Amirkabir Journal of Civil Engineering

Amirkabir J. Civil Eng., 53(5) (2021) 455-458
DOI: 10.22060/ceej.2020.17275.6511

Investigating the Effect of Aquifer Water Table Variation on the Subsidence
Phenomenon and Balancing Strategies of the Aquifer (Case Study: Ali-Abad Plain,

Qom)

A. Edalat!, M. Khodaparast"*, A. M. Rajabi?

"Department of Civil Engineering, University of Qom, Qom, Iran.
*Department of Engineering Geology, University of Tehran, Tehran, Iran.

ABSTRACT: Ali-Abad Plain of Qom Province, located in the center of Iran, is among the areas
recently affected by the subsidence phenomenon due to water overexploitation. In this research, using
the differential radar interferometry and Sentinel-1 images, vertical land deformation was monitored for
18 months from March 2015 to September 2016. The results showed maximum subsidence of 240 mm.
Moreover, it was found that subsidence in this plain is a progressive and continuous phenomenon with an
almost constant spatial distribution. Next, groundwater table fluctuations were measured in Saveh Plain
for 14 years ranging from September 2002 to September 2016. The results showed a maximum water
table decline of -44 m. Comparison of the ground deformation map with groundwater level fluctuation
map revealed a direct relationship between spatial distribution and ground deformation intensity and
groundwater drop. In addition, comparing the alluvium thickness variations with ground deformation
indicates that the alluvium thickness of the Ali-Abad Plain varies from 20 m in its eastern part to 300 m
in the western and central areas. The results do not show any significant relationship between these two
parameters in the study area. Moreover, it was found that layering type and the presence of thick fine-
grained formations are among other factors affecting the intensity and rate of subsidence in the plain.
Regarding the direct relation between groundwater table fluctuations and subsidence rate in the study
area, the water yield of the plain showed an annual deficit of 88.17 million cubic meters. Investigating
the exploitation resources and the consumption type of groundwater resources in the study area showed
that above 98% of the water extraction from the aquifer is through the wells, of which 92% is consumed
for agricultural purposes. Hence, exploitation management of the wells, control of illegal exploitation,
and revision of cultivation and irrigation are among the major strategies for restoration and balancing the
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1- Introduction

Over-pumping of groundwater increases the effective
stress in the aquifer system. Changes in the effective stress
also, in turn, cause the accumulation of fine sediments,
and consequently, the aquifer system subsidence [1]. The
phenomenon of land subsidence, if not properly managed
to restore and balance the groundwater resources, can
provide irreparable damages. Groundwater restoration
and equilibrium refer to all activities aimed at improving
the quality and quantity of groundwater aquifers and
controlling groundwater levels and preventing its continued
decline in the plain [2]. The first step in managing and
controlling the subsidence phenomenon is to accurately
identify the subsidence points and determine the annual rate
of the subsidence. Radar interferometry is a useful tool for
remote sensing. This technique measures ground surface

*Corresponding author’s email: khodaparast@qom.ac.ir

displacement with accuracy that is comparable to precise
leveling measurements and the positioning system [3]. Ali-
Abad Plain, located on the border between the provinces
of Qom and Central (Central Iran), has been involved in
the phenomenon of subsidence in recent years. Signs such
as protruding wells and slits in the plain margins can be
attributed to this phenomenon. In the present study, using
remote sensing technology and geographic information
system, the subsidence status in the Ali-Abad region and
the influence of groundwater fluctuations and geological
formations on land surface changes are investigated.
Accordingly, in this paper, after presenting the geological
and hydrological features of the study area, the relationship
between spatial distribution and subsidence intensity
over the 18 months (March 2015 to August 2016) and
groundwater changes is investigated.
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Fig. 1. (a) Ground deformation map and graph of landform changes on A-B profile over the total study
period (tTotal), (b) Groundwater level change map and graph of changes in A-B profile over the inter-
annual period of 2002 to 2016 in Ali-Abad Plain

