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Land subsidence, as one of the natural and geological hazards, can be
caused by human activities such as long-term discharge of groundwater and
traditional irrigation farming. In the last two decades, climate change and
successive droughts, unsustainable management of water resources and
overexploitation of groundwater as well as population growth have caused
land subsidence in Shahriar plain in the west of Tehran province. The
present study aims to monitor and estimate land subsidence using
Interferometric Synthetic Aperture Radar (INSAR) approach. Moreover, it
tries to investigate the relationship between groundwater level and
subsidence rate. Therefore, the time series of the ENVISAT-ASAR satellite
images from 2003 to 2010 were used. The Small BAseline Subset (SBAS)
algorithm was applied to analyze the time series of land surface
displacement and to generate the mean displacement velocity map. The
findings from time series analysis of INSAR data indicate a continuous
subsidence occurrence in the agricultural lands of the region. The mean
velocity of deformation along the satellite line of sight (LOS) in the time
period of study, shows the displacement at an average rate of -10 cm / year
and a maximum rate of -27 cm / year in the Shahriar plain in the west of
Tehran province. Over this time period, groundwater level decreases about
0.5 to 1.5 m in the aquifer storage at 12 observational wells located in the
study area. The overall correlation between changes in groundwater level
and subsidence rate was estimated circa 89.45 percent, which indicates a
strong relationship between subsidence and groundwater exploitation in the
region.
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1- Earth Curvature

2- Sensor

3- Scatterer

4- Raucoules

5- Digital Elevation Model (DEM)
6- Shuttle Radar Topography Mission
7- Interferogram Flattening

8- Rosen

9- Werner

10- Baran

11- Signal to Noise Ratio (SNR)
12- Adaptive Spectral Filtering
13- Dawson



WY o slac] Cudlsy b 5T By 5 (3 peed Cais) G lisw] Cp8 43 (o Comaiy 18 Hloj (6o blos

15 Gllas JL8 aS & ol 4 098 e (619 piges (SHiennS  Budioduz B ) a6 LMDl &ly
Olymedns 5 5,0 b b aSul 5l ¢ Seolis o 0,18 plal 51 cpl a8 ol ool o + T B — T oy ALl
b ALigs VIT O jgeods 0,bgs wae il 5l i 316 GO pyolie sudaes cslS 35 o ol b sanl YT
s Slalllae (gmen olS Slao )5 (B sl Cnlpli (i fpe S8 ST Sl o8, 250 el
8 e 9 S ol Jras wil 209 h (ob3k g Dypet YT 5 5555 polie Cenl 55 (aey SO

O Sy 5 LIS A AAY gl s ls ol 56 bl dlaslys qsllas g atug polie 4 sadosnliv

OO & o0 —0-)

bl Olaizu 4 (Gl [ b 0 g bl Olasisee 5l wadil el JSas woled dl> o ol o
5 Jgvi) )18 pLs % 3l pacnme; lanslys aulib ol g g osls Jlil (oldlia (256 5 Jsb)
ay e B0 halaS mye ey olal b o3 il aeedlS S solod jglate s (Y1) o) Som
A ddzxe (50 pdiges olidlr> Slaise

e I gosls loj gy Julows —5-)

ol 002 03l anasgs INSAR sLaosls  Siad 1é &1 bgs o s 5 adé g SBAS 2,5
SIS L L |y IS eis slao gl o 5 S0 (Sian 1 ) (26 205 0,
Gl b)) Supb ilolaz 5 il SlSe Kicon 1ué a3 oo 20l ian oy el 5
839 me 10 pgal Cdx s ol zalS gl aS Cal o)lsale 135 g0 )0 SAR T g0 ClaBge s (S
Y ol (Siod e el (Ve o ) ile) sgo Ll Wlgi oo e Br e BV oy SlSe sl as
ol pgal SBlsn F )5 99 G (Sloy Ahold )3 e 0 39290 elutl (8IS 3 Rl Al pue ) (U
PLS Gidig ady 5 s ool gl an Gl e b 58 Cal BanSaais (e LS (et alez |
Lo s a8 Wb oo Jool> g pglaicinr oS 5l Jyene jsbar OIS SIS jelaie ooy 050 L
oueld ol (S 9o SBAS 2 ,oS0l it (S5 (o) 9 (e Vo v 5l 52eS Jgame j5bots) (Sle lins
OSe 5 9001 p) 393 oo (s3luesly ondl Slal BB JSIN g9, 2 T alaly Gl 5l Sty 4 S
(Ve oY

(1) (1) =) Y i,

Arsin

S sl s b (sl e 2 Sls oV g s Sloj slaalold | g Lo Slo T ()] 0 o8

0l L8 Sl 4 by je Slaalie oy D50 wailedl (5555 JuSws e (Gloj Al yo j2 G Sy
Omomdl gy ol Sl (635, 8 Agl3 0 5 (o) Baa b loly S e hle Alolb 1 ) e Jsbo 4
o9y 3l eslaiwl Ly (IS jadoas ¥V A Lal ) g aiily oo ys Gleoj sloalold ol e pled (o laools oS wiS' ol

1- Wrapped

2- Phase Unwrapping

3- Itoh

4- Ghiglia & Pritt

5- Geocoding

6- Spatial Decorrelation
7- Temporal Decorrelation
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1- Singular Value Decomposition (SVD)
2- Minimum-Norm Least Squares

