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Extended Abstract
Introduction

Groundwater is the largest source of water in semi-arid regions. It is, therefore, essential to develop and exploit
underground water resources to meet these needs. Precipitation is the main source of recharge for many aquifers.
Changes in precipitation and groundwater level depth are closely related. It is more difficult to quantify
groundwater availability and the long-term effects of climate change on groundwater than surface water.
Although groundwater resources are more resilient than surface water, they are increasingly vulnerable to
overexploitation, drought, pollution, and the lack of permanentconsistent precipitation, reducing quality and
availability. The decrease in aquifer quality and storage capacity as a result of extraction exceeding the available
surplus is due to the development of urban areas, the use of water-based industries, and an increased cultivation
area, which jeopardizes underground water sources. Although human factors have a strong influence on
groundwater, the natural hydrological cycle plays a key role in regulating the condition of the aquifer. In arid and
semi-arid countries and regions of the world where surface water resources are relatively scarce, groundwater is
often the most important or even the only source of water for regional food security, drinking water, economic
development, and environmental conservation.

Materials and Methods

Quantitative information about groundwater resources related to wells, springs, and ganats was provided by
relevant organizations, including the Iranian Water Resources Research Organization (Tamab) and the Yazd
Regional Water Organization, as well as previous research. For a more detailed investigation, the level and depth
maps of underground water were drawn for five years based on the available information. The zoning map of five-
year underground water changes was prepared using ArcGIS software to analyze the amount of water level drop in
the observation wells. This research considered the distribution of wells, springs, and ganats and the trend of
changes in their number, discharge, and annual consumption in different parts. There are 25, 122, 0, and 11 semi-
deep wells, deep wells, springs, and ganats. It is worth mentioning that the statistics of the selected wells in each
plain were used in the calculations and for the underground water maps, which have the most complete statistics
during the selected period, so the number of wells mentioned in each plain is not necessarily the same as the
number of wells in the piezometric network, and the length of the statistical period used did not necessarily cover
the entire statistical period.

Results and Discussion

The maximum depth of underground water in the Bahadoran and Shams aquifers in 2018 was 68 m and 47.7 m,
respectively, with the deepest points in the northern areas of the Bahadoran aquifer and southern Shams aquifers,
toward the southern areas of the Bahadoran aquifer and the eastern parts. The water depth in the west of the
Shams aquifer has decreased; therefore, the minimum depth of underground water in both aquifers is
approximately 11.8 m. The highest groundwater level in the aquifers of the Bahadoran area in 2018 was
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approximately 1538.91 m in the southwestern and western areas of the aquifers. In the eastern part of the
Bahadoran aquifer, it reached 1447.3 m, and in the southern part of the Shams aquifer, it reached 1190 m in
2018. The groundwater level in 2013 and 2008 was higher than in 2018, but it did not change significantly. The
decline in groundwater level from 2008 to 2013 and from 2013 to 2018 was approximately 13.14 m and 6.68 m,
respectively. Examining the changes in the groundwater level during the statistical period shows that the overall
trend has been downward.

Conclusion

This study investigated the level and depth of underground water sources in the Bahadoran watershed in Yazd
province. The results indicate an alarming drop in the groundwater table. The spatial distribution of groundwater
extraction differed throughout the watershed, so some areas experienced a severe decrease in the water level. In
addition, due to the use of these resources, the seasonal variation in water level reduction differs. In the absence
of surface water sources due to a decrease in precipitation and prolonged droughts, the majority of groundwater
extraction is done for various purposes, such as increasing the area of agricultural cultivation. This excessive
extraction occurs through additional water wells. Therefore, it is necessary to carry out comprehensive studies to
investigate the relationship between the extent of vegetation in the area and the amount of groundwater
extraction from aquifers using satellite images. In addition, it is suggested to evaluate the balance between
groundwater extraction and recharge in all watersheds of the country. The results of this study provide policy
makers and managers with information on changes in groundwater resources in aquifers, which can be used for
optimal management.