2- Methodology

The study area, Ali-Abad plain, is part of the Saveh basin
and is located in Qom and central provinces (located in central
Iran). Radar interferometry, because of its large coverage,
low economic cost, and high accuracy in large areas, is one of
the most suitable options among the subsidence monitoring
and land deformation determining methods. For this purpose,
Sentinel 1 satellite images were used in this study. In this
study, the land subsidence in Ali-Abad Plain was investigated
using radar image processing over 18 months (March 2015
to August 2016) (¢, ). Monitoring was also conducted at
4 time- intervals between March 2015 and August 2016 (¢,
to ¢,) to evaluate the impact of study duration on the results
of ground deformation. In this research, ENVI software and
Sarscape plug-in [5] have been used to exploit raw data and
satellite images. Other inputs include the map of groundwater
level changes in the Saveh plain from October 2002 to
August 2016 and the values of the mechanical parameters of
the geological formations in the various layers of boreholes.
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3- Results and Discussion

Based on the results of radar interferometry analysis
using the Sentinel 1 sensor, Ali-Abad Plain experienced
maximum ground subsidence of 246 mm during the 506-
day study period. Besides, the maximum subsidence values
in the four studied periods (¢, to ¢,) were 171, 143, 142, and
104 mm, respectively. The ground deformation raster map
for the total studied period (¢,,,,), along with the raster map
of groundwater level changes for 2002 to 2016, is shown in
Fig. 1. Accordi 3.Results and Discussion ng to the figure,
the spatial distribution of subsidence areas corresponds
to the locations that experienced the greatest reduction in
groundwater levels. To illustrate the relationship between
these two effects, the diagram of the ground deformation
compared to groundwater level decline in profile A-B, is
shown in Fig. 1. The fitting curves of the two graphs (red
line in Fig. 1a and b) have the same trend, with the highest
subsidence occurring in the A-B profile where the greatest
amount of groundwater level decline has occurred.
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Table 1. Groundwater balance of the Ali-Abad Plain alluvial aquifer (million cubic meters per year)
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Fig. 2. The type of water consumption from the groundwater resources of Ali-Abad Plain
Table 2. Groundwater exploitation resources in Ali-Abad Plain (million cubic meters per year)
Resource .
Number Discharge Percent
type
Well 1334 557.10 98.69
Spring 2 0.06 0.01
Aqueduct 18 7.3 1.30
Total 1354 564.46 100
Regarding the direct relation between ground exploitation resources of Ali-Abad Plain aquifer, based on

subsidence and groundwater depletion in Ali-Abad Plain,
in another part of this study, the groundwater balance of
the alluvial aquifer of this plain was investigated. The
results of groundwater balance including the volumes
of recharge and discharge components of the aquifer as
well as the volume change of the alluvial aquifer storage
are presented in Table 1. According to this table, the total
volume of aquifer recharge and discharge components
was 521.37 and 609.54 million cubic meters per year,
respectively, which confirms the aquifer storage deficit
of 88.17 million cubic meters per year. Groundwater

observational wells statistics in Qom province, are shown
in Table 2. As shown in the table, more than 98% of Ali-
Abad Plain aquifer is exploited from wells in this area, and
springs and aqueducts account for a small percentage. Fig.
2 illustrates the type of exploited water from the Ali-Abad
aquifer, based on the statistics of the wells. According to
Fig. 2, a total of 557.10 million cubic meters per year of
groundwater is extracted from Ali-Abad Plain wells. More
than 92 percent of this amount (514.3 million cubic meters)
is used for agriculture, 7 percent for drinking water, and 1
percent for industry.
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4- Conclusion

The study of the ground deformation at different time
intervals also shows that the subsidence in this region is a
continuous phenomenon with a relatively constant spatial
distribution. The results show that there is a direct relationship
between these two factors in the study area. Besides, the
studies show that the type of stratification and existence
of layers including fine-grained thick formations are other
influential factors on the intensity and rate of subsidence in
the Ali-Abad Plain. The results of the groundwater balance
survey of the Ali-Abad Plain aquifer revealed 88.77 million
cubic meters of aquifer storage deficit per year. Groundwater
exploitation resource survey of Ali-Abad Plain showed
that organizing well utilization and control of unauthorized
exploitation should be prioritized in updating the water
resources balance plans. Also, considering that 92% of the
plain groundwater is consumed in agriculture, a revision
of the cultivation and irrigation pattern is recommended as
the next necessary measure in restoring and balancing the
groundwater resources of Ali-Abad Plain.