3- Downlift

4- Uplift



M4 wer syt j SO Sl o U 5T BLG ) g ([l e ©aid) gyl 08 13 (o Crssnniiiy o8 loj (g puw Julodd

3y9n dilaie )3 Cats LS (55 S ol i ¥ S llae 'l 55 6V il b sl (o
bl ey 2l 3 ooliil o 5l niyno ol 4 Sl (55,5LaS (slogsn  elaie i o(gm)
O30l i 2 Gelaie o] il Gty b 55U 45 5,8 blatial 43580l giisn IS jsboar g oo
58 il 00 2 8ly (o 0 s 5 gy jsbots (] 5l es g Ol &gy 0 Bl 9ym o ol ailate
Lal o)l 5158 5 (S8 Bblie (55,028 (slaimey 7 (953 1 IS )0 osalie B (S (555!
S529-8S Slacrs) = Gate odee jobas om0 9550 (Sloj S 10 S (558 9 42y B sl LK
S > ool s s sl salie LB Llrale £ Livgio 225 13 45 joboclad ki
5 (V IS jo el ogame) a9 90 8 Loy Slanlin slacSal> Jls> jo &dlg L el culio 4y bogy o Sloj
(V5 o o bogamme) Loz b)led Sl b3gu 2 ;0 @l bl i o (08 Jlod 5 058 (>3
sl

slosaly o> o @ dly dadi odjlgs 53 Cnig b Lo JUSw (Sloj (S 5B (o) jslarens
L Vet Gloj 85l 10 ey i 3 S (e IS jsbots iy Lo s ol il Silaalie
s ek 5| ol s (F JSL8) el 50 VIO b I caios 5 Jolas ool gl 839000 0 Yo\ -
FFnas g g (FHLY 0 5l e loj ojl )3 Sunigd ols (LaSSBAS o )68l eslitl L Sl
o olzél 1 T 5 s (sl Lo

HeoFHr bHe0bY He08Y" bY° Bleyr HYeqr [T oyoyy dYeyyr

Yaors YaofY! YaoFA

YAOY

TAOTYIY  YASYAIYun

Yaors ron
ralry' ratryv'r." rara' ratra'r." ra’re’

%0 " A% A%t it i O

51°8" 81°8' r." 01°8' 81°%' r." 51°Y' 81°¥' r." 81°A"

(6 el 5 ol (s 53 5o i ) gl o T (slic 3 (500 el (s loratler s ¢ 53 Lilogita 225 ¥ S
SBAS iy 55 5l o0liiasl b ol 45 sbinl o, At 13 (w0 (gtlraler Sl

1- Google Earth



IITA-1+3 (1999) 1€ o (g /sl 5 Llpis /5, Kad g b VY-

\

)

1
O s U7l S penis | Oee) glaw G5, Ol ygeds
e Yol> gy 0¥ daii | Yol pay o ¥ dlaii
I3 |
- I
9 . [
W . I
-!' Ve
= |
g -
x | A
1 [
—[¥ I %
1 I
1y : r
vt | Yeo¥ Yed Yoy Yoot N
R e T S AT e A T R b T A T e Aot s T e e TR i G T ST S T R T e
| 5
l O gl B Sy
-1 e
i :
1
<[ \ «JF
|
| #
I
{ T
1
|
1
|
|
\iY I VY
X | Yor Yed Yoy Yed n
__________________________ e B Ty R e o S =
b ' i
B i | ) . st g i
o -\\ Oe g B S yeis T : e e 85| Syl
‘:‘\ Yol pay 0 Y dhai | j o Voly pay> )0 1 daii
-IY 1 oY ] 4 \
fat | ; Al ®
i \9\‘ | ol - :
| —f
¥ \\ ¥ !
% ! |
| It
8 \ ) |
! [
s \ [ i e
[ 1 N |
I % [— o g
! [
oA Il oA | v
Yoor Yool Yoo¥ ALY AR 1 Yor Yeod Yoy Yed ™" | Yeo¥ Yol Yov Yot A\Q )
D s o e £ i 5 I e S e G e
o B | é |
L ¢ & ! = = [ i =
" \ Oa) gl B3| Sl yoeis [ \\ Opn) gl ) Syt 1 o) el £S5 Sl junis
N\ Ve sy pay> 3 Vo alall ! \ - % AY ale paye 50 1Y el
bg (— I
—-iY 5 1 1 -
[ |
r | |l \\
! oI¥ | So.
1 e e
o | -
I N7y I » 1
P N ! ! i o
N7y | oI5 | g
: v :
o ! (=Y
Yoor Yol You¥ Yeq - ! Yoor Yeod Yov Yeq e | Yor Youd Youv Yot yy
|

Oy T g5l suidoylis oo bghs g bl - Slaalivn Sl 053198 vy 50 (o) gedaw £L65 51 Ol oty F K0

(VN IBIY G VoIV IVA Lo 83) onsl (3T cygmm 5 poiiones 1o 5 6,10y oz I (5315 51 Abonsgds ol g o ol
03325 ST g Sl s -
slaol 5,5 codl oo lis 615)9]94.3 Ve e BYe Y Sloj sl 0 sueip) ol maw 4 by pe slassls
Gy o 105l LB ol o Cond 0 a5 ool cddlais (c_Lé;{)lj%wd.g.cml 0502
0355 (g dded dilaio (pl 0 Ol o (EalS Ky, izmed W)l ogix (g 40 @dly laol> 4 o
ol ALl 38 Sgumme & ygody s Ol o Sloy ablas pax ;005 4