Keywords: Aquifer, Development, Drought, Ground water storage, Water stress.
Article Type: Research Article

Acknowledgment

This study is based on a research project entitled “Evaluation studies and quantitative zoning of groundwater
resources in the plains of Iran (case study: Dareanjir basin)” Project code: 01-09-09-028-99025-990541,
approved by the Forest and Rangeland Research Institute of Iran.

Conflicts of interest
The authors of this article declared no conflict of interest regarding the authorship or publication of this article.

Data availability statement
We have no permission to release data and codes.

Authors’ contribution
Seyed Masoud Soleimanpour: Conceptualization, writing-original draft preparation; Samira Zandifar: Writing,
software; Omid Rahmati: Manuscript editing; Mahboobeh Motamednia: Methodology and investigation.

*Corresponding Author, E-mail: m.soleimanpour@areeo.ac.ir

Citation: Soleimanpour, S. M., Zandifar, S., Rahmati, O., & Motamednia, M. (2025). Evaluation of periodic changes in
groundwater level in Bahadoran watershed, Yazd province. Water and Soil Management and Modelling, 5(1), 29-44.
d0i:10.22098/mmws.2024.14395.1404

Received: 06 January 2024, Received in revised form: 12 February 2024, Accepted: 13 February 2024,

Published online: 21 March 2025 @ @
Water and Soil Management and Modeling, Year 2025, Vol. 5, No. 1, pp. 29-44 ev Mo

Publisher: University of Mohaghegh Ardabili © Author(s)



https://mmws.uma.ac.ir/?_action=article&au=22487&_au=Seyed+Masoud++Soleimanpour&lang=en
https://mmws.uma.ac.ir/?_action=article&au=30765&_au=S.++Zandifar&lang=en
https://mmws.uma.ac.ir/?_action=article&au=39084&_au=O.++Rahmati&lang=en
https://mmws.uma.ac.ir/?_action=article&au=39085&_au=M.++Motamednia&lang=en
mailto:m.soleimanpour@areeo.ac.ir

%% SE 9T o e g 53l

SIFE

PYAY-Y0L : Sig i bLy

351 bl ol ydka a5l 259> (o) & b (510490 Ol i Mgy (2L 5]
Tlodeine dgume & oy dual T8 6155 | ponn ‘*‘mdl@,lw dgmune Juuw

@95 9 WPjgel «lids ool ol il (b wlia g (59l bigal g liis 3 pe ()bl g ST cbilis wlidos jisy il
Ol Gl «sipglis

Ol <0l «cs3slS s 9 Ghigel «liiod (lojlus 98 @le 5 oIS Sl Ao (ol Sliiow (i bl

5 o9j9el «ligiod (lojls (olissyS il (b @lie 5 6505lS (390l 5 Slasios 35 p0 csilozsnl 5 SB bl cliios iy okl T
Ol i (8538 gy

Olpl @z ol (33L e (5)l0350] 5 (b e 8)10) (pmass (58>

LR
e O e ) slapese g Ay elaie pandy ool Sitbaog gblis > Ol el sl drse o gie (2585 ires) o]
4,15 e 05y il 53 gy ol sl B e ol o Sl gyl Sl Jloyss (35 Cuanl 1 sl cul (9541 sl
5 Wl g 85 sly (uojp) O Bos b g jlind (laAiE w05 and Al W Sloj 53L S5 50 iwejp) o @lie oF SleMbl .l
3 Lj ).309)49 MWW ArcGIS )I)Slf)é ]a.&u 3 d‘.\.h‘.m L;Lho‘b SleMb U»Lwl 2 xR N) ui )I)J‘ Zflaa.u ul)uuu =35 dI)J 059 Jf
P o g Il ol 3 Gemins  Gos iUt @l Blhe b paSuie daeip Ol LSS 5 4305 sblie b 4nd sbeati
9 oo 4 g oduwy Hlade Sl 4 ued lgsul g g oldler losel Jles 2lg 0 a8 conl e FYIV g FA Ll cu i A YAY Jle
ol 53 52 5> (iueij Ol Gas S & pgbotr ol 01 alS’ Ol Gas Sl Guad plszel (=08 ot 5 ol ol s>
5 e By 4 baye WAY Jlo 3 (lpsles 8330 slaglszal )3 (weinj & 515 daw (n 0t (Oramd e yio VWA 905 &
Fo VAo & Luedd olgsol g (i5u )3 g e VFVIY & ol lesol (3,6 Lisu 1 oS g psbas sl y20 VOYA/AY dgus g lalgsol oye
sl esl e ol a2l Sl i a5 Col GYL YAV Jlo 4 Cund AV 5 QY o Jlo )3 iwojp) Ol 5l duyo Jlo ol
lo lyuss Bgy 5l SleMbl 55 pl gols .l 035 yio FIFA 9 VWWIYF dgds i iy VWAV LB AYAY 4 VYAV B AYAY boj 85L p0 (wejps

g 03y S dig o pe sliwly )3 Wl e 45 ABD o 45 e g oy leculin LS )3 1y aglgsul J3 e o
Sz o ojp; Ol 8sd e ol (A5 cawgd gl 1 g0IST Wojlg

g3 idllie goi

m.soleimanpour@areeo.ac.ir : g xS g (1S Jghume™

350l 890 e ol pdaws (gloygd @l pis K9y byl (VF+F) diguome Lidetine 5 ahnal o> ol yuows (B 65} Dgmams duw ¢ )30 yloudes 2D Linw!
¥y (VMo «SB y/’&g}g_lo} olw Jto D3 bl ol
d0i:10.22098/mmws.2024.14395.1404

A (RRVER IS+ PR S ARVA S SRV IVR O TR S FARVA R RN SU S P I VP S AR AV R PR g

®® FF B YA aans o) b)'.mf: P 0y9d AF¥ Jl.m ‘JB} u[w)a_lo}d)ﬁu‘/.io
@ _ iy © o) e olSisly 50



https://mmws.uma.ac.ir/?_action=article&au=22487&_au=%D8%B3%DB%8C%D8%AF+%D9%85%D8%B3%D8%B9%D9%88%D8%AF++%D8%B3%D9%84%DB%8C%D9%85%D8%A7%D9%86+%D9%BE%D9%88%D8%B1
https://mmws.uma.ac.ir/?_action=article&au=30765&_au=%D8%B3%D9%85%DB%8C%D8%B1%D8%A7++%D8%B2%D9%86%D8%AF%DB%8C+%D9%81%D8%B1
https://mmws.uma.ac.ir/?_action=article&au=39084&_au=%D8%A7%D9%85%DB%8C%D8%AF++%D8%B1%D8%AD%D9%85%D8%AA%DB%8C
https://mmws.uma.ac.ir/article_2821.html#aff3
https://mmws.uma.ac.ir/?_action=article&au=39085&_au=%D9%85%D8%AD%D8%A8%D9%88%D8%A8%D9%87++%D9%85%D8%B9%D8%AA%D9%85%D8%AF%D9%86%DB%8C%D8%A7
https://doi.org/10.22098/mmws.2024.14395.1404

££5 VA Olodio VE+E Jlo ) 0,lond 0 5,93 [SE 5 O Gy prte 5 (5w te & pulis /], 5o 9 599, 5lowben vy

sohate cpwed & (Simmers, 1997) ol Sl> gyl Lol
iy &l g Sl )y Ggej 3 (g3ast Slalllas
Pulido-Velazquez et al., ) cusl osds plol ldie bawgs

2015; Yazdanpanahi et al., 2018; Kubiak-Wojcicka
and Machula, 2020; Hanifian et al., 2024; Satizabal-

