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Introduction

The country's water problems, especially in recent years, have attracted the
attention of many researchers in this field. The need to have information on
the balance of water resources is considered vital for the management of
water resources. This article has investigated the groundwater balance of the
Aspas alluvial aquifer (726.81 km?) in northern Fars Province during the
period 2002-2017. Therefore, the changes in the underground water level
were investigated using the calculation of the alluvial aquifer balance using
meteorological, hydrological, and hydrogeological data.

Drought in Iran is a climatic reality and the optimal use of water resources is
considered essential. Optimum and sustainable preservation and use of water
are possible only through comprehensive and comprehensive knowledge of
water resources, both surface and underground. This importance is realized
on the condition of providing accurate and continuous statistics and
information about water resources and estimating the balance of water
resources. Considering that the groundwater balance and the causes of
groundwater loss in the Aspas study area have not been investigated and
analyzed, and its investigation is necessary for water resources management,
this research has calculated the groundwater balance using meteorology and
hydrology.
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Then, the changes in the underground water level were calculated using the unit
hydrograph for the alluvial aquifer of the Aspas Plain, and finally, the comparison
of the changes in the groundwater level resulting from the equilibrium calculation
with the hydrograph of the alluvial unit of the Aspas Plain has been calculated.

To check the drop in the underground water level, the equation of the underground
water balance has been used in the alluvial aquifer. Water balance is the result of
meteorology, hydrology, and hydrogeology studies, and thus many different
parameters are directly or indirectly involved in its calculations. The results of the
balance sheet may be positive or negative or result in equality of input and output.
If the balance is positive, making decisions related to water will have more scope
and otherwise it will have limitations.

The changes in aquifer storage are determined based on the difference between
inputs and outputs and through the fluctuations of the underground water level
including the storage coefficient and comparing the two. An increase in the
underground water level or an increase in the water supply of springs and canals
indicates an increase in feeding and a decrease in the water supply of canals and
exploitation wells, and a drop in the water level indicates an increase in discharge
and a decrease in the supply of aquifers in a certain period. The best condition of
aquifer stability is the balance between aquifer feeding and discharge. The balance
results were compared with the actual water level changes in the aquifer, which
showed that the balance results are in good agreement with the actual water level
changes. They show a decrease in the volume of underground water storage of
about 29.34 million cubic meters per year, which has led to a drop in the level of
underground water by 80 cm per year. Also, considering that 78% of the total
components entering the Aspas alluvial aquifer are discharged through the deep
and semi-deep wells in the Aspas Plain alluvial aquifer, it can be concluded that the
main cause of the drop in the underground water level is the over-harvesting of the
aquifer. It was through the wells in the Aspas alluvial aquifer. Of course, the recent
droughts (1392-1396) cannot be considered ineffective, but it can be concluded
that the main cause of the drop in the underground water level and the decrease in
the storage volume of the Aspas alluvial aquifer is the excessive extraction through
wells. It is suggested to reduce the extraction of underground water for better
management of water resources. Reducing groundwater extraction can be done
with things like reducing the area under cultivation, increasing irrigation
efficiency, and cultivating crops with less water requirement.
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Table 4. Groundwater recharge from irrigation (irrigation return flow) during 2002-2017
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Table 5. Municipal-industrial return flow during 2002-2017
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Table 6. Groundwater abstraction rate by wells in Aspas alluvial aquifer during 2002-2017
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Table 7. Discharge of ganats in Aspas alluvial aquifer during 2002-2017
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Fig 6. Ratio of groundwater/pan evaporation versus groundwater depth
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Table 8. groundwater evaporation during 2002-2017
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Fig 8. Groundwater drainage by the river in Aspas alluvial aquifer during 2002-2017
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Table 9. groundwater drainage by river in Aspas alluvial aquifer during 2002-2017
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Table 10. mean annual values of water balance components from 2002-2017
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Table 11. groundwater level estimates using water balance equation

e 5l Jol> sy 5 o elans

O 5l ol ey O el &l s

AV) lgsul 0 p33 pom &l s

m) M) (AH) (MCM) o J
AREAANN e\ id -YA - VA \YAN
V58 - Y rYa ~ADF TS \YAY
YV2E - AN =Y A0A ATAR \YAY
YASYTE s _vEsEY \YAY
YIS YA _ 5 SYA-48 VWAL
YVF FYY =Y, YY -V-9,AYA \YAF
YVOVS- 4 — VA SYAYY VWAV
YV OF AT L FFA S\SXYA VWAA
YVOFFA) . AYS Yo py 1¥AQ
YAOY,Y-A N Y ¥4
Y\OF VOV CYYE \¥oaY ¥
YVOV YD A4 Al ALl \Yay



