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Abstract

Evaporation is one of the main sources of water loss. Var jus Qe dgwmd A~ 2 OA vaeg { & & 1%%°

methods were introduced to estimate evaporation wnd A %} Wwa v %wi CA%¥%uz Ai ¢Av
evaluating their performances in saline water bodiesisofgeat . | . [ , A " — e A L
significant. Accordingly, the aim of this study was touse e | € C& "~ £ UCvVv Y& d2Al 26 CC@wra

remote sensingmages in evaporation estimation modes y LA E X j 2 A0 gy Adw £3AY Wi
applied to a saline water body and evaluate the res lts. *. .~ N . ~ A .
Accordingly, using Moderate Resolution Imagiry YE 2WWH | wp{u wu?' [ICG{/CiCBENCQY

SpectroradiofmeteL(MODIS) ink1ages an(lj n}etegrt())kl)gical diaody A ¢ 1?;@'( \Mi/ Bao i v Alg L )\Mz@pz,& VvV # éwéz%ylv\
evaporation from the Urmia Lake was calculated byleyipg (e . . . A ~ | <A . "
FAO56-PM, PriestleyTaylor, KimberlyPenman, Hargreaves Cweada ¢ v (MQD‘B$ yo AAcu wizCileL iz X

Samani, and METRIC methods and the spatial distributior. ofvlakkink ¢QWj&Ys ¢ v al waeeo AR w [wE v AL U
evaporation was mapped. The result of this research shc wed in i A
that the evaporation is not evenly distributed over the sele ted@rgreaves Kimberly-PenmanPiiestieyTaylor FAOS6-PM

saline waer surface and considering a constant value of alb >do © C6AE A~ weé Wt MErAIC %ﬁ’mani%c C{ £
e o ooy (oA~ A% (3 (18 A1 O WEAUR@I2)y8 E &
combined methods give more reliable results compared tc the ! X @viged i 24 £Y/ C {édj U QAVMEIAE z w 8§
other methods since they cadex all effective parameters. A o E(ﬁ j G £ 0 ) © ﬂ {°£3 VAE{ A ju gAan
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Fig. 3- A sample of interpolated evaporation over Urmial ake basin using meteorological Pan
evaporation measurements on September 22020
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Table 1- The result of daily estimated evaporation using employed methods over Urmlaake at 2020
-+ -0 WARD yALAE O BeCA 1B AR Y i 1 wwedrr ARy Ay 3, P Bl 6,V Y ° «
FAO56- Hargreaves Priestley-

e wmegny e wETRC O e ek S P

' (mm) (mm) (mm)
1 1 Jun 7.68 9.65 9.04 9.60 5.07 10.96 7.54
2 9 Jun 9.03 10.10 9.33 10.06 4.83 11.33 7.33
3 17 Jun 9.28 9.43 9.15 10.14 5.00 12.08 7.66
4 25 Jun 9.70 9.80 9.49 11.34 5.18 11.57 7.96
5 3 Jul 9.57 9.89 9.65 11.12 4.80 12.50 7.34
6 19 Jul 9.85 10.93 10.55 12.09 5.12 14.71 7.80
7 27 Jul 9.71 9.41 9.08 10.58 5.12 12.07 7.61
8 4 Aug 8.67 10.22 9.26 11.32 4.98 10.74 7.29
9 12 Aug 8.09 8.18 8.00 9.81 4.62 9.92 7.02
10 20 Aug 6.68 8.52 7.92 9.11 4.59 9.58 6.51
11 5 Sep 7.22 7.66 7.18 7.91 3.88 8.78 5.36
12 21 Sep 5.36 6.23 5.87 6.33 3.42 6.98 4.68
13 29 Sep 5.00 6.33 5.04 5.40 2.89 5.34 3.78
14 15 Oct 3.20 5.50 3.71 3.56 2.57 4.01 2.83
15 23 Oct 2.92 4.85 3.11 2.89 211 3.59 2.30
16 31 Oct 3.51 4.70 3.36 2.87 1.97 3.60 1.93
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Fig. 4- Performance diagram for the selected evaporation estimation method®rsuspan evaporation
measuremens
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Table 2- Evaluation of the estimated evaporation with FAO56PM method

FAO56-PM CVy % 2 &woy wz &%GyP& ! WwByj %z acwaoy
Evaluation Criteria KP METRIC  Priestley-Taylor = HargreavesSamani  Makkink
NSE 0.79 0.61 0.38 -0.89
RMSE (mm) 1.17 1.63 2.05 3.59
i =
£ - a
3800'0"N_ -
37°30'0""N+ B
45°0'0"E 45°40'0"E

