[ Downloaded from jwmr.sanru.ac.ir on 2025-11-13 ]

[ DOR: 20.1001.1.22516174.1398.10.20.3.8 ]

[ DOI: 10.29252/jwmr.10.20.145 |

-~

il e e 5 53gliS pole ol
35 03 Cape aslianggy

V¥ WAA (e 9 3ol IV o)l [pmd Jlo 350l 0jgn o pite doliting}y

dwogyl dn b yd (B b SCUd (w0 ) O (S Oyt o)y

. £ - Y o o= \ - 3 .
" aw lu yuol 9758l pro denl s ¢ Uy e date ¢ Gl T e ¢ g yhen il

Olpl lyts ©ladios g pole dolg ‘L;e)'t.u‘ J‘j ol o baumo (g 09,5 (55D (gezuiiily =)
(atorabi@at.ac.ir : Jggue odimg) )yl ¢ o5 oKl sy j bagmen (v 09,8 ol =Y
) ey oEily (ol putine 09,5 ¢ lusishy =Y
Oyl eswsb pllas asled  xio oli,;b'lf Caan j Lagxo =yl yos wdige 09,5 dliwl —F
Ol olys Oliios g pole doly o oMal Sl oKl iy bazmo (oo 09,5 yluisls —0
WSV IVE i bl o) A81Y A sl s g
VY B VYD domano

LXVCES
(i 3005 9 Copodl 4295 Ly . Xigad (o0 Dgmane (0 055 )3 (32 jasd O (o iuwd BB 0 b3 (0 3555 (e 2l ulie
aal s Of w15 (als .Cowl HId a8 o (2YU jluws Caod! 51 Snoj ) @ (B Ot 90l s drlllne dkowsd 3,51 2abie
S Claduine g dalyd O mhw 15 il 1 dlie ol 55 ol suwd o] OF (gy900 ]3] Gl pudl aad 43 drog!
&3,5 41,5 anlllae 3590 VYA+-AY U IVA-AY ol claJlw odguome 45 duogyl dalyyd (B (LCW duejyj ]
Js Sy ‘;w; 9 2l “55; «sloply Jao dlﬁ:‘ol;}{)‘gw ‘GIS_ ),).9"»).: Lo 33 bl oo 039) 3! ! b .l
33 3yIbu! glad b oS Jio TDS yioly)b (6l B i 43 el Cowats (SAR) pow (23 Cunnd g (TDS) sols Mol
GBIl 50 Jde lgiear Y/EY G +/0Y 0390w 43 3,lalivs] gad b olod Jio SAR ol)by (g1, 9 /AL U +/€€ a9
9 €55 )18 2Li)l 3590 d2lyd (B plgBul 53 (Feejpj P S Ol Ko S HLoke 9 15,80 L S
b ol mhuw jl5 el oS Cuwl Gl 51 (Sl snol Cuwds gl Lol gy dnogyl dalyyd (Bl rculd 85 obaigy
Cowl 8393 514355 a3 Of CusS HoalS puirod (ol AUi1d dnlyyd (8 wd BCWD o)y & CadS g o il dnog,l

Cowl 8391 putio o ) Yo U o )3 ¥ ISAR yolyly (610 9 o) £0 B o 3 Y+ 51 s j5kas TDS jlaso oS

ot (223 Comud cdole ZMol S cdsogl daly (A Oyt (0l 51,5 1008 (o3l

J okl b (VV) ywge 5 9325 29 S 595 (o) bawss
iy @l CuiS G puyn & el SUSS
e Sl IS clayally Giagh cnl > sy
H Sl o] @ls 285 )13 (gw)p 3)90 (5)90 9 walS
ol (&S gy » i S by YL e
el elitel b (VV) (llSen g glole g (deejn;
Sl calin g Glssal (il daw 515 44 olol e
ookl b (V) hler 5 Sdsg Ndgai mawy |
ol L 5 Sl cola dle Ve laed
Joo g S Jead p Clee Cubd e
(V) ooyl 55505 &1yl ArCGIS lae jo 1y Sloj— 1Ko
o9y 5 Shalie olx AY I dle ¥ gleodly I eolaisl L
Sloj — e o a4 Jbloe) iS5l Siom S
ORI oam s ls sy dejn lac] (el
YY) GhBen 5 (o3 92 Slalllas 0)9 13 (598 89,
g shiie & S S 9 SiemS glade
() L dilaio 5 EC (slaosh » e CISAR
b)) SEtse ) S S by gl 38 eslitl
CudS G sauding 4 (V) (22 p1e0dlj B 0900
AU ply b IDW (ogy dw b eyl 3 (danjnj <
YL s 5 Sl bt il Ko S oS o St S
5 Na+ gl IDW SARSO4™ (gl Kiou)S i,
5 e dg bl plo anaigy ple ) Siem S8
sl gaw G loj uin 4 (10) ohlSen
L gl 53 @Bly oxine 3 ol el ) (uejnj