Sl Olllas I Sy e oo a5 (Alarcon et al., 2024
Janardhanan et al. «Jle ;ylgicds 3505 o )lsl dso; opl 53
lyt oy o1 83D Sl g 8))0m 30l 4 (2023)
(Slalie oly YADY SleMbl sy v KB 55ul 654
N aw e o 3905 20b lojlsale pglas 5 (il e
Mohamed et al. ¢ ddss ;5 .ol 03,8l talS duejy;
a > iy o) e Ao Yo (So38955 Sl 4 (2024)
sloodly 5l oslatwl b ogin bty by aud iz yico
Ol mhw 5 o ol mls asshy lleale il
! el Sl .l 0392 (Jo55 K9 (Shl> (uesn;
Rahnama et al. (2020) ¢ Jlo jobo 45 .l o plocil 590
oozl b sligs lgsul sueip; o paw bl objl )
Ol a5 Wob ol Modflow Jas 3 GMS jl3sle 5 5l
b g g2 0G5 eJlod o olgel (i) o
Asghari «yises ool 03,5 Iy cél olosul (6550 (g
S8 Ol 31wy 4 Saraskanroud et al. (2021)
2 &ly sl 5l i hroins ol laojin s 2 (2l)
5 ;3 GRACE (ghojlsale (slaoaly 1 aolatwl b Juwd,l ybuol
Sl paw 45 3l ol gols sy dle VF b 5k
Ziaye oy 5 casl 03,5 8l (515 e oy (ivoj
» S50 Jolse oy ,> Shendershami et al. (2021)
93 53 el s o lasel €8l g anss O Syt
ol a8 ol Al Yo by 8L S ilej glaihe
iy 5> G5yl 3l ol g el > g peliS
ol aLild (6350 Lid Juwd)|
s 5> Sheikha BagemGhaleh et al. (2023)
olgel (o Cundy gy Sl g o208 silo e & pladl
53 bl gl a8 ol L imgs ol s .150,8 dble
byl pials g cutlsy Gl b g 2,15 )5 allae Cunsy
@ b aales 5 5 ol Cundg 3l Gl le ) ohign
ol ol las ;0 Salehi Shafa et al. (2023) ias}
ol Golas 1l b Glojan (o) ol aie M 5 515
ojlul & (gldas Mo LB (aljBl (g5y0liS is > (aejn
oMo opnpep Slash CaSoyis oo YAY 4 e VY
Sl siledse gl 51 Sl pow gl ol
o 45 15 391y caSasto (pgrie VoY (GMS) oo

Aoddo —)

S cul gl b Ol ge A0l (eins o]
Ol ol ate glisa ol Cans I 5l o Ly
S U ool & caiten dly o @ (imio B)las g Saeli]
ol 4 cas VL s)lulil g solel o gl sl
Oki and Kanae, 2006;) cuwl by,  xdew
yobas s Ol 39S (Krishnamoorthy et al., 2023
b (Gaald] O 4y o tod (gl dlse Cutel ot
Gl IS 56 G bauma 08 g agos Cublizy g oDl
Jeolss 3, 5l e ol @l (Ercin et al.,, 2019)
5 bailiog; o oaalyd dlex I (o Ol golio Ly et
w8l e gy b s Xy Gyl I peliee s Jolos
o ol wbe 431 (Ansari et al., 2016) cul by
(Slosal3s ooy Ll gy igllan] b o] 4 o
5 Sl Jusis wo I S b kS (o
9 CudeS BB 4 e oS W)l )5 Allesiy (SH)L 39S
Younger, 2009; Rust et al., ) 55 0 f (1392 (wyiwd 5
SaaolisS (D weip; ol wbe Ol Mgy Ll (2019
2 e byl Bl g g aalss anjey g JSiie el
o yises b heois ol Bas g 515 oy 5 ilolid Ao
Samadi ) 54 zls ddo Llgi o obygyd g 9 bl
» aglysal 3,85 cudls gals (and Samadi, 2017
Gble drwg 5l 5L demge dlile I i cudby doxs
Vg oS 5 daw SR g ol mlio 0, s 0l
I 25 oyme |y weins ol @lie o Cal (g slas
Halder et al., 2020; Nyakundi et al., 2022; ) a5
Jolge cdlds L™, (Krishnamoorthy et al., 2023
S Bz dreiny glac] gle (il Sl
Ogt (5 ) oee p Sl (pl g IS BB 8 (b
Slaed i slacl (siluepsd glacslral by,
W30 gy b yebdr SBcugby 5 L e e
4 ;¥ (Asoka and Mishra, 2020; Rusli et al., 2023)
3 ol o as tly soofg 5 ik o pll &5 cul S5
slosaly Saontly giayaoliy 5 (il gt e o e
el aalgs Jlisay |y 6l