Evaporation (mm) h

Value
High : 10.5
9.8
- 9.1
_ 8.4
Tl

-Low:7

e mmmm Kilometers
0 10 20 40 60

Fig. 5 Calculated mapof the daily evaporation from Urmia Lake on June 1,2020 using four methods: a)
FAO56-PM, b) METRIC c) Priestley-Taylor, and d) KP

Priestley- (c IMETRIC # IFAO56-PM (a5 § Y2w A¢ v

a Avcay Avy v W RaE &R AEO T E

-+- 4ty Wz%P (d y Taylor

10- Shuttle Radar Topography Mission
11- Combination Method

12- Stefan Boltzmann

13- Monin Obukhov

14- Open Water Surface

15 The Theoretical Energy Balance
16- NashSutcliffe Efficiency (NSE)

W@ E &y
1- Potential Evaporation
2- Covered Reservoir
3- Surface Energy Balance Algorithm for Land
4- Mapping Evapotranspiration at High Resolution and
with Internalized Calibration
5- Surface Energy Balance System
6- Operational Simplified Surface Energy Balance
7- Kimberly-Penman
8- Moderate Resolution Imaging Spectroradiometer
9- Digital Elevation Model

ACuy v A~ watAgly +51C0 ko EzrwMu By | g 31 ¢ Ay 60 V7YY

Volume 19, No. 2, Summer 2023 (\WRR), Special IssugJrmia Lake

X ]

Uzwpu

C



UW4OO Finch J, Hall R (2001) Estimation of open water
evaporation: A review of methods. Environment
Allen R, Tasumi M, Morse A (2005). Satellitased Agency Bristol, UR
evaporation by METRIC and Landsat for western
states water management. US Bureau of Reclamatié¥allegeElvira B, Baille A, MartinGorriz B, Maestre
Evapotranspiration Workshop. Forth Collingl€ Valero J, MartinezAlvarez V (2012) Evaluation of
evaporation estimation methods for a covered
reservoir in a sermarid climate (soutleastern
Spain). Journal of Hydrology 458:5%%

Allen R, Tasumi M, Trezza R, Waters R, Bastiaanssen
W (2002) SEBAL, Surface energy balance
algorithms for land. Idaho Implementation,
Advanced Training and Users Manual. Version 1.0Ghahreman R, Rahimzadegan M (2022) Calculating net
The ldaho Department of Water Resources: Boise, radiation of freshwater reservoir to estimate spatial
ID, USA distribution of evaporation using satellite images.

. . Journal of Hydrology 605:127392
Allen RG, Peeira LS, Raes D, Smith M (1998) Crop .
evapotranspiratioguidelines for computing crop Hargreaves GH, SamaA (1985) Reference crop
water requirementBAO Irrigation and drainage evapotranspiration from temperature. Applied

paper 56. Fao, Rome 300(9):D05109 Engineering in Agriculture 1(2):989
Babamiri O, Dinpashoh Y (2014) Comparison of fourHejabi S, Rezaeian H, Vazifekhah MA (2022)
temperature based reference crop etrapspiration Evaluation of effective meteorological variables on

estimation method at Urmia Lake Basin. Irrigation ~ reference evapotranspiration trend in Lake Urmia
Sciences and Engineering (Jise) (Scientific Journal Basin. Irrigation and Water Engineering 12(4):310
Of Agriculture) 37(1):4364 (In Persian) 333

Bastiaanssen WG (2000) SEBAlased sensible and Jensen ME (2010) Estimating evaporation from water
latent heat fluxes in the irrigated Gediz Basin, surfaces. CSU/ARS Evapotranspiration Workshop,

Turkey. Journal of Hydrology 229¢2):87-100 Fort Collins, CQ

Bastiaanssen WG, Menenti M, Feddes R, Holtslag Ajang s (2001) Narrowband to broadband conversions
(1998) A remote sensing surface energy balance of |and surface albedo I: AlgorithmsRemote
algorithm for land (SEBAL). 1. Formulation. Journal Sensing of Environment 76(2): 2238

of Hydrology 212:19&812
. Losgedaragh Sz, Rahimzadegan M (2018) Evaluation of
Burman R, Pochop LO (1994) Evaporation  gggs SEBAL, and METRIC models in estimation
evapotranspiration and climatic data. Developments  of the evaporation from the freshwater lakes (Case
in Atmospheric science 22:28170 study: Amirkabir dam, Iran). Journal of Hydrology

