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June 25. 2026 aquifer recharge. The water level fluctuation (WTF) method is one of the simplest and

’ most practical of these techniques. In this study, the recharge rate of the Jiroft Plain aquifer

was estimated by examining groundwater level fluctuations over a 24-year period. The
results of this study showed that the minimum, average, and maximum annual aquifer
recharge during this period were 0.97, 51.18, and 186.58 mm, respectively. The lowest
recharge rate occurred in the southern part of the aquifer, while the highest recharge rate

Keywords: occurred in its northeastern margin. Factors such as surface geomorphological features,

Groundwater, Recharge, soil texture, and characteristics of the unsaturated zone have influenced the spatial

Water table fluctuation, Jiroft | distribution of aquifer recharge. Hydrological drought has a significant impact on aquifer

Plain recharge. Additionally, increased aquifer pumping due to the expansion of agricultural
fields has also contributed to an increase in aquifer recharge.

1. Introduction

In groundwater science, recharge refers to the deep penetration of water into an aquifer and the addition of
water to its storage. Based on the water cycle, some of the rainfall infiltrates into the soil. This water
continues its deep penetration and eventually reaches the groundwater level. The recharge water causes the
groundwater level to rise. Surface water bodies (such as rivers and lakes), agricultural return flows,
subsurface water flows, and the injection of water into the aquifer (artificial recharge) can also serve as
sources of aquifer recharge. Climatic factors (such as rainfall, floods, and drought) and anthropogenic factors
(land use, artificial recharge, and pumping from aquifers) have a significant impact on groundwater recharge.
Estimating groundwater recharge is a key step in water resource management in arid and semi-arid regions
like the Jiroft Plain. The main objective of this study is to estimate the recharge rate of the Jiroft Plain aquifer
in southeastern Iran. The most important factors affecting the temporal and spatial variation of aquifer
recharge are also examined in this study.

2. Materials and Methods

The water level fluctuation method was used to estimate the recharge rate of the Jiroft Plain aquifer. In this
method, the total recharge of the groundwater system is calculated. By examining water level variations over
different time periods and considering the aquifer storage coefficient, the recharge rate is calculated using
the following equation:

R=S,.Ah/At (1)

where R is the groundwater recharge, Sy is the specific yield, Ah is the groundwater level rise during the
recharge period, and At is the recharge time period.

In this study, water level data from observation wells were examined over a 24-year period (1999-2022).
The water level rise in these wells was determined annually, and the annual recharge rate was calculated
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based on the aquifer storage coefficient. Factors affecting the rate of aquifer recharge, such as geological
characteristics, drought, aquifer withdrawal, and land use changes, were also investigated in this study.

3. Results

The minimum and maximum annual aquifer recharge rates are 0.4 and 636 mm over a 24-year period. The
highest aquifer recharge rate occurred in the northeastern part of the plain, and the lowest occurred in the
southern part. Large alluvial fans exist on the eastern margin of the plain. These alluvial fans and their coarse-
grained sediments play an important role in aquifer recharge. The fine-grained surface sediments in the
southern part of the aquifer have reduced the groundwater recharge potential. The Sabzevaran fault, with a
north—south trend, has affected the spatial distribution of aquifer recharge. Sediments of different types and
thicknesses are located on both sides of the fault, influencing groundwater recharge rates. The recharge rates
east of the fault are greater than those in the areas located to its west. The grain size of the sediments in the
unsaturated zone decreases from north to south across the plain. This situation also indicates a decrease in
permeability and aquifer recharge in the southern regions. The correlation coefficients of groundwater
recharge rates with meteorological and hydrological drought indices are 0.13 and 0.39, respectively. The
correlation coefficient between aquifer pumping rates and groundwater recharge is 0.48. In 2019, compared
to 2002, the area of rangelands decreased by 13 percent, while the area of agricultural lands and urban areas
increased by 9.8 percent and 2 percent, respectively. These changes have been accompanied by a relative
increase in aquifer recharge.

4. Discussion and Conclusion

This research showed that factors such as surface geological features, soil texture, and sediment types in the
unsaturated zone have affected the spatial distribution of aquifer recharge. Examining the relationship
between aquifer recharge and drought indices (meteorological and hydrological indices) showed that
hydrological drought has a greater impact on groundwater recharge. Land use changes and the conversion
of pastures to cultivation areas have increased water pumping from the aquifer. As a result, the volume of
irrigation return flows has increased, and consequently, the amount of groundwater recharge has also
increased. However, this increased recharge has not compensated for the water table drawdown resulting
from aquifer pumping, and the water level continues to decline. Therefore, making management decisions
to optimize cultivation patterns and reduce aquifer abstraction is of great importance.

5. Six important references
Fisher, L.H., Healy, R.W., 2008. Water movement within the unsaturated zone in four agricultural areas of
the United States. Journal of Environmental Quality, 37(3): 1051-1063.

Healy, R.W., 2010. Estimating groundwater recharge. Cambridge University Press, 324 p.

Labrecque, G., Chesnaux, R., Boucher, M.A., 2020. Water-table fluctuation method for assessing aquifer
recharge: application to Canadian aquifers and comparison with other methods. Hydrogeology Journal, 21:
521-533.

Scanlon, B.R., Healy, R.W., Cook, P.G., 2002. Choosing appropriate techniques for quantifying
groundwater recharge. Hydrogeology Journal, 10: 18-39.

Scanlon, B.R., Keese, K.E., Flint, A.L., Flint, L.E., Gaye, C.B., Edmunds, W.M., Simmers, 1., 2006. Global
synthesis of groundwater recharge in semiarid and arid regions. Hydrological Processes, 20: 3335-337.