S 5 oz Gblie a Comd ibte (8 5 S bl 0 Ol o (talS e e lis b
3y50 ey 85,0 1y ol e 8l pie onde (S5 5l Salx a5 (5 sbas .l 00ls ) (5 ol JSaa
55 0 yte cda U oz 0990 10 (e ol mhaw il iz 3blie 0 a5 b o ams e (LA gy
4 Coi |y Shaalie Sal> 003lgs 1o o) sloo] o Dlyesi O S8 09l 0 0030 Hlai 0590 Sl
Ao oo G YoV e Lalgl B Y oY Sbey 6350 10 e law



;;w‘\’wl&um{mﬂ\iw|n mwu««umuuw MNWINHHHWl»}}I|«\\Ilmwﬂlﬂmm

*Illllllllllllll\llﬂll\HHHHN\1ll|||||||HM “’""'"""'“‘“’““W’“” g
;- N HII HIIIIIIHUNWHNWH LI

\Il\!l!!IlllIIIIIIIIIIIIIIINMWW ||HNUWIIIIIII“\NHNNN "'"“““"“”““W“W ol
u|m|u|u|m|u»wmmnmmuwu muummwn»»m u w+1»1|mm»wnuwmumuulnuummmnnm

} IlllllillllllllllWWIIHHN\N\|l||||\|||||||||lllllliiiiillillilllilll

83_: d_o.]a.mkswqu...a é stl.s st‘)j Slosliwe Lbl> ‘Mwo..\ﬁ:o)giﬁw



IITA-1+3 (1999) 1€ o (g /sl 5 Llpis /5, Kad g b Yy

Sl (5Soo oLF 1 lgany oyl Sl (Sdgy0e Colon Cllld g ailo gy ) Oliguw ) Cwbrs yuzmas g odbaiss
Ol 0lgmo (ol sy sl &8s S5z Canniin b 0o 5 i 5 o el 20U (i (sliley ST
QYD) () LSat 5| o) a jpeain (oo grbans a5 (a5 2 oo 28l s (5l o5 A
3 Sl gy B S ol S (o0 B0 03k 5 90 8)led (Shaaline laSaly ogas ;s gedse

s oo (i Sloj (5ym 5o Sl plo & S 1) (g b Dllogi 00 pal Salr 9 )0 (fe ) o

=y 3 ot 1y Ol Eligh 50 (omy 2 3590 5l il 50 (gl ealadgi Sloy (g sl logai 4 az i L

SlaSaly (sl b3gamme ;0 (o) p) Ol 51,5 g <l (JS &5 izmen g e b it S5 &5

WO G iy o s S8l e o o il Llogie jgboay a8 0,5 (s 6550l Ol oo o Sl
ol 008l GETY Ve BV Y Sloj 83 40 Gy yte il

% O g o . B
L o -
, o7 ® o0 s.
IS | I _iiacl PRK o ® _‘-" s 3 _.A‘.. .Y
.1* ‘."‘. }" o | ’ .'_h o
X% : ° | 1 D ® .4
N LA R o e m— e b sale s
b | sl 2 4 4 2 °
1 . : ‘o
3 R R 4% A
f 1LY C
. . ®
Vel> Yl> Yol>
- a . -1.8 : 1
1A VoA A oF -ay -8 Y oF oY 'y Y
o) ol plass 3as (e) N o as (o) o e ae

() Cimitiy 3 lsen

® .
T & Bela| 4 p@
l o \ » # o>
. Y g | \ ! 1Y
of av o A oY oY fy Y 2 s rr
(o) o o 3as (o) o o 3ae () o o Gas
. . -
:".. LA oot
'S ° ¥ g
% — pa—y_ X T 'f‘.': X [— = o q .Y
= | 0 o = ‘-. | - .
- | a\ ° -)': e g
- . \ - X
| e ! ¢ 9L P o ] . o3
s 1 g | 3 FAK
1 al il o 1 o' P
™ - } -5 T '_,.:' ! ! 1 - ._® ! ! $
* Yl> : ° ‘ 14l
® " . Aol . z
?
‘ A ! A A
f Yo s )4 DY -ty Y YF YE Yy Y A
(o) ol placs Gas (5e) N oo Gas (a) o phass Gas
e 7 . ‘ S
L)
| ’ oY \ = SN oil— \ I % \
o' e ¥ F -
}{ e ® . _’; @ _-,‘; @
) i * Y| ™ - Y| D .
S o 2 ¢ i ]! o | v
] .._,‘-. | e Y I o ‘.-. P v ] ‘ .“.- °
] =] . . K
3 ® ) . ) S &
R b L s R Y 3 RS | ¥ b
‘ .f . ' .‘..- o ®
G Ve ols A ~ % Wolz—| -8 7 o \Y el
‘ © R )
5 . F Y
-¥a -Y§ -y Y vy -t - YA -x# -xr X -y
(20 N plas Gae () o s Gae (20) o e 3as

