Wy WAD i 5 gy 1N o)led /ot Jlo 55l 035> Ca e dsliingly

S b e 5 (5359L5S pole ol
#h3 olals o) asliingsy

. NP9 g owlidlgd ujw)ﬁ"u ot
(2550 Cudd (63 )90 arlllan) (o5 GBS AS g (o5 SS9 2

Yoo . Y A T TTU
2958wl R0l 2o 9 o1 M8 0 ¢ JWuj Jo
(zeynali.b@uUma.ac.ir : Jsgue o g5) ¢ slud )l Bioes olKuiily ¢ )bobusl -

byl 3 oKl c)boliwl 5 (658> (goomiily <Y 4 ¥
QEIVIYY iy G AN -JA el g b

LXVLES
a3 Sl ©pe Jlows yan o siogkS OVV/EY Jsleo (dolune b spe Codd cidgiy ol 55 anllaesgo dilaie
§PI St bl J o3l U (53505550 ,00 5 oslidlsh Ik Jlgio £1093 ccrida il 3 -auil oo (B
o] i wilale Wiyl dawgio 1 cyoliie (py b owyp (adle £A 9 TYE A Y A ) Gboj o3l b 45 SWI
T dilale (031> g (5,15 o s ola Alls Vo CodS (sl oyl 4y baspe (soodld ((1Y0R-0Y) (5 bl 2,95 45 Byl
SlSid VAT Jlo 0 o 815 i SPI (ad b oy gulo b oaliw! (YTA«-R¢) (g bl 2595 ;5 yogim TV O
SWI s Lo gl cmizrod Cowl 8w ool dikio (o U andllao 3y50 SUY s U g 03LdI ST allaie ;5 Sy
Wy Guojrts Ol (S dw dgun Cl g o391 Cudd (il 5l ol ST ety O B0y I Cuila gy (al381 Sbles
oy Sl j0 gwoia O g wliniled JUuSuid o owam (V) 4 el Cawddy (Siuwmod Ll Aild JLdd
03525 S lboesh S ) 350 llod Wrle gt B Sl Ty inn e i (50 5 5 0331 o ine
30 Ol CadS punds o5 315 5L ((Cl) J5 9 (SAR) peiw e Cowd (EC) Sy pSIl Colad Cuill b jad i wlwly
&l wlwl g Gl &8 )5 O 90 Cuild ",M.ﬂ,.s' Onered 9 CuiS g3 law (il 381 51 43 Wipe Cudd 3l 9 chw
C4Sl UCISA S ;3 Cudd (dmojpr kel Coluw moyd £ dgus o wid asuin WS 0,51 5 ouel Cowd

Downloaded from jwmr.sanru.ac.ir at 10:58 +0330 on Monday October 9th 2017

il oo (63,9UES Bk sl y9ub S T CudS 1,15 g 48,5 1,5

Ao Cadd ‘w’:&.‘{, ‘o‘;‘.}’b 373 dlh&,:i CudS SWI ua&l.w SPI ua&\w :‘_5.3.&.15 dlhb)b

oo |y alpnse Jslow HLid cov slaglsal alisyss
i) Grgd GRlB &S Ndpey @ a4 g 038
oo Gl olyon ol b 51450 jod Gldeds b dialais
Cudd (o JuSis poyp b (V) e
ol elboyis JUuSis s oyl 53 45 wols ol 1))
55 (Slo .l 0dgy ST s g > ol s 2ol 4
L sk s gy S 3 (V) e lads
a3l o (SWI) 053 sl O o yasls 51 ool
LmL;LwS\» polls g il (SPI) ouis >jluliwl (S,
25002 9 3l sl Sgye JLSis oh0a
Justs g olidln JSts gsln dlosy Sl
S I PR3 S B S S S P SEw
S uBS and i (F) ohler 5 e
Pleds geejns ol glie e a5l Gl )b e e
o3lj oo g 315k wl ol cubd ol sly ujwf uo)les
Cdd duaipg o) CedS Qbj)) cae i (0)
00l> Ui (65,9LaS 53 2550 ol el (sl Ngled 1))
cize lagadls b JLsas (guting diej ) 29800
Sl ),;L Ao 53 Cawl oddploul (g0 ladss
> al oad pbol Glidos 5o uejnj ol @l )