Craig | (2006) Comparison of precise water depth ©561:523531

measurements on agri_cultural storages with opeyakkink GF (1957) Testing the Penman formula by
water evaporation estimates. Agricultural Water —means of lysimeters. Journal of the Institution of
Managemengs(1-2):193200 Water Engineerrs 11:27288

De Bruin H,_ Keijman J (;979) The Priest&gpylor Melesse AM, Abtew W, Dessalegne T (2009)
evaporation model applied to a large, shallow lake in Evaporation estimation of Rift Valley Lakes:

the Netherlands. Journal of Applied Meteorology comparison of models. Sensors 9(12):96635
18(7):898903

Dinpashoh Y, Jahanbakh#tsl S, MosawJahani L
(2023) Evaluation of théhree empirical models in
estimation of potential evapotranspiration (Casé/ogbeli Dameneh M, Sanaeinejad SH (2018) Estimate
study: Urmia Lake basin). Water and Soil Science 0f potential evapotranspiration in Freiman using the
33(3):2132 (In Persian) priestileytaylor method and remote sensing

) . . . techniqgie. Journal of Rs and Gis for Natural
Eimanifar A, Mohebbi F (2007) Urmia Lake (northwest

: X ; _ Resources (Journal of Applied Rs and GIS
Iran): A brief review. Saline Systems 3(:B1 Techniques in Natural Resource Science) 9(3342

Fadel A Mhawej M, Faour G, Slim K (2020) On the pgngra B (2012) The drying of Iran's Lake Urmia and its
application of METRICGEE to estimate spatial and environmental consequences. UNBRID, Sioux

temporal evaporation rates in a mediterranean lake. F5is. UNEP Global Envinemental Alert Service
Remote Sensing Applications: Society and (GEAS)

Environment 20:100431

Monteith JL (1965) Evaporation and environment.
Symposia of the Society for Experimental Biology

ACuy vy A~ wathAgly +51C0 ko EzAwMUBMY | g 31 ¢ Ay 6w %év xj Uzwpaua

Volume 19, No. 2, Summer 2023 (\WRR), Special IssugJrmia Lake



Penman HL (1948) Natural evaporation from operSima S Ahmadalipour A, Tajrishy M (2013) Mapping
water, bare soil and grass. Proceedings of the Royal surface temperature in a hypsline lake and
Society of London. Series A, Mathematical and investigating the effect of temperature distribution
Physical Sciences 193(1032):1285 on the lake evaporation. Remote Sensing of

Priestley CHB, Taylor R (1972) On the asseest of Environment 136:37885
surface heat flux and evaporation using lasgale Winter TC, Rosenberry DO, Sturrock A (1995)
parameters. Monthly Weather Review 100(2)921 Evaluation of 11 equations for determining
. . evaporation for a small lake in the north central
Rahimpour M, Rahimzadegan M (2.021) ASSESSMEND O United States. Water Resources Research 31(4):983
surface energy balance algorithm for land and 993
operational simplified surface energy balance
algorthm over freshwater and saline water bodies iWright J (1987) Personal communication to ASCE
Urmia Lake Basin. Theoretical and Applied Committee of Irrigation Water Requirements

Climatology 143(3):1452472 Wright JL (1982) New evapotranspiration crop

Rahimzadegan M, Janani A (2019) Estimating coefficients. Proceedings of the American Society of
evapotranspiration of pistachio crop based on Civil Engineers, Journal of the Irrigation and
SEBAL algorithm using Landsat 8 satellite imager Drainage Division 108(IR2):574

Agricultural Water Management 217:3830 Zhao G, Gao H (2019) Estimating reservoir evaporation

Senay GB, Budde M, Verdin JP, Melesse AM (2007) A losses for the United States: Fusiegnote sensing
coupled remote sensing and simplified surface and modeling approaches. Remote Sensing of
energy balance approach to estimate actual Environment 226:10924
evapotranspiration from irrigated fields. Sensors
7(6):9791000

ACuy vy A~ wathAgly +51C0 ko EzAwMUBMY | g 31 ¢ Ay 6w %év xj Uzwpaua

Volume 19, No. 2, Summer 2023 (\WRR), Special IssugJrmia Lake



ACuy v A~ wacAy +5000 o Aatve wAuEwwA o a 1
Volume 19, No. 2, Summer 2023 (lRRR), Special Issue: Urmia Lake
(3

