ST o °'—€-’:5,

YAA-Y-YA L

v’ Y A ST A
A g)/;ff/ oA GG T lZ il

03y ol g SOl Sludl sl Jole § (Lo SKis ot (05 (it
obow ) Ll CubangS oylazul yo

"0 53310 pldl T B uamKinn 0155wl pl (B Gl 0 By ooz Ly
sl nsbglio § 55,5liS Lbieel 5 ligios 55 e sl el SB cbilis Sl iy (chagh bobisl T 5 )
Olnl oblp S «65,9laS gy g Sbjgal clinios ool oyl )
Ol Ol «553LaS g g Uhigel «linios lojlo s logusul 5 S cbilis 8aSamgs « ooyl jludils Y
Ozl cyliw J sl camdbaslio 5 (65,9LaS [i3g0] 5 Sliizs 35 0 o5 o sl S clbla> Glidss (isy (3ame -F
Olnl bl 5 «(55,5laS g 5 (hjgel coliios

b o S8

Bud g doddio

Lol O goran cails y 3blie by0) 4o wongS Glsdul iw) ) ol mhaw wad cél Ldoas liw ) oliwl o
S ole e cmizman g SudiangS Glsul (e o mhe Sl Slacde Giogi 5 Gued Shshy (il Soe
A oy BT 5 oolidlsn sla JuSas Gloj 5E 5 ol e bS5 ord

g, g olge

i dolme ORI isei; ol 5 SPI S0l slomsls wilare VLo Jgh, Comdy opmass jsliteds
Loaslo FA 5 YF OA OY & & ¥ (lod aiVlo olej slouliie o SPI asls lee Siaod slos o
5 s ity 2 O eome 5 apule GBLis ole o GRI (a3 ls 5 (e o s sy (Sl
ol b guil 5:Sle b O Gras b3l Gls (Saon dll, cplonil i o (s dllate ol); DY gaze g4
R IO S R S E X S SUE SV PP NR ROL Ny SIRV [P YOI SIS

g3, o &9

chamanpira2000@gmail.com : a3 Gy (L S0 J gonno®

cdl Sl slaJole 5 JLocSiis wpar (oS ot VFF o0l ol i i Ko con S wop 155 ey oLy yoxr 0 Liiunl
NAYY OOV s o550l slaipgh . oyliw ) il cbansS Glgsul 1o o) ol zlaw
10.22092/wmrj.2024.365631.1584 : Jluzxs s dwbliis

\AEA /ERTER IS\ ™3 P TSN IR S vES 7L SRR UR O TR\ IR 2 VIR VA S RSO T TR FIR R S YRR JAFRTON PRI TN b}
XY A glaamio VFF e VFF Sl 5las o) o)lad FA 5,50 VFF Lo oo o psul slaiag)

Oty © ool bl (xembmlin 5 (65)5L88 (Bi90] 5 Dl 3550 1000

(OMOoM



مقالات%20بهار%201404/مقالات%20آماده%20صفحه%20آرایی%20نهایی/1584-(2)/0000-0003-4508-2807
مقالات%20بهار%201404/مقالات%20آماده%20صفحه%20آرایی%20نهایی/1584-(2)/0000-0002-5820-8213
مقالات%20بهار%201404/مقالات%20آماده%20صفحه%20آرایی%20نهایی/1584-(2)/0000-0002-6543-3013
مقالات%20بهار%201404/مقالات%20آماده%20صفحه%20آرایی%20نهایی/1584-(2)/0009-0006-2809-5832
mailto:chamanpira2000@gmail.com

VEeF Sl IFF by 3l ) 3L YA 390 ‘;/!Z"‘.T‘;t‘k,}'
el slaole 45 bgs o TEAIRA g b JlucSis ol 4y bigypo bl T als 51 7Y/ Y ol olis b
Ui o (Byas Ol pz g caSeyie Gaebes YYITP lisal 4 g0)5 o o g (o 05 1(55,5L85)
YAYE Slgzol 5l clilopy adlal g ol ials 65100l cgy0plil 09 caaSo jio ygudue #V/+ 4 Caiios § oyl o5 ,5laS
oS yte Ggekee VEITY g (JloSias @y bgpe canSlo e gdee VVAF o5l cnl 5l a5 050 cuaSto e (ke
D91 Sludl slo Jole 4y Loy yo