References

[17 K. Terzaghi, Principles of soil mechanics, [V-Settlement
and consolidation of clay, Engineering News-Record,
95(3) (1925) 874-878.

[2] R. Boni, G. Herrera, C. Meisina, D. Notti, M. Béjar-
Pizarro, F. Zucca, P.J. Gonzalez, M. Palano, R. Tomas, J.
Fernandez, J.A. Fernandez-Merodo, J. Mulas, R. Aragén,
C. Guardiola-Albert, O. Mora, Twenty-year advanced
DInSAR analysis of severe land subsidence: The Alto
Guadalentin Basin (Spain) case study, Engineering
Geology, 198 (2015) 40-52.

[3] W.-C.Hung, C. Hwang, J.-C. Liou, Y.-S. Lin, H.-L. Yang,
Modeling aquifer-system compaction and predicting
land subsidence in central Taiwan, Engineering Geology,
147 (2012) 78--90.

[4] Sentinel-1 Scientific Data Hub, in: European Space
Agency2016b, European Space Agency2016b, 2016.

[5] Sarmap, ENVI SARscape 5.2, in, 2015.

HOW TO CITE THIS ARTICLE

455-458

DOI: 10.22060/ceej.2020.17275.6511

A. Edalat, M. Khodaparast, A. M. Rajabi ., Investigating the Effect of Aquifer Water
Table Variation on the Subsidence Phenomenon and Balancing Strategies of the
Aquifer (Case Study: Ali-Abad Plain, Qom). Amirkabir J. Civil Eng., 53 (5) (2021)

458



785 310l (1308 (wkigen &g uli

VP B YVY Gloio VFe v Jlo @ oylaid OF 0593 Syl lyos cwdiges il
DOI: 10.22060/ceej.2020.17275.6511

s Jolad gla ) ISal ) g Comciidg 8 oy 2 (slgsrl (S p 3 2 31 pedi OIS (o) 2

(0 oLl e calvd 169 590 axdllao) ylgo]

=y ez e Ml plas g dedlae e

Olpl eed ed olBils ¢ cwiige oaSisly
u‘)" au‘)é‘) 6u‘Jé‘) olKisls ‘lSM)L"M" o 0 sl ¥

1G9l Az,

AR VYR VAR gt TR

R EVVARYRL SRS
VAR <0 by
WAANVNY 50T

(guls wlls

iy 3

&l hold (e Sl
S

ol

bl e cuss

0> 5l s gl o 4 3 sl Jl 0 a8 Col ablio 51 (SO ol 55 50 50 &8ly o8 o] e s oM
4 oty ol mindlas gl eslial b (gl cal 55 el 00y S Cennilis B oayay Jlars (ejnj ol s
WWAY (295558 5lasle VA Sloj o3l 5o olﬂ&c Cbd 33 (e (69508 S s ) it odiomiw pglal SS
Oizmen 3l (hledl) yie (oo Ve 3gum Ly 3 (e S Ta gl 5 28,5 )18 (Aol )90 VYO0 400 508 U
aalol 35 el s L U5 395 L 5 0ig, s oo Aslol (6l sty sl 30 Canniiig b a0 s (b il
SiSTas s0ims yLis VYA0 Lo e 55 Colad VYA Jlo olo e 5l oglos s 10 (e ol gebans Ol psd sy 0
ity 2 e Dt AB L (e S et 42 dgliie w00 20 =YY (e (e o s 28
5520 G 310l 0975 e o5 Sleal Sl g oy S iS5 2l 238 (o soies abul) o o (LS
oLT‘}cwowﬂwwJmoyumw)d&ﬁbwm)odﬂwbwulﬁ..\Jj)wl.mcqt_.

O S S peinns alayly 5 Al oo yuitin 35 10 g 0y 10 o Yoo b andllas o g0 adlaie 5,5 )0 sl Ve dgus

o Y de>s g gan AY gl wiol Hlid e cw) 500 (Ga 310l 09 g aslllas 590 ddlaie o el il g0 oyl
ST e cuts 5 Canniiy B odudy 5 g b o 88T Ss Jelse 5l ol caalies b ailsgy, slaosjle ales 5
aslllas g0 ailaie 5 Ceniind (fiee b (g5 Sl S5 Slid metis alal) 3525 4y azg b aslol yo il oo
g0 ST Jlos yo canSio e (ygabes AN 5o s gl 05053 (65 0bT e s (o ol (Dt (502
el 0o, A S S a5 aed (o LS EBs (e ) e B e £95 5 (S0 2 0 00 e (o) 2 il (e o
2 ool ol nl 2 0l o (65,3l Bilaas (sl T o0 AY 45705 (o0 g0 b ol 31 5l o] |
970 Slo)Sal; Hlsie 4 )Ll 5 oesS 5501 10 (6,53 5 jlomené (sla (5l 0500 S5 o olz 5l (5l 0

03,5 (o0 Sl Cud (o ol i (pi5y Jol bl

alewg 4 glsl e g eLil slacand (50 b, [Lid gooxe 00,5 doddo —)

Ol Jlad a5 by wedse Jooo sdiie of g sl Jusle 5 She 5 il cel e ps slel o> 5l e lees

TN D90 s 03)ls i el oo ralS LS bl sdiie 515 293 digh a5 e (1S )0 Ol 090 (oo (gl e

i ook sl o JUE] Sligus, il Jislo @ giiie o 5l et e b Ol e ey $ e o 5wl g,

SB Sl b Lzels e ) ojlail 4 e g o e 289

Sial33l ol 0,8 walys ez JSwlisls Vv olail ay oy il

1 Subsidence

khodaparast@qom.ac.ir :oLslSe jlsesge sdimsss ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie () .ol 00 00ld 108 ol ol8ils ol )Ll s 126 3si> g B oian g5 0 (uilio (358>
Auileyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode .ol 5l uilucd cpl bz gl sl 48,5 )18 Loy o 2,0 BY NG

Yevy



YoFY B Y-VY dxbo Y- - Jl.u) A b)lo..m LY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

S SSE 0,5 L plrale polie pSoilul e n ke
IVE] 6,15 )15 solitul 550 gllas < 5 YL

iy JolSs Al e 0,35 (F-10) olfSen 5
soliinl b 1y (Lilew! Ggiz) T ol adem (o o) g
ST T (Lol (i 3 S5 5 T e gian aijg, 5o, gl
3 asdllas cpl o oolatul 050 gias dijs, Lol slal .aisgad
Jls 5=COSMO-Sky 5 ALOS ENVISAT ERS olsale )lo>
bl sl wiag sasl s 4 T+1Y b 144 (gla
e ol lis dsem pl o Al Ve 0,00 Job ol 26 Y/
iyl 5y 6l Sl i J515 5] ol ol
53 s ol 93 5l oS Sl (htemes piac slacsls
05 (6,55l g o aolie (idg sdel ey axllas 3,40 ablaie
bgio sl 1505 g 31285 51,8 05T 3590 (o) 98 0l (o
FIA £ Y10 5 ALOS ojlsale sloools (gly yio duo /7 * ¥
liab] Cobls COMO-SkyMed o Jsale (slaosls sl o, dos
Dol o5 0t Ldss g 4350

b anels 5 &5 el et W Sl OV BSGS 5 (oo 0
Sololy Lol omin 310 ST 5l oolaiwl b 1) caniig 8 onyay
9 Sodig B 5 0 S Wbe (o) 2 (nl Slaal WSS (o)
aipio adl ul sl ceal VAR JLo o ()] 15 et 238l
Obels Sl Bl 25l 51059, Ve 0)98 S o s £
w5 ppizman sl o0 535 e des 1A sgu VWAL L
VE L5 50y 50 ek So S o) 4 Cunii 25 (Sosp
oad (Bre pl)l plp g0 a5 0 loee plo Iy Jlo yo e (il
15 el 5l S Bl g il e 41838 sla L o
5 oy (nl LRl Wbe Lz elendd ouny S B yre
b oly obgl Jls> 5 olwd @ 9 9 (9 (2l oses
Del il g o angunil S g

allle @y 093 agn 0 (WVAY) hlKes 5 (o2 olle
Loop ned Sy b )0 fhe (SSSe) slayiell 9 Sloogas
s g cpl o By gl slassls w5l eolatul
Sosleaz b bz gblis o ofsn 7 SS555 slagtalsj
Jesliy slo 3blie 5 ont 8y bl iz oSl piams 1o