Zomlot, Z., Verbeiren, B., Huysmans, M., Batelaan, O., 2015. Spatial distribution of groundwater recharge
and base flow: Assessment of controlling factors. Journal of Hydrology: Regional Studies, 4: 349-368.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
This study was supported by University of Jiroft under the grant No 4813-03-01-39804. University of Jiroft
is gratefully acknowledged for the financial support of this research.

Mohammad Faryabi, Estimating the Spatial and Temporal Variations of Aquifer Recharge in Jiroft Plain using Water
Level Fluctuation Method


https://acsess.onlinelibrary.wiley.com/authored-by/Fisher/Lawrence+H.
https://acsess.onlinelibrary.wiley.com/authored-by/Healy/Richard+W.
https://acsess.onlinelibrary.wiley.com/toc/15372537/2008/37/3
https://scholar.google.com/citations?user=Gyq7fuAAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=SWRmyzYAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=YbA2i9IAAAAJ&hl=en&oi=sra

/A Ol ©F 5 6yl (cwaige (Lidghy oole 4 i
VP F by 99 9 Coads ojlos e LG JLw

YA

s gl e

w09y 5l eslawl b Cd g Cd oly’qi CYREY) ‘siln)’ 9 ‘5.5&0 G JUUE Q)ST).;
0y i o Olilwgs
2B oo

VPPl ALoV: Sl yl oo 36
VRN o dy &6
gy Al
ouS

oo slagby; w3l sladle ;o sl (o) piol plie Copde )3 vpe slagily 5 (SO (e) il 4355 091
gl Sllog wyn dogis, ol (2ol 5 e eske 5l (S ilabl anwss baplssul wds5 ol 0500 sl
2 sweipye] mhw Slleg asdlas 5l solatul b e, cubs Slegal waxs e (Lidgh cpl H0 .Cal RSN
0 iyt ) g § U5 Sliais 1 Jige else 5 00t 0515 (VFVA-YF- V) Wl Y 0,00 Sy o glosalice (glaol>
Loy cwsy o dlo YF 0,00 cpl jo o o (lgtol wass jiSTas g lawgie ( JBlos «Gubizs b axei bl
15 43 e eyt 3 Olsul stz iS5 i e oyieS el Jlu o yie lis VASIOA 5 BVVA L /AY
it Sligey etz g SB bl (b Soielshpest slo s aile else el ools &, ol Byl axils
olitlyn JLSis 4 Cond Sagyied JaSis wilools )13 156 w1, Hladol i Llis a8 olasol gl
35 ShmsleS DY game S 5 e Gl g olgsul 5l flees Gialidl el ansls Glgul 485 e s i U
98 s 1) 610 po 0 sleel sha 51 Jeol> il ailgn andns Lol ol Ll ol oo ylgsul adas iol38l cels

3,08 aslol ylizmes lgsul jo Ol maw 515 Jg3 %,

28 s ool s Slilwg g A (o) 2 3T 1S W o5l

SV TYFAFFAF o als « Faryabi@UJIroft.acir : Lee! .ol pl e o (2 e olKsls ( gambs aulin 0uSLEINS anpels cwiiges 09,5 ¢ Leils |


mailto:faryabi@ujiroft.ac.ir

olnl &l 9 6rlel (waige Lidgss oole 4 2l
\f‘fdb.m.o" 3 99 § S W o)Lo.t;‘; p.b.}).al.m Jl.w

s 3l edS Ygene glislé dilate 5 xawo]
2 e slaghy, S J s wiS oo )l ) ity
WS e oyl ) adss (Wl polie (]
o "ol mhaw blugs by, (Scanlon et al., 2006)
2 e SBSES (el g sl
iyl s Slo sloosls 5148 cul (e 50!
Olize .S oo colaiul QlquT DA e s gl g
el Slblllae o 1) () ol Lo b 55 ook
Oliee OSes 5 (g sy J5a (o0
Sllug oy b 1y o3 bl jo Sl lssul & 4
4385 bgie oliee g 00,8 adlllas eejnjol o
5 6lie 05,8 3,50 caxSasie gnkee 1O/TR 1, LYL
L1y Jeosyl s gleal s e (YY) o) Ken
U"‘ G:Lu J;b; Er u] cla..u QL.AJBJ U"’s) )‘ oolaiul
5 SNk do )NV FIA awgie jab 4y aS ols jlis dslllas
gt s le (i lgsul wdas o g kel Ol oo, YY/O
tlims aaSa e Oypelee V) 5 ol adis AVl
et Hlgzul 4das (VFe ) (6 > g iy o el ol
ol bl 20,8 55l Al VO 0,90 S yo 1y ol L -
¥ dihaie ol o adss anl,d as ol las iegh
ol gy cwl (S5 ol 5l ol g ails pasin
Ly al pslt gl 5 5l 5o ozl s ol
5 AVle 43s5 bgie b oo GRalS L Juad g0
o |y lae)S Cbo olstel 4k Glee OFoY)
aYlo 4dss Gl oo lid asllas ol bl s S
FYAL oz g 50 Jlo 5o e due VA0 51 olese]
et s a3l by se & pglome 1o Jlo 43 e Lo
ol 4ix lawgie Varni et al. (2013) col e
Jls 59 yishen YV o 1) (il 50 Thay o (0 25
ol Yl Saib s ,e VY Jels a5 ws) e
2 =iyl wds VuV oand Merkel (2019)
oS Jlo g0 yases Y- I pling j5i8 T ogile