Woliudn 9 (5 5 aomis

o5t ity 2l e Sl ol ne e 5 e g5 (i ol el Sl ol bele raghy nl s &L
Cuopp aipy 2l 5 elitlen sloleSas slas; ol Gloy 13E 4 s Loy sl Gise 5o
Sl brae Cpie )3 sl )calil b walys sl (ces ) ol e Sl 6T ole 5 Ca e sl (bie
Sk el o 1) plygel O 95eaS ( JSts e DI el o3 ctS G S ol ) (s
5 Soalee weelisS (slacsiyaelin b o9 oo ety wedee I3, (ei s o i plilis 5 05 o0
$lp Yl pliaasy of 85l L caslite g 098 ol (65,0laS jidu 10 o ol Bras 5Nl Gawasls
098 pladl g (63 )20l 5T UeS )l

o ye SPI a3 ls GRI (aslis (g3 o 3 ccedls  adlol ccabianss plaoul :(guads (4553l

gl (505 SIS )l 5 (Shsk, Cundy
5 tlor) wbon (7S 5 09800 Sk ok (s
o (Jh glojle oBass 1 (YVY g s
Olyeds ooz Rl 1 Of e Sy poe
saiaslis G ciloplal Lol (ile e
SIS S Sin 2l hS 5 (oS 2l e
coslaplyzel 5l cusley Ll s Jleas
Srledn o azls (VoY 03658k 5 2L)1)
2 S o aS sl oadasl) JlecKis byl el
SPl) cslisol § wbdlse slopse ol
OLen g (6,51 00) aiil o (GRI 4 SPEI SDI
Syl 810 L2alS b &Yl ol slalssT (V1A
ol £990 (pl & s axlye oSy
Glooslitul @ o 1) suejp; slbol i
(YN8 o) e 5 ooljunl) oile oo (pds, g,
el 5 JaSis Sl ol ials ol
Lol el 5o &8 Gy 600,509, &2 (e 2
WL Jlesas ol mals cbs Sy, ]
oSz 3,50 50 a5 Ol a8 ML’ g ol

doddio
Sl JoSas 5 (Sas sny jopl slis e
slacd e pled b gladl 5 Conl 650 (o
sy oo g oloy atulen jem (S8 g (oele
Jdoas w8 o 1) wad b Jluses
ke 3 eoolBl Llyl 5 ldlier Coadse
N Sy Jeses 5 ol ssees lnl b
S L Gl bl osced piliolizl 5 et
! Q] Bz 2)lse 9 Sl S pae A slagSl
5 omed) wb ol glow Gsp gl g 0 haw
SoyS Jdoay Jlusis (YoVY )
b Jole (n ol Jos slad 5 ploy (wlide
Ol S STl PS5 ogS
5 ol Wl Jladay ol 88 5 colides
2 Oz oy wezg l b (Ve ol Sen
S9zge Lumdy Lad> 5 Il dewgh 4y (oltws S0
b 5l ags (5100 0 5o Wb o ey Lo
s g asle G plpiea 1) JloSis sz ge O
ol JloSas e85l s Sogs g samaiz
st beojlasl S dihaie S50 a5 Sloj e len g



‘pl}‘.ﬁﬂ‘,‘kﬁ
- '

SPI LasLs 5l eolawl L AYY-=YYAQ 8,90 o 1)
b Sl b oo anle Y by Lulide ,0SPI
als 5 e 2l Syhe gl 5 (Sl
g ooliol oy o gme Lele) zlaw 0GRI
slarls o Slee cwyp 0 (Y21V) (oo
s Slesis ol e wlidlse JluSlis
olies lp SPI Lasls a5 axdl o ol (gomay
Caws oSl Cuglsl jo wad sl JluSas by
m 9 e Ls (Y‘\a) u‘)&o.!b 9 Ceod gy WOg0
ol Goasls jw jo Jloy g JloSas slasygo
SPI slo asLs a5 wols )Lis (guo B usul) 45,5
5 05U Sloj slagulide ;o (55l 0geS (49,5
Liglis 20500 1) (s T o 2 T 51 (o) 2
B e iy ol JeSes s el
sbarls dnlie o oo 1 o1 slwl e
Sy a8 bl g WS eolatw! GRI 4 SPI
Sl 5,50 Lz dle YO gLl 5,90
OAas el ol wal e
50 5 AP-AY B V-V (g kel 5,90 40 o JluSas
03¢ Va.-1Ya) u;l.QJLMJ L Jay,o 0,99 9o »
S,k ax STl (Las (Y-VY) oL, 5 s0l50s
2 Wl asir Jlee CBs
<8l Lol sccwl oolog, A0-97 L AV-AY sla Lo
ol oitiiBgie sun)p) ol pdaw
olaz ) wadplxil  sla iogh mls Ll
LngoJ.é.w C.‘a.w sl ) L =) LgLQ‘_“JLw«S.u.?
Flosias Gle daly 5 osde oin)
Sl b ey of JleSes 5 oulislss