Aodde
s ol gle p ol (JLsis by j) (S
Ao lagl b 45 al5 g ejn ol oy
2opb sl G Gl cle 4 LS by oS
5 Sis 3bley (\) Conl b mle slodo,e
Ji g i) ol (ol daw J@K S dos
Sbol j (PNl clale (uolidl 51 0) ol slewd coas
G opd g BSE (6y5)k il (SBagl )58
as cpl 4 (W) ohlKen 5 Syl (VA) o)l ol
S oalial b1y gnejs ol iSOl puis K9, &S Widsus,
Sble jo oy (pl db Lasis g e Bres CleMbl
Ty patie yobdr weinj ey I Ol cuiby
OidlS s Cas gladlas (YO) o Ken o 16L sl
um 5 Ain dlfw)gl bl iy ol waw
b g gl il 5 JLSizs aSilon) lapjilse
o ol paw 8l 4 S, doi pl 4 g 03l plodl
356 9 YU slales s (gla Jlo 55 b,k tals cde &
ol wsbye sl o ol @l g Sl
<l o b Wyl 5528 slaojex 5l (S 2lyj 2 5
ol glie &S5) o) de a5 Ny a ool 4 (e
2 Wl 58 o 1113 53000 2290 Blie (255 (ives 25
L)l eej; ol daw 9 SPI (a3ld o (3L 3,19
slanlp (V7) ohles 5 Gk 2)b 2ey o

1- Standardize precipitation Index

2- Standardize Water Level Index


http://jwmr.sanru.ac.ir/article-1-776-fa.html

Downloaded from jwmr.sanru.ac.ir at 10:58 +0330 on Monday October 9th 2017

WA oins Sl S 5 o8 o Shy 2 Siarin g eliblon Jsis 56 )y

Olol by pegw Caawg s )‘1’ dibaio pldibl oo
G5y 5oiS (ol s y9e Ol g 290 s
b Shbl laliwg; § Sy o8 0p8 Ol g2y JB
B byl il Glgliogd o )3 WS (o0 el
doyd WA g WYIY Cipdy Ny g Ol (laliw yos
390 ailate (VF) Wbl ol Sl it Gl
Oz sl ol JiSTy olien & adllas
owlidlan 0,0l 51 48" o)ls o yps ol Ve g (gyiegim ol VY
3> oD ApS u_e).w ul:ub)ﬂ ‘_',LL»\ ldlaio ;.:’l ‘_'JLo)’L» 9

Lol odalie BB Y S

G2 g5y (lislsn JluSis b Sl 4 guos !
ohals ey opl Gl p3 Sl L g ejp; O
3 el gy by GBI s 4 (o5 o
Gl 3 Ol cuas yus pljen (gjysliS ]

W) ey )...: .,\J)A Cusd BEl w‘)ﬁ

W g, 9 dlge
Jobo @8> 00 B 10 g x5 YO laise |y L ye cuds
0P)E ABBIDF 5 D YA L BV g as YV o By
IS cpayiogsS OWIEY oo ol b g (Jlos
s bl il o Jlad > gy sbocuss

dalllas 590 ddlaie —) S35
Figure. 1 Case study
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Table 1. Classification of Index SPI & SWI (19, 8)
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Table 2. Water quality based classification of Wilcox
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Table 3. Irrigation water quality (12)
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Figure 8. Changes in land under cultivation Marand city (2005-2011)
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Figure 9. Relationship between hydrograph of groundwater level and average electrical conductivity in Marand Plain

EIVSTES R UK SUCR PP XVRR. JICHJWEL K O\ Jp ey
(V) 2903 odalie Cubd 0)8 g (il

waoiys ol cuwas alyus b Gl gy )
Ol el gaw plog 4 Cand Wye cds Gyl
i oo 4 by polis il iges (laicds Cuoud
cuwlie (S0,b Jds 4 a8 Jlo leicay SYAY sl
Jl.w LY .‘99,\)40 ols .)l.)).> )J.)LQA 9 ﬁbw]p‘ uJL.wul Ela.w
Ap.Ja.mf_s;l W oS s Jds 4 a8 Jle laicas VYR
e (i Caud e (gl sl 4Bl ialS Guejy;
CL) 5 5 (EC) LSesSll cobia calle (SAR)
9 (Ve JS8) 4l ©)ygot; bt & 2385 )18 (cw) )90
4 Ly Cudd umf L;l.m),ml)b proey) Colue e
ol 0 03> LS A oo )0 duopd Cijgo

