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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

RMSE ASE 5)lykewl RMSE Jse o e
Y/avo Y/ava RAARYN Spherical WAY=IYAY
Y/FYY YAYY VIYY Exponential VWAY-IYAY
YIYEA ¥/-¥ VYoo Exponential VWWAY=IYAY
AN V/AYY AVARYA Exponential VWWAF-VYAD
Y/¥YvE Y/Voy <[avay Gaussian VWWAL-VYAS
¥/o¥ Y/vEa <IAVYY Gaussian VWAS—\YAY
y/-va Y/VAY \/vos Exponential AWWAY=\YAA
YIvay YY/XY. -[avay Exponential WAA-YYAQ
VIA-¥ y/yay N7 Exponential YWAR-YYA .
YIY- AART VAR Spherical AAASER RN
YINOO Y/AyY V/EVY Exponential &lel 0y93 JS

8 >y 3yl Gl )3 &5 658 00 )8 (55)9liS
Gl 03)8 o ol 58] dpeg )l dalyyn
TDS juell sipslas o ol olital 5 (gylol jglaien;
o 5 Jeoal e S s adlise 55 sm sl
ool pae ML canlio Gl 5l i 81 9 w0 o ol
Ol 3 QLS 01 s 5 (slading )3 (S Syt ol W
4 ohg dagh bulid pl deag booyh lacds opl jo polie
Vb Cuenl jlanbyy 4 Soap 2y Of cusly
Sl b cuwlie g laome ulyd olgny B sl jlo)ye8 5
weyas (il 3 9e a1y et cpl 3 jyelas
Py ol lrepd byl gpSsle 5 cals
Olsiue B jgied > b el jgbay 9 3 @5y
) 235 5158 dbgye

Comd SBd Ol 3585 Copur 3 50 Jelgeil (S
Comd (] 428 85 Gj90 (pdy sl (SAR) ot (2>
ol 1B e o o & 2l sty el o
e S U pyg Pl e k) e S
058 o § S gloyd 5 oid diuSids Al YU oo

Sy o Sels oo ) olizel L 0 o ¥ (cla S5
» ¢l SAR § TDS gol)l 90 JlSe @lpuss cboadiis
p s Flllae 0)93 IS man 5 ilel 090 Jlu V-
WA—) T Jls o TDS el ¥ S5 olol 03
«sslel 090 Jol sl Sl 53 ol asls 1y bl cp 5
Iy e bulys TDS bbd & deegyl daslyn b digg
bl oy 31 oo a4 s o35 b g conl as
G aizg 2 TDS (fje g 00 a8 O oS b, )
e GlaljBl aeg)l a2y
sokareds TDS (gu0awdlS @ bgjpe a8V Jodo 4 a5
@l Olge Cusl (655l ) ey sla 5l eolinl
ol ) Sadiny )3 o5 (5)9 AN )5 s |
AwS ol oy olaid] 05 4 (gl colwe s
5 2950 oS wdy ahy BT ladlo ) lawgie ()5
ey o 3l (s 5 0l (gy0d slrdwdS 4 |y 255 >
&yl 03540 YU o odmlie polde (slbdigy )>1 auS
SEYL olie V Jado @ dogi bl Vol j0 ok
Sy et cuwoliol bl jo oL LS (6500 03505



Yoy

sba s)lel 0y Jsb )3 cilisee bl > TDS el
Y 5l SAR jilyl sly g o pd FO U aoyd Vel e
Cawl 0391 Juo)d Vo b s yd

Glas (6l SAR 5 TDS (saisaiyy cloadis yizran
slocuds ueipj slacl JS5I a8 o olas (gj)5las
e (559188 y90l )3 odlisul jolaiods dueg)l d2ly)> (B
b 9 calio ol Gl (Mo Vo IV Dgas j3) (S
S5y9liS odlal (gl (Mo p> AD JIA- g0 1) o] odes
ol 219531 edn (e gSTen bl e gllasl
FEre 5pgliS sl Vb sl (5)98 by s>
Guslie (23 unjnj ] 85 (Syg0 53 it o3li]
o 58,5 )15 ) (9 lacads ol 13 (6)9liS Llod &,
ol o5t odlil (5,5liS Bl sy e o
W J.l,m|9'> b b o) 4 ;i.sb).s d‘a.).l.gj 5 @]95
Sl mas i 5> &) 54 by duy o )liiay (pioren
4 g deng)l d2lyy (Bpd glaeads plogul oy sy
@ B 1 asl cwle alie cbplgal sb Jlusl
el gzl y3 S el el b s olSsl