2 SAR
3 DInSAR

S G5 oz Cexdy b Bl x|, S LSl (i
olple g Slgw, JHS Cons (S LSl s b e e
30 JLis 4 ly ey Sy b g wloo SRS Dlhgw) x>
s el 9 5l e gl Al 1 86 e ey 3 [V
Olez bl 25158 e M 5 (S o ame slavaly 5
alox 5l ol blie )5 caniig,d ool 528 s [o-¥]
Dy -] s g [T STUIAL o5 V] ageee [7108] ol
Ll 0als 5,155

bwly )3 e Cupde b azslin ey Catig B oy
Slgie wgis olyed uejp; ol mle ciduols 5 sl
el i ol g sbal sl ool 1) 6 pdil ol ol
g el jshite 4 a5 005 oo bl pleidlad S 4 (e
g0 g Dygo sy ol Gl ojhes (S g oS Condg ogue
5 ol el alS sl ) S5l 5 sty ] e S
Iyl 30 5 oo Sy

3 Sewdig B 5,0 Bblie ol susl 5 Ly @ axgi b
St Elye 9 S0 b Vgone Glis 5 s Slilie )
Cameig B oy S g Co e ;0 e o5 el 909, s0L5
Gl Sl 25 G g Cantig Bl o bl 38 lulis
sl alax 1 bl el oSS il e onuay
S L) e s plralr a5 Cnl (sade y90 ol I Ghonies
2 S s 5 335 2Ll slee S o3l b alie LB
D] ses o )18 i L]

GaSoslail aey yo gl cligsw Sl sl
Oeey g 3 Al slaossy I A6 plralr laglae
15,5 ool (6,10l o 515 iS5 5 olinl by ppkioes Lasgs
G YAAY Jlo 5l gyl mmiw Jo 1o Oledlbol digad lgie 4y .l
EroregksS 00 Sl Gl g @ ladlate (o) (Sianig 51928
NESES SO S TP ISEIRCT SIS GRS LR R
Sty b oy y SHZERS laolsale slaosls 5 o)l (oins

oo il VIO 4y adlais () 10 Canniily)d &5 duinn o oolatul

Jlo )0 GuaSayio Vo7 4y Cantig b lagie oz E5 g Jlo o

Olsre & Cudly (Mol (e BN 55 e BadoS )0 )00

1 GPS

yeve



VoFY B YVY doio 0F e Jlo @ o)loud @F 0)93 ey sl lpos cwige 4 s

2 Wlg o oan] jo Clds Caniig B Wy, 5 Cuxdy (S
g o bl dde O] gulie Cu s gmamo (glgiuli 3]
SaS 5,90 ol 5l roriw (6,08 ool b el Hlas o Lol
5oLl e dilaie )0 Caiiig b Comdy oLdlam Sledbl g
Ol i g2 ool (e sl 053l 5 (e 5 slepl Slilgi 3G
o Al cnl )0 lue (et 22355 )18 (o) 2 8590 (e gelan
wslllas 590 dlaie (So5glg e 9 (ooliliinee; slo Sy )l 5
wlo VA (Sloj 0,99 3 Cuniiiy 3 a5 lad mie (e alai,
Syse swoiny o) Olueis 5 \YAD 508 B VYA 0958
iy @l e 4 g boss Ll s 08 e 18 ey
gelxl Boa b e lael (oo poe slacanlow 350 4o Coiid

08,5 oo @l olaolpiinn cubs flesul isu Jobs

@ 9 6 g3LweI Y
axdllas 5,50 adlaio Y-

039 ol adg> 5l lewd bl Jo s canlllas 590 ddlaie
OlR! 570 50 &) 65550 5 03 slagbnl jo St b a
alag, 00gaze (pl jo @lddS gl Jls o (Y JSKG) oyl I8
w0 Ol & 5 Qe wlsogy 5 il by lreyd Lol
LQ*-' ‘61.70)3 tb'l}bs) \‘\Q\JLA B asl...u S LS)"K"T )l = ]
Byl ST 50 g 00l hawd ad aildog; 4 cals sells 4l
s stel 405 pae sl 5dse et al St LIS Lo
Slezel ol GJT G5 il asis jo g ailsog, ol &l gl oLJQJ.c
Sy ol iy il L ledle jo o onl o el s
3las gl y ‘éj 3 o8, YU ams o oljui: b Glgul )l
25 i 2l edisytey Sl s (aslsl 5 65 p5leS
] 00 Sl )| =9 ‘SQJaL..a B MB)B odu @55 L e