J caslllan 3590 ddlain )3 d9290 (ue)n; sbol ples

adbale )> (Jnejy) sl PRI Lase Sk g o5k
lacend Soin ) Mies (Sjdgyin &l g
5 ein) @l pled G S O (egee dal) it
Sl &5 cul gasg0 ol Kby s 5 (SHL ke
ol o5 s g 3k (SH)b &S dble p» wloS o
PSP 45 g g Gblie @ drpe g L) iy
@ dag b el dales gyniy S ol cuS i 0gd 0
JSE B e oolidipe) sladijlo (485 (38 Jlua
Job )3 (ejpj ol GlS 5 g9y p & 5yt ASL o
g wshiS pl als ailate 4 4is adhie 5l Gl e
9 &9 & At Ll ool Sl g a3 0 i 1) o S
o) lailo pulss lassjle (S ol ciglite oM
Gt oy g Sl Wl cuwl Ses gw
(ile sdjle e busjle Sy (Jy SN ey


http://jwmr.sanru.ac.ir/article-1-776-fa.html

Downloaded from jwmr.sanru.ac.ir at 10:58 +0330 on Monday October 9th 2017

VAY oins Sl S 5 o8 o Shy 2 Sidarin g elislon Jsis 56 )y

WA 5 WWAY ol Jlo olo o35 )3 Cl g EC SAR ;0lis &y bgspo duopd - Jodo
Tabale 5. Percent of the amount of SAR, EC Cl in June 2003 & 2011

Cl colus 2oy EC colus 2oy SAR Colus oy oo Jw
YSISA \o/¥D Mvy S
FI/¥R YV/-A aa/ov Lausgio AYAY
YV/AN \Atd OAA Cignis
oa/YY WA Y¥/vo S
YAIYY #Y[-¥ Yo/vY Lsgio -
#V/¥] \ZR) A-le8 Chans

e VR (ORI 5. ... A . - S e i1

by b

oy [SPITrIT w+L
El| i oo i g
; an
s hgnd O3 s e gyl bisy & o i g
= —— — L
45" TE A5OTE AS0TE

CL 1380 &
gk R
e e
) = J,':l;‘pu.
3 e Sl
4500TE 45°4T0E A5SUTE

WA o WWAY laJlo olo 2y )3 Cl 4 EC SAR polie ops —V+ JSG
Figure 10. Rang of values SAR, EC and CI at Jun 2003 & 2011

oS s 3,50 o 53 3 sl gyl iy
Sise 3 o o bl dlge L 1y 6395 e
2ad o5 b ©hsliS lp il ol colue

bl gl 5Ll ol CunS e @9 oy b

Aol daw jlcutby oS laJlo )3 S8y pl 5L
O] Colue Cp e 45 398 o odnlie Cuul 03¢ o
290 (ST 9 CudS Gy ((g5)gliS Hasil Wye il
a bl cpl )l culio 655l sl g 23L e


http://jwmr.sanru.ac.ir/article-1-776-fa.html

Downloaded from jwmr.sanru.ac.ir at 10:58 +0330 on Monday October 9th 2017

VAD

WA Jlo slo dI5y5 13 do)d ¥F dgds jo S CudS
ol 0343

ilae glp ol cuns vl (2g)s Bibay 5 ol
@ by colue pysin ol 00 canliol (659l

45°370E AS"OTE 45°SI0E

i olosd,

oy b i
o th:aa:uu.ﬂ-"-*'.uj,,,yh .\®
b i e e Tl
& G e G- e b 535 8
BT il gl g et i O e s i . - — —m
AT T ararE A5SOTE

AHATE A5 ABBTDE

ki glaal
A pluy b

AT o 5 Sttt G ity = "
Al b
B s s s :*
¥ RE] B L 1.
S Gl et b O 2 n e - km | B
457400 45 S0T'E