Y100, F04 ¥ RERR yrar

Y100, F0 CNe¥ ¥vas yYa¥

Y10, f- XD SVYSYA 1¥A0

Y\0f 550 X¥E VY OAY yYas

oA YA XEE oSl

A = Z@xm) % 5 eoliiwl b (Fuoi )y ol gaw Ol i dswloxo
A

olagul aly 1S9 0.
e Sloy 0y90 b lalus gl yiegin TR« login

A Je sl e @l e (Ske A
s s G055 Sk S dole 085 b 2 ool
Fogi ol Lawg ond ovalive e p) ©f glaw
gl axly G155 008 elewl Glozel 5 colue A 4
OYMIYAE) sla o sl oobew] Sldllas o3g0mme
V090 cnl )0 (i 2l gl a5 cunl (] Sl
Jlo 2 sl a5 conl ansls cdl e VY Tsgus alls

Sy yegrm T Gl 5l aS cul sg2g0 0390 (nl sl
s Gl..do 4 Al ols ;o yiegim slool> =g
Fos5m S S eilail g caslial glsn 5 Of Ll

£ Y Jsar aibise Jlo s e il AY T05¢> Ol ools o 57 gy ool 51 eolanul b 4 a3 55 & a0

Olyel GBS g 008 5l ol s p) ol mhw drulonw
JB Jl o Glp eyl 5l aS cuslasls
..\.wl.:sa OML{LA

9 S5 el 5l eolatal b cwloass J> aliv
sloolz 51 plas o Sl mhaw (30055 )
(Y alal)) 0l aseie olsul )0 siegie

olerl G150 5l Jolo oo 5 of gk amlixe Y Jour
Table 12. groundwater level estimates using water balance equation
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Fig 9. Comparison between annual groundwater level estimated by water balance and observed
groundwater level

Ogeke VYEIAOY o0 Jlade ol 5l a5 05l oo
e ol g oe a5 el Byb ) caSo e
ol was e 5l o, YA 1Sle jebay a5 col
Sedse ads Woly b 5l iy bawgs (e
Subloy 45wl ggdge (nl Kby (oo Wl &S
9 S8l o gl 4 G boly &bl wg 0 sle
Dyl adllas sy5e ddhie peipiel whaw felS

200

0 — —
FEC I P
olilgy

i
“'iu
4 alil

A Zalid

Slalii )l gjaales

aldl oyl gladl &

Slilgy iy ATy i)
EEg

.

SHa8

e e pales (o3 ) dgdse (Seip)
Vg5 &yl GBS e sloo] wdss o a4 Lle
ol alss o a8 Lol (e 9 W 557
sleol> 51 ol slacils y ay wijls 385 gy
P8 ek plea 0gdie bgpe Gres de g Gres
Vlo Sl joba cul cvolie B Ve Jaus
Sleel Wik Coge ol ey Gado YYF/FOY

o

O R O CYPR PR g I R L Y

sL-T- d..&....‘....-‘: |7~1

SlE i

ol il

TS

OFM-ITAS) 0,90 b bl 58 T oylgmal (o 50T s g 4di Jolge Ao (Sl N0 JSo
Fig 10. Annual average of groundwater recharge and discharge factors of Aspas alluvial aquifer during
(2002-2017)



CollB culyo Sl 5l adlbe ool o 5 asbazaly
el ool 3155 g0 5l ol L

Sozgn (5l oy ey a5 5l ol b lu aslllas ol 4o
‘Q‘gﬁq] 0pBd px ualS cams lis 4T Wl e,
Ul 5o S 2o Gyeln YA/AS ojluilay uSiles sboa,
el AY dg0> e J@Mw\@_ﬁ”wl
s ) e Dl G 9do0 Jlo o e
R emin 350 P8I 5 Sidasnen slaosls
@loools alowsas plosel Dby aruloe g, 50 285
Olgl 0yd e el «(siglyyne g oulidlse
<l g Jlo )o oS e gekee VAN (. Slee j5boa
Somo 4 ol RaSa b by, 90 (nl @l Al
loosls SaSay il Dy s, 5l odds Lol gl
B s SiPaed g (owlidlen

<l b pslae 8l Sily 43S Do sla o,
arg b adloe ol (Sllllas exgame po (suein
laadlgs ggome (Sl (oo o) 2 g Slowlono 4
allooszilis o)90 (l o (alwl (81 Slszul @ (595
Jls 50 oS 5o Cyelen YYSIED 1y (YAV-VYAS)
Slasly Gl | sy el (rizas 5 aBlse
30 canSe e gk VYEIADY Ll olgsul jo 04290
VA oS sl g5050 ol Sk 45 wenlond apuloxs Jlo
Bl Oletel 4 s0)s sladilse gseze jlao)e
Jole a0 il oo adss ol 5,k colbew]
o).»_‘>.> > L,..alf 9 (SRR u_:—‘ C.'a.m casl Gl..a‘
> )‘ U’“‘“’ ‘Slﬁw‘&f u.uLu..j Gsla.ma.a 03950 U‘ﬁ"b—‘
ML‘LSA ub:;u] O S gw (_ngolD .‘a.wﬁ.: u‘s.?u—‘ u‘y
oo (WYAY-IYAP) 2 bl sl JluSes all
Lol el 03945 ).v‘u,_) =) u] C',a'“" caél 9 u@lf 0
5 iy ) e S ol ele 1) o ol
adls obewl 85T lgsul 0 3 als