slaol culby gle ol oS sy e ol Clidss
295 gl sdas 3 O aw il @ e sy
ol ple obj,l (Samadi and Samadi, 2017) w5 aalgs
9 Seein) oy (Kjdiee late (wein;
ey Sitbdas 5 Sits slaplSe ) basbls oyl o oMo
a8l daps 5 @bio cpl g Joize Copie lads S sl


https://www.sciencedirect.com/science/article/pii/S2352801X2300053X#bib58

Y

e sw03525 1 il (518590 Ol piS X, (U,

dag capde 3 boll 3 eins ol gl Sl
Slddlaio olaely g olpde il (0 1) oxiadd,l GleMbl

b anles l,8

99, 9 3190 =Y

axllao 390 ddlaio - Y-

3 @yeyiaghS YYAY/VD dgdo Cawg b ol jusol 856>
9 YF/AY dgis iy cuds g wlela)l oyl j1,8 55 -l
eyl e o Sl 1) dilate Colue I dop 00/
JSi 55 ol 039y y10 VEYIA 550l 39> cpl 3 byd daws
ol 00 031> L dalllas 350 dilaio CoxBse )

B0 gy ~T-Y
@Y CleMb! 50315 5 9lRon —Y-Y-)

O gle oS iy 5 b)) Slilbe 5 )y psliton;
odlatl (gnojys ol slmodls I llee el 859 (e
sl lyed slacylojln as axnlyo b dlusy (ol 4 .l 0
hite O e85 5 (ol) ol o mbe Slidss lojl
bl Syt 590 Ad (6yglger Wt DU 5 Aoy oy
POYAAYAY ] o BAYANWYAY T b ) dle VY
2 olB g daddn by LSy Cuol 0id odlitul adllae )
3 o] &Y Blas g 4lsg olis Slyuss g, g adbie
il ol b 43,5 a3 sl guies Golite clayisu
OB g Gras ol (Grasdas ol I ool ojn ol gl
el WY G WYY XD Ll o i adlate

EETRBP TS PRI RO ¢
Gos o 9 jlien Al wyp g adle 4 ige ol
s9el dag g iy ol 3l e Sl (i o
ool 4 by Sledbl dU 0wl olesel Gy
yokaieds 5 (5lwodlel g augi Byl clalgmel )3 (slodnline
sloodly 1 asps o Bos ob g jlien bolad diE ds
oslizsl adlate (glalssol (sl coybol 5,90 5T Jlus Sl olo
Slabols 59 ogSae (2bigyd P9y bawy lasiuaiyg 9 45
nzeh A5 ATCGIS Jlbls s Lo ;5 IDW2 los |
S Bes o2 g jlien Glbadl (558 (eyp sie
ooyawd 5 OledMbl olwl Al gy 35L ly pweip;
iy o s el glie gy ly g AD ey