dodile
@ bl baoyhw » wejpj ! Syl dlus
eipy Sl slaoyi plo Sl g Fedomn Sl
Sordey cage bolpal ol J) (Jgolid cutlyy asl o
salp opir (eejns @l IS b yed g el yed O
C,....mf &S ol L;\AJLM RS EA T ‘.,»\ Sy oD
Slokg il b & Soo8 pliz 2 1) (Ganjn
s i 5 Carer inli8l Lody culie O 2l sl
sla] oS b (Y) s 5 55 5 i
ale iphicasl 9 et J1 e olyedr (e
ol s WelS ol Sy s clrans > I el
ORI dom 53 g Cumen g3l gy L3]I L (psinen
O L;:LL?@ Joldo d])_v ul )I ooli_uwl d‘l_,.ob.»
59 ) Il p drwgi oo Catio 9 b 5ysliS
ML I (K4 Geip) ol codS SRl g ol
Cunl udly Cal 00 fas (e julipw )3 22 (Jaee
ol S &) 5l Gweing Ol @lie (Sl Jl 5ol &S
e Olle 4 Cwdly ol ((VF) cwl Soll b
Ly e e )3 (o pde sl 5 Bl )
ol 0l oo ple dawss o
g S Sl coyp 4 (F) GhlSen 5 gistagsls
lado SeS 4 (Gwojpj ol clys chle Sl
b by lomes gy ) St S5 5 SismS
Ol clale syl 0 5V cdy S bl g

1- Minjur

2- Tamilnadu


http://dx.doi.org/10.29252/jwmr.10.20.145
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.20.3.8
http://jwmr.sanru.ac.ir/article-1-799-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-13 ]

[ DOR: 20.1001.1.22516174.1398.10.20.3.8 ]

[ DOI: 10.29252/jwmr.10.20.145 |

\\id

5 S i paw LElBl S50 e ey ol cas
Glleo @LML» Gl 4285 iy Cabild gy il 8l Cpioren
Sl Sy JLSis 135 sy s (YA) o fSon 5
08 gl g by LS el 0jee > (e
Gl gy Gite b ) S b B9y slalges
sl das gl iy JluSits

by (Srb gy (A oyp ol dlie I San
Ol 4 dogi bl ol (a5 SiSS ] 3Ll b dse)
2l Ol gl adlas wdl amy > asby Of Gl s
ol 485 )18 dlde pl (ol Bua (dejpj O cudS

g, g dlge
axllbeo 390 il

@ olpl B a2byy 055 plyea aeg)l a2l
S 3 sl Miges > ul pieoss] o sla
» b dl.m;..»ljls) 4l &S cul A )».701 dSg>
& G baulyd j0.00)8 o alss Cj 4 dses alig,
by jl ghbsMe B daw (K33 g gpmy S
sl (B sl il Gl ol e (R g de)
st 2l ol 69 5 A Sleas Slo pyls
iy ool CuaS) s Vb (6)pd Cusl ool
dibis cuol aBllS Sl oasbp ol Glbl gacds
& Cuwl abyy ol B ey dis oyl Slllee
Oz 5 dzlyd (Bpd sy adlls 3y sl
IS 5 sl o 0dd )y slajtegi (555 e
Lol 0445 01 UL‘“’ S5
gyl by 5l

A8lioo yio VWYY 39 53 dag)l 42l > SojglgsT 15
Y- o gl b ol Sl ke
WYE-VD  WYP-VE T clalo 4 bgype Y29
5 Ol Do cnl Glallas 0y93 shinl ) cunl 034
3390 0)93 bl b g Casl osal il So3dsst 1 5l
i Y S5 sl 4l doll L5 Ll ol e
3 oL |y aeg)l a2y ol Sl
SAR g TDS 85 s ol b

Pl Bpae & dogl O LS Glajial)ly (i
) Sedie @l (655liS by Cuio wopd sladine)
Al weins o] ciaS cueal &8 bl
SaadS o)y ()sliS 4 e Sllla
2 $5laS Spae yghie 4 SAR 5 TDS lajel)l
sl ok )Y 9V gl