WA 5 WAY (gl Jlo olo 315,355 SISy o155 (slise 1 (6559l yhas 51 i o i VY JSS
Figure 11. Groundwater quality in terms of agriculture based on Wilcox diagram at Jun 2003 & 2011

iy < I e iy oAb pastie (dsejp;
2 reing &l S byl s sl IS ke
oo L EC jiel)l puss duslie jages il oo dpe cdd
boaoms opl &5 adbie googe il Sl o o
SIPasn (s sskie 4 (V) cun S & Liagh
CatS b 5l ol Sl ea cusl 0ol pbdl Wye cuds
oy s Vo poyp @ wein) ol obesd
By Cubd rejyy gl & dmd e L (g0
Cunss ((EC) (S8l colin cuilB glo ymdli olw! p
4l 2 bld 4 (CL) 5 5 (SAR) i ol
Olpel 350 5l adloe Npeped SLbI e ogs
S’ e ol kS Sl (Olpel ©52) (29 Sjbay
55 ol 4 Gl ol bl o oS gy o
)I wl.}f as LS"‘LQD)SJ 3 Candg d’l ..\:?»)L;c J)..\.J’
@L.: ol 0l LA s Cawl aly uu.:‘)ﬁl 0155“.’1
9‘5“;[;‘:31%3@&;5&631;9@@)3&596
P& )l 392 anlo gy Sloj PL Se Nerne)
olo dw 9> p 30 oS cubs 3 (F) hje dn
dw U e cubd ) (V) Ghes 5 bl als "\
sishiz 0j 3 (W) Glhe Slogls 9 olp (Sho an

cusd y (V) \)K@m9dwdm5d\m&)ob
L;Ltz, u‘ 9 d.oLw:I}as L;L.\Swo 99 O anlo fa2) )“>L o9L.J
Jloys 3l poml S5k gsdg blodjgl cuwd 4y |y o
u‘ d\jb d)La.A L 4>9) L‘ .)9»)‘;0 p&La ailaio )
Slj ol o (shygliS Bilae slatedr ()
4 g adlls 30 weipj Ol @lie p (SYsb s
ol 3 BT bl awsls ol jes 4 1) cuaS” ials o Lo
Gt Cupde lp Olisaaly g Glue & Ll oo Al

ply olel p odelcwndn lbads  wyp )
e Bba & 8 it e oSy
M3 )3 ehg y9b bt ol 4 bgiye M Gl
WA Jlo o FF/e) g 4 WYY d9us L WYWAY
Solel polaieds Cims i Sily o ol bl
ol ChaS Gaojlyy Ol awlie Adbe (5)slaS
2 05294 453yl 5 5l (e SloT (351 sl
o @l e ol YA Jlo 3 g ol ol ope
Slpl &S amd e Gl Npe b wejp; ol paw
Sl Bl sl (ejnj o Sllog gy 2 Sk
pis 9 WAZ Jlo > i JLSis g8 45k 4 039
O oy ) cudliy Ll el Sab e
gyl o1 dibaie 5l Gl Sl i
9 olidlpy JLSuis g9 93 o & €85 wxi lyoe
$dgmo Xgy g 039 (Sl Lo Cbd ) (gl hnss
ol jl ol cuas s ol s 4 5 b JlSis
T e Cu e & godge ol al dgzuie WolS 5sS
Gy olsn U edges caslin oS dalllas 5yg0 05>
w2y ko) Ol pele jSal) Jlsis bass o JuS
o 8 1) b ot lon g ol el 4Sal o
Job ole cnl Jy s 8l gladlo (b ol
GRIEL S 5 gy laciby dleajl alge dcgace
bl (Jlusits Sl Jglao 395 oS Conl (it 5 o
Sl b ] o Sl N5 o oilpl
gaw cdl & b S amd (g e )b Sl er Jlusis
o wib e JlSis b coo Baes Sy Cubd oliaw]
() lal 5 Bobpl clids @b b oaxs ol
(V) olSon 5 (ol csame 5 (1) o lSon 5 Jleis
OWSen g (g sl Baiod o b g aily Slgsen
Al plia (1)
Ol ChhS i p il Jole b 4 L


http://jwmr.sanru.ac.ir/article-1-776-fa.html

Downloaded from jwmr.sanru.ac.ir at 10:58 +0330 on Monday October 9th 2017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