Sloj 33) Flaaliv Sl 03190 30 (Sono 5 T gelans Sl ynd g (no) Comniiig B (50 (ot (Kiramsad Jodoxi 0905 5 S
(YN IBIY G YooY IYNA

1- Haghighatmehr



WY i Sl Gl b o By 5 (3 s Cuis) G il CpE 43 (e Comaiy 48 o (6 puw blow

S ’

<hS s R 59 g 00l slatul o )b lem calidee gblio 1o (g5l sloiogh o (sl (Huiw Bla5 s,
S35 phnai] 13U 5l 20 Glogag sz g (al b e (§00355 ey Cunmitig B 0yl paliteds g, 0
25U e 5 (5o slac il 3 5l am e 3505 sla JiSw 3390l 3> 5 L) ouile 3L
o‘)_o.lb Ll 6‘)‘&_.0.0 L.: CJL») ‘>5*‘°g5° o sc.‘a‘e \6"’5‘]")]" ustm} » ‘SQLS wy ke L:}: LSLQOJJJ.:
2l s ol Sae i b 0591 jglateds (g o) o J3as alizee slo Jow (65,54 ey ol
L g ol gl dwlie o)ls cd¥s dlise gloars 2 n (Jhg; 10 Sle 5 Jyol ) 109 pomie SLSH
Sjlso ST e | s gl Yo 5 s pdyolasel (line S Siteghy oy A g Jo

Sl s 5l (S (Soey Sl 3 oslial b (Ve 0) e 5 (20 B S8 50 (o) bl 2
o=l Gl ) ceniig g 25 ST lagyl ailosls plel 1, o)l S S )0 yae) Camdlig 8 Gl gl o
auag Lashbs, S ol (Ve LAA0) dlw il Sbey 856 sl Jlo j0 yie il Vo 0900 adlais
dalaie 1o Clrez 8aL]38 0 g (65,5laS 5 S 50 g a4 1399 L lesleg ) JLSles wall slee g0
ol oy dilate 0 1) (e Ol e (a3 aig) om0 g gy 0 Clop O S elusl 4 2 3590
2o L dnlan jo ashate Conig)® wig) ;o Jlo ;o e gile Y oo ol (B Bl plo ol ails
aS gy w8, Sog, (g pdusleiel g oailil cds 4 i o, oo laids late g 0,8 JLL
(OHlSar g 950l VA (LS 5 (595)L5) sl a8y O jg0 alizie 3blie o (g0laie Slalllas (o
mls A SL (VoW ) )lSan g0 )lugz «o Ve o4 ) Kan 5 Glias Ve oV ()| Ko g ST Ve - ¥
S 5 T 50 ORI Geimren 5 Cniig 8 SlaS ) g e alllas (pl po (i S uils Sl ol
Bl Gy dao b anglio o (e ool Ay glpend 5l S30 1y (ooy0 9590 Bty ey B
S,5

A A S 5 5l Bangts 48,5050 bl o 5y ol ] ol s 3.1
dahis gl ENVISAT Jg5 o sldosls sloslatol LY« <O B YooY Sloj 835L 1o cunid owazs (50
gauyw b 3d (Vo) o) Sen g Slans .l oalds o)j—lﬁ (Ul yo ol Yo Jolae) o gl £ ol
oy 850 sl ) asdlaie Cuniig® i yiSTas ENVISAT Jo55 5 (69820 pno pglai gloj (5 Judow
(VA Gtmo g i — bl 500 ddgh ;0 .wles S 05l Jlos jo yie il YO/F Y+ +A B Y- Y
YONNVL Y- Sloy)ln ol adhie cuniig®d #5 iSla> SAR alizs slvoslsacgosme 3l oolaiul b
Cadiigyd e g oSl aS iy g assS ol (s oo GIS”JM{ Koo )5 (6 wSoslal Jlo yo e il
5 SLins iegio s an 05 s d(ye Sl VT 0905) (552l GBI L ol jidghy 50 eais gl
Lo lasgaste 5 Cl LSl yioloS oozl il canid S oSl Ll i il ¥ 090 Joles
b gl i alad Wload canlivn 30 ol (iogh 10 andliy,d olas, 1y ion glyls ool oluliss

2 b sloly slaools 5l (6 S0y 5 9 oy 090 (Sloj 3L j0 S BB Ldoas ( Slams JISL g, i

1- Backscatter



JIA-1+9 (1199) 1€ o (g il 9 LS/ sis /o) (R0 9 b A E3

ohgim L aslie jo pale egh mls ol Kee ally Gloj (s oS sl cadoslinal (glaosldacgeze
S5 L olaa (Jo5 e pglal 5l osliil g, 99 a Cannitin o9y iee o8 sl ()] ik (Slamo
Syl Y g SIS s atigp oyl (sl Js3

