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Fig 1. Location of the study area in Isfahan province - Isfahan plain and urban area
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Y g \ ; . ,
(slave) (master)

RVARE i A AFoV Y=YV o w SLC \

YE-\Y=Ya Y VALY B PR w SLC Y

4\ Y=Y 4 A VE—V Y=YV W SLC ¥

v E-VY-Y)Q V4V Y-Y VA w SLC 3

Ye—)Y-Y:Ye v E-VY-Y 14 Iw SLC 0
. .LOS deformation . e . (- P 1. -
Subsidence rate:—————— xD [¥] S e I ST sl cwsay sl

sl CMD) Lajey slaes glue Jasm At Lnl s &S
OF) Ll o Jle S slass,

Sloolsale s 53 55 anllaes o aikee ATAE Jlu s
Oles LITAE Jlu 4 bgsje 8L ys g 10 5l 5l 3
A3 S iy s OF VU i b (S s b
The ) (rie J15 Slgy 53 03 a3y 2550 adbaie (e
Oasl Calys g 1 syl Ll 3 (Interferometric Wide
ol gl Olgea WYAE Jle 0T 55 &S iy b aiis
el (Slave) azesly s sead Olgeas VY40 JL. 5 (Master)
JB e eddpl il Otb w3 b pad Jloja 6
JSET i S 5 5B pslal s edd a3l
il

S Merg fos 4 S Ao (s B el 53 e
03 Stack sl [ S5 A e 55 das e g F gl
232 5 ol ppal Olgea KL Jsl el Band iy
Sl G rpdl ol ppad A2 anly sl Ol e o

M‘)ﬁj@)@\@aéﬂﬁzb_}w.hﬁ .19[;;5)‘45

Ay il e b obdlar Cuadse B g5l
2 ekl yasie bla gl Gy 5 s S ilolls
E) CJ; O @Jg )lj.; wUd.dJ‘))ﬂ dalee RIS J.i_}L.aj
LS)‘J\) _)JJL#J L ol dL)LAJ LLE.: ‘3.;)]4 )‘ &:A..M:..JJJ.% Q‘j:ﬂ
lanyso A il Sl 53l 5 ahes say andllaes ;5o adlats 6l 5
A S 13

L (adais) TR A GRAE e FIE 5B
A2 Sexasplis (Obsl, BNl Yo Lls 56 S
)‘Ab ..Llé b— )l.’\:ﬁ\ L wﬁ) L;leul:- (J‘J\) C‘}Ad‘}b W)

Al =t sk C UL zsad sb Sl 4 a5 L
BEPERTER TSN STY JCIFWRE Wi pRVHPIRE RS

LOS deformation= Nx2/5 [V]

sarass LK sl IS froms N Lol 53 oS
L;'f'b CM»J_’})J Cf wl:w [SvEe UJ«‘)"L‘J ol odliosls
:;Milsr.:.a\}}Y abal

Ye



w3 eslinal b Olgdonl s Cnciip b Wigy oy

ap oS ol (02) (i S Gla Sy Sl il
b oy OF 53 Dl das o 0L A3L 5 SGo5 S o
25 O sen pramen Cal Slay 6 SVL s
o dI A 5 Gl I 53 55 4 I o 15

(1 UK)O) weslimal pliandS s

— - Stack

S1 Images

o

————> Subset — > |.

Ak e sl Lol et b Smegsly 5 pwdia Bl
slag 5 OOl sasOlis oS Gl (6 gt JB pas
IS A el Bl die 5 b Ll
038 Sl gla LSy sl sdiasplis &S Conl e 2d
o kasOlis o A sS gl 35l Dy 3B psad D
5 bl Blsal e H Gl il Ol

=4

Master | X slave

Subsidence Map

(SNAP) (55 5,18 4ol 3 s ;3 Sentinel-1 glaesls ,I8° s 5 ¥ e
Fig 3. Sentinel-1 data workflow in the application platform (SNAP)

shls gble alsl ;s (ArcGIS) Ul s oledbl
de\a@ &)JQ}@M‘JQ- L\Lﬁb)‘w‘))ﬁ
sble olg slais oIS 0 s (Natural break)  a.b
O iwns s ol ol (ol 8 wondis b glls
Gy b (Standard deviation) [las Gl 5 Sl
A g Oy wtE algs s bl oL b

(¢ JK2) W S 4 (Lowest Position Map) <ol 3

——> GIS — - Extract By Attribute ————

s g S 5 iy b 53 dmle g
o e S el e s 4 (V) 553 Gl L
DEM SRTM I eslazul L 5 (Interferogram Formation)
Sl ds S Gl B1S, 5 5l 56 56 3 1SEC HGT
o Sl sl by i) ol Olpe 04l jasle
wod Slp Lol Glusmbaw Olgoas ua) o a 58 e slad
g8l 5 cub b aS S ol 4 bos S Jlesl i slas
P e R S e
sbinle) UM bl o b Culgiys 5 ol sl L3
LS ol gl Bl IS Olse sl s s

s bolis el
i

ATCGIS I 3le 5 53 (5,115 s Jo15 13l 5 s 5 IS 28 4 IS
Fig 4. Radar interference software output workflow in ArcGIS software

Yo



VEY Sl (o o5lei /o5l o) (anb s 53 (b1 SUeSb Glols 5 555 31 o

Loss oS A3l Rl sy il 2l Jor iy
cos 5 4 IFAA STV YA cladle s Lol csls
Sl LD ) el Bl 15 /0N 5 T /AY
(YA AYAY 5 VYA Jlo a3 Olgionl Cudis Sy b
shos [ obar Olghol 43 ad s (555 0 (I Aas e UL
SS1 5 skilas 3515 55 e 5ol i b IS 5s 2
S oS kst B oS S s s 5 3, gble
O UK2) ol s,ls atd b 0,8 e 53 cadis b
52 S508LS S 5 St Ghle &S el DLl #5550
Al B L5 e s ok el B ud sla SIS
23 S GRIB S Y s e
VAL Jle ps Jle 5 ze Sl VY70 sk L WIS
Oyms s OF L2l 5 YOOV Jle s Jle e sl 14/4
e WWAYSATAA 630 s Jle e Sl VE/Y 5 Yo/A

b

BAFAE cladle o S b sl il (0) JSC
WAL Jle 5 (JSSE pl 4 a5 Lodas e LS 1H1TAA
Gt ailin )3 5 adym S e 53 Dl Ol 0n e
D cpsibe e ITA0 Jlo 3 il Olgiol Ol
Slisn lls &8 Ail o (g s dibie 4 by e Ol S
a3 s VO st 5 e 1YL Lo 2B L o
Ghle oy 5 g s a5 Sy BB anlaes e
Cobae Ao s o/0) sad 5 8l A el b slls
el ailie JS

5 i Ol WWAA 5 VAV (AT cladle 4 s
oy odalie L3l s 4 Cod gl pbelr
3 WA ladle s iy b 05k Gble Sosba
53 g 5 oS Coiisg Sad L Ll S 4 (T4

b. L;.]al.../a Cxwy  (poomed cJJ‘oJ...'I:J{‘J.:S (S LSLAJLM:

G § 8 s

"] L

” - N
08 Loy .
c3 oS |
08 5 &

[ PO TP R R

MU LTI 1Km

0510 20 30 40

WWALIYAA Slej o3l s iy p odd wii 0 IS

Fig 5. Map of subsidence intensity in the period 1394-1398

A



w3 eslinal b Olgdonl s Cnciip b Wigy oy

w2l g ls
00 Ol

[ WG

o 5y

5 ok Loy ol

00 bugze 3wl

07 s 2l

" -

S ah el Km

' ; 0 125 25 50 75 100

o G 2

Fig 6. Land use of the study area
PPl e Gy B S e Y
Table 2. Rates of land subsidence (cm)
o gilas) G Lo E S Sl g b A Jl s,

§/¥ —\Y/0 NI yrag \
£/0 —\Y/) s va0 \
Va-14/4 3L et ACh v
0/A=Y+/A 3L e YYav ¢
£/V-V§/Y s V¥4A 0