2 Inverse Distance Weighting (IDW)

Bl Gl CaSopte Goabee VIV e o ol jl ol M &
o W sl 4 e ol o @l Gl sl
Hosseinzade Kuhi and Ardestani  yicres ool oud
Sl (o Cundy oyp g Silere 4 pludl (2024)
Al 85 3 plewl clom g Jlae Glgel eei
s Modflow 2005 (sose Jao dwgds 5358
aale VYO 5y9d )3 ol LS s .53, GMS 10.4.5 3316 5
Sl 883 I (pasuie wre dljg) lawgie JSbay (giludnd
Yo VIO dawgio yobods 45 gygbods fanl odd atwlS lgsul
5 00 3l sl 53 090 ol b 1y weipes o Sy <l
ol 03l By Cand 4 bye wdl 0t
sl 56 wyp 4 ;0 Rostami Khalaj et al. (2024)
Jo jl oslisl b (huois O 5 Slpis g9y S 565
—a a3 by ohls —aguie s ol uise 3 GMS
030zl GMS (5)l3le 5 iy ,> MOOFlOW i 51 yglaio ]
Bl Y by polie Y (slosalin sl &Y 5 Wb
a5 Jdo (sl szl S Siw &Y gl jye Y (]
9 Pwly Jho (e oAb (Byme S 4 Gldg plgiee
@l A5 gilednd einy ol plie 5 008 L)
S3liS sy 3 (has Of oyt (il ol olss
0392 i Blo VO U8 290> bawgie jobds bayiagin 515 (s
clrodgize > weip; ol Gl kel Yboesl 5 col
Sayadi Shahraki et al.  picen g odd adlaedyge
Cdd goiny 2l ol b (b 4 pladl (2024)
s 5 ol slmailge ulow 51 solitusl |y Sty i Jgbo
5 ool oly i imgd ol bt S els ogy0]
65 otk sl 0l syl g el sleadlze Ll 39,
ol cowlio guojp Sl
P &S ab ol end pbul Cldles jepe g (gibzen
gle & Gl Sutddos g Sts 3blie g 1n)gdS 5l ()b
& el ejp) ol wie OleS b (e O
ol aghailate 32 cotel gl o gie b > b et
01 bl G bae cblis 5 (oolai] dang (Saald]
Ol plie Copie g bais gyl 5l (LiU et al., 2024) ol
>l slase o ol 59aS ohgt Bble cpl 3 (deinj
bl b calss g Vg BVl (:Sile Sl (5350
sskle oped 4 Cusl (gy9p5 g p3Y (60l NS a3 3yl
iy o gl o8 Slydl )y B b ol Giios
gy 5l 2Bl ous pbul 35 bl o)l 5wl 0je>

! Principal Component Analysis (PCA)


https://mmws.uma.ac.ir/?_action=article&au=29258&_au=Hossein++Hosseinzade+Kuhi&lang=en
https://mmws.uma.ac.ir/?_action=article&au=29269&_au=Mojtaba++Ardestani&lang=en

££1 YA Olrio VE+ € Jlor ¢ 8)lowd 0 5,95 [STa 5 Ol Sy pyte 9 (53l Sbo 4y i /1)Ko 5 y99slowbew

A3

Soyionp 8508 ool sl b logy) cuds o 5 65
8,9 JS Log) 35 o onlizusl (s, lol 5,95 Jobo g Cmss Uy

S Al gy et gty slosalio glaoly ey
Cuol )5 LS .05 ags ArCGIS l58le 5 lases )3 (dwsjp
el 5l ey ol sloadl g g Slasloe plsl
sl a8 s eolatol cudd o S yiogim otio slool>

53°0'0"E 55°0'0"E 57°0'0"E 59°0'0"E
- " L s L " L " L
:Z 4
L 54°40'0"E 54°50'0"E 55°0'0"E 55°10'0"E 55°20'0"E
L L L L L
£ - = z
- £ L2
& g s
L @ @

=z =z
) - B 5
2 81 B
5 s §
a s s

= =

Z 1 =
z o b
N L s @
g
F

= =
= = z
= L =1 =l
° 5 g
& Ll L
i T T T T T

54°40'0"E 54°50'0"E 55°0'0"E 55°10'0"E 55°20'0"E
=
g DEM
o YAA
= — Nl -
5. L T CO ol 0 sriensm ool
5 -
« T T T T T - Km
45°0'0"E  50°0'0"E  55°0'0"E  60°0'0"E  65°0'0"E 0 5 10 20 30 40