1 MOeA AN, Oz P8 A £ R AA

T §aE® e PCO 0 B %6 WadsA o 6 v
(¢ A padtavilyanwiaE  ChAapToa C
-(6@ b A

Monitoring Trophic State of Lake Urmia Using Vé
Multiple Linear Regression and Artificial C{ v
Neural Network Based on Landsai8 and

Sentinel2 Satellite Images

D>

A. Shamloof and S. Sima?® »wi CAYyACUWRE v %A A%C

a°ci
Abstract o el e e e e e s
Water quality management in inland lakes requires continu »u\ BRAE 4 €\ A OR CYDHB & ¢/0 8 eck v ~
monitoring of chlorophyta (Chta) concentration and trophic ¢ ; WA aURéA°~d EVAyvaiEjt @E¢E® %A Up U
state. As a critical variable elutrophication, concentration o E 1ECA4A W 7z ¢OB {@B@F/ﬁ!ﬂﬁ m@ j 06 4

Chl-a in the northern part of the Lake Urmia was mode 2d s

using Multiple Linear Regression (MLR) and Artificial Neuri | (0 ® p33¢ Ay® Jidys 98Avia Twal  ADViA BaEo wad EA v v

Networks (ANN) models developed based on Lanésahd C{ 1A '] R $A B8 lh{ﬁ O B YaGnigis A oyd v
Sentinel2 satellite images. Based on Land8dtmages both ' . & . "o = Ax 21 1 A A or A A o,
models (ANNLandsa8, MLRLandsai8) accurately estimatec {4(2b o {° WA G ¥ v Q’.)AAAEI\K&SCY%QD Wy

Chl-a concentration in the north of Lake Urmia, while mod IsC @& W B¢ "#RLandsat8 ANNLandsat8$3(¢ A Sgpvéi £
based on Sentin® images (MLRSentine2 and Cb y{ & pOR G AT @(1 % (m y AGH @ist

ANNSentinel2) showed poor performances. Moreover, tie, . . . . A . s
ANN models performed slight better than MLR models ¢ &v NvigRsentinel-2 - ANNSentinel-2$-(0 @ BGAWT £ %z

based on both Landsatand Sentine? images. According to. ¢Waa! Wiz a(p@ y joow avsA 3.4 By EAg Y

the better performancehe optimum ANNlandsa8 model 6 ° @“' Al 6 wanS 6 oAk ¢ Ao o)
(with a hidden layer) was used to analyze the spatiotemg dral { % $ (@@ g :& A/ b

variation of Chila concentration and the trophic stitdex = Y . q:)b) w _y_A W UA 85 BAIRAEW) PV RY
(TSI). In the northern part of the Lake Urmia, analysis of 1eCjiv UQj vy ZWEEA OO ¢ \E 84%id;, ANNLandsat8
spatial pattern of Ckh concentration showed an increa e o \g i 0}"@@6’%' AR BA/SA A FYars
towards the central deeper parts and a decrease towarc s th&ﬁo \W mA M W%GECW{H E (é@_) )é(:b‘?/f@{(] a)
causeway. Furthermore, the average concentration ofCnl E ¥aAvR mwvu(ﬁ;@ )’1/2%0?4’ qum@y £
and TSI inthe northern section of the lake increas:d § ~ ¢ Q )&A@@@zweﬂfﬁm Ay AR A ¢ O
significantly from February to July followed by adrop betwe:n 5 &5 RAA& o 3/ 4 7103 EMRIAAR0 471 % ; ~ A
July to September and then a rise between September and @:&p@. yA/4,0 l’l(b @M_&DO_?ZU a < )/Asfévqmi GwEy
October. Based on the optimum ANNLand8ammodel, CA « A£ 0 EdvA #eh BN 2E wALGON A £
northern Lake Urmia experienced acute memggiic = agy ¢)@E AdweE] w wyn EAA wéid Ad{Byuméov A v
conditions in February and September of 2016, and riild;, -« x P TN =~ e
eutrophic conditions in July, August, and October. dC,V\Ba:%A_V@/zW W\UAEl_L.J V\fﬁEl\p\lL?n\ds:at-w s ED B_uuo
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Table 1- Review of some chlorophyHa monitoring studies using remote sensing data