3 Pampa
4 Hanoi

olsul T (es 39i5 B ymo 43305 ¢ e il ple 5o
» (Healy, 2010) el ol 0 p38 4 O o adlal 4
g 00ld aalol 095 hae 3985 4y Ol (ol LS o 3985 s
@laadss Ol 099 sy 0 (Semj i o & plosl
ol g Bzl jo e il gl dgr0 el
(S3liS oS T daazly s 5 laailssy, asle b
438) lpl @ ol Gy g b of gl >
G plyzel 4 gl gl 4wl e 52 (ostan
5 o (S8, aile) sonldl Jelge il ansls
S yandy i ol 6, Ll Lelge 5 (Jlusiis
il @A Ol oot 236 (Ol 55k s
3 ool ass jo ads GG g Sley Ol sy Las)ls
2o 9 35 5 yeBe (0L G 5 Sloy Sl
5 Jp) wibiss Syl oy a5 Sl i
.(\ f -y so‘)ls.o.ﬁ
ol £5 S (e el e 40385 5 51
izl g yiage 51 (SO 4355 . (VYAY () S g (5 lad)
S5 g sloy sy s cde 4 Lol el Slgel oo
—ld 28 (glaadle I (S jere T 3pslp (S
23 sl ls ,o (Healy, 2010) coul O (DL oo
dnngi Syl 4 0)0 5 sl gousie o,
8 ol as a0 lsis |y by, oyl ool aily
slol a5 sle g, (Scanlon et al., 2002) sl
b5 (20 Sloj 9 S (il anile) Wjls 55 o5 (xlans
Glosbsy « (Sllsy 5 U5,k ) (gl Jae dadilssg, 4
Sloeslatal asle) Glgtel glanle isu e
o by, g ((EFyan g b lacks, o) e oY
o7 O e wiile) plsel gl i3y 58 sene
5 olel e ol ghe Slbleg wyn wlls

2 e sl by, (e syl ok o) il e

! Lysimeter
2 Water table fluctuation (WTF)



o

s gl e

Slagy b Sl 55 50 Olpl S (ogm) 45>
olool ddlaie pl ol Sla s g b SouSs « SiesSS
L cds clds Bd g Jed glails il oo )5
(Coypd 3 Coyp09lS i) 03l Gl
Wed oo patie 55195 g, g LSl e
Oler baSilby se (o, asl> o () JSD)
Slawle Slguw, b 50 Cudo o5 adl> . Wgd oo 00y
ol 8] Slgw, Jolts bowe Cdpum cuis Slige,
3 adloas Jiie cuso 4 Slelas )| 5l ledilzog, lawgs a5
s 58T Bligesy 20 55 0 ety Jla e
Jled 50 ale g S 0gl8 ( s I3 Slakad 51 g 00
b g S o S 5 ) mle 4 Sl
LgLQJ.J‘ Ceomw 3 090 o0 odalicw MB):.?' S LS}YJ-‘
Voo ga B s Jlod )0 595 30 mope yo YO- -

3 ey GEPu g (295 GRS el 50 59, 50 Rape Yo

ol> ddl> YOYY Cé > clbo jo Gl o o) )8
3 i 00 B Ve s ol cpl ads e o4l0 0eg
Jles 51 (gmis 2 Oloz IS ol i 46
Casd ) Sy e sl Sl Cgiz g S e 4
o Vo 2l Sl ] 2alS > s Cy
ol 85,8) cul sad (55 e V0 !

QYA ey il slailaie

G (549
3905 @l ol maw Sllug by, 5 Ghegl ool 5
30 el o0l oolazwl Cé e cllo Glesul 4dsS e
e 4 (LAl e 438) IS 4ds by, 0l
ple Joli @dss ool ogdioe ale fonjno]
—aileog; wiile (ol mlie o Sk alor il
-9 Eyan 4055 «(55,3laS (iSOl deazl e gl
Dl 55503l b ool mhans logs Gogy 50 09ds 0
85 5o by bz ey laeyss 5o ol el

ol 2! ST 3 6 kel (owiipen (Sidgls (oole 4 pid
VP F by 99 9 Coads ojlos e LG JLw

odgde 4y el ¥l Swb as o Voo Jolls a5 wilos
U9y 4 S (Sl s Sllugs (g, coliie ol
2olie 225 Laly, 5 SlT5 0 aed wile b
Labrecque et al. oS o 0,915 |, a0da5 51 (55 28lg
gl logs Gogy 4 4385 9505 5| ol 5 (2020)
Shoslaiul a5 ols lis s pl gl .wis,S auslas
Gl gloanlie cloolx sl f alaw Sblug by,
s LQQT Gl wds Sl dwlze 4 lep'zj S50
9,8 aalem @l aydss acule sl g, plo b polie
L bl gl Ologs (g a5 2o S ol plade ol
o a5 0,51 (6l sladlate ubde o 0 s
Soly Sl b ool &S (Jyge o andl wp

b 9> g0 (slodalie

Shoslenul 1) lingd Jlod ) Jlszul 4 ol
gldlpd Ao Siludae g bl mhw Glag b,
LA liee aS oy lis megh cpl gl 20,5 5l
)l e b (o9 Bl by, 99 (nl Lawgs oad Al
P9y Odg ke oS slaiagy mIS 4 S
L sweiniel @38 oyl Gl of ghe Slley
Jolse 5 syl QB Gl (e WS g0 Laeiee
OB S s Ol wlie Sl o e )3 O 2 S
QA5 e 050 55 anlllae ol Lol Bas o ls  ege
b odgl gl g addlae ool jo ol Cd e cllis C)‘?"}L!]
delse o 5 Oloel dis G s Slay Sty