Ol 9352 oylual 33 12l usul Biea CunBge —Y JSKS
Figure 1- Bahadoran Watershed location in Yazd Province, Iran
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Table 1- The amount of discharge (million m®), flow rate (L.s™), and the number of groundwater resources in the Bahadoran
watershed during the period 2002-2018

ols Ao Gros ol> Gos 4o ol> i L
alss e Slass alss | Sy alss | Sy alss ol sy o
1.13 9.01 1200  0.00 0.0 6.00 72.61 36.00 183.00 18.11 23.80 128.00 1381
0.56 450 6.00 0.00  0.00 3.00 38.46 18.00 96.00 11.09 12.00 69.00 1382
1.40 4.50 6.00 0.00 0.00 3.00 38.46 17.00 96.00 11.81 12.00 69.00 1383
2.00 450 8.00 0.00  0.00 3.00 44.16 37.77 103.00 11.00 12.00 66.00 1384
2.50 0.00 9.00 0.00  0.00 3.00 40.91 0.00 107.00 9.00 0.00 63.00 1385
3.00 5.00 11.00 0.00 0.00 3.00 42.86 37.77 118.00 8.00 12.00 58.00 1386
3.50 5.00 1500  0.00 0.0 3.00 43.00 37.77 120.00 7.00 12.00 53.00 1387
4.00 10.00 19.00 0.09 3.00 1.00 43.70 34.77 125.00 6.00 11.00 48.00 1388
4.15 10.00 19.00 0.09 3.00 1.00 43.72 34.77 131.00 4,77 11.00 43.00 1389
415 7.00 19.00 0.09 3.00 1.00 36.96 42.30 132.00 3.97 11.00 38.00 1390
4.30 7.00 19.00 0.09 3.00 1.00 37.06 42.30 132.00 3.97 11.00 36.00 1391
4.60 6.50 19.00 0.10 3.00 1.00 38.15 42.30 134.00 4.08 11.00 36.00 1392
4.00 3.20 19.00 0.13 0.00 1.00 36.23 42.30 134.00 3.84 11.00 36.00 1393
3.00 0.00 18.00 0.13 3.00 1.00 33.49 42.30 134.00 3.50 11.00 36.00 1394
2.90 3.23 17.00 0.13 3.00 1.00 35.73 42.30 134.00 3.00 11.00 36.00 1395
2.50 5.00 15.00 0.13 4.00 1.00 34.18 39.30 134.00 2.50 6.00 34.00 1396
2.00 5.00 13.00 0.11 4.00 1.00 34.13 39.30 134.00 2.00 6.00 32.00 1397
1.70 5.00 12.00 0.10 4.00 1.00 34.23 39.30 134.00 1.00 6.00 29.00 1398
1.29 2.38 11.00 0.00 0.00 0.00 35.94 41.30 122.00 0.89 7.00 25.00 1399
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Figure 2- Zoning of groundwater depth in the Bahadoran study area in September 2018
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Figure 3- Zoning of Groundwater depth in the Bahadoran study area in September 2013
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Figure 4- Groundwater depth zoning in the Bahadoran study area in September 2008
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Figure 5- Zoning of underground water level in the Bahadoran study area in September 2018
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Figure 6- Zoning of underground water level in the Bahadoran study area in September 2013
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Figure 7- Zoning of underground water level in the Bahadoran study area in September 2008
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Figure 8- Zoning of five-year groundwater level changes in the Bahadoran study area from September 2013 to September 2018
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Figure 9- Zoning of five-year groundwater level changes in the Bahadoran study area from September 2008 to September 2013
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Figure 10- Hydrograph and mean annual precipitation of the Bahadoran study area (Bahadoran aquifer) from 2002 to 2018
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Figure 11- Hydrograph and mean annual precipitation of the Bahadoran study area (Shams aquifer) from 2008 to 2018
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Figure 12- Cumulative and annual changes of the groundwater level of the Bahadoran study area (Bahadoran aquifer) from 2002 to
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Figure 13- Cumulative and annual changes of the groundwater level of the Bahadoran study area (Shams aquifer) from 2008 to 2018
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