@ b S il o 3l Jeols guls amglio

T &b Oy 53 lwplian a3 (3,155 51 Jol>
O ilepllimay 515 5l Jol> @bl 4 4zl
SbL B Ve-vE ol Jle 5l bl Sldllae oogasme
5oyl Bab andl cosloas awle A2+ ST Lo
Coandg 5l ledbl g Ll VYYA g B VYYY 4w
Sl ggemme oye0 nl @l IS ol e
00 00 (yeBS aaSayin (yguheo YYAISY o)l
3 et 4 gy e do 0 Y 5l S e ol 5l aST cl
Sy Bk 5l 4l a4y bgyje 9o )0 YO e 5]
SL3 g dediz ol> Gk jladss 4 baye as,0 VE
Vo Jgaz j0 a8 aslllas ol 5loads Jol> gl abl oo
(il 5l s e 3 adlge alide LB
Iy Ol 5 dsiz > 5,k 5l adss § 280 5l aldss
00 (o duo ;0 YT g 0o 0 VO s y0 ) ol oo Say
L asdlls ool 5l Jool> )yl adss gl a5 el
O plinay SIS 50 a5 (as il 4di ggems
u?-‘l-““ .~ YFY/-¥ ﬁ‘ﬁ oAl 00)  (peST u—l é’l-“’
aoys Vgl S polae ol sl aS wll e Sy
bgiye 20,0 VO wwio 5 00 Goyb 5l 355 4 by e
Sl 3sa a4 base aoye ¥ ocely; ol 5l 358 4
9 ;.\.:)L: 3 3985 4 bogs e oy YO (v slag)l >
Silioo 6995 Feein SOk 4 by wo )y TV
3555 ey 31 3585 e anllls el gl b anlio b a5
5SS 5 88 b ol 5l 585 el o )
VO w0y MO plp oo 5y (699)9 (o)) slagl >
Yo 0l s o0 YO g as )0 TR0 w0 ¥ s o
o505 B e 0als oloul BMST Wlgs e aS
WS azgi 1) 51 g aslas cpl 5l Jel> 699y
Glaabie Of (5135 a5 5,8 o,lal GGl 4 olg5 o0
axJlas g).v‘ )\) u)Lu 0)90 Lo‘ Mbso YOH-AQ 0)5\) ‘_g‘).s
Iy BB cds el Sew Jlail cobld culypo canlons



Sl o cam olpl ol ale Copoe glosle 5l

Research Journal, 14(1), 85-97. [In Persian].
Choubin, B., Malekian, A. & Sajedi-Hosseini, F.
(2016) A. Lag-Time and Effect of Meteorological
Drought on the Groundwater Level, Iran-
Watershed Management Science & Engineering.
[In Persian].

Choubin, B. & Malekian, A. (2016) B. Relationship
between Fluctuations in the Water Table and
Aquifer Salinization (Case Study: Aquifer Aspas-
Fars Province), Iranian Scientific Association of
Desert Management and Control. [In Persian].

Fars Regional Water Joint Stock Company. (2015)
of Carrying Out Studies on The Watershed Balance
of Tashk-Bakhtegan and Maharlo Lakes (Aspas),
Iran Water Resources Management Company,
Ministry of Energy. [In Persian].

Zare, M., Raeisi, E., & Mirbagheri, S. M. (2001).
Determination of Groundwater Evaporation Using
Pan Evaporometer Data in Different Depths to the
Water Table and Soil Texture Conditions. In New
Approaches Characterizing Groundwater Flow
(Pp. 1319-1323).

&l ol
JKiils g obuy oKails slacsles 5l Baiwgs

g bl 1) S JloS plni; sl pole (LooSS Dz

&lw
Moslemi, H., & Darvishi, R. (2016). Solutions to
Reduce the Level of Underground Water, Laver
Plain. Journal of Land Management. [In Persian].
Alizadeh, A. (2013). Principles of Applied
Hydrology, Astan Quds Razavi Printing and
Publishing Institute. [In Persian].
Ehsani, N., Vérosmarty, C. J., Fekete, B. M., &
Stakhiv, E. Z. (2017). Reservoir Operations under
Climate Change, Storage Capacity Options to
Mitigate Risk. Journal of Hydrology. 555: 435-446.
Huber, M., & Knutti, R. (2011). Anthropogenic
And Natural Warming Inferred from Changes in
Earth’s Energy Balance, Nature Geoscience. 5: 31-
36.
Pachauri, R. K., & Meyer, L. (2014).
Intergovernmental, Panel, On Climate Change.
Synthesis Report. Contribution of Working Groups
I, Il, and 11l To The Fifth Assessment Report of
The Intergovernmental Panel on Climate Change
(ARD5). Geneva, Switzerland. 1-151.
Naderi, M. (2013). The Flood and Drought Events
over Arid and Semi-Arid Regions under Climate
Change: Northern Fars Province, Iranian Water