‘:;‘3)-\5 9 M‘zﬂ
OUSHE 9 e 1T aslon p)Y 295 Ay
e o By yloolydl il gladlhie Ol lojle p e
ol oyl ag wlidss pole waly oMl Sl ol
@ f g pilliuai asles olSuily ¢ 5oy oSl ol e
olitel JWS iy opl ploal 3 p3Y lacisclue b1

aog)l d2b)> (Byd slacidd (e ol (S Sl oy

sl gogase pr GBI L 5 pyf snh aad e
colia el cow Sl Sl cledy SB
Febly ol )2 a8 550 JSb 2580 b SB(Sgyien
Caol 0l (gluding dwogyl dab > (305 slacady » SAR
sl lasbyn 4 Sop sble )b—ﬁb‘.ﬁn S Am> g0 Olds
Ly blyd s WAA-AR L Lo eyl ol Jlo 4 s
u_>|93 oS dliwe C)?.I 4 d>g L .J)b §AR O‘}ﬁ” bld
SAR lise sl 5l Casliol awdS o Wle anl o & o5
sl S5 g (o 398 @S ud 5l baoriSe Mol byan
) ol (52908 SB (392 (coado g y98 S8 pslaiods
2 Sed Capde pre Jolos J (o S Ol @y 358
g0 QU pegatt (55)5LiS slp g Conl adyy baa
bl o Cuodl Pl adlais )
i 2 ot glajtally Sl sl adls )
b duogyl axbyd 85 slacass ;> SAR 4 TDS ol
aalllas 3y90 (sl ) ol (g S ojlul laodls;l oalatu!
5 S a5 Y BAYM-AY T gla e (b
i) ol CedS Gloj lptiiad ooyp Sl
TDS e a0l lis dpog)l dnlyd (Bod Ceond lgzo]
& cul wsl ulBl adllas 3y sl b
Ol 5l Bl ey e g i)l Lials 5l eyl
aelllao 3)90 dilain )3 dejp; SO CodS (o)
390 2 Swein bl CulsS pials ues a3l o



Yoy

WAA ol 9 3ol IV ojloss /pmd Jlo 30l 056> o pite doliiingh

13 & i LI S P ) hed INN @ ¥ B
‘-»t,u(-mn T — 1 . — —
e

AAZARTA S Iy R S

AWAV-AY T L -0

VWAN-AY T L -

t9, ®w W =
- — — A

WWAS-AY 1 L -,

Pt W =
)

yuUsM ) I o
P b,

\WAL-AF T Lo

VWAF-AD o1 L -

I 4 v
- - — —

IEN K P
Rl

WA T -

FrE» o w »”
- — w—

VWAA-AL T L -z

Laal
TDS
Prodiction Map

42-200
200- 500
I s00- 1.500
B 1500 3.000

I :.000- 18,785

L_] S 1 il o

1B @D wn
SRR —

Juua.l LR VL( -5

TDS yisl )by (Sl s =¥ S

VAY-AA T L -

»nx a4 o« \J
NN ——

ey G -

Figure 4. Spatial changes for TDS parameter



Yoy

deog)l dalyd (b slacidy ejp; ol (S Slped )

soW [T 2 . - : >
“I X Fl o~ . o > ”' ' b sy ‘..Vr" N
u’ 2 e 3 “ ] ‘/.' -.‘,’-4,"‘“‘ = “u ¥
\' —}l - v \ n(‘.
l'. T/(." K;,;‘-
. 0, L4 R, A
$ Sty P : CRr R
/""
- ol - W
00N W D n“___' L0 8 0 W TN K« ".(_‘m
WWAV=AF o L -z VWAY-AY T L - WAN-AY T L -
LR s o (»q i -":'\%.r'
et e e o~ ) s
o o «
i R
it ! 1§
<« @ B B
wea s e . Cix o o« n e e B,
VWAPAY. A Sl -, VWAS-AF il s s VAR-AS (L -

I 4 /
’ Do G e :
< BRI - . LY TR 1
‘ - \, i s
s @ U ) PO

eNX 4 W k.
- ——

VWAY-AA T L -5

e,
SAR Gt
|Prediction Map g
Jo-3 o
- 3
s 12 g ‘
Bl 2-20 b /
I 20- a0 ‘ £ Y
. o U

[ e s

LW v W IJ“‘... ;(:é‘:“-”‘.““‘

Slallae sy IS . LA R ‘5:1 Jo -

SAR jiol )l e clyuss -0 S
Figure 5. Spatial changes for SAR parameter



V00 WAA ol 9 3ol IV ojloss /pmd Jlo 30l 056> o pite doliiingh

&l

1. Arsalan, H. 2012. Spatial and Temporal mapping of groundwater salinity and indicator Kriging: The
Case Study of Bafra Plain, Turkey. Agriculture and Water Management, 113: 57-63.

2. Ataie Ashtiani, B. 2010. Appropriate and optimal exploitation study of groundwater resources Kish
Island: analyzing information Kish Island, Sharif University of Technology, M.Sc. Thesis, 117 pp (In
Persian).

3. Ayers, R.S. and K. Tanji. 1981. An application from Ayers and Westcot's 1985 "Use of treated

municipal wastewaters for irrigation." FAO Irrigation and Drainage Paper No. 29 Rev. 1. Originally

published as an ASCE 1981 Water Forum Conference Proceedings.

Black, C.A. 1986. Method of soil Analysis Part 1. Madison, W1, 9: 545-566.

Cambardella, C.A., T.B. Marooman , J.M. Novak, T.B. Parkin, D.L. Karlen, R.F. Turco and A.E.

Konopka. 1994. Field Scale Variability of Soil properties in Center Lowa Soils. Soil Sci. Soc. Amer.

J, 58:1501-1511.

6. Dagostino, V., E.A. Greene, B. Passarella and G. Vurro. 1998. Spatial and temporal study of nitrate
concentration in groundwater by means of coregionalization. Environmental Geology, 36: 285-295.

7. Gondwe, E. 1991. Saline water intrusion in Southeast Tanzania. Geo exporation, 27: 25-34.

8. Hajihashemijazi, M.R., M. Atashgahi and A.H. Hamidian. 2011. Spatial estimation of groundwater
quality factors using geostatistical methods (case study: Golpayegan plain). Journal of Natural
Environmental, Iranian Journal of Natural Resources, 63(4): 347-357 (In Persian).

9. Hasanipak, A.A. 2013. Geostatistics, University of Tehran Press, 4th edition (In Persian).

10. Jafari, R. and L.Bakhshandeh Mehr. 2014. Spatial analysis of groundwater salinity and alkalinity of
Isfahan province using geostatistics. Journal of Water and Soil Science, 18(608):183-194 (In Persian).

11. Jahanshahi, A., E. Rouhi Moghadam and A. Dehvari. 2014. Investigating groundwater quality
parameters using GIS and geostatistics (Case Study: Shahr-Babak Plain Aquifer). Water and Soil
Science Journal, 24(2): 183-197 (In Persian).

12. Johnston, K., M. Jay, V. Hoef, K. Krivoruchko and N. Lucas. 2003. ArcGIS 9 Using ArcGIS
Geostatistical Analyst.

13. Koohi Chellekeran, N., R. Asadi and P.Lajmiri. 2009. Estimation of hydraulic conductivity in ground
water using geostatistical methods (Case study: Shiraz plains and suburbs). 2nd National Conference
on Water, Islamic Azad University of Behbahan (In Persian).

14. Mazloum, P., N. Khanmohamadi and R. Sokouti Oskouie. 2010. Spatial estimation of electrical
conductivity of Urmia plain groundwater using geostatistical methods, 1st national conference
on coastal lands, water resources management, Sari Agricultural Sciences and Natural Resources

University (In Persian).

15. Mini, P.K., D.K. Sign and A. Sarangi. 2014. Spatio-Temporal Variability Analysis of Groundwater
Level in Coastal Aquifers Using Geostatistics. International Journal of Environmental Research and
Development. ISSN 2249-3131, 4(4): 329-336.

16. Mirdashtvan, M. 2012. Sustainable management of groundwater resources of Hashtgerd plain. The 1st
National Conference on Policies toward Sustainable Development, Tehran, Iran (In Persian).

17. Mohamadzamani, S., S.A. Ayubi and F. Khormali. 2007. Evaluation of soil spatial variability and
wheat yield in Sorkhankalate crop lands, Golestan province. Journal of Water and Soil Science,
11(40): 79-91 (In Persian).

18. Nohegar, A., M.M. Hossinzadeh and M. Habibolahian. 2011. Temporal and spatial Analysis of
Groundwater Quality of Minab Plain, Geografical and Enviromental Planning, 21" Year, 40(4): 45-64.

19. Quine, T.A. and Y. Zhang. 2002. An Investigation of spatial variation in Soil Erosion, Soil Properties
and Crop Production Within an Agriculture Field in Devon, U.K. J. Soil and Water Conserv, 57: 50-
60.