¢V MDAV %ve E

Cley 1 ¢ ewaE-vph A A(0@ e @A IE aw-H) avip Ewhy LY © «
Data Modelin
Reference Sensor Range  Algorithms/Bands techniquge Performance  Study Area  Country
(Hg/l)
(Hellweger et al., ) 12 > _ New York
2004) 5-50 LLR R2=0.78 Harbor USA
™
Green to Red
(Wang et al., 66 - - o Reelfoot
2006) 188.59 band ratio LR R?=0.53 Lake USA
Haetal., 2017a) OLI 42-258 ERI3 MSE =0.200/l  \vostlake  Vietnam
R2=0.77
(Han and Jorain, 1.14- | pl4 SE=1.55pg/l  Pensacola
2005) 23.23 LT-LR R?=0.67 Bay USA
ETM+
Rotorua
(Allan et al., 9 _ ) New
2007) ( Blue to Red band LLR R"=0.83-0.91 LaLl;izé)lZ Zealand
ratio
RMSE =51.94
("A"é'oAlg; al., OLl  254-459 PRIS ug/! Fi);;er:g” Indonesia
R2=0.59
1.58- SE = 0.14 pg/l .
(Haetal, 2017b) MSI 532 ER R?= 068 Ba Be Lake Vietnam
(Chavula et al., ) Blue to Green o _ Malawi )
2009) MODIS 0.1-0.4 band ratio LR R2=0.58 Lake Malawi
2 —
(Giardino et al., R*= 9'99
2001) 55-7.7 R485, R560 RMSE =0.054 Lake Iseo Italy
™ Hg/l
(Wang etal., 66 - 0 _ Reelfoot
2006) 188.59 R560, R660 MLR R?=0.705 Lake USA
(Alparslan et al., ) R485, R560, SE=0.48 pg/l .. .
2007) ETM+ 1.2-25 R660. R830 R?= 058 Omerlidam  Turkey
. . R?2=0.78 Bin El
(Karaouiet al., 0.54i R560, R665, ~ .
MSI RMSE = 0.03 Ouidane  Morocco
2019) 1.89 R705, R740 ug/! Reservoir
R?2=0.53
(Sudheer etal., ) - R485, R560 RMSE =125  DBeavVer — gp
2006) ug/l Reservoir
R440, R480,
R560, R665, MSE = 410.17 . . .
(GUO et al., 2016) - R865, R1610, ANN HQ/L R2=0.95 Haihe River China
R2200
OLI R865,
R480/R665, R2=0.97
(Przsoazdoft al., 2é251‘ R560/R665, RE65 RMSE =152 GangRiver India
' / R480,R865 / g/l
R665
19 Spectral R2=0.85 CE:E?OI[::;
(Saberioon et al., 37 indices + 10 MSI . g
2020) MSI 67258  bands (except B1 Cubist RMSE/—I 46.3 14 Lakes andh
B3, B8a) H9 Czech
' Republic
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Table 2- Details of chlorophyll-a concentration of the northern Lake Urmia in 2016 corresponding to the
satellite images used in the present study
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Table 4- Results of Chta concentration modeling with ANN models based on Lands# and Sentinei2
images
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optimum ANN - B5) 43 0.0128 0.914 335 0.81 078 1.77
{B1, B2,
B3, B4, B5,
Allbands g /7' 2 31 00035 0.9 100 0.23 001 4.53
B8a}
All data 41 Based on
optimumMLR (B2 B3} 4 001 094 175 027 023 4.39
Based on {B2, B3,
| optimum AN Bga) | 14 0013 0885 200 026 02 442
Sentin@ {B1, B2
-MSI B3, B4, B5
Allbands g f0r B 7 00275 0.94 105 035 012 46
B8a}
Outlier
35 (B2, B3,
removed Basedon ~ ‘po'pe’ 95 001375 09 170 0.3 018 4.58
optimumMLR

B8a}

Based on
optimum ANN {B2,B3} 14 0.0265 0.78 220 0.43 0.39 4.13

U = Learning Rate, m = Momentum, tc = training cycle and n = Number of neurons in hidden layer
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Fig. 1- The location of Lake Urmia in Iran and the location of the dams in the watershed of the lake
(Mohabzadeh et al., 2018)
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Table 1- Different scenarios for making different input combinations
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output Input type input
WL t+1), WLt+2), WL(t+3) Meteorological variables E
WL (t+1), WL (+2), WL+3) Meteorologicalhydrologicalvariables E,Q
WL 1), WL(t+2), WL(+3) Meteorologicalhydrological variables E,Q,R
WL t+1), WLt+2), WL(t+3) Only the water level of the lake WL, WL¢-1), WL(t2), WL(t-3)
WL (t+1), WL(t+2), WLts3) hybrid E, Q, R, Wlg), WL1), WL(t-2), Wl-3)
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Table 3- Correlation coefficient between input and output variables
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WL (t+2) -0.26 0.09 0.20 0.94 0.95 0.96 0.98
WL (+3) -0.24 0.09 0.17 0.94 0.94 0.95 0.96
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Table 5- Model performance using quantitative criteria for WL(t+ 1)
WLy € CHoEwa e C e Avsl (@ Uy © «