Jiw o aslas Sy adlaio 9 OBLMJ MP stla.wu,uo) A8
‘5'.3]:] uL‘}m) ‘G’”L‘“’U"A) }.E.J alags )| w00l 00l UL"'“) Y
Oie 5 sl B slaaileog; (6 l0sm; collad Jol> ogle s
f ey bl e s (pl )0 D ge lrailsog, Ko
J.’L‘! 45[5&5) o”—l (Cnd O 1.64.;[505) 39,9 J?La o9 QL;“SLC Sl
€9 3l GlaSél by e Slgw, ads> ol ialS b g 009 4> g3

4 Gt o 4 ] iy 23l o (25 5 e s 52

YeYo

Ol Gt jhie 4 550 P o Y slasls o s laskinl 3985 sae
Bblo ol zls 3ali 51w 0l pw 5 dilaie sl S (ST
S, e SS5555 blod 310y Jlah 5 By oy B
Clisdigy Al Cols j0 g Wad 0ol auseld Cawidg P ooy
DIVE 0o )3 ags o5 ot )0 Coniiig

by e ad plie 4 (T (s 5 ol
R YNV E Y f sl o loes sblawl s RVWATSL
e ool b Jow (29,5 anglie aioges ooliw! PMWIN 53l
Joe cpl coma Yot AL Y-V Ll ey SIS0 uss 28lg
Cl) Gy odds p e Jeloe axdllae el 03,8 a1,
QLN as (‘9.@ 9 UT 0y Cales ‘ub?u—‘ EP «Fr)y) s_j C.‘a.w
Blas 55 6t sl o] S8 5t 5 635 0 sl ol
DAL & ls canzig 3 oagy

=) ‘QLTGL: Sy a8 T O o sl e Sgams (S o
Slad olpess 28 5 b o b goae Jaw Sl eslaiul LY VA)
2 e Semdis B ((SESU5S 5 (Seisls ) slaools (gl
ol plaal Sl 018 S8 23yl 9550 1y o8 sl e cods
Sy ol s (malS Sl YW B V) Jlo 5l as ol
°‘>5’)""°g5‘-'l"*’ Y& wo)é c\.]oyfo WMSJBJ.«S‘\DBJA-OY?/\N&
Oy oty mul ols lis 358 dow gl pizmes (Coul
S Shy a4 (S o) o mlaw Ol 4 glosl cwlis
Dval s)ls asly o (owlid oo ! o5l

S &5 08 slagbel o 5pe 0 ly S de e
ol mle culsy i abi ) degion ooy 5 S (4l
sladd (535 Gomm bl sonled v9zy ol s
gl sl by cls pl Al iy 4 o> o
Olass ol dalaie ()0 0dg) ey iy d a8 samsylis
6‘ oualine 6[.(& el.‘_'>.- ol_') alols el Sy ‘MBJBMU*.J[)
oddy gtme Copde g 44 lge wlge dlex I el Slalllas 354
Ol 2 NS0 sl yelly (bl smesn slac] conds

S (o dll g cls (pl jo Caniiig b olad & 568 g ety

1 SPT



YVeFY B YVY aan NFe - J‘.u: O D)Lcuf: oY 0)93 ‘),.S):,ol ul)o.c (swdigeo 4\4).-5.:

Lol
W.

3900000

O o9l ww
D oglw a9 0dguxo
D ST e cubd o3guzxe

—  ailsog,

430000
oglw asg> 53 3bT (e Cubs Candgn g 535 0 9 o8 S Lwl 10 o9l Adgo Camdgn (©) (o2l 10 o8 9 (635 po SlagyLinwl CumBgo () ) Y
[y.]

Fig. 1. (a) Position of central and Qom provinces in Iran, (b) Position of Saveh basin in Qom and central provinces and
position of Ali Abad plain in Saveh basin
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Fig. 2. Geological characteristics of the study area
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Table 1. Time periods selected for extraction of ground deformation from SAR images

T RGN EE
(9y) S
o-f VWA g 0 VWAE 5o g,8 tTotal
\FF YYAF ol e VWAYF (o,e,8 t,
\Y- AR PN VAT ols e ty
VEF WA i) \WAF oo ty
ar VY0 5 08 VWA Coigs)| te

Yl ey aiSe b Gilisee Sl Ll 5 | egian
o Yox O cpiiglssy g 6 yeshS YO aloll b ol ools TWT g4
)

L) 0,99 )0 6,00y polas lsp sleslinul b faghy cnl )
) Sy d (L YA 5,00 B IYAF (s g8 anle VA
Sl Geed Sl @B )T L8 ey 3590 08 ST e ceds
o3k ¥ 50 ey Kby s anlllae ooy e 5l L)
Aol Gl 5 (1 B ) VWRO [0 08 BYAF (0508 o e
zlpeenl gl oo Gl Sloj s oy50 ) Jaa jo .l a8 S
sl 00 00l Las gyl bt 5 ey SIS S

Pl g3l s il J3dle 5l heshy oal S Geizmen
solatl sl lgale yglas g s (sla ools 51 5 ls s 0 00 g V1]
Vi odizmiw jloals et 1,8 Sledlbol VS o el oo
ol oals 0glils paas o oF IS b illas .l oals oolo ylid
Loy (Ligeod 45 0l TW, 5 TW (IW, sleel L a5l 5 4
oiou Vb asliy g cpl sl elas s .00 [ Kaea b (g yegls g0
Sz @ly 3 Cen S 00 Ke el Tl ol & (g5lne
L 5500 5l e g alSlozr & 90 @y (3l 0 Clils oS ol
SUT e coss 5 ogles Slalllas dlaie aSiyl o 4y ilos |l

Interferometric wide
Envi

SARscape

burst

AN U W

Yevy

Ol S il oo ala gy, ailsog, Gcm.ﬂ a8 ol oS alaly
Jelse it 5l g 009 b 4 oyt 5l b al 50 (e o
Glailsog, i 5l O 3585 gl s (B pl lgsul soaSaydas
B )0 dgrge (owlid o) las il oo OWie 5 slao B
2B ool (0509w 5 0092 pylsS T adlllae 350
D85 oy 5 s s Sl 31 Bias 5 0,5 8525 S 0
Y e b LaglSS ailate gz lelis ) o aiz el o
Ol S le az e 0l o s (2leelKS S sl
I e olal b awle g )y iz 5l 9 009 lawgio ey
o 5 olbailis 5 BT anlllas 5,50 e3g0me o el o

Ive] e sqpin Lol

\ L....»...m [T W) dl-“ ools -Y-Y
ey JSD yetd S 5 Cendiin 8 Rl sleeds) Ol o
9 (_goLa.d‘ 4.‘3).»4 oy L}““"‘"?’ cde O 6)|o‘) WJ?‘AJ u”ﬁ)
a3 o iemlin 5l (SO ol Cawg b ble jo caslie cdo
Vbt ojlgale pslad 5l gty cnl jo jskaie cpay allise
.‘a.wy aS ol @LAS w)s.,oLo sS.: \ JM el o..lg.\))f oolazw!
oD oalo 4.!....;94 ;i....)..S ML')J g_Aj})LP )b Yl)j)‘ 6:‘..43 w‘)i

1 Sentinel-1A
2 ESA



YVeFY B YVY aan NFe - J‘.u: O O)Lcuﬁ oY 0,9 ‘),.S):,ol ul)o.c (swdigeo 4\;).-&

\ Burst 3
s
B ‘BurstZ
- ‘ * — M__::;__ i gurst 1
_ W3
W2

WA

axdllao 8 90 dilio g ) Jioiow oot 31 00 Silgd )3 CleMbl y guad ¥ S
Fig. 3. Sentinel-1 SL.C image and position of study area.
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ferograms relative to the Saveh study area
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Table 2. The specifications of soil layers in the study area