Olejbw Syl i bLE jl ool wl L 1y oyl 5 bl je 50 ey Coniig 8 (Yo VY) (oDl g (559,m
R P oy ey b g s £l f alS S ST (e pol gl 5 il S ) ()l At
VIVO oga> i gy Yo Y e BV} g Voo ) BVAAY jlallios loj 6,99 98 ;0 (o) 9,90 ddbaine 51 g
Cniig,d iSTa> U gblis o gdate GioleS SLSe Llodas saiol >lg .l oo 0,50 e ¥ g
Ja_:.oj,a.‘o “54)1_..." 9. SH9 = dllas 5o (Y' Jiw BEESN all Lgl.boégm) Aol )..al.‘> Mﬂ)” 39 OM‘S)LM;LM
TV 058 510 5 s (38 S A0 b 55 (gm0 090 it 3 s 5 5 o Gl S
245 (0 JSb) dilaie Slaslie slSal> 10 suep) ol Gee Sl Jloj (s Jloged 4 a3 g5 b .l
b 3l g cewl snalie JB JalS jebas arg, o il 5 L6 Ol e jo  Liul38l Wy, lacSal> e
Ol o o bl samolis (7 JSC) ddlate 10 Caiig b olos, b lSal> Ol Gos oYL  Sivon
3y Slop ity (o) Connits S IR &S ol pl Ol (s sl St B g (e )
Sy ool alaie wl ool dLaJ‘ S so]

o L yblis >les 6l m) oy p 950 ddlaie ;0 caldiinol> Camiidg B JS STaz olime lie,s
o VO sga> pol> yiaghy 0 Ve Ve BV oY by b5k (gly cadad § ey o Sog, ol 5l (Dol 9 (559m
)Q )—A.Q‘SA_)I—A-AJ \/f JQLLA 60)5T)J )‘-.\M g_)jLQJ w‘ JL...: )é )...o‘sul.w Y\/f Ja:...os...n C).a La ).s‘).’ as o Q)jT)J

ol (Alsans [ipleS BWSN) gy 950 Sloj 856 0 Dolas cleay asly s s 218l 5l o Jle
v cio jioleS Sileds gole AY Ll YoV /DY B Y- YIVIVA 5l ol> gl jo ki 050 Sej 850
L oS i sloj 850 j0 i b jlaie aas oo Lid Sloj (6 S T «Caniig 8 Ng, 0916y
polae S5« Sy Ol ) L B, 0 09 walss wady SGo5 (6 polie ¢ e il V¢ dgu> LS
0di g S0l polde b gy iy [Lidss ;o cdbeslainl uiw 305 0,509, ol 00 yg] ey Cmniiig )
ol yomas SIS B ieoleS ol adlate ol o s,loly omiw S35 by, a5 amo e oyl oS e g Lalugs
el S055 Soy Sl 4y g 0l
Oy paized g pianed] 50 5 (il 5 S0 g 0l 4l ey S ol 0 a5 jebles
35Tt B s LS gy 5 Siagh Cinds e (e Mo (o3 s 2T Sleogas
5 S50 (Niwad € 20 0 |3 U Codi |y (g ol ISl eolainl b ey ol sla JUSw
3 RS o Ty Ty e SV 3l il aS akiie e B ile s o mold lallas 5l oladiges Sl
Slolow bz 5l s )18,55 » pae Jdoas ol (idgh 48 (cwyp 390 dilate gl ENVISAT (glacsls a3ls
3929 ¢g ) =it odmline Jolay slaclilS S 5 10 00 el slas £45 g0 togllan Sloj 5 Sl
b WlgF o Cnnitig B Se; S5 S oIl b g, i g 0 eabatd I IS4 Jow Si 09l p S



WO e Slac Gl b o By 5 (3l s Cui3) G il CpE 43 e Comaiy 18 o (6 puw blos

5 oLssS e g IS0 LS5 L (g0l cslmonls §1 45 095 o g bl ol 4o il 428 iy Jelse 5]
wldie o (ST alalllas sl jglateds crizman 90 ooliiwl Sentinel-1 A/B 5 fsals slassls yszeoen wigllao
SLins 4S5 jsbles (o) 9)50 dilate 15 (55)5liS 5 (0 (AL b e GRS 4 aBS L SSES
Sy (Faor 8 5l (2 slalbas 5l (6 T sl> pslareds wilasSlo o9 (ul 4 53 (VT )Sen
3 lsime (ool sl 58 polis ()T 136 5 loj 458 5 s (BLS gy llgi 5 Sl i Jidoa)

5 o b JlaosiSTy e el Sloj sy S sl

=

S 325 A

el Jrosty ey @il 2 85 (590 bl e Semin B By Cople S | g 5 e 398 50
0 95l it il o8 dilate o (gl (s IS o Sl esliinl b e i B Lo (g
el 5l ol gl s ) a0 o e Sl it g Canntiin B (e oo LS| s
§ Caniig B Slas ) o (AA/FD Lalogin joboas) Vb  Siaond 3929 80umd ) Lis a8 5 00 & 2atogd (5 Lo
39S Gl i ity B JLSe syl Glebail (o el (e Slacol Sl aygy e Sl
B3 )3 ey Cammntig B S (5 il (0 (S5 55 5 Comniiiy 2 00 (o b)) 052 KoLy i
00l 3,90 1 e VO 5 ¢ 10 7,5 Jobas cadlaio cpl o ol Zlseiul glaol> 8ogaze 0 Ve Ve BY- Y b
B 85 LS L ol gy 55 3iboise (bled s 3l o | allate (ol (Sl ndy 45
St lagll soalin dn a5 b od v, p alBlos g0t Slhalie glaol> Ol Goe b cuniis,b
Slalin slacSaly 55 85 8 abhie Sy B g e o 0 Sl ) 5 (s e
ol ;o ooy 0 adlate lidiipe il STl iy 10 09d o Sleiig (o33 5 99 6)leds Sal>)
Slacl esias i kit slag b sl 055 dlis Cniig b e by (g2 6l o 5oty
dmare ol 3 (56 Jlaio! ol 5 ity Centis B3l (6ol (ol aflate Lyl b sl e
g g0 ety adhaie ploFul LS o5 dlex

&L
(oS s, ‘u’_,o)\_w‘ Lo 0900t o o lo x5 )l Lo, (S olgzaese ‘Cﬁjﬁ)“"JB tls 3o ¢ oCiBi>

LJ:?) l_> u‘).e‘.i uLuw‘ 5o 5&; CiS Do LS"")‘ @LJ.».N.‘L».: (YY) U”"") ‘L‘;’L fdua €0 jo> (3grmno ‘G»LA...LM:
YY-f2 () A Sy glio cbli> 4 i Fuzzy AHP

References

Agrawala, S., Barlow, M., Cullen, H. & Lyon, B. (2001). The drought and humanitarian crisis in
central and southwest Asia: A climate perspective. International Research Institute for
Climate Prediction. https://doi.org/10.7916/D8NZ8FHQ.

Alipour, S., Motgah, M., Sharifi, M. A. & Walter, T. R. (2008). InSAR time series investigation of
land subsidence due to groundwater overexploitation in Tehran, Iran. 2008 Second Workshop
on Use of Remote Sensing Techniques for Monitoring Volcanoes and Seismogenic Areas,
track 414, 1-5. https://doi.org/10.1109/USEREST.2008.4740370.

Arabi, S., Montazerian, A. R., Maleki, E. & Talebi, A. (2005). Study of land subsidence in south-

1- Persistent Scatterer Interferometry (PSI)



JIA-1+9 (1199) 1€ o (g il 9 LS/ sis /o) (R0 9 b "

west of Tehran. Journal of Engineering and Surveying, 69, 14-24.

Bamler, R. & Hartl, P. (1998). Synthetic aperture radar interferometry. Inverse Problems, 14 (4), R1.

Baran, 1., Stewart, M. P., Kampes, B. M., Perski, Z. & Lilly, P. (2003). A modification to the
Goldstein radar interferogram filter. IEEE Transactions on Geoscience and Remote Sensing,
41 (9), 2114-2118.

Berardino, P., Fornaro, G., Lanari, R. & Sansosti, E. (2002). 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.

Buckley, S. M., Rosen, P. A., Hensley, S. & Tapley, B. D. (2003). Land subsidence in Houston,
Texas, measured by radar interferometry and constrained by extensometers. Journal of
Geophysical Research: Solid Earth, 108 (B11), 8-1-8-12.

Burgmann, R., Rosen, P. A. & Fielding, E. J. (2000). Synthetic aperture radar interferometry to
measure Earth’s surface topography and its deformation. Annual Review of Earth and
Planetary Sciences, 28 (1), 169-209.

Chaussard, E., Amelung, F., Abidin, H. & Hong, S.-H. (2013). Sinking cities in Indonesia: ALOS
PALSAR detects rapid subsidence due to groundwater and gas extraction. Remote Sensing of
Environment, 128, 150-161. https://doi.org/10.1016/j.rse.2012.10.015

Chen, C., Pei, S. & Jiao, J. (2003). Land subsidence caused by groundwater exploitation in Suzhou
City, China. Hydrogeology Journal, 11 (2), 275-287.

Chen, J.,, Knight, R., Zebker, H. A. & Schretder, W. A. (2016). Confined aquifer head
measurements and storage properties in the San Luis Valley, Colorado, from spaceborne
INSAR observations. Water Resources Research, 52 (5), 3623-3636.

Cigna, F., Osmanoglu, B., Cabral-Cano, E., Dixon, T. H., Avila-Olivera, J. A., Gardufio-Monroy, V.
H., DeMets, C. & Wdowinski, S. (2012). Monitoring land subsidence and its induced
geological hazard with Synthetic Aperture Radar Interferometry: A case study in Morelia,
Mexico. Remote Sensing of Environment, 117, 146-161.

Dawson, J. H. (2008). Satellite radar interferometry with application to the observation of surface
deformation in Australia.

Dehghani, M., Valadan Zoej, M. J., Entezam, |., Mansourian, A. & Saatchi, S. (2009 a). InSAR
monitoring of progressive land subsidence in Neyshabour, northeast Iran. Geophysical
Journal International, 178 (1), 47-56. https://doi.org/10.1111/j.1365-246X.2009.04135.X.

Dehghani, M., Zoej, M. J. V., Saatchi, S., Biggs, J., Parsons, B. & Wright, T. (2009 b). Radar
interferometry time series analysis of Mashhad subsidence. Journal of the Indian Society of
Remote Sensing, 37 (1), 147-156. https://doi.org/10.1007/512524-009-0006-X.

Dehghani, M., Zoej, M. J. V., Hooper, A., Hanssen, R. F., Entezam, . & Saatchi, S. (2013). Hybrid
conventional and persistent scatterer SAR interferometry for land subsidence monitoring in
the Tehran Basin, Iran. ISPRS Journal of Photogrammetry and Remote Sensing, 79, 157-170.

Eggleston, J. & Pope, J. (2013). Land subsidence and relative sea-level rise in the southern
Chesapeake Bay region. US Geological Survey Circular, 1392, 30 p. https://dx.doi.org/
10.3133/cir1392.

Esmaeili, M. & Motagh, M. (2016). Improved persistent scatterer analysis using amplitude
dispersion index optimization of dual polarimetry data. ISPRS Journal of Photogrammetry
and Remote Sensing, 117, 108-114.

Esmaeili, M., Motagh, M. & Hooper, A. (2017). Application of dual-polarimetry SAR images in
multitemporal INSAR processing. IEEE Geoscience and Remote Sensing Letters, 14 (9),
1489-1493.

Ferretti, A., Prati, C. & Rocca, F. (2000). Nonlinear subsidence rate estimation using permanent
scatterers in differential SAR interferometry. IEEE Transactions on Geoscience and Remote
Sensing, 38 (5), 2202-2212.

Fruneau, B. & Sarti, F. (2000). Detection of ground subsidence in the city of Paris using radar
interferometry: isolation of deformation from atmospheric artifacts using correlation.
Geophysical Research Letters, 27 (24), 3981-3984.

Galloway, D. L. & Burbey, T. J. (2011). Review: Regional land subsidence accompanying



VWY o s Cudlsgg U o] By g (U s €ui3) Grd ] cip 43 o oy pi (o 6 puwr JulodF

groundwater extraction. Hydrogeology Journal, 19 (8), 1459-1486. https://doi.org/10.1007/
s10040-011-0775-5.

Galloway, D. L., Hudnut, K. W., Ingebritsen, S. E., Phillips, S. P., Peltzer, G., Rogez, F. & Rosen, P.
A. (1998). Detection of aquifer system compaction and land subsidence using interferometric
synthetic aperture radar, Antelope Valley, Mojave Desert, California. Water Resources
Research, 34 (10), 2573-2585.

Ghiglia, D. C. & Pritt, M. D. (1998). Two-dimensional phase unwrapping: theory, algorithms, and
software (Vol. 4). Wiley New York.

Goldstein, R. M. & Werner, C. L. (1998). Radar interferogram filtering for geophysical applications.
Geophysical Research Letters, 25 (21), 4035-4038.

Haghighatmehr, P., Valadan Zoej, M. J., Tajik, R., Jabbari, S., Sahebi, M. R., Eslami, R., Ganjian,
M. & Dehghani, M. (2012). Time series analysis of Hashtgerd subsidence using INSAR
technique and global positioning system. Journal of Earth Sciences, 22 (85), 105-114. (In
Persian)

Haghighi, M. H. & 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. & Esmaeili, M. (2013). continuous compaction of aquifer
system in Tehran, Iran, as evidenced by C-band, L-band and X-band radar measurements. The
5th TerraSAR-X Science Team Meeting.

Hanssen, R. F. (2001). Radar interferometry: data interpretation and error analysis (Vol. 2).
Springer Science & Business Media.

Hoffmann, J., Zebker, H. A., Galloway, D. L. & Amelung, F. (2001). Seasonal subsidence and
rebound in Las Vegas Valley, Nevada, observed by Synthetic Aperture Radar Interferometry.
Water Resources Research, 37 (6), 1551-1566. https://doi.org/10.1029/2000WR900404.

Hoffmann, J., Leake, S. A., Galloway, D. L. & Wilson, A. (2003). MODFLOW-2000 ground-water
model—User guide to the Subsidence and Aquifer-System Compaction (SUB) Package. US
Geological Survey Open-File Report 03-233, 46.

Holzer, T. L. & Galloway, D. L. (2005). Impacts of land subsidence caused by withdrawal of
underground fluids in the United States. Humans as Geologic Agents, 16, 87.

Hooper, A., Zebker, H., Segall, P. & Kampes, B. (2004). A new method for measuring deformation
on volcanoes and other natural terrains using INSAR persistent scatterers. Geophysical
Research Letters, 31 (23), 1-5. https://doi.org/10.1029/2004GL021737.

Hu, B., Zhou, J., Wang, J., Chen, Z., Wang, D. & Xu, S. (2009). Risk assessment of land subsidence
at Tianjin coastal area in China. Environmental Earth Sciences, 59 (2), 269-276.
https://doi.org/10.1007/512665-009-0024-6

Itoh, K. (1982). Analysis of the phase unwrapping algorithm. Applied Optics, 21 (14), 2470.

Kaniewski, D., Van Campo, E. & Weiss, H. (2012). Drought is a recurring challenge in the Middle
East. Proceedings of the National Academy of Sciences, 109 (10), 3862-3867.

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 (23), 1-5. https://doi.org/10.1029/2004GL021294.

Lanari, R., Casu, F., Manzo, M. & Lundgren, P. (2007). Application of the SBAS-DINSAR
technique to fault creep: A case study of the Hayward fault, California. Remote Sensing of
Environment, 109 (1), 20-28.

Lee, S. & Park, 1. (2013). Application of decision tree model for the ground subsidence hazard
mapping near abandoned underground coal mines. Journal of Environmental Management,
127, 166-176. https://doi.org/10.1016/j.jenvman.2013.04.010.

Lyons, S. & Sandwell, D. (2003). Fault creep along the southern San Andreas from interferometric
synthetic aperture radar, permanent scatterers, and stacking. Journal of Geophysical
Research: Solid Earth, 108 (B1), 11-24. https://doi.org/10.1029/2002JB001831.

Mahmoudpour, M., Khamehchiyan, M., Nikudel, M. R. & Ghassemi, M. R. (2016). Numerical
simulation and prediction of regional land subsidence caused by groundwater exploitation in



JIA-1+9 (1199) 1€ o (g il 9 LS/ sis /o) (R0 9 b YA

the southwest plain of Tehran, Iran. Engineering Geology, 201, 6-28.

Mardi, A. H., Khaghani, A., MacDonald, A. B., Nguyen, P., Karimi, N., Heidary, P., Karimi, N.,
Saemian, P., Sehatkashani, S. & Tajrishy, M. (2018). The Lake Urmia environmental disaster
in Iran: A look at aerosol pollution. Science of The Total Environment, 633, 42-49.

Mason, S., Fletcher, J. K., Haynes, J. M., Franklin, C., Protat, A. & Jakob, C. (2015). A hybrid cloud
regime methodology used to evaluate Southern Ocean cloud and shortwave radiation errors in
ACCESS. Journal of Climate, 28 (15), 6001-6018.

Massonnet, D., Rossi, M., Carmona, C., Adragna, F., Peltzer, G., Feigl, K. & Rabaute, T. (1993).
The displacement field of the Landers earthquake mapped by radar interferometry. Nature,
364 (6433), 138.

Massonnet, D. & Feigl, K. L. (1998). Radar interferometry and its application to changes in the
Earth’s surface. Reviews of Geophysics, 36 (4), 441-500.

Motagh, M., Walter, T. R., Sharifi, M. A., Fielding, E., Schenk, A., Anderssohn, J. & Zschau, J.
(2008). Land subsidence in Iran caused by widespread water reservoir overexploitation.
Geophysical Research Letters, 35 (16), L16403. https://doi.org/10.1029/2008GL033814.

Motagh, M., Shamshiri, R., Haghighi, M. H., Wetzel, H.-U., Akbari, B., Nahavandchi, H., Roessner,
S. & Arabi, S. (2017). Quantifying groundwater exploitation induced subsidence in the
Rafsanjan plain, southeastern Iran, using INSAR time-series and in situ measurements.
Engineering Geology, 218, 134-151.

Pengra, B. (2012). The drying of Iran’s Lake Urmia and its environmental consequences. UNEP-
GRID, Sioux Falls, UNEP Global Environmental Alert Service (GEAS).

Pirouzi, A. & Eslami, A. (2017). Ground subsidence in plains around Tehran: site survey, records
compilation and analysis. International Journal of Geo-Engineering, 8(1), 30.

Poland, J. F. (1984). Guidebook to studies of land subsidence due to ground-water withdrawal.

Rashki, A., Kaskaoutis, D. G., Goudie, A. S. & Kahn, R. A. (2013). Dryness of ephemeral lakes and
consequences for dust activity: the case of the Hamoun drainage basin, southeastern Iran.
Science of the Total Environment, 463-464, 552-564.

Raucoules, D., Colesanti, C. & Carnec, C. (2007). Use of SAR interferometry for detecting and
assessing ground subsidence. Comptes Rendus Geoscience, 339 (5), 289-302.

Refice, A., Bovenga, F., Nutricato, R. & Chiaradia, M. T. (2004). Assessment of multitemporal
DINSAR stepwise processing. IGARSS 2004. 2004 IEEE International Geoscience and
Remote Sensing Symposium, 6, 3876-3879.

Rosen, P. A., Hensley, S., Joughin, I. R., Li, F. K., Madsen, S. N., Rodriguez, E. & Goldstein, R. M.
(2000). Synthetic aperture radar interferometry. Proceedings of the IEEE, 88 (3), 333-382.

Sandwell, D., Mellors, R., Tong, X., Wei, M. & Wessel, P. (2011). Open radar interferometry
software for mapping surface deformation. Eos, Transactions American Geophysical Union,
92 (28), 234.

Soleimani, M., Hamzeh, S. & Papi, R. (2018). Potential assessment of suitable lands for walnut
cultivation in Tehran province using fuzzy AHP method. Journal of Soil and Water
Conservation (JSWC), 8 (1), 49-72. (In Persian)

Teatini, P., Ferronato, M., Gambolati, G. & Gonella, M. (2006). Groundwater pumping and land
subsidence in the Emilia-Romagna coastland, Italy: Modeling the past occurrence and the
future trend. Water Resources Research, 42 (1), 1-19.

Tesauro, M., Berardino, P., Lanari, R., Sansosti, E., Fornaro, G. & Franceschetti, G. (2000). Urban
subsidence inside the city of Napoli (ltaly) observed by satellite radar interferometry.
Geophysical Research Letters, 27 (13), 1961-1964.

Zebker, H. A. & Goldstein, R. M. (1986). Topographic mapping from interferometric synthetic
aperture radar observations. Journal of Geophysical Research: Solid Earth, 91 (B5), 4993-
4999.

Zebker, H. A., Rosen, P. A., Goldstein, R. M., Gabriel, A. & Werner, C. L. (1994). On the derivation
of coseismic displacement fields using differential radar interferometry: The Landers
earthquake. Journal of Geophysical Research: Solid Earth, 99 (B10), 19617-19634.