i) Sl (S 5 (o8 S Sy 2 (Seidlgrien g (lisly JuSis 13t )y

F°
Alaf Nagjib, M. 2002. Hydrology of Marand Plain and Effect of Water Level Changes on Groundwater
Quality, M.A thesis, Sistan and Baluchistan University, 1-100 (In Persian).
Alizadeh, A. 2005. Principles of Applied Hydrology, Publication of Imam Reza (AS), 18" Ed, 1-800 (In
Persian).
Asadi, M.A., M.R. Kousari, M. Fallahpour and T. Shrghi. 2009. Drought Anaysis by Standardized
Precipitation Index (SPI) for Different Time Scales, Shahrood, Iran: 1-10 (In Persian).

Azizi, Gh. 2003.Relationship of Recent Droughts and Groundwater Sources in Qazvin Plain, Journa of
Geography Researches, 46: 131-146 (In Persian).

Banghad, H. and H. Mohebzadeh. 2012. Assessment of Groundwater Quality of Razan-Nahavand Plain
for Providing Water for Agriculture by GIS, Journal of Geographical Space, 38: 99-110 (In Persian).
Barooti, H., R. Fazli and S. Emam Golizadeh. 2009. Analysis and Monitoring Drought Phenomena Using
SPI Index at the Qazvin Province, International Conference of Water Resources, Shahrood Technol ogy
University, Shahrood, 1-9 (In Persian).

Bazrafshan, J. 2002. Comparative Study of Meteorological Drought Indices in Some Samples of Iran
Climate, M.Sc. Thesis Agricultural Meteorology, Faculty of Agriculture. Tehran University: 1-120 (In
Persian).

Bhuiyan C., R.P. Singh and F.N. Kkogan. 2006. Monitoring Drought Dynamics in the Aravalli Region
(India) Using Different Indices Based on Ground and Remote Sensing Data, International Journal of
Applied Earth Observation and Geo Information, 8: 289-302.

Daneshvar Vousoughi, F., Y. Dinpashoh, M.T. Alami. 2011. Effect of Drought on Groundwater Level in
the Past Two Decades (Case Study: Ardabil Plain), Journal of Water and Soil Knowledge, 21: 165-179.
Davar panah, GH.R. 2004. The Effects of Floods and Droughts and Solutions to Deal within, Journa of
Water and Wastewater, 1: 73-76 (In Persian).

Eslamian, S., M. Nasry and N. Rahimi. 2009. Wet and Dry Periods and its Effects on Water Sources
Changesin Buin Plain Basin. Journal of Geography and Environmental Planning, 20: 75-90 (In Persian).
Hajrasouliha, Sh. 2003. Water Quality for Agriculture (Translation), Academic Publishing Center,
Tehran, 12™ Ed., 263 (In Persian).

Hallberg, G.R. and D.R. Keeney. 1993. Nitrate. In Regional Ground-Water Qudlity, W.M. Alley (Editor).
Van Nostrand Rein hold, New Y ork, New Y ork: 297-322.

Harasi, S, A. Asghari Moghadam and H. Seddigh. 2011. Investigation of Changes in Groundwater
Quality Due to a Drop in the Water Table Azarshahr Plain, The Thirtieth Meeting of Earth Sciences,
Geological Organization & Mineral Explorations, Tehran: 1-6 (In Persian).

Khan, S., H.F. Gabriel and T. Rana. 2008. Standard Precipitation Index to Track Drought and Assess
Impact of Rainfall on Water Tablesin Irrigation Areas, Irrigation and Drainage Systems, 22: 159-177.
Khoshhal, J., H.A. Ghayoor and M. Moradi. 2012.A Survey on the Impact of Groundwater Drought in
Dehgolan Basin, Kurdistan Province, Researches of Physical Geography, 79: 19-36 (In Persian).

Maleki nglhad, H. and M. Soleymani Motlagh. 2011. Assessing the Severity of Climatic and Hydrologic
Droughts in Chaghalvandi Basin, Journal of Iran Water Research, 5: 61-72 (In Persian).

Malins, D. and G. Metternicht. 2006. Assessing the Spatia Extent of Dry Land Salinity through Fuzzy
Modeing. Ecological Modeling, 193: 387-411.

Mckee B.T., N.J. Doesken and J. Kleist. 1993. The Relationship of Drought Frequency and Duration to
Time Scales, 8th Conference on Applied Climatology, Anaheim CA, American Meteorologica Society,
179-184.

Mohammadi Ghaleni, M., K. Ebrahimi and SH. Eraghingihad. 2012. Evaluation of Climate Factors on
Decrease of Groundwater Sources of Saveh Plain Aquifer, Journal of Soil and Water Conservation, 19:
189-201 (In Persian).

Mohamadi, H.M. and A.A. Shamsipour. 2003. Impact of Recent Droughts in Declining Ground water
Northern Plains of Hamadan, Journal of Geography Researches, 45: 115-130 (In Persian).

Mohamadi, M., H.R. Moradi and M. Vafakhah. 2008. Determining Ground water Drought of Arak Plain
by SWI and GIS, Third Conference of Iran Water Resources Management, Faculty of Civil Engineering,
University of Tabriz: 1-6 (In Persian).

Naderianfar, M. and H. Ansary. 2011. Evaluation of Effects of Intensity-Duration Drought on
Groundwater Level Changes (Case Study: Nyshapoor plain). Journal of Water Resources Engineering, 4:
1-15 (In Persian).

Organization of Agriculture of East Azerbaijan, Statistical Landscape, 2005-2011: 1-200 (In Persian).
Panda. D., A. Mishra, SK. Jason, B.K. James and A. Kumar. 2007. The Influence of Drought and
Anthropogenic Effects on Groundwater Level in Orissa, India, Journa of Hydrology, 343: 140-153.
Yaouti, F.E.L., A.EL. Mandour, D. Khattach, J. Benavente and O. Kaufmann. 2009. Salinization
Processes in the Unconfined Aquifer of Bou-Areg (NE Morocco): A Geostatistical, Geochemical, and
Tomographic Study, Applied Geochemistry, 24: 16-31.


http://jwmr.sanru.ac.ir/article-1-776-fa.html

Downloaded from jwmr.sanru.ac.ir at 10:58 +0330 on Monday October 9th 2017

Journal of Watershed Management Research Vol. 7, No. 14, Autumn and Winter 2016 ...........cconemmnennen e 187

Investigate the Effect M eteor ological and Hydr ological
Drought on Groundwater Quantity and Quality (Case Study: Marand Plain)

Batool Zeinali', Mojtaba Faridpour? and Sayyad Asghari Saraskanroud®

1- Assistant Professor, University of Mohaghegh Ardabili (Corresponding author: zeynali.b@uma.ac.ir )
2 and 3- PHD student and Assistant Professor, University of Mohaghegh Ardabili
Received: January 8, 2015 Accepted: October 14, 2015

Abstract

The studied area in this study is Marand plain with an area equivalent to 517.42 square
kilometers in the North West of East Azerbaijan province. In this research, consecutive periods
of meteorological and hydrogeologica droughts were detected by SWI and SPI drought index at
6 periods (6, 9, 12, 18, 24 and 48 months). For this purpose was used monthly precipitation
mean of 7 rain-gauge stations in period (1980-2012), Water quality data of 70 wells and
monthly water levels data of 23 piezometers wells in period 2001-2011.Results of SPI index
indicated that in the studied area, severe drought has occurred in 2007 year and regiona wate/r
reguirement has not been supplied until the end of the studied years. Also SWI index resultsis
indicator of increased extraction of groundwater for compensate of plain water requirement that
have been followed fell about three meters of groundwater. Pearson's correlation between the
meteorological drought and groundwater levels is significant at the 1% level of confidence and
show influence of groundwater resources with a 5-month delay. Quality of groundwater
chemistry based on the electrical conductivity (EC), sodium adsorption ratio (SAR) and chlorine
(Cl) showed that Changes in water quality in a wide range of Marand plain has been occurred
cause of increasing the area under cultivation and increasing extraction. The results obtained
from diagram Wilcox showed that about 44 percent of the area of groundwater Plains is in
classes C14 to C4S1 and isasalty for agriculture.

Keywords: Diagram Wilcox, Groundwater quality, Marand plain, SPI index, SWI index
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