2200

S byl
G
Yiry Year E S &y L
(550)
Py N Ny

0.15 20 147 173 2 0-17 P
0.2 22 17,5 212 35 1724  C
0.2 2 1475 173 2 24-30 C
0.2 20 16-18 21 30 3078 C.
0.35 23 16-18 20.3 20 78-120  C.
03 24 17.3 209 50 120- S.
0.3 24 16.9 21 25 138- C
0.35 30 17.5 217 43 166- G
0.2 25 193 2 120 039 G
0.3 23 16 19.7 32 3949 8.
0.35 32 18.7 203 48 1954 s
0.15 35 17 19.9 48 5469  GS
0.3 23 16-17 183 25 6984 C.
0.2 25 16 17 26 84-93  C.
0.3 30 19 21 28 93114  GS.
0.3 27 17 19.8 26 114- C.
03 30 17 19 45 126- S
03 35 8 19 43 0-12  G.S.
03 25 14 17 70 12-15  CS
0.2 20 18.7 20.6 120 1527 G
0.35 0.2 35 19 21.05 150 2730 CG
0.3 0.2 32 18 19.8 148 3046  GS
0.3 5 35 19 2 78 4650  C
0.35 0.2 35 17.7 19.8 120 5053 G
035 0.2 3 183 211 117 5371 GS
0.25 100 30 19 216 20 0-11 C.
0.3 10 27 17 19.8 8 1125 C.
0.15 0.2 32 18.5 207 40 1425 GM.

1 0.22 38 18-19 213 43 2530 G.

1 0.2 32 18-20 218 50 30-33 G
0.2 0.2 35 18-20 223 9 3336 G
0.2 0.2 30 19.2 2 47 36-63 G
0.35 107 20 17 205 2 6366 PC
0.25 60 30 17.5 203 26 0-12 CS
035 120 20 14 207 20 1221 CS
0.27 70 30 16.07 18.8 32 2130 CS
0.2 25 30 14.5 17.7 48 3038 CS
0.3 5 36 17.4 2205 45 3856 CG
0.2 70 25 195 232 56 5675  CG
0.22 0.2 27 181 23.66 8 75-80 C
0.3 10 29 15.8 20.7 25 80-91  CS
0.3 0.2 20 14.7 208 43 91130 CG
03 26 143 173 38 0-9 S.C
0.3 32 17 18 32 9-17 S
0.3 30 19 21 43 17-30 G
0.2 26 14 17 8 30-39 C
0.3 2 16 18 45 3945 CS
0.2 26 16 18 68  45-48  CS
0.5 2 16 18.95 120 43-55  PC
0.3 25 14 17.3 67 5564  S.C
03 32 18 19 65 64-87 S
02 20 14 17 25 87100 C
02 23 17 20.2 23 0-6 s
0.3 27 17 19.6 24 627 M.
03 32 18 223 27 2745  GSC
0.2 23 16.5 183 8 4551 MC
0.32 24 16-18 198 25 5157 S.C
0.2 24 16.2 189 26 5763 CS
0.2 25 16.6 1922 26 6312 S.C
0.3 2 18 203 81 7277 S
0.3 25 14.2 17.3 40 0-12 s
0.15 35 17 18.96 48 1224 GS.C
0.25 30 15.7 18.02 25 2445 PC
0.2 36 1922 218 9 4560 PG
0.3 34 177 19.9 26 60-63  CS
02 2 185 20.02 43 6369  GS.C
0.15 30 19 21.54 90 69-75 G
0.2 21 18.3 204 40 7581  G.S
0.2 2 195 2327 50 81-89  GC
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Fig. 8. Location of boreholes and thickness of alluvium contour line in Aliabad plain
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Fig. 10. (a) Ground deformation map and graph of landform changes on A-B profile over the total study period (tTotal)
and (b) Groundwater level change map and graph of changes in A-B profile over the interannual period of 2002 to 2016
in Aliabad plain
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Table 3. Groundwater balance of the Ali Abad plain alluvial aquifer (million cubic meters per year)
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Table 4. Groundwater exploitation resources in Aliabad plain (million cubic meters per year)
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Fig. 11. The type of water consumption from the groundwater resources of Aliabad Plain
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