awog)l 42b)> (Bypd lacidd (e ol (S Sl oy

AICGIS 93 Las 5 llome; SuG ) eslizal |
i) 3l s Sy ) (S by sl
S culio gy ) lolowe gy gl g (e 4
Pl (£ gian 915 9 Sley yolate & Sl LB aus
ol Gl Slpss (W) ollSen 5 oIS de (g8
ey sl oslial b1 5l ) ol aig g (Sl
b ) S Ses 5 Som)S So «Sim S )b
Pl Kiou)SeS og, gl 55,8 w)yp |, ArcGIS
il Sion)S  pgdee SerSll s pass
slagpyy Jlooxe b (A) ghler 5 (il ol
s ol AF ledbl 5 el o Siom 565 5 Kiom,S
b cuds el i oop 4 ol ol QLS
s 231, EC s TDS (Ca THMNa SAR (gla el
S S5 gy 2 Fomb wlad g 5YL sl (S
Colia G (ST 2510 53 (VF) )lSKen 5 pollae g
Selie SiSS 5l dsegyl s ) (a2l (S8
ol 4 bl S pMel Sion S 1) sy (o yitg g 0ol
ol i) ol baskyd ol bW a8 b, ass
Colda (oIl a0 g (gyed il el cubd
or 4 (V0) hlSen 5 (55395 Geed ol 003 (S5 S
ST ool b drejpy @l (S (S Oy
ook ool @l by @S —oled cuds ) Jleloe;
Sy Sz by €8 g cowo I Sk
Dy S —olRd Cdd  Gaejpy ol (S sla )l
e pa3ld 9> (abaing b (V1) eodiise g (5yhe
Jeliye; SS9 SAR 5 EC Jolis (inojj ol S
ool ool i ol cerS e o o
|, Sime,S loglhs Jbo Ltmad ol 5 o) sl
4 olzal b 1) o) ol (S Jdoo g szl 5385
Sy (V) OhlSen 5 (g ol plosl (WS Ly Jsia
S {SAR) Cla JB e s (ES) (5)9 Olpeis
ool )3 Wyslsy sl Juie (TDS) ey Mol
2 dmg)l el Ade g g () Cend (i)
W0 518wy 3550 VWAL AYWAL Jlo 5l Jlo Ve G
wor g bl Gl g S Gl 4l e,
owli8l 4 gy ddlais 3 uejp) ol Colls a8 ol ol
9 0f U g Ayl Jled adlate )3 Gl el 5 0392
o392 doxbe gy 3l SaJluy Clodle cubs 3y
LN uL.w 2 A.j » ..\.al> CMA‘ Jf ™)) Lol
o 03,8 33385 1, alllas 50 adlae JS TDS igljil s
et p Jusis b (1) Ghler 5 Jluj
s 31 L zols 50,8 adllas Lo by 3 1y uejy


http://dx.doi.org/10.29252/jwmr.10.20.145
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.20.3.8
http://jwmr.sanru.ac.ir/article-1-799-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-13 ]

VEY WAA i 9 3ol IV ojloss /omd Jlo 350l 055> o pite deliiingh

43 45 47 S >2 3 5 >3 60 o6z 45 45 45 46 46
LLL LUl il L 1 L L 1
=] F- ) A
&3 A | B
- - % 0
: = ]
- F o
o - -
('7: :('. -4 -
o g = [
. o hd “
I 2o
e C o i E
S iy <3 = [
= »n hel L]
:E S Gl sl ag ;N
A S sla A sl .
- - - =T
- g aslias - ] L
] e C 2 @
o —ass o bl el
o - o
N o [ wdin ss50 60 amsm 3 = 7
I o [ L St e
Nqo0 22 440 880 1,320 1,760 o5 40 15 30 60 90 120 -
o A | C A= Glometers 2
(H-IIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-l‘\ T T Ll T T
3 47 50 52 54 56 58 60 62 = 45 45 45 46 46
_ A:.as)l%Q))éﬁ)adﬂugnb)yd‘ﬁ‘g%cﬁasy—\quﬁ )
Figure 1. Location of the study area and the aquifer in the east of Urmia Lake
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Figure 2. Water level changes in Urmia Lake in duration from 1931-1932 to 2012-2013
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Table 1. EC and TDS classification guide in cokrigingmethod (29)
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Table 2. SAR classification guide in cokriging method according to irrigation water quality explanation (3)
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Table 3. Statistical indexes related to the TDS parameter in the eastern basin of Urmia Lake
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Table 4. Statistical indexes related to the SAR parameter in the eastern basin of UrmiaLake
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Table 5. Result of TDS variograms analysis in cokriging method
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Table 6. Result of SAR variograms analysis in cokriging method
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Figure 3. (A) SAR and (B) TDS parameter semivariogram for the statistical period
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Table 7. The results of evaluation and selection of TDS model by semivariogram in Co-Kriging method
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Table 8. The results of evaluation and selection of SAR model by semivariogram in Co-Kriging method
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Figure 4. Spatial changes for TDS parameter
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Figure 5. Spatial changes for SAR parameter
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Abstract

Groundwater resources are considered as a largest reservoir of available freshwater in the
world. According to the importance and scarcity of this precious resource, studying the
groundwater quality changes is very important. Declines in water level of Urmia lake has led to
increase in the salinity of water in this lake. In this paper, water level reduction effects were
studied on qualitative characteristics of groundwater in the eastern part of Urmia lake from
2001-2002 to 2011-2012. With using geostatistical techniques in GIS, TDS &SAR were
obtained with Circular, spherical, exponential, and Gaussian semi-variogram models. In most of
year Gaussian model with RMSE between 0.44 to 0.94 for TDS and exponential model with
RMSE between 0.52 and 1.47 for SAR were selected as the premier models. Groundwater
quality changes were evaluated using Co-Kriging interpolation method and qualitative zones
were plotted in the eastern aquifer of Urmia lake. The results indicated that water level
reduction of Urmia lake had negative effects on the decline of groundwater quality of the
eastern plains of Urmia lake. Also, water quality at different points reduced so that TDS varied
approximately between 10% and 45% and SAR varied between 7% and 30% during the
statistical period.

Keywords: Water level, Water quality changes, Urmia lake, Total dissolved solids, Sodium
adsorption ratio
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