RMSEY (m) MAE 2" (m) NSE> RSR*
ROF_REPT 0.11 0.08 0.95 0.23
REPT 0.18 0.15 0.87 0.35

¥ Root mean square error

2* Mean Absolute error

3" NashSutcliff Efficiency

4 Ratio of RMSE to the standard deviation of the observations

Table 6- Model performance using quantitative criteria for WL (t+2)
WLz ¢ v &Ed w i & € mieeAMVLT 6 U Y1 6Gz°wWwe ¢ YV

RMSE (m) MAE (m) NSE RSR
ROF_REPT 0.26 0.19 0.76 0.52
REPT 0.28 0.21 0.68 0.56

M Cv iz ACUGALCIEER CHMBELXE ¢ Wwa y A CUG AL CInEZfy EaASE k 2 ¢ \
ROFRREPT C{OCiU%E v - 0 W W& Qi @RI j ROEREPT 0 °%¢ v GE pwnsgia A v
i ¥2° QEPTC ¥ Waegh (A 1143100 U Y 116 WiE @FOVY Y20 W Wandtl 434 dl v ZRSRYZ V Y42
)2# 06 § °CW z¢ YEeQi~i  )IG P @ HatisrsvA b BiFaREpwIC Az ¢ { AEy

Table 7- Model performance using quantitative criteria for WL (t+ 3)
WLy € C#dwa %wC mampAB\9al 6 U Y2032°we ¢ YV

RMSE (m) MAE (m) NSE RSR

ROF_REPT 0.34 0.26 0.53 0.69

REPT 0.37 0.29 0.45 0.74
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Innovative Measurement of Water Poverty coatl Aéw~ %z Czj %eéea |
Index in West Azerbaijan Province Based on " RE 1k 1 AR v AN L. AR (-
Effective Data-Mining Mathematical - uw ol/ADi\a i y (Gf8wa’z C6 CO
Analytical Models CzOM-~C Wz ¥%» |
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a°ci~
AbStraCt ~ — ~ ey = - A 7 A ~ o -~
In recent years, due to drought, population growth, and the declir2in %€ W - » E & wil Ey MCGHRI~ Azl wi@At | wiz

groundwater reserves, the water poverty became an essential measurés 7 wé 5 16y AD @ BRO U ¢ 348 Wh IC(AT/ﬂCQZA C 6 Beea ad
to consider. The main objective of this study is to quantitatively ¢ nd ¢ B v Lo ¢

qualitatively assess the of groundwater resesipoverty based on tw¢ C QACCN)W ¢ % X A y \ l/zy J 'f‘_y C y¥% y? AwAv }
innovative effective and dataining mathematicahnalytical methods | ©O&FCE § | BEC A&aa YAAyow fiw & 1 iy & 83%48Mo U3 U
considering the six factors of capacity, environment, infrastructure and 4 ; > A S 2 GA R A8/A a1 , 3 i
accesswater resources, management and climate (57 variables) il theﬁ{z; (4A +# %,%Q \a 8 G oev yC A‘]i/l:ﬁ%(i SIY @( /“,BN)_@J R &l
West Azerbaijan prance for the period of 1391398 (20112019). . (CNw¢€ Y o6° 0 y 1! Y%1) ¢Rivw « eClzz45» %48 @
The value of comprehensive water poverty index was obtainet asoCqy1 (0 w E )¢ At My y )CQE lﬁjﬁ \OA Z @é@@@ UE

53.03 and 53.67 in two effective and dataing mathematical

7 ~ ~ 7 I P 7 sn x ~
analytical models, respectively. The results showed that for the mc Jels (Y V21C W (W\é/ 1 YAW Z, Aﬂ C_O e Vv g° .ng € 3/4A__P u |
the factorsof water resources, management and climate causerel ive Cz | %€ & 1 -OWE ClpaCaiw 345 wAGