L ST SaY Sligad e i calitu! b OlgduT oud Cu piw 40d calin §ble S Julow

O Kuidy SWlan 089usme Olgsul (63580 dxfltae
BT S dol> || sl (SAgatoo duw
abbasi_mahdi@modares.ac.ir :4sUL|, .0 5| Ol 15 ¢ e g 5 JLisls ‘;.)T o e 5 owdkige 05,5 )
h.ketabchi@modares.ac.ir :4eLL1, .0 5} Ol 15 ¢ wyde g 5 Jils ‘;.J Copde 5 pwdige 05 S o siun okivs 55 .Y

o>

i

oY Bl ks i plaedsdy SUS s ol b 31 sos e R 0T s 4 5 Camexr 05330555 SRIB s b
S Ol 4 Ll e Ol odd o e w05 353 351 ol la il U agrlsn gl ol 3 e Lol Sl o
Ol ol o e 0 dis 3 o8 sl 5 4 88 4 Olsal wns 5 ST b3 1alS 5l s Ol sl Sl
bome 55 SOl laaY Sligea gy 5l eslinad b allas pl 53 ool 0T 058 1zl 6l cmibio bl Sl
Olse a3 Saia Slalllas o3 5dome 53 Oyl ol oy pie wdis Glatss 51 S Olpe & ODlew iy Gble GIS
S8 (St il icd by Sl ol (iS5 oS15 sl (o S slaaY s ) andllas 5 50 adlae
Jst Sl 5 (sl e (Ul gLl (5550 m555 omlidiines Ol g gl Ges woslshst oS5 L)
il b eslinal 3550 (83055 Shs e 23S plonil Conlo ko« Sl slaY (23055 (sl ol D15l
oy W s)) G weslited 35 By b 8305y 53 edel s @ B Gb o anlie Ll ply e 055 &S
Dt 5 nliall S 55 Gble Ao s ¥ 5 £Y 5 Laste (IS 55 Ao 3 BT cnlin 5 lie Sl la OIS s bl
2 Ol o s O S S S s B et ek i i 813 Ol sl s Sy e 0085 (51 kil

ISYRWOpeee sy} O‘?gj sl O e 40 dsS lea Solwesly Cer Gble o e Olse

SNl sba¥ GL g en (bl GbLe OlgiaT ol oy e 400i5 05,5k Ol 5T 1§ ls” lols”

4o .|



Sisttas 5 Kist Gl 53 ol AUk 6 ol (65558 5 s w a5l il gla oy O el 4 5L
Sl i 53 ot Lol sla Sy dauls 4 e sol ol el LS gl (s S T 5L s
Sk (Camer Sil5l L 51 LY 4 .(Vaux, 2010) g, e sled a0 W3l opl oS sl ol e Ol w
bl sl 5 s ct,a ol «Jakemann etal., 2016) ulul .y s 4e 5 (Olivares etal., 2019) v:Jt}l xS 2l 6 8
S ,S Sse Bl orl e sl lie SLIBE il 0¥ Lyl 5 cpl 3 diledd L ealS s s S 13
5 las samms 40 Ol gl ol oy pde a5 3L e (MARY) Ol gl ol o e wdis Loy, 51 eslizal Slalisl ol )
Gl ol i, opl b3 (Dillon etal, 2019) Ly, o JS & ey s ol e sl 5 Lo (g 4 305 05l Lt
Ol awb 4085 51 22 5 S wMAR g5 )3 Ol 358 L Gy s el ol 4 AS L WS il wlis
MAR s iy, 3 ¢145 » .(Jakemann et al, 2016) A5L . (,Jad 5 en B ik G, Al e
b5 0085 (V) i3 o s bl i L i ol s 5L 1 dkse LBl 5 el 5 e das S,
ASR? (s el sla s o fedlionl 5 cn e 355 i ol i O G Ol (Sole i L h ol ol
My 3540 ond a3 4 5 35800 i ond e S 2l da s cal s (i sla s (V) il e ASTRP
o3l Gk 51358 (F) 5 el o Bss opl 5o el ploil Sla)lS o S Sl M oy 5 358 Slades s> S
358 ens oo 34 Waailiag, e 3 o slaag Ste Slast Gy b 1 55 cnl 53 ST oS baaslys 5 Laails g,
sl Asl o Ol o bl g 2e Sl MAR (slasss s sl 53 o sl (Ringleb et al., 2016) b s
STl 3 p s e sl s S (Kourakos et al., 2023) ol e Slalllas 5 Ol el a3l sble oyl
SV warg b Sslowolg o By ol S Lcd Sledbl Lgqu&@Jraﬂui})gMARg;ﬁ-b sble p e
Sl s &ﬁ@.a S5 (Alkhatib et al., 2021) 5 S lug 1) 4l bl o e (b A3055 5 Coe Sledlbl
Y g5 53 b5 g5 (s eed a3l sums WO 03055 5 SMb gy o e bl gl e