0325 2 o il Sl b Jole g JLoSis qpw (65 (et

Wy ol S el e ol mlbe 5l eadoly
79 JoSis g iy ol plojes Sy pae
@ axgl (V0TY LKen o soblews) cnl o
SloSis glasly (ials § oo Co pae Jlasl
2 lSiny sleplidl Gzl g g5 aeln wejls
prlne d93 a5 Sl JloSas sayy L oablic
o JloSias gm0 S SRl x5 B
085St (VWA hSen 5 05,5 olo) ool
saiiall)l IS il 6l sl asls
! BB g Sole Ldoas byl 51 Sy Lol el
OLes 5 gimaiin) W)ls (g ytin ol (09
lwgas a5 SPI asls Jle lgcas (Ve +A
JoSis il @l (139%) o 5an 5 SSe
4SS g adgl e gl ad (pgn (oulidlea
sl ol el JuKis cus b
sgs diiee (VAA) 555 (V- o), Kod 5 sacluns)
5 shad sl laglszl bl gl lugi oS
slola 5 Sk 5 Hte LB 5 ol adls
awlio o Sl JluSes 5 cul g5,5las
5B b Vgons (55,0l85 5 ulitlyn JloSas |
B Y) g pmnd 5 (S a0d 0 &5 (Slo
oy 2l gl cdl p 4l gla Jlosas
el g WS emp ) Olhes Jled glaciis
5 Sloy b b lislyn slo JluSias wus S
AE ey ol zhe cél cel sl
Wd,S IS (Ve V)) eyl g (Sasl8soexs
s 5o obloest olfws] SPI asls jle b,
anle Y¥ olio )3 (s ol 8yhe el 5 05l
G g 00l ol g (gl s LoleN maw o
olilgn JuSis slaasls o Sles (Y1)
&l SPl asls a5 adl o g wis,S cwyp |y
Cends gyl jo wad sl JluSas ols las
Ay Sl T lSen 5 ol oy
Cds geiny ol e g (oelidlse JloSas
solital ORI asls 5l g50,0lul,s alrcay
JlSas ple dlaf, a5 wo S (55 9 ws S

sk r—"l* b s ol JloSias 5 cwlidls



VEoF Jl IFS oale 5ylois o) 5 Lo YA B0

dihato Glgsul 5 ol CubamsS Cubs o)l 4
Syl e B Ol sl g el codasllas
Gt Oleied; CudmsS Cubs eiul eyl
€9 5l ClhamsS Cudo by Ll Sl sabasllas
S8l Slga, ;0 a5 Cwl Ggan JSoa 4 ol
Slaslice g (gwlidi e A oy bl o]
b &S K (gylopoy laol> o cndcds
SIS selSS bl S 5 e
0 Cdpl Cwlbs pia Sl ead LSS
Fo e (Gl (o) cbs laciond (b )5
o YA ClbangS olgsul cwbrs ke 5 ol
YEMA  Gleul ]l Colue cal oadss gl
s e gaik oSle 5 ol apeesks
g Sl e VWYARIY 5 VYAV (S5 bagauds
O Camd yie VWYY snbadllas dikie S slp
5o ddhite 0L 5:le ol Sl slal s o
ol 55 el e s BV NFEY-1¥AR o LT 50
boiye g aisden YYFIO ai¥lo )k G y5eS 0590
AAYIY T i 5 ol VWAYSAYAS T Lo &
Sl s VATV e T L bgs e e s
3G ol o sadeslaiwl sla pls acwle
sloosls § dihie sloolKins! Suil waeaids Ll
590 ,o CubargS Cubd glodslin sleol> ailal
Ol 8hm o oolaiwl VYPV-1YAQ S i ()l
9eledS g CbamgS glaclds 0 (duen)
oo gl eolaal bl 50 a5 cl ond JSis
ol sleools (g lopoyes g Slodalie (slacl>
Loy 5 dsrse sladly o0l 5 alen
P jslie iy 8 55) W5 o aibato

