol diile &S aalllas o a0 (Haghighi and Motagh, 2019) (\WAY=YYA5 0,0) Jlw ) jie cSlw

! (Haghshenas Haghighi and Motagh, 2024) cuul 63,5 gl YWAY—VF-Y 6,03 el |y Jlo 53 20 5l /0 &5 wcanl 03,5

zezual 0oy VY Sloj ojb b pabal & wyuwd Jolis LICSBAS jog) (5,5 0 cd Lol Jole g3 &y g5 oo 1) &5 dn g5 B ials

VO



% AT

u!{r.,fg«g;l,(/'g/'fi
5 sl cuslyp ials Sl cde 4 uejp; o pdaw I lade LialS uised jrg 4 i yganlyikd g GACOS Jao b (6 phumed] 345
(abT>|9.> 2 SBlybl o} gas) Cbd g 0 S (659Ut sla ey 4Ny JUKuw (58 Cawd e ybg) cpl Codgaze (p iates s Liane

ol g )bly (w305 sla yhsy plos (goddbanlis o S [ oyl o]

(i o o Gas dpl Colis (i S Gas Jold) (Lo 5 (So5dgis)hm e Can (65 5 L ‘;&d S Je
U s €83 ol €53 Canitingd ol (5550 il (w1, 51 alols 5 oS Aol e 30 e o e
N W’

Ut sllae ;08 Sle g o duo 0+/2 Jolee (RMSE) et Glayye pS5ko iy /A0yl (R?) cpusd copd b Jdo o ST o i
A @ of 4

yuo) ddbaie )3 Comdig b Ol puis dield 4 dogi b by LS 395 5| g d F5 3y90p )3 pollae 5Shas ¢yio Juo VIV Jolae (MAE)

G ) Cumiigyd ($950] Conslyy 293 (Jdo bawgs 0l o i Al .Canl /A0 dgan s B3 oy L Las pl o yre lee 0D 1
- A

35 izl kg 5 Iofold Wi i sl g, 3 <osd pas i) 5 ol 3 sxSsla slaion A5 gl 1, e

el | \ ~~

oo anlio (5 iyt 5 loisine 5t 358 XmIE (103 ¥ a8 Uit Capan Jlone Bl ) oty S35 5y ol
N -

Jale oy pmtes 0> YVIB b S S (os 45 313 (L5 o puiie Copen] ol

w
]l yg B 53 Caiin b Lih (55l oS J i

ol 2 15 SAm3Ge &5 iy S Sk Gos b (Pl 3 b Ceni)d

w

Foe A5 9 S (o 3y ) sy & i (g s yide: o)lkgy Cueles

9 Fobe 8l Sl @bl oST5 B oyl poe 3
w
i) ol e Gos (sim ol

gj CJ&») uﬁl ‘&LM ).) .J-))f‘_;" J‘?.

Sl 51 B g B g 050 i 0)lg) (1jg Ml Fimes ol o aym

" - = s &
e ol 0uiS 0.8 LB g 48 Ol o il 5 g oS 0,008 Jladd 50 15 Szl (668 Caadl uy Aoy g Suoiy

PUREIN a ol 3085 GV o g 0pS Jlowd o Slelas)l il jIy8 4 dogi b aS Ojao pty il b po g JuS il &
Oned Cusl 08 S5y 08 L Cuow & woip) Ol Ol Gl 3 JuS (i pdl b Jle 3 )k pials L gl
el St ouild Jh8 wyide Jdd een 4 o)y JL8 s pdaily Sliguy b (glodgazee 15 ineinj sl I cuslby op e

Lol 0303 é) J“‘f U9»> Jel el UJ);W ‘J“f JLQ.M: JLl d)b)—jb).Qd dlﬁbl>

\Vd



% AT

i sirs ol
Ord Sy @iges sl 2 (g8 JB Sldee Gl plo laasdl b Giagh (ol 13 5o Jelss gancadyl | ol s
(Haghshenas Haghighi and  gixe g s> ol 3> (Motagh et al., 2008) Ko 5 3ixe Olllas alox 0l slacasy )
Sl Gos SVl Connl 1028 b Cunig B W5 )3 1y sl igwy sla g 5 S St Bas IS (i 5 Motagh, 2024)
Wik |y of daw cél &5 Canl guren (Teatini et al., 2011) o LKen g 5l5 @ls b 5 pols (imgh 1 o)) maw cél g duejp)
slagingh 5> JoSio Jalse plyicds alhsg) o JuS Sl dlold (35 ol 2 ogde 13,8 (Byme Cuiligyd g8y (sl (S 4 Ll (6y905

3y90 > dalllas opl gl b a8 48,8 115 0S5 )90 35 (Joshi etal., 2023) o e o Sg> ¢ (Hu

&S aoris ¥

oS Candigd ¢ it o8l g ol 2 8,86 Jelse >9>sv° SR LD Mojl Cuntig b oty glaely g 2S) Cy e

L_au.\).)).) QMJ)JLS.LK&]?@L»LJ»?Ws)SD.\JAJ JM@A&:LJ&”JJI w]&awﬁ&oc&lﬁub]w

A5 plosl el
Gl Camligyd 2 Ll dslllas 5 ) I Fo sdao ADD/Y) Conniiin B &5 oy i b guwg (isw SO deng ol
w‘b)‘JJC)LM9)S<\sJUaAJ) » 3)‘3‘\-‘"‘3‘@)“’))"1-"WSWI)SQSL‘“MJL‘M’ WJLAN)‘)wac)JLsz:

ok TYIY b (MAE) a5 s 8 (5o o s 0018 i (RMSE) s by xSl s /30 (5 s b

Lyl L8 eam t‘gl.h:ct:.'s') )\i@w))ﬁ)‘ ol ow il g Guoiyj ol Gos g Jolo (5o S S Bas b lis oYL >

<L %33 ,

o L 8l £98g vi ) om0 L 1) o)l Cusnl pgd Jolo lgic 4 suejp O Gas a3 el 058 oyl S K

(P! QK.ol Jde oYL cdd nd glols Jole u.,).mwl pf O‘}& L d)b)-.w)-éd ool 5l Lui»b).g JERC IS

Caoles Caonl odimd L Jole oy dete olgie 4 cdpl Cualis b S Siw Bos ololid A8 o b | o] )

e o ) e

VY



i sirs ol
2 Condind £y 6505 Sy g djp Spo b oy LICSBAS Jl3dle s 5 5l (lojlgale pglai jl a8 oy (Lt (g wl ol
 Comdigd p S Jolse o daily Slgico e (ol SR w)s8) rizmen 38 dnnlre d2 LSy ogoty |y (amwy S
culie )] LICSBAS (59, 9 shojlgale pgla a5 ¢S (lgi oo ey an3 )15 oslatul 3)90 (i sl 9 sl e e lulid
oxy ol ot 9 S5e el el sl el 5l (Bl S8 2)sSll crian el Ceniin b 55 a2l alee il

Geographic Random uile Slej— 156 sla jigy b oddcaS 5 Bolay JSKin (slaes,

ST i Canniig b £y g it Cuenl p SIS CuxBge ,ub b 5445 oslazwl Geographica eighted Regression L Forest

L g

! Interferometric Synthetic Aperture Radar (InSAR)

2 Synthetic Aperture Radar (SAR) b
3 Small Baseline Subset (SBAS) u \

4 multi-look DInSAR

5 Simple Additive Weighting

® Analytical Hierachy Process

7 Unwrapped Interferograms  w
§ Coherence Map u
% Phase Unwrapping Error

0 Kriging

! Kernel Density

121 _estimators w

13 max_depth

& yo Cow o

ohammadi B, Ghorbani Z (2022) Mapping land subsidence susceptibility due to groundwater

sing fuzzy pixel-based models. Arabian Journal of Geosciences 15(10):1014

ousavi Z, Masoumi Z, Malekshah AH, Roostaei M, Aflaki M (2020) Land subsidence from

rferometric SAR and groundwater patterns in the Qazvin plain, Iran. International Journal of Remote
Sensing 41(12):4780-4798