558 o0 5l oy 9 S 0y90 Ol Fge

by 9 dlge

axdllao o g0 ddlaio

5t reskS VF 0 sgu Solee b Cdps coio
We a¥lo Sub oSle b Sis deg ol
ol el ol oads @dly olpl (B ez )0 e s
S o g 009y yuitie o B0 e s a5l

)‘Mbﬁywowlu}o - “'.’JL‘“:’)"Qj



AR

olnl &l 9 6rlel (waige Lidgss oole 4 2l
VP oyl ) 98 9 Cuads o lols .0 5L Jlw

Abiosys 8] Sy i soiny ol 43385 R abal; al 5
At g 4355 0,90 10 guoj il haw SVl
3 Ah )l dilre 0gon il oo dxs Glej oyg0

ol 00 o0lo L)L"“"" Y s

Oliee 0pd cayd 3 S spided wile elge
Healy, ) 0gd oo dmwle pj abaly sl oolanl b aydss
:(2010

R=S,.Ah/At O)

530000 550000 570000 590000
. N . L

610000
N

3170000 3190000 3210000 3230000
L 1 L |

3150000
I

3130000
I

T
3230000

@

AL W
Glowalicsly 0

T
3210000

ailssg,
R

Sl s — — —
s [
Ol 8l Sligus) 5 531 by e
Sl g oyyle (B duile
15081558 g Sl dulo ¢ s y5le

Kol g )10 23 sle <38 sl

T
3190000

T
3170000

Sal

p

LT Be3

5l 3 2l PLEALIT Sliges,
Celogr; g Slgy

il

om0 g ol S

t
t

HECOE0

1
}

3150000

c;g,ﬁjﬂ

&
I\

[

T
3130000

I 40
0 20 40Km

T T T T
530000 550000 570000 590000

610000

Slovalice sroly Cuxdgo b of pod adlasio (ol o § alids (V) S

loolz )3 seejnjol e slrosls Goios ol o

S50 (VYYANFY) ales Y 6,50 SO 0 losaline
Gl S o ol cpl CasBge .l 48,5 )13 w0
ol> (pl yo ol maw (FawlVU 5 ggame ol sus
4 azg b g oad dnwbre AVl Oy 4y 4355 0,90 o
o0 dumlee ¥l 3385yl 50 g5l 059 ol olie
SleMbl i sloco LB 1 oolatwl b s el
Jelse ol oads gty ol (2ldd qig (2l
csmliiime; gla (Shgaule lesul 4dss e 1 ige
508 2l Gl Sl g plzel 5l el ¢ JlSas
Sl Shy WA 13 cw)n Sy9e g onl 5

EL A .
o [ | -
a | } ]
s | &
g ‘ B
s 2h o
r R fin
N NV} A
L. o Ly 0
time

2 o35l g Sgro ol dmle o9z H(Y) JSB
(Healy, 2010) o zdaw oylwg bg )



560000 580000 00000

Specifeic yeild i

4 ] o0.002-0.01
| 0.011-0.02
| 0.021-0.03
| 0.031-0.04

0.041 -0.056

3160000

3140000
T
3140000

024

560000 580000 600000

> glagal oy Bl yalily ldd &ie8 (Y) S
(GNFF o b)) i un

il sloJlo ;o g0l mlaw (SawlVU ol

S pl 4 Az bl ool el ol FOSSE o
Oty 9 VYAY Lo po O s dgm0 lien (2 yeS
£V 5 VY8 el Lo o ol gelans (SaslVl lee
chw  SoalWl Sl G a5yl el
oo ool Hlis O JS 0 Al YF 0,90 50 Gyl
Sl 3500 e i (JS5 (nl 4 4z g b oo
£y e b e 5 Mo a3 Gie VIO S i)
o519 4 ol o S50 lie p b S o Slos el 00l
i ol 3 el ALBIE S6 SBs LE Lid po
3 Gl Sl 9 Shgw) (2lmlr Sl JuS 0 Shoe
ryeS (NVFF b)) cal sals el Culs
olsl @iz e 0 3 ol gl (SaaL Gl
e ool yo oy, Slgaw, jpax b ealiv
Syro (Rl g gyl ads el cel lyl

S 00 4)&&3 0,90 40 s_j G‘a»u

3 Landsat
4 Maximum likelihood

ol 2! ST 3 6 kel (owiipen (Sidgls (oole 4 pid
VP F by 99 9 Coads ojlos e LG JLw

ookl b glssul (Sosalsbresss 5 (omlidom;
o)l B slojlsale pslai 5 (culidins; loasds
Ozl oims LS5 Sligasy iz g £53 Lo (ou)
oas Laseie oz (6 li> o) ledbl 5l ooliz b 5
5 bl JSos Condy wyp sl o
@ ol g To bl (a)L esle Sl gdls 0
Slggel Yl sl ooty .l ooy soliwl Vs lastiwl
oleS ol lilaie Of galgws <5, 5l
S oolital b ol )5 cloais lond gl St
2l ENVI 53 38l 5 8 Tewad o lsale sl
25t (nl Sl il 5 6 mgl) Slrasal o
Lt S0 Ol gaiails by, 5l e 0B Jlac
b el sl )5 s lp f@Lojg;u.;)a
obed (STl (6550 sl al soliul e
plnl Gl oy Syl paiged 9 (B30 J2e
Wigad oins ol 3 OVFT (50 g 0,3T) wbly o
sl 5 oo Slanlie 5l solitul b e 5oy

el o ol &) IS5

s Glggul oty sl Sle Ol o650 Y S
2l e JS ol arazgi bams o lias |y 2é
Aoy BIF 5 /Y) /08 b [++Y cp olssul o
S 2l ) ohaganl e i Sl it
boes i cpl 5o lsdul Slguw ) 09 so oamlive cuis
Ol (o eS s dilocil o (glaisBllbg 2o Sligu,
O 50 gy 4logy Sligw; 4 bgiye 55 ohg el
il 2alS Ly IS o 4y (F JS2) o il oyt
ez w4 Jlod Sl plygel oaims S5 Slige,
(bl b pals gl oty el s

eI AR ¢

! Standardized Precipitation Index (SPI)
2 Standardized Discharge Index (SDI)