Y VY (ST

GIHIRATS

sleolas ;4 atisly JloSes g poe oo S5,
iz el Moy 5 JoSis glaojgs ol
30 Sl gladole 5 JloSes Glojan o oo
Lol Fhe Jlen b Jlosiis LG5 oIl els
Aty (5,0 0,00 &S gs;L‘“‘.‘ slodele i 5l cdae
03, Sazlse guz e LIy e ol lie
wans JSes Ll ol culy led el
Cundy dgbioa laglyul Gopl cum 5 0
o baae csiny cts p oSl ol psles
Sl gl vl i A5 5 conl anly olgsl
P s P @ sbdlusis olas) g g )
Sl oy g duld S8l (958l @S sla Lo
olsel oSl Gl Cands bl s (e
e S Baa b gt cpl el oal CulangS
p ool glaldle 5 litles glo JlucSas
O g eCubangS S (e ol s ralS
ool Saa Ysb sla JlucKis olas, sla s
S Y Ol 10 5l i a5 cunls axg5 b
S gS badanlllas ddhie (g 0laS s
300] 3 958 n el (o e Alawges
o 9 G 3 Ok ol sl
g lode el g wlidles o Jlosias
sshieds  geipy o mhe 8l sladsle
<l gl 5l )lope s Aty Cunde 5 gyl
s ) S0 g el Caranl Pl L
5 Gryteby glisly 0 cage Pl onnl Casoas
dalss adbaie Ol glie 5 g5l oy Aty Zu i
.\)9..1

B pg) g dlge

lopl 4 cls g0 CubangS tudadllhas ddhie o
craJed (g 5o HeleiS 5 Jlad jo ClansS



w'z"‘-"df‘fm% e 033 2 e < (Sl B Jole g (oSS s (505 s

. ! !
4 g Legen it
= Aquifer o
= Kuhdasht —*‘
Iran | G Lorestanprovince . o o . §
730000 760000
Legend
= |3 Kuhdasht & o
§.-Aquifcr —— .§
2 Projection: Transverse_Mercator: WGS_1984 UTM_Zone 38N §
730000 760000
Ceiad oS 50 odubanrlle ddbuie ) S
Figure 1- The study area of Kohdasht.
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Table 1- Description of selected stations.
Row Stationname Long Lat elevation
1 Chamanjir 24829 3704599 1140
2 Gol-e-Zard 719097 3674072 680
3 Kuhdasht 704641 3695947 940
4 Kashkan 753340 3673051 650
5 Daretang 247350 3758130 1730
6 Nurabad 776923 3664441 1820
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Figure 2- Representative graph of Kohdasht Aquifer.
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Figure 3- Comparison of annual Precipitation and the annual moisture status of Kohdasht Plain
based on SPI and GRI indices.



U’/’y'.(.f‘ﬂ‘k:}
bl L]

2l Gual33 GRI a3l g o o] el
SPI as Lt s ailale Siamad oy i
(EbangS Cbo ey ol (oo glaazil g
Jiazo) e Ve el o 5 05 anls FA Lulidia o
3 SPI (a3l Ston oy 0 jlo dine (49
Loy JOVF Sl mhaw (oSilio b anle FA Loliie

(F USE) g +103Y Ll GRI a5l

GRI

SPI.1 SPI 3 SPI 6 SPI 9 SPI_12SPI 18SPl_24SP| 48

)y ) g €l g Sl gl Jole g (oSS opow (05 (et

Sl gl (08 Wl 3 (Sl H1 S oy

o))
512030l SPI 5 GRI slajas L druslome 51 s
PSPl ezl b e (Son gl o
5 oSl Ly alols 09518 il slo ol
oBLie ols o GRI (sl g byl s
oolaie Sl b as ol lis e cuw )y ol dwlxs
ol 5 Sle Uy () (Siad o 50 SPL b

P g Sl gl 515 (2Sko b 6ilalo SP (a5 ld oo (Starod glocy o ()l 2 -F Ui
IFEVITAR o Lol 5590 4o culiangS cubs GRI

Figure 4- Heat map of the correlation coefficients between the monthly SPI index with the average
water table and the Kohdasht GRI index during the statistical period of 1987-20109.
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Figure 5- Heat map of correlation coefficients of SPI index in 18 and 24 months scale with the

average water table and GRI index of Kohdasht plain by applying delay time during the statistical
period of 1987-2019.
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Table 2- The results of linear regression between the average water table and SP1_48 Kohdasht
during the statistical period of 1987-2019.

Coefficients P Value R (adj)

dependent variable Independent variable

Constant 1167
SPI_18 4.73

0.0 33 33.1

Dym SPI_18
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Table 3- The general water balance of Kohdasht study area (Sangab Zagros Consulting Engineers 2012).
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Table 4- The groundwater balance of Kohdasht study area (Sangab Zagros Consulting Engineers 2012).
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Figure 6- The annual volume of agricultural water usedused in the study area of Kohdasht.
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Table 5- The results of linear regression between the average water level and water used of
Kohdasht Aquifer during the statistical period.

Coefficients P.Value R (adj)

dependent variable Independent variable

Constant 1148.2
Wi 0.0001 0.05 58.4
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Table 6- The average amount of water used in different groups of irrigated (1000m?3).

E D C B A
Average Average Average annual Average Average
percentage . annual . Groups Row/column
area requirement per cultivated
of water water
percentage hectare area
used used
0.21 0.26 9.6 3.92 47 Legumes 1
6.78 7.27 6.6 127.98 1683.4 Oilseeds 2
6.78 11.13 11 127.98 787425 UMM 3
crops
6.51 10.22 13 122.91 2930.71 Fodder 4
79.73 71.11 10 1505.77 29368 cereal 5

41903.36  1888.56 Total
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Table 7- Water balance of Kohdasht study area using agricultural water used statistics.

Output Flows

| Input flows
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Extended Abstract

Introduction and Goal

In Lorestan Province, due to the severe decline in the groundwater level of the Kohdasht
Agquifer it falls under the category of prohibited water extraction areas. The aim of this research
was explaining and describing the causes of the decline in the groundwater level of the
Kohdasht Aquifer. Also, the contribution of natural factors and the relationship between the
occurrence and time delay of meteorological and geohydrological droughts were investigated.
Materials and Methods

In order to determine the annual moisture situation of the region standardized precipitation
indices (SPI) and groundwater index (GRI) were calculated. The correlation coefficients
between the SPI at annual, seasonal 3, 6, 9, 12, 18, 24 and 48-month time scales with the mean
height of the groundwater level and the GRI in the corresponding month were calculated. Then,
the groundwater balance was examined, and the types of agricultural products in the region
were determined. Finally, the correlation relationship between the amount of water consumption
and the mean height of the groundwater level was determined and the effect of the amount of
water drop for each product on the quantitative changes in groundwater resources was
examined. On the other hand, the correlation relationship between the amount of water drop for
the drinking and industrial sectors and the quantitative changes in groundwater resources was
determined and the effect of meteorological drought and human factors on the decline in the
groundwater level of the aquifer was determined and examined by drawing heat maps.

Results and discussion

The result showed that 31.02% of the reservoir deficit is related to droughts and 68.98% was
related to human factors (agriculture« drinking and industry).

The volume of water entering the aquifer is 22.46 million m® and the volume of water used in
agriculture, drinking and industry is 61.09 million m3.
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Therefore, the amount of water deficit and over-extraction from the aquifer was 38.36 million
m3, of which 11.86 million m3was related to drought and 26.47 million m®was related to human
factors.

Conclusion and suggestions

Base on the finding of this study, the main cause contributing to the drop on groundwater levels
was type of management and exploitation of groundwater resources, particularly in the
agricultural sector. Due to the delay time between the occurrences of meteorological and
groundwater droughts, there is a good opportunity to manage and prevent the drop of the
groundwater level. Therefore, changes in groundwater consumption management by changing
the cultivation pattern, in addition to reducing the negative effects of drought, led to the long-
term elimination of the water deficit in the reservoir and ultimately an increase in the
groundwater balance. It is suggested that the water consumption pattern, especially in the
agricultural sector, be improved through short-term, medium-term, and long-term planning, and
that planning and action be taken for various uses in proportion to the amount of annual
renewable water.

Keywords: GRI Index, Groundwater budget, Kohdasht Aquifer, management, overdraft, SPI
Index
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