Berardino P, Fornaro G, Lanari R, Sansosti E (2003) A new algorithm for surface deformation monitoring based on
small baseline differential SAR interferograms. IEEE Transactions on Geoscience and Remote Sensing
40(11):2375-2383

Galloway DL, Burbey TJ (2011) Revisdo: Subsidéncia regional associada a extraccdo de agua subterranea.
Hydrogeology Journal 19(8):1459—-1486

Ge Z, Wang Y, Wu W, Liu J, Ran W, Yuan P, Su 'Y, Xu J, Hu J, Zhu P, Zhang Y (2026) Preliminary application of
Chinese high-resolution small SAR satellites in large-scale monitoring of the middle route of the South-to-
North Water Diversion Project. Advances in Space Research 77(3):3119-3140

Babaee S,

YA



u!{r.,fg/ Gatsp# P

Ghahroudi Tali M, Ghavitan A (2025) Investigation of the Physical Hazards of Land Subsidence in the Varamin Plain.
Environmental Management Hazards 12(3):199-214
Haddadan M, and Mohammadian H (2006) Geological map of Varamin at 1:100000, Geological Survey of Iran

Haghighi MH, Motagh M (2019) Ground surface response to continuous compaction of aquifer system in Tehran,
Iran: Results from a long-term multi-sensor InSAR analysis. Remote Sensing of Environment 221:534-550

Haghshenas Haghighi M, Motagh M (2024) Uncovering the impacts of depleting aquifers: A remote sensing analysis
of land subsidence in Iran. Science Advances 10(19):eadk3039

Halataei M, Khamechian M, Amighpey M, Manafiazar A (2025) Investigating the land subsidence potential of the
Varamin Plain using a Simple Additive Weighting method and optimizing the weighting of affecting factors
on land subsidence by Analytical Hierarchy Process. Scientific Quarterly Journal of Iranian Association of
Engineering Geology 17(4):97-114

Hasan MF, Smith R, Vajedian S, Pommerenke R, Majumdar S (2023) Global land
widespread loss of aquifer storage capacity. Nature Communications 14(1):6180

Hong Y, Adler RF, Huffman G (2007) An experimental global prediction system for rainfall-tgi
satellite remote sensing and geospatial datasets. IEEE Transactions, on Geosme
45(6):1671-1680

Hung WC, Hwang C, Chang CP, Yen JY, Liu CH, Yang WH (2010) Monitoring
and land subsidence in Taiwan using multiple sensors: Yunlin, the south
Environmental Earth Sciences 59(7):1535-1548

sidenc apping reveals

re 1lTshdes using
and Re@mote Sensing

quifer-system compaction
oushui River Alluvial Fan.

Huning LS, Love CA, Anjileli H, Vahedifard F, Zhao Y, Chaffe PL, Coope Iborzi A, Pleitez E, Martinez A,
others (2024) Global land subsidence: Impact of climate extremes apd human activities. Reviews of
Geophysics 62(4):¢2023RG000817 u )

Joshi RC, Ryu D, Lane PN, Sherldan GJ (2023) Seasonal forecast 'moisture over Mediterranean-climate forest

drology 619:129307

Space-time evolution of land subsidence in the

National Capital Region of India using ALO Sentinel-1 SAR data: Evidence for groundwater
overexploitation. Journal of Hydrolagy 605:12¢3

Metternicht G, Hurni L, Gogu R (2005) Remo ensn&)f landslides: An analysis of the potential contribution to
geo-spatial systems for hazard assessmgnt dh mountainous environments. Remote Sensing of Environment
98(2-3):284-303.

Mohebbi Tafreshi G, Nakhaei ¥ Lak R ( Land subsidence risk assessment using GIS fuzzy logic spatial

modeling in Varami i Iran Ge Olhlal 86(3) 1203-1223

ing: Methods and Applications. Springer, 176p
Rahmati , Naghibi SA, Biggs T, Soltani M, Deo RC, Cerda A, Mohammadi F, Tien Bui D (2019) Land
% nce modelling using tree-based machine learning algorithms. Science of The Total Environment
239-252

Rather AA, Bukhari SK (2025) Ground Deformation Pattern in Parts of Kashmir Himalaya Using Persistent Scatterer
Interferometry: A case study of Srinagar City. Journal of the Indian Society of Remote Sensing 53(3):827—
846

Raucoules D, Maisons C, Carnec C, Le Mouelic S, King C, Hosford S (2003) Monitoring of slow ground deformation
by ERS radar interferometry on the Vauvert salt mine (France): Comparison with ground-based
measurement. Remote Sensing of Environment 88(4):468—478

Razavi-Termeh SV, Sadeghi-Niaraki A, Pirasteh S, Liu L, Bao S, Choi SM (2026) Optimizing spatial prediction of
land subsidence through synergized non-parametric machine learning and swarm-based metaheuristic
algorithms. Environmental and Ecological Statistics. https://doi.org/10.1007/s10651-026-00704-x

AR



w!{f.fﬂ‘& Gatsp# P

Teatini P, Gambolati G, Ferronato M, Settari AT, Walters D (2011) Land uplift due to subsurface fluid injection.
Journal of Geodynamics 51(1):1-16

Zhan Y, Zhang Y, Zhang J, Xu J, Chen H, Liu G, Wan Z (2025) Risk assessment of land subsidence in Shanghai
municipality based on AHP and EWM. Scientific Reports 15(1):7339

Zhou C, Gong H, Chen B (2021) Prediction of land subsidence along Tianjin-Baoding high-speed railway using WT-
RF method. Remote Sensing for Natural Resources 33(4):34-42

Spatial Modeling of Land Subsidence in Varamin Plain Using LICSBAS Software and the Random Forest
Model

Mohammad Kaveh Cholcheh!, Hamid Reza Nassery?*, Fars‘had Al
L)

1- Ph.D. Student, Department of Mineral and Groundwater Resources, Faculty ofN\Ea ciences, Shahid Beheshti

University Tehran, Tehran, Iran.
2- * Professor, Department of Mineral and and Groundwater Resogrces, Facu Earth Sciences, Shahid Beheshti

University Tehran, Tehran, Iran. Email: h-nassery@sbu.ac.ir w -

. . u . .
3- Associate Professor, Department of Mineral and Groundwate urces, Faculty of Earth Sciences, Shahid

Beheshti University, Tehran, Tehran, Iran

Abstract W
u

In recent years, the Vara

using LICSBAS software and

aS ekperienced land subsidence. In this study, the subsidence rate was obtained
ntimel-1 satellite images. The maximum subsidence rate of 955 mm over 10 years
occurred in the southern part of t

Fo

r8gion. To predict and investigate the influence of geological factors on the
subsidence rate, the R.

depth, clay pg¥centage

orithm was employed. Bedrock depth, groundwater level decline, groundwater

the aquifer, extraction from exploitation wells, and distance from faults and rivers were

bedrock depth, with a 27.5% decrease in model impurity, as the most influential parameter. Groundwater depth and
groundwater level decline were identified as the next important factors. Based on the findings, groundwater decline is
a prerequisite for subsidence but does not necessarily lead to its occurrence. The role of other factors, such as bedrock
depth and groundwater depth, is also significant. The results demonstrated the efficiency of LiCSBAS software and

the Random Forest algorithm for calculating and predicting subsidence rates and identifying influencing factors.
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