Yy



ey | 0 ST 5 skl (owiign Ly oole 4 i (a
VP oyl ) 98 9 Cuads o lols .0 5L Jlw

R

3180000
1
T
3180000

(%) o s S92
~

1/5
! ! 3
0/5
o +~rrrrrrrrrrrrre-e-erere T T T

i . i (JW) gsloj
> Monitoring well slrolz o Ui b c;"\“‘TYL’ Ole eSSl :(F) Ui
Fault QAR5 090 58 (glovalic

0255 1015 2

O o STV ol uiloe S (SoisTy :(8) S

QAT 0,90 yo

el g adio)50 ;5 Ol phas geo Glie 3oL
slaglo yo plesul 435 Glre olad wse lgsul ohg
G Gl ST g JBlas e g0 cnalin £ SS jo
o ).:.A‘SL:.A Yy 9 -/f L’)Jl).’ Jls YY 0,99 40 015'7”“-
Ol oy yion s i Slyxs Bl 5l el Jlo
2ol ke opyiaS g (Brbled Gis yo plgsul 40
e alb YV Jaam el ools &)y s g iSu
ly addllas 0590 5kl 0,90 4o Glgul wiss ol )bl
9 VWAL Jlo yo gzl adas ol o yieS S e &1
2335 bawgio b iy 4 VYA b o ol G
) Jgoz) colools 7, o oo V- F/Y 5 YE/Y YL
@ by 5w olgel i G Slss ki
ol 5o dw L Blyul el 1A g 1 YAF ol e
Ladws Sl Ol (1 eS cal oY 5l s JLo g0
ASb se YYAY



Ol &1 9 6yl (owaigo Lidgss oode 4 2l v
VPP liuno 90 3 ot ol @0 35L5 Jlu

YYYA R4 \YA- \'YAN

VYAY VYAY VYAT VYAD

\YAP YYAY VFAA V¥AG

AR yay yyay
Glizko b Jlw 50 Ed e Calid (gl ik Sle Ol ki 591 :(F) S



. olnl &l 9 6rlel (waige Lidgss oole 4 2l
VP oyl ) 98 9 Cuads o lols .0 5L Jlw

\vay AT \yar yyay

ARV 1va4

(e ) YL il

Yo - TR LU £ £

Glizo e 58 b pnr Cudd (ylggul a3 (S50 Ol gt (5Kl canldl 1(£) S

andlian 590 55l 0595 5 ylgtel 4ad olmo ylel sl oyl 1) Jgor

(Fhocsoe) 41335 o520 Js (o skeo) 435 (52 Js
Jome Bl pSile Sl o Jome Bl pfle psls s

0.04 52.1 192.2 0.6 1390 0.05 64.1 219.6 0.8 1378
0.05 60.7 239.8 0.8 1391 0.04 47.4 239.8 1.2 1379
0.04 60.1 177.5 0.9 1392 0.04 59 187.8 0.6 1380
0.05 62.8 198.8 1.1 1393 0.06 58.7 317.5 1.2 1381
0.02 36.9 83.3 1 1394 0.02 339 109.2 0.9 1382
0.03 41.5 105.4 0.6 1395 0.03 49.2 179.1 1.3 1383
0.10 106.1 434 .4 0.8 1396 0.04 52 177.6 0.7 1384
0.03 41.9 113.3 1.3 1397 0.01 24.1 553 0.8 1385
0.04 62.9 203.6 3.2 1398 0.02 25.5 87 0.9 1386
0.11 99.4 636.4 0.2 1399 0.01 18.5 58.3 0.6 1387
0.04 60.4 140.2 1.1 1400 0.03 445 166.6 1.3 1388
0.01 24.2 64.2 04 1401 0.02 42.5 91 0.9 1389

Ologel 4385 5 Jgo Jolge

by oS3

9,90 6)L"T 0,99 49 GIPL?T Qs e (oS 0,99 ;0 Iy o Q‘?—*—J EUREL IS ¥ IO L O PE Y™
Fodee Vol e Jlaie b clis pgim (isn (o adlas oads oaly ylad AV s o (WWYA-YE-Y) dle YF



o

s gl e

el 1y plsel 4dss el (b ailog; Slge,
Slesls
Ol 1) plyul gl (15 Sligesy iz SV S
G Jless 5l lezal glisl e ise Sl o3l aos
ke 5 Cands nl b SR s Cgr S
ool i Bblie ;o plyzel 4335 5 (5 pdydei Shals
i Sligay Gl 5l b «SB (550 4 aldeds O 5
Zomlot et al. ( .ogd olesul 55 b asS jgue gl e
Jolse ey oo 31 1y Sliges, 5 5 S il 5 2015)
iles S b yme Syl y9S 50 eyl 4385 5 g