(Sallwey et al, 2019) 3,15 35> 5 LOT & by e O3l 5 coze Sledlbl
4;”31 JL:A ub.‘.om.,\.\:e)f)b.é oslaiul 340 Oledles uﬁL«:)JYL &;M‘ J:JJ‘U LM;Y f_}.: ol 0l cbu‘ WL,.;)[S

)lffaosl.é.zml;)}aQNL&»MJJ¢L)\>J'2>'3Lguj})ﬁﬁxf&mfﬁjljJQ;@&&AJVS\;)&@\)\L;J{)G‘%



eslitul 5450 e 3l aea Sadeghi et al. (2022) 5 Maréchal et al. (2020) Varouchakis et al. (2023) > .. S

oY 3l ol 68 sk slaa sl eslaul 545 L aS s i Valverde et al. (2016) Leo ey (S, 55 s S

OLla s eslanal Cldlas 53 pwbidgey Y G5 Bl Cldlas 2l 53 romen L5 SO eslital ool (5 58

@y odd ax g S 3l b Jlasl e B b G850 5 S bl YL Gl s g L S il a5

Gl etV st .l slis e 5 a0l 4 Sldlas 3L 5 < Ahani Amineh et al. (2017) s Kazakis (2018) | ,.&

sl WJsdx ool s das e 0L I MAR Cslie bl s 5o i Sladllas ab S 515 aslinnl 5,50 saaY

Jelse cadlaie (65358, 50 885 b bl a2l ASle ol ol go tdias e ol e sl eslanad 5 50

5 Sk Gla S Olgal Ges s JUSl Sl (2S5 oS5 Ul pli) i (S5 S5 e 5 (S5

m,f,;uouléquﬂ«sg}uﬂj,@u\y}p)@~ J’al}fﬁﬁjoﬁgwcdu@l{ijd&\;ﬁj

w‘a“o)u‘ﬂfédjj J»:j)‘udj.\? U'.'.\))WMLS"b‘LSJ'UlS.})lﬁ&. LSLﬁbl}ﬁ)‘wb‘b)\)k}vs‘jJuJLﬁ

Table 1. Summary of Layers and Weighting Methods in Previous MAR Studies
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Figure 3. Layers: (a) Drainage density Map (b) Distance from wells map (¢) Slope map (d) Soil texture map (e)
Land use/Land cover Map (f) Lineament density map (g) Groundwater depth map (h) Geology map (i)
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Table 2. Sensitivity analysis and layer weighting

Layer Changes Minimum value  Maximum value Average Weight
Equal weight map 7.8 7.8 5.7 5.7
) ) A* 7.9 7.9 5.8
Drainage density 8.7
B** 7.7 7.7 5.6
] A 75 75 5.5
Distance from wells 19.1
B 8.1 8.1 6
A 7.9 7.9 5.9
Slope 17
B 7.7 7.7 5.6
) A 7.7 7.7 5.6
Soil texture 10
B 8 8 5.8
A 7.8 7.8 5.7
Land cover 4.2
B 7.9 7.9 5.8
) ) A 7.7 7.7 5.6
Lineament density 13.1
B 8 8 5.9
A 7.9 7.9 5.7
Groundwater depth 31
B 7.8 7.8 5.8
A 7.8 7.8 5.7
Geology 11
B 7.8 7.8 5.8
A 7.9 7.9 5.8
Geomorphology 9
B 7.7 7.7 5.6
A 7.9 7.9 5.8
Runoff height 5.6
B 7.7 7.7 5.6
A 7.9 7.9 5.8
EC 8
B 7.8 7.8 5.6
A 7.9 7.9 5.7
Transmissivity 1.1
B 7.7 7.7 5.8

* +50% to the map and adjust the rest of the layers to reach the previous total weight.
** - 50% of the map and adjust the rest of the layers to achieve the previous total weight.
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weighting method (c) Difference between two weighting methods
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Abstract

The increasing exploitation of water resources due to population growth along with climate change necessitates a
series of appropriate management measures to address water challenges. Managed aquifer recharge (MAR) could
serve as a promising solution. The first step of managed aquifer recharge is finding suitable locations for its
implementation. In this research by using the overlaying of layers method in Geographic Information System
(GIS), flood spreading areas as a managed aquifer recharge method were examined. Hashtgerd study area aquifer
was chosen. The selected layers for this study include drainage density, distance from wells, slope, soil texture,
land use, lineament density, groundwater depth, geology, geomorphology, runoff height, electrical conductivity,
and transmissivity. Sensitivity analysis was conducted to weight these information layers. The weighting method
was also compared with the case where all the layers had equal weights. The results indicate that according to the
weighting method used 1 and 13 percent of areas were in highly suitable and suitable, 43 percent in moderate, and
41 and 2 percent in unsuitable and highly unsuitable classes. Northern, north-eastern, and a small part of the south-

western areas of the aquifer are the most suitable for MAR implementation.

Keywords: Hashtgerd Aquifer, Managed Aquifer Recharge (MAR), Overlaying of Information Layers, Suitable

Areas.
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