20. Rasouli, A.A., F. Mehri, H. Bahadori and M. Pirnazar. 2015. Application of GIS in studying and
mapping the spatial and temporal changes in groundwater quality in the West and Southwest of the
lake basin. First International Congress on Earth, Space and Clean Energy, University of Mohaghegh
Ardabili (In Persian).

21. Rizzo, D.M. and J.M. Mouser. 2000. Evaluation of Geostatistics for Combined Hydrochemistry and
Microbial Commnity Fingerprinting at a Waste Disposal Site, 1-11.

22. Sainato C, G. Glaindo, C. Pomposiello, H. Malleville, D. Abelleyra and B. Losinno. 2003. Electrical
Conductivity and depth of ground water at the Pergamino zone (Buenos Aries province, Argentina)
Through Vertical electrical soundings and geostatistical analysis, Journal of South American Earth
Sciences, 16: 177-18.

23. Samin, M., J. Soltani, A. Mosavari and N. Sarani. .2012. Spatial Estimation of Groundwater Quality
Parameters Based on Wat er Salinity Data using Kriging and Cokriging Methods. International
Conference on Transport, Environment and Civil Engineering (ICTECE'2012). August 25-26, 2012
Kuala Lumpur (Malaysia).

24, Shaabani, M. 2007. Spatial analysis of groundwater contamination Arsanjan area, Research Project,
Islamic Azad University of Arsanjan (In Persian).

i



or aog)l a2lyd By S (ajj o (S Sl oy

25. Sheikh Goodarzi, M., S.H. Mousavi and N. Khorasani. 2012. Simulating spatial changes in
groundwater qualitative factors using geostatistical methods (Case study: Tehran-Karaj plain). Journal
of Natural Environment, Iranian Journal of Natural Resources, 65(1): 83-93 (In Persian).

26. Shi, J., H. Wang, J. Xu, J. Wu, X. Liu, H. Zhu and C. Yu. 2007. Spatial Distribution of heavy metals
in soils: a case study of Changing, China. Environmental Geology, 52: 1-10.

27.Shokuhi, R., E. Hosinzadeh, G. Roshanaei, M. Alipour and S. Hoseinzadeh. 2012. Evaluation of
Aydughmush dam reservoir water quality by national sanitation foundation water quality index (NSF-
WQI) and water quality parameter changes. Iranian Journal of Health and Environment, 4(4): 439-450
(In Persian).

28. Soleimani Motlagh, M., A. Talebi and M. Zareie. 2016. The Study of Drought on the Quality of
Surface Water Resources in Kashkan Watershed. Jwmr, 6(12): 154-165 (In Persian).

29. Taghizadeh Mebhrjerdi, R., M. Zareian Jahromi, S. Mahmoodi, A. Heidari and F.Sarmadian. 2008.
Spatial interpolation methods to determine the spatial variability of groundwater quality in Rafsanjan
plain, Iran-Watershed Management Science & Engineering, 2(5): 63-71 (In Persian).

30. Wilcox, L.V. 1995. Classification and Use of Irrigation Waters, Circular No. 969, United States
Department of Agriculture, Washington, D.C.

31. Zeinali, B., M. Faridpour and S. Asghari. 2017. Investigate the Effect Meteorological and
Hydrological Drought on Groundwater Quantity and Quality (Case Study: Marand Plain). Jwmr,
7(14): 187-177 (In Persian).



Journal of Watershed Management Research, Vol. 10, N0.20, Autumn and Winter 2019 ..........cccciiiiiiiiiiiiiniincniinenn 157

Evaluation of Groundwater Quality Changes in at the Eastern Plains
of Urmia Lake

Robabeh Jafari', Ali Torabian?, Mohamad Ali Ghorbani®, Seyed Ahmad Mirbagheri* and
Amir Hesam Hasani®

1- PhD student, Department of Environmental Engineering, Islamic Azad University, Science and Research Branch,

Tehran, Iran, (Corresponding author: jafari.robabeh@yahoo.com)

2- Professor, Department of Civil Environmental Engineering, University of Tehran, Iran
3- Associate Professor, Department of Water Engineering, University of Tabriz, Iran
4- Professor, Department of Civil Engineering environment, Khajeh Nasir Toosi University of Technology, Iran
5- Associate Professor, Department of Environmental Engineering, Islamic Azad University, Science and Research
Branch, Tehran, Iran
Received: April 28,2017 Accepted: January 16, 2018

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