033 50T Ceblo s g (JluSis
Blie 5o olsil 0385 oSle Sl alad, A U3
Seidsee 5 SPD cwlidlse JluSas sla sl
sals plaes o plas |y ¥l wlae ys (SDI)
Abn 08 by (6 K0 aded o JlSis
s olyel @ls G Gmodlly ewyn ilends
oles (o5 A JS2) j55ie JLSis slagasls
QA e p Sigle e JuSis ;56 oS ses e
Srsb a ol (uliBlgn JLSis Sl iy (e ]
sl b e piol ads Ses (upo o
bonle oy & Sigdones 5 (olidln Jlsos
b ooy & asls ol a8 ol el </¥8 5 <Y
Al aildog, o0 9 Sab sbesls I eslal
Cd x> b Gledul 4855 e a5 i g8 oo cilons
Comnd) 09, Judd ails0g, 20 Sllug a4y (g inn Sily
w0 OFF) Gbn g ggms o)l (Sai)k wblug &
Sad il as wisls las 0g,0lkels 059> dslllas o
LA el cel (Sojsly e 5 olitlse JLSis
el 00l S gy

aAYlo Ldw 5 Slhe 5 aVlo Sl e Ol s
axo5 bl oo a1l A IS 0 i o lgsul
bolz 5l sheey Gl aS 08 Glo (g oe IS8 nl @
gy el 001 23811 sz 4355 e (6,19 10,40
iyl 43a g Glesel Sl Hlade o (Siaes
Golel @lp boae ool Sleay Of el </FA L ol

ol 2! ST 3 6 kel (owiipen (Sidgls (oole 4 pid
VP F by 99 9 Coads ojlos e LG JLw

0 3 A Gl (i e oaalin Jlu o
Voo sl D)l ooy Fy s Sra e ail>
o 0 Gy i slojlaale paai (Jlo jo o e
odalive o ol jo a5 jebles.cinl ool &SI LY
s (S a0 (S5 clbasilby P wed oo
Lol ilocais ;o Slga, g oasiSéllog 5o ol 05,18 0929
alocd o Slgasy ol a5 )ls Qly’;fl QAL )0 sege i
W18 YL o35 mnT g 00g 5, 5 dwle iz 5 boe
Ty bl (nl 3 (i 335 &S 39, o0 HUaTl il ol
wlsy, Boas lgse] S5 S e Slguw, e
el s oot & 5 (Slamle S 5 o) aiin
5 Sled loads W})ﬁ}QT sl sl malS
l8l o laiSilbg e Cuedl 4 33 (YY) o Ken
Ailos,S 0, Lol [l I s o G;.z.a)’ﬁ)'_j 4 da5
A i o 1 sl 8i5 S 550 5 o oS
S8 8l Y g @AY gla S anslie Lo wslesls
e S i — b sty b ol
JuS el gg090 cpl duge s £ USE o el
oals 1,3 pa LS jo 1) Sglaie i b Shigesy ¢],lg 5
Gl 00l lgtul Cwls jo gob; Ol cel g
Cales g iz b Olgw, jea> (OVF-F (oL,1)
) oimiol 435 ol (JuS Cooms 90 50 Sglie
5 s e aS g ek 4 il ools 13 5L o
i 30 8l $olia | s o (555 53 35790 bl

Syrgn —39,98 Sebs lotul Cundg 39,90 oS mie
ilos S o, L] b C)l:‘“" 4o

odd Sl 2V JSs jo e s S cdl 4w

Wy (B asls g Jed isu o S bl Ll
anle (Jsl,5 sl Slgw, Jolt 5 o5gs ails oo Bas
G rddeai ol ;o Glguw, pl .l Cdw (51080 o
2O gl oo gl wds il el g wsls YL
5 009 diloy boes S Bl o o sla s
ol sl asle (g e g s «pmy wiile g, ol

02



vy Ol 2! ST 5 kel (wiiien (Sidgls (oole s pid @
VP oyl ) 98 9 Cuads o lols .0 5L Jlw

Il e e

Uil lgsel 4dss e «(,9leS OY game 5Ll ol ol 4 o B9 oo oolaul (63 ,5liS” DY gare
S Gk Gl 5l Gyl @ds Gl Ll b o 09 & G ol g Al Sl g5,0les (a8
Uit Jasd |y 5 el Glggel Glas) adss ol 5l yieS Scanlon ¢ Healy(2010) sla jiwgs sl oo 3905 S
sl s 5 03,8 39 S 3l 4 gkl O 5l (SeS iyl e a5 Sl e 35 et al. (2006)
Ky g e Sl byl ey (oo (Fue il & ) Olgzul 4335 Gl o65,9laS” ¥ game 5)Lol 610
s aslsl plizmes plgtl o (s ny ol b Js3 5 ool 5l Sk GBS e aes oo Gl
Recharge (mmly)
I 20
1 Do
[ J46-80
[ 81-100
H i
0255 10 15 20
Kilometers
o ]
Unsaturated media Soil texture
\\f . - Clay, sand and silt - Clay
1 “" l:l Sand and gravel ¥ 1 - Clay and sand g
s / P " [ Jclay sandandsit | *
Sand, gravel and silit
‘. - Sand and gravel
\I - Sandy and silty loam
H 1 H 1
20 0255 10 15 20
Kilometers — e Kilometers
K c

e 25 33 (9) lgl ELedlynd ik x5 (2) S Sl () so,15ale gl () (gl 4435 (paSiln 1(V) JSC



B é}«\r

40 1 R? = 0/3866

30' ..

Mean recharge (mm/y)

0 2
SDI index

<

ol 2! ST 3 6 kel (owiipen (Sidgls (oole 4 pid
VP F by 99 9 Coads ojlos e LG JLw

40 1 R? = 0/1284

Mean recharge (mm/y)

0 2
SPI index
i)

() 3 il 3 (AL 5 (1) o il 5 oL g (gimn 050l A48 ol imo (ot ey (M) S

800 -
700 -
600 -
500 -
400 -

Mean recharge

300 +
200 ~
100 -

- 120

100

80

- 60

- 40

Groundwater pumping (MCM)

0 T T T T T

1385
1386
1387
1388
1389

1390

1391

Groundwater recharge (mm/y)

1392
1393
1394
1395
1396

Time (year)

Qlggel 40 Gl 9 Glesul 1 Sy Giloj Sl :(3) JSs

Il s 1¥AR Jlos 5 adly 1o el aily iyl58l
2yl Sy Lol uals s 0 VY &ile oy TAN
ol o3 Y s VA ci 5 4 s 0t Bblie 5 55,5L88
oeds g 6,8 alss pl (VY JSS) el ails
L olyes 45 (55,555 SVgama CuiS 5 o (sl
Ol Gl yoie wanl 009 lgzul 5l cusls p a8l
i8S pol byl s el o cel oulds sow ol s
Fisher and .o )ls )lgsul 0da5 jo coge (b5 (5),9laS
YL calisee blio ;o o 3445 anlllas ,o Healy, 2008
Gblis 5 @lye o a5 0i0)S ol 5 (S el ovmie
ads Bl el 65,0laS slages; @ S
0us (55,5LS 85 glal 3585 b 5l ey 3]
S| Siddad § Sis 3bls ;0 g0 ol .col

Sl ol

)l § 2l Ol s
Sl aVle wdn Sle gl Olyss VeSS
PR CEINLIN VI FRL ¢{ PONR V-X Y WA J JRGT JUE SRS
Fokes DVNA Jlade b IS5 0l 59y 58 (soiier]
Ol s conSiles Yok (l 4 az g b sl oas s
LA Glgsul i Sy Olpess j0 aseie 0,90 90
A5 Glhe a5 AYAR B AYYA L 5l Jol 0,90 0,8
93 0,90 Cawl ] Se3lys (uKile 51 1S L2l gzl
el o olgsul s e a5 Ve BT L )
Gl sl ol Gaeils G Sle 5l i 9)l5e
ol il eoled laie 4 VYA 5 VWAY sla Lo jo ol
s 0 a5 b les el oads &SI VY SS )0 0590 g0
oealS &ilye colue loy CubdS L ogd oo odalin V)
S Gble 9 (55)0laS SVgame CiS pj mhaw

YA



v Ol 2! ST 5 kel (wiiien (Sidgls (oole s pid
VP oyl ) 98 9 Cuads o lols .0 5L Jlw

120 -

100 -

80 -

Mean =51.18

Recharge (mm/y)
(ep)
o

40 -
20 A
O T T T T T T T T T T T T T T T T T T T T T T T 1
00 OO O - AN NN ONVDNHNTO A AN MTETWM OMNOOO O
N IS 00 00 00 00 00 00 0 00 0 60 O O O O O O O O Oy Oy O O
MmN MmN N MmN MM onom Mmmnmmnmmnmonononononon s <
Lo B B B R O O IO B B B IO O O R R R R O O o I B B B |
Time (year)

OleFel 48 aSile Gilo) ol i 1(1+) JSCib

- Bare Land
- Cultivated Crops
- Orchards
:| Pasture

- Rock

- Urban

15

1381 1399
AR 5 ITFAY gl Jlo 13 b puzr s ol (g 0,15 (1) JSCi



o

s gl e

16

ol 2! ST 3 6 kel (owiipen (Sidgls (oole 4 pid
VP F by 99 9 Coads ojlos e LG JLw

1/1

0/1

9/8

2/0
0/1

0 —

Variation (%)

-12 4

-13/1

Bare Land Pjastute Orchards

Rock Cultivated Urban
Crops

-16

Landuse type

WAY Sl & Cmnd YRR Jlos 1] (65255 i sy :(1Y) S

5085 Ol 1y (il Sl 5l ol il anilsss
el o)l (Jo3 gy plizmen (oo il el 5l
5 ciS Sl Aol Gl o pae Slagear Sl
6ol s Coval Q‘gﬁq] 3 able y ials g g5,gliS
o lug g,y aS ol las gadss ol bl oyl
ol BlgFal i3 51 sl slin G5, s 5]
3,90 CB5 4 lgul 0%y ‘SMJ S Ol sy by an !
350 Sln Ggde Ghgy & bl ) 0pS 1B asllla
3925 sainil Ol w2l el 4 e 4dis
L Sl g Sloy Ol s a5 098 o Slpaing )l
L daoe il (5055 oyl 5 (S lsie a4 eplgzel

255 )l g 0550 ol s lasgs by 5l eslizl

&l 5wl
ST F ol a4 gy b B s asllls oyl
oRadls (ctwgy Sllael 5 gaeoys by - T-FANVY
Coles Cgo Cd e oBasly il s ploxl 8 o

00,5 oo (10,08 iagh nl Jbe

& 5 Al
cedo Gl adis Gl g e St Graghy Gl 5
o 5 o 050 O Fge Jelse nyiage 5 S
oa30lis Glotul 485 Gl (plad o185 )8
ozl (Brbled (i 10 4385 o idey 4 Sl
Sl ools 7, o gtz (iSu [, 4ds5 jlade (e g
wleglalbad o Slgw, s 5,50 cleasillby 5o 39>
W35 B 5 et B ol il i
a3 s cds (Frh aile s ejpie] wiee
@5z Oy dlon, (xhen) g (e Slse,
ool gl el 08l LalS |, sl 335 sl oo
Sz Slegel wdss e a5 ol las gudsw
el olilyn JLSES 4 i Sl et
@ Bl b 5 2l Gl Sl ol g i
oo el 5l utls  il3dl el s ysliS (glacymes
Solal 5l el a8y Ol e am jo ol
0335 e o a5 4 g a1l Gl (65 55leS Y gams
@i GhlBl cnl Ll ol oad i deejnie]