2 sblci 5 Ll Oliol 4 o sasta Sllas
S Slale 4 a5 L dl Kyls 13 Sl > e
Wl Vbl o3k 55 ) o Lo sy 5 4 S
A3l e P s bls s s
Cmds Olaged 5 2dls 18 Cle 4 anlllaes ) g ailais
OOy 85 5 3053 Ll g ol i 4 Slre a8 s sl
el sl 3L3 Slome b sLneln a0l 035 45 5
SLeMbl a8 Col sdiglim (55 sLiS 05 1S sl e

.J)‘JJJ)P.-) uicuqﬂbdﬁ):ui

v

Sl NS e 53 Y S il e 3l 2

el Sl el duaib sl A s ol kg (oS
dilas Sl g gama 514 das e 0L 428 ) 5!
YAYA ol L ol wg s @fj;ajx:s AT S,
Sl gy 3 e e ghS ENTE by Sl gy 53 e RaskS
255 e DA oS S g 53 e S TV L e
Spd 3 gl lls sl e U sl slaag ¢ seme
s oo golaitl s |y by Sy m e ta gl EVHY
4y s 4SS Olg e S e 3ylse 4 a5 Lo cnl ol



VEY Sl (o o5lei /o5l o) (anb s 53 (b1 SUeSb Glols 5 555 31 o

O by \
l
g L
“ ala__', L5 ;_'1'0_:: s w w0

SWllas oy IS o)) gl Gl ganag VS
Fig 7. The zoning of decreased groundwater level for the whole study period

b e ozt BB ) o el Olgionl il 5 b atlaie iy b L gt 2B a0 ) B A gl K2
CENRAPJC PN N SUPI WS JU5 B XSS ROU PR 0033 53 Cewclls b e op il £ 555 Oles 5 slre DLl
Las e Ol 6 e mle Y41 Ol i Olyse i A IS @ a5 L s e 0L

b 55 e an b WWAA L5 AYAE Jlu 5l iy b

ARRT-5% DL RTINS SR 4 4 ' s |
% (3)_(-0) .
o8 (-£4)_(-%)
€3 TR

1 o8 var v MU 20 IKkm
o€ (_./4)_(1/0) 0 1020 40 60 80

Olghnl s Canliy B law ge a2 A IS
Fig 8. Map of the average land subsidence in Isfahan plain

Gl 1 sl 5L Laesls uf"\"s‘ﬁ. S das e OLAS (L Sromb de laesls 5l (glas semma Slaedl il a2
sl L55/.1;5\;; Ol O3l OLAS gl o gode Gl 5 ks Sy uﬁi’\""’ o baesls &8 ol OF wlis sl
M.}& QL\;J q ‘}gﬂ 45 )jbdw CM‘ L&o.}\b )‘ ij «_;/)JJ Sle )L;M &J‘F‘ 45&)}«&).} JJ)‘.) L;.L" ‘}S/J\.\S‘J.l

YA



)lb)L&LﬂlLQLWlM:MJﬁ-L})JA)JJ

RULIBE IS R GIOAT T IPN L S| PRI C PRSP P G e

Sl blE plu a Cond (gt Dl i 8

03 9 38 &)pdﬂdﬁb\//‘\ U Ol psd Olgee o i
shils a5 bl S, sba coul anllaes ;g0 ab5> S 0

YeromY e e ol

" -

8 \\-¥

[SCI FARA 714

o8 Yo-rN mEmE
% Y/Y-VA 0 1020

| [Km
40 60 80

Olgio!l Cuds Hlae Ol il 4285 A IS
Fig 9. Standard deviation map of Isfahan plain

VYD) 3l 5 dlw ol 53 e Sl 5 S LSk s

Sols

23 St B oS i £ 8 Ole) Al 4y a5 L

o b ol Ol i gyl AT JL O IS
SUy e NS s Jle e sl (VVA-4/4) iy b
(O/A=Y+/A) il s b 5 5 Ly YAV L O3l
3 8 Somlime s s IS s Sl e

du))aM%m‘}ﬁbMJmebM)ﬁcﬁj

Sty 1 f 488 O3

¥4

g i
o8 a0
o3t
| o8& \ray M L2 1km
PERTEYY 0 10 20 40 60 80

s gladle js i b Ol o i &j}j O Ny JS...:
Fig 10. Location of the largest amount of subsidence in different years



VEY Sl (o o5lei /o5l o) (anb s 53 (b1 SUeSb Glols 5 555 31 o

cilaa s bla ST,y ek oS3l bl 5 caiiy b
olis Ko a5 ibolen (V) ISKE) A ol a5
adlae 55 SOl LLE 5l ool Jls e s
Sl S a i il 48 Ol ol Ol 5 s

Sl Sis ol Esly 15 o Lacnisy 3

i Ol O alax 3l 8 L5 Szl anl bE 5 ol
e 5, i e s WelS s 5 s Uil b s
Lla L oledbl cilys 5l ey ol ble ol o
Sl Ll el bl 53l 5 s S5 2l

bﬁwwbwﬁ)‘gdﬂbﬂ J)}A}b.)u.;

g S | I TKm
o 10 20 40 a0 80

Fig 11. Strategic points on the average subsidence map of Isfahan plain

a0 Olis 1y oylsale wos bt glialy 5y i b Ol
23 bl i IS By B G ol ) W00
DALS [yl ol e e ES e 4 Olgdsl s
ol s 5 bl Jes 4 b e slalls il S
@l S el e dalS 2 s IS ol
32 WAL Jlo sl fpl js cnlily b as wsls ol
b e osline Cilies Sl slaesl s of EA s il
VW0 5ol e oS s cnlip b s S aS (s sba
0> dlw 5 e Sl YA/ 4 WYaE Jle s Jle e ol
e S VE/Y 5 YA Ol w0 0T al5dl 5 YoV JL
el oo YTFAVZVFAA 65U s Ul
sble 5l Olgawl Cuds Canli b Ol id Hlde ooman
oy Slde 4 e Bl £/0 gLl an sl ghls

S5 5 Loy

357 5 00 Sl o b Ol S Ol ey il b
05 A ablie 5 Cunde S Sl g ey Glebiy
3,55 sl Of Sl 5 iy g5 Al sl
Copde lp ol Callis Sy Copde s mals
S g p D 5 5 Olgen et 3 03N el b S
Ll ol Gl s S

S5 3l osliial Uy U ol ol ar Giod ol
0 Olgral s il b TS A (sl e I
..s;j_f dwle (WWAA Jslus £ B\TAE Ll YY) L o
Sl b iy b s bla 3las Oljn ooy (it
sy ol e S5 ele G Ol s
Sl e 05 S Tl e 415 ) s 50

in



e 3heslinal b Olgtol s S s b Lgy oy

i s Lol g lueslr 5l 5 (ol e ann s
L i ol s cilodd caidy b slas oS
(V) 0L 5 Sl 5 (7) Ol 5 ol Solallas
Ll Lo e 5 Cplin (l5ls

bl ed Ol e gy orl B Sl ealand b
Sl 1,8 e cgr oY Glajliin Gl LS
fbs Sy Su e S oo ol 3 ge Gl 15 CiSis
et 3 e 5 Pl e S e Ds b (s b
Ol 1y addlaie j3 a4 S o S Ol ks k!
Aas e

Gblie 53 28 (2 pde S sl as el S5 4 ey
a8 S Lne (pl oS (b 5 oS oS B Ll
L s ol 5 cedip b 3l ah a0 o bl
ol 13 ila S oS Sy p Dl WIS 3 des
iy b 3l Sy S ol s Lz AL LG
Sl 33,5 o 4o 5 et A S Ul 8 A s e
5 JS St Sl pl 5 S8 w4 phowes
5,8 Sl a5 s se e S 3 adkaie S L

S g pS

03,5 wal 3 bl a bl plab I5T 1 dlie O3
Olgial Olul ()15 g2 51 5 Sentinel-1A (g )lsl; (slaesls
S o S8 ragn nl Sl ol il

Ly o Ol Ly Gl b Jol dlie )
osliul b ey o 55 gla astld 5l Jlie ey iz
aaJlas) DInSAR (g 05l & &8 v |20 Gy, 5
Jlw 5o Oleiol (s5ls e o smae (Olghol s 153 50
o il cole L aS cunl VYV1/AA/8048 o L L VYA

el ol || Ol

A

Olgiol Cis (5 - a3 e Bl (Z4/71) Caisy b
25 2L Sl S35 (bl i I ) sl s
Il resn 5 3,10 (e s Sl IS5 ks (6,5 0510
a5 by AS e el b adles Sl Glata sy 5 ms s
i i bl o i g e el 2l
ON) UL 5 gociii> sy L aS s 5 S
i L1 Olgral Clds (6 s (68 1 sl cilae
Aol e Calip b Ol s
el 2l Sl 55 e gl il a2
e kS Y a5 50 ailais Cmlis i x5 L S
ol el ag GJAJ:»,L"S\/\V‘\ by A Sl ag
@ffﬁjlﬁs\’“'\\“‘\}b);ac,él%ﬁGfJu%H\“i
o B3l slaag aame 53,5 0 U3 oS 3l wgy 53
w:w;cfﬂjgi\“\’ sad> g o-lew glhls oL
;\ﬂjﬁjduqc_s\w.u;ﬁupw}w;PW.\)
SRl OBl 5 &5 e g 5535 T s (5 oo
el O o o e 5 shaiaay e ol i Ol e
odallie o)) ;.jca_'e\ Ggdg Ao 53 540 (6oL
o G e Lol Sl Ul 55 5l &S 555
il o E et s ot Gy be Rl S
53k Gasro e Ll Ul 5l slaas s~
ailais o by s ad i S e S s ol 3l S s
Sy Glaall (e A3l e Olgil (5 56

255 i bl o3l s el Sy

o3 yeslp, o
giwldg%dgdwu@owdﬁidb@
sl L;,J\)V.a SRS
3 eslital U adting slaeii 5 mls s i |
Sl 45 ds s e S LSl sl i
ailaie 55 08355 5 el S5 ol slacly o3 51 olo 25
S Ao DAd L iy b Ol e (2 me 53 (50

5wyl Sl SoolS ol s s G bl s



10.

11.

12.

VEY Sl (o o5lai /o5l o) (anb s 53 (b1 SUeSb Gl 5 555 31 o

Abidin H Z, Andreas H, Gumilar I, Sidiq TP,
Gamal M. 2015. Environmental impacts of land
subsidence in urban areas of Indonesia. In FIG
Working Week. pp. 1-12.

Ahmadi N, Mousavi Z, Masoumi Z. 2018. Study
of subsidence of Khorramdareh plain using radar
interferometry technique and its hazards. Remote

Sensing and GIS Iran, 10 (3), 52-33. (In Persian)

Allaby M. 2013. Dictionary of Geology and Earth
Sciences (4th ed.). Oxford University Press.

An K. 2015. Investiging the Ralationship between
Land Subsidence and Groundwater Depletion in
the north Plain Using GRACE and ICESat
Master's Thesis, University of California, Los
Angeles. p44.

Arvin A, Wahabzadeh Gh, Mousavi R, Bakhtiari
Kia M. 2020. Spatial modeling of land subsidence
in the south of Minab watershed using remote
sensing and GIS. Remote Sensing and Geographic
Information System in Natural Resources.19-34.
(In Persian)

Cigna F, Bateson L.B, Jordan C.J, Dashwood C.
2014. Simulating SAR geometric distortions and
predicting Persistent Scatterer densities for ERS-
1/2 and ENVISAT C-band SAR and InSAR
applications: Nationwide feasibility assessment to
monitor the landmass of Great Britain with SAR
imagery. Remote Sensing of Environment. 152:
441-466.

Farr, T.G. and Kobrick, M. 2000. Shuttle Radar
Topography Mission produces a wealth of data,
Eos, Transactions American Geophysical Union,
81(48): 583-585.

Ferretti A, Prati C, Rocca F. 2001. Permanent
scatterers in  SAR interferometry, IEEE
Transactions on geoscience and remote sensing,
39(1): 8-20.

Fotohi S, Almodaresi A, Delaram R. 2021.
Investigation of land subsidence using radar
interferometry (D-InSAR) technique in
Nehbandan-Sahlabad plain. Remote sensing and
GIS in natural resources. (In Persian)

Goldstein R.M, Werner C.L. 1998. Radar
interferogram filtering for geophysical
applications, Geophysical research letters, 25(21):
4035-4038.

Haghighatmehr P, Valadanzouj M. J, Tajik R,
Jabari S, Sahebi M. R, Eslami R, Dehghani M.
2012. Time series analysis of Hashtgerd
subsidence using radar interferometry and global
positioning system. Journal of Geoscience, 22(85),
105-114. (In Persian)

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

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Gl.:.a
Mahdavian Ch, Mahdavian A. 2014. Principles
and methods of application of radar interferometry
method in earthquake study. First National
Conference on the Application of Advanced
Spatial Analysis Models (Remote Sensing and
GIS) in Land Management. (12), 5-10. (In Persian)
Mortazavi M, Soleimani K, Ghaffari F. 2010.
Water Resources Management and Sustainable
Development, Case Study of Rafsanjan Plain,
Journal of Water and Waste water, 3: 131-126.
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.
Motaq M, Davoodi Jam M, Momeni M, Hashemi
M. 2012. Detection and display of subsidence of
Mahyar plain of Isfahan with the help of radar
interferometry, scientific  journal promoting
surveying engineering and spatial information,
3(2). (In Persian)
Motagh M, Shamshiri R, Haghighi M.H, Zschau J,

Arabi S. 2007. Land subsidence in Mashhad
Valley, northeast Iran: results from InSAR,
levelling and GPS. Geophysical Journal

International, 168(2): 518-526.

Organization of Geology and Mineral Exploration
of the country (review of regional land meeting in
Iran and compilation of land subsidence database.
Poland J. S. 1984. Guidebook to studies of land
subsidence due to ground-water withdrawal.
UNESCO.

Qara Cheloo S, Akbari Quchani H, Galian S, Ganji
K. 2021. Assessment of land subsidence in relation
to groundwater with the help of Sentinel-1 and
Alus-1 radar satellites (study area: Mashhad plain).
Remote Sensing and Geographic Information
System in Natural Resources, 12 (3), 11-14. (In
Persian)

Radutu, A. Gogu, R. 2019. Chronological
reflection on monitoring urban areas subsidence
due to groundwater extraction. E3S Web of
Conferences 85, 07015.
https://doi.org/10.1051/e3sconf/20198507015
Salehi Motahed F. 2019. Assessment of land
subsidence by combining radar interference
method and field measurements and study of its
causes and effects on the city of Mashhad.
Kharazmi University. Journal of Engineering
Geology, 13(3). (In Persian)

Sharifi Kia M. 2012. Determining the rate of land
subsidence using radar interferometry (DInSAR)
in East Nogh - Bahrman, Lecturer of Humanities -
Space Planning and Planning, 16 (3). (In Persian)
Smith, R.G, Knight R, Chen J, Reeves J, Zebker
H.A, Farr T. 2017. Estimating the permanent loss
of groundwater storage in the southern San

£y



e 3heslinal b Olgtol s S s b Lgy oy

25.

26.

27.

AN

Joaquin Valley, California, Water Resources
Research journal, 53: 2133-2148.

Taheri Tizro A. 2008. Groundwater.
University Press, Second Edition. (In Persian)
Turani M, Aq Atabai M, Rustaei M. 2019. Study
of subsidence in the west of Golestan province
using radar interferometry method. Journal of
Spatial Planning. Journal of Golestan University.
8(27): 65-79. (In Persian)

Talebiniya M, KhosraviH, Zehtabian GH,

Malekian A, Keshtkar H. 2022. Investigating the

Razi

role of meteorological drought and geodetic factors

28.

29.

on land subsidence vulnerability using fuzzy
overlay. Desert

UNESCO. 2015. Land Subsidence. Retrieved from
Land Subsidence: http://landsubsidenceunesco.org/
content/what-land-subsidence.

Yamani M, Najafi I, Abedini M. 2009. The
relationship between land subsidence and
groundwater level drop in Qarabolagh plain of
Fars province. Geography Quarterly, Islamic Azad
University - Central Tehran Branch 3 (9, 8): 27-9.
(In Persian)



RS & GIS for Natural Resources
(Vol. 14/ Issue 3) Atumn 2023

Indexed by ISC, SID, Magiran, Noormags, Civilica, Google Scholar for

RS & GIS

Natural Resources

journal homepage: https://sanad.iau.ir/journal/girs

ongnal | nyestigation of subsidence trend in Isfahan plain using radar
differential interferometry technique

paper

M. Talebinia®, H. Khosravi?, G. Zehtabian®, A. Malekian*, H. Keshtkar®

Received: 2022-01-30 / Accepted: 2022-03-29 / Published: 2023-05-22

Abstract

In the present study, to investigate the occurrence
of land subsidence in Isfahan plain, SNAP8.0
software and radar differential interferometry
technique were used. For this purpose, after
processing Sentinel-1A images in the period 2019-
2015, rate and intensity subsidence maps were
prepared in the desired period. Also, changes in
groundwater water level in the period 2002-2018,
as one of the geodetic factors affecting subsidence,
were studied to match the points that have
subsidence. Then the output of SNAP software was
studied using ArcGIS10.8, with land use layers and
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average water level changes and Maps of mean
subsidence changes, groundwater drop, standard
deviation and time of maximum subsidence were
prepared. The results show the occurrence of
subsidence phenomenon in areas with groundwater
decline with urban use, roads and agricultural lands
with a maximum rate of 14.2- 20.8 cm in the years
2018-2019. The average change represents the
maximum subsidence of 9.6 cm per year, in line
with the satellite line of sight, in the urban area.
Also, spatial analysis of subsidence hazards at
strategic points showed that the study area needs to
provide the necessary warnings for the occurrence
of subsidence crisis on a larger scale in the future.

Introduction

According to the definition provided by the US
Geological Survey, land subsidence involves
subsidence, which occurs on a large and small
scale under the influence of various factors.
Subsidence in each area is affected by one or more
factors. Groundwater extraction in arid and semi-
arid climates is a major cause of land degradation
and subsidence that can cause significant damage
to infrastructure, hotspots and power lines. During
the last 30 years, the depth of groundwater aquifers
in Iran has decreased by at least 15 meters. Isfahan
plain with an average rainfall of 125 mm, with
vegetation scattered in different parts has a high
concentration of authorized and unauthorized
exploitation wells for agricultural and industrial
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activities. Abi has brought the plain of Isfahan, so
there is a possibility of occurrence of subsidence at
high rates, especially in areas with looser soil and
fine-grained clay texture and little vegetation. In
this research, radar differential interferometry
(DInSAR) technique has been used to determine
the range and subsidence rate in Isfahan plain.
Groundwater water table as one of the geodetic
factors related to land subsidence was also
analyzed. In this paper, an attempt was made to
present the first results of differential radar
interference measurement in Isfahan plain as a
subsidence map in the years 2015-2016-2017-2018
and 2019.

materials and methods

To study the phenomenon of subsidence, it is
necessary to study radar images as well as the
factors that aggravate subsidence. In this regard, to
receive free radar images from the European Space
Agency in one-year periods, for the statistical
period (2015-2019). After the necessary processing
on each of the images in SNAP 8 radar
interference software, the radar outputs (Geotiff
format files) were input in ArcGIS10.8 software
and analyzed to prepare the final subsidence map.
Therefore, in order to determine the role of
geodetic factors (groundwater, slope, altitude,
distance from the river, vegetation, etc.) on the
probability of subsidence, fluctuations in
groundwater level as one of the factors affecting
this phenomenon are analyzed. For this reason,
after receiving data from Iran Water Resources
Management  Company, 185  piezometers
representing the study area with appropriate
distribution and data were selected and annual data
on the water level of piezometric wells in
Najafabad, Isfahan, Barkhar and Kuhpayeh Segzi
basins in the statistical period 2003-2019 were
prepared in Excel. In order to prepare the raster
layers of water loss in the region, the average
values of water table of each well were input in
GIS software and after ranking the layers, finally
the classified map of groundwater level for the
whole study period in four classes of low, medium,
high and very high.

Then, C-band Sentinel-1 radar images were used in
the period from December 13, 2015 to December
4, 2019. The available SAR data consists of 5 IW-
SLCSAR images, the first level SAR image
product has vertical polarization with a one-year
harvest width of 250 km. In 2015, the study area is
located in two satellite images, so the received
image related to 2015 with the same date and
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feature, with the upper part of the image was
received. Also, the study area is located in two the
Interferometric Wide so to receive the first
subsidence map in which 2015 as the Master image
and 2016 as the Slave image. For each year, the
extracted image in Orb format of the previous step
enters the next section and phase and coherence
images are formed.

In order to calculate the subsidence accurately, the
topographic effect of the ground surface must be
eliminated. Therefore, based on a digital model
and using DEM SRTM 1SEC HGT, the phase
effect due to topography was removed. To
determine the amount of height displacement over
time in digital model images, the ground was
applied as a fixed base surface for all images. In
this way, by considering the base level, the amount
of difference in each image compared to the
previous image was determined, and finally, by
summing all the differences created in each image,
the total amount of height difference was obtained.
After calling SNAP software outputs in ArcGIS,
subsidence areas are separated from other points
and by final failure classification method in 5
classes, final maps of subsidence areas, land use,
groundwater drop, mean and standard deviation of
subsidence during statistical interval Finally, a map
Location of the largest amount of subsidence in
different years was prepared.

Results

The results of radar differential interferometry for
Sentinel-1 satellite in this study show that in 2015,
the highest rate of change is in the center of the
basin and in the urban area of Isfahan province. In
2016, the highest rate of change is related to the
urban area, which has an approximate overlap with
the map of 2015, and about 75% of the study basin
has no subsidence and is green, and the area of
areas with subsidence is very large, about 0.01% of
the total area.

In the map of 2017, 2018 and 2019, more changes
and displacements are observed than in the
previous two years, so that the areas without
subsidence in 2015 and 2016 have become classes
with low and medium subsidence intensity in the
following years, Also, the area of areas with very
high subsidence has an increasing trend that the
percentage of their area in 2017, 2018 and 2019
have increased by 0.97, 0.33 and 0.06,
respectively. The study of subsidence maps of
Isfahan plain in the last three years (2017, 2018
and 2019) shows that the central areas of Isfahan
basin are mainly in two classes of high and very
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high subsidence and most of the eastern and
northern regions are in the classes of low to very
low subsidence intensity. According to the land use
map, it is clear that urban and agricultural areas are
in high and very high subsidence intensity classes.
The subsidence rate has an increasing trend from
12.5 cm per year in 2015 to 19.9 cm per year in
2017 and an increase of 20.8 and 14.2 cm per year
in 2018-20109.

Also, out of the total area of the study area, 2363
square kilometers, the average annual water table
of the region is in very high slope zone, 1839
square kilometers in high slope zone, 4124 square
kilometers in medium slope zone and 3629 square
kilometers in low slope zone. The highest rate of
subsidence changes from 2015 to 2019 is related to
the center of the basin, the urban area of Isfahan
province, which shows subsidence of 3-9.6 cm.
The year 2017 has the highest amount of area with
a subsidence rate (6.19-9.9) cm per year in the
classroom is very high and after 2018 with a
subsidence rate (5.8-20.8) cm per year in the
classroom is very high,Shows a larger area of
occurrence of subsidence. The year 2019, the last

year studied in this study, has the highest
occurrence of subsidence in Isfahan basin that the
rate of land subsidence in this year is in the range
(4.7-14.2) cm per year and is in a very high
subsidence class.

Conclusion

Findings show that areas with maximum
subsidence rates are consistent with urban and
agricultural use, which have the largest share in
groundwater abstraction. Also in the groundwater
zoning map, it can be seen that the increase in
water loss from the east of the Kohpaye-Segzi
basin to the west and northwest of the region,
Borkhar and Najafabad basins has an upward trend
and the concentration of water loss is in the central
part of the basin. Therefore, subsidence maps
prepared in the statistical period are in line with the
groundwater loss zoning map.
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