&bw

6[.64.7:.*&: “"‘)“‘*‘*" O 9 R u***’ﬁ’ u))Du Ngy (S 9 J,J.?u(\f’\”) “d ‘(5]9>J.~c o ‘gﬁjﬁdjl“’ &5”*‘9) ‘.&‘o)éi
NO-YY uosf o)Lo.afJ L‘n)LQD JLMJ ckjl}au—‘ w);..boﬁ(_g)l.m J\.\.n )33)‘9?“-7“-“4)‘ obLD...w‘L:u,..A)).w (_gLo.»...u



g

olnl &l 9 6rlel (waige Lidgss oole 4 2l
\f‘fdm 3 99 9 S W o)Lo.t;‘; p.bé).al.m Jl.w

gl Sblugi (g 5l ool b bz — sgetee Slsoul 5o (eajny ol 4385 0515 VF e v o g yhaz cp iy dioz |
ABVVPA (o ¥ o it JLa sl s AMRCo 550 i

SRl 09,0lels ssul yo b sl L3550 ey 5 g9y JleSas SlST gy N 0 e (og cp sy
FAFe o) ojlads idd g oo Lo wcs o juel sl

el sl s 50 )l 5l (B0 33 ool it U )2 VF Y g giba w b g pate Dol
FOAAFFY X o)l coiiin Lo o Lama pole Slallas

o OF b Cis Cusgians 5 Slallls aslsl (51T ATAA (le,S bl ladlate T alges &5

35593 e (S8 nT gl (6505555 )900 2 99,90 FuS 3l ATAY g ulod 5 e o (Lddl el o) i w570l b e Glonde
ASVVAY o ¥ oyl e ez Jlo ool o s clivios b)) e y2g

WTF g, 5l ooliisl b (s 2l ek 1355 0,510 YAVl gy (aansl o o355, g w00l Jomy o s la
FY-0Y o A ojleds sy baows g oy jos (owdige 4y i3 (o)l s Slgul 168 90 anlllas)

O s - loyS Sl gtz 2o co 3T el 50 eag el el (e Sl oSN EF e (6
OIAS o sie daed a2 ly (2lals sloz ormb wlie 5 (655 oy banzme (Lo Giulea

S syl e 5ol o slaosls Sl oslitul b ()llgrem JuS (So5l555 e jlb ) (g T F o L8
NVAATY o o) olads oty Jlo S 5 Ty ppie g o5l Joo (UC $H J30) s slasisyl s

Slagbsy & jlee)S s lsmal grejng ol adss polie 5 Jeily (b))l VT cp g yilhe o atin ol (Sl
AV o Y ojlad pied g (o Jlo (o908 Glree (owsitr 9195 g (Sl aw Sllugs

Cann2 0599 S o Sy szl ol has Slilugs e iy Jlod 5 43525 VYA oo (S ol 0 (6002 1o ¢ S gmns

(OIS Ik drwsi 5 (gal mlie 16 K80 5 Ll aa (o (uAS sl Al
Fisher, L.H., Healy, R.W., 2008. Water movement within the unsaturated zone in four agricultural
areas of the United States. Journal of Environmental Quality, 37(3): 1051-1063.

Healy, R.W., 2010. Estimating groundwater recharge. Cambridge University Press, 324 p.

Kawecka, A.G.,Beata J.S., Adam, S, Wioletta G.L., Matgorzata, P.C., Rafael, J., , Jirka, S., 2022.
Estimation of groundwater recharge in a shallow sandy aquifer using unsaturated zone modeling and
water table fluctuation method. Journal of Hydrology, 605: 127283

Labrecque, G., Chesnaux, R., Boucher, M.A., 2020. Water-table fluctuation method for assessing
aquifer recharge: application to Canadian aquifers and comparison with other
methods. Hydrogeology Journal, 21: 521-533.

Scanlon, B.R., Healy, R.-W., Cook, P.G., 2002. Choosing appropriate techniques for quantifying
groundwater recharge. Hydrogeology Journal, 10: 18-39.

Scanlon, B.R., Keese, K.E., Flint, A.L., Flint, L.E., Gaye, C.B., Edmunds, W.M., Simmers, 1., 2006.
Global synthesis of groundwater recharge in semiarid and arid regions. Hydrological Processes, 20:
3335-337.

Varni M., Comas, R., Weinzettel, P., Dietrich, S., 2013. Application of the water table fluctuation
method to characterize groundwater recharge in the Pampa plain, Argentina, Hydrological Sciences
Journal, 58(7): 1445-1455.

VuV, H., Merkel, B.J., 2019. Estimating groundwater recharge for Hanoi, Vietnam. Science of the Total
Environment, 651: 1047-1057.

Zomlot, Z., Verbeiren, B., Huysmans, M., Batelaan, O., 2015. Spatial distribution of groundwater

recharge and base flow: Assessment of controlling factors. Journal of Hydrology: Regional Studies,
4: 349-368.


https://acsess.onlinelibrary.wiley.com/authored-by/Fisher/Lawrence+H.
https://acsess.onlinelibrary.wiley.com/authored-by/Healy/Richard+W.
https://acsess.onlinelibrary.wiley.com/toc/15372537/2008/37/3
https://scholar.google.com/citations?user=Gyq7fuAAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=SWRmyzYAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=YbA2i9IAAAAJ&hl=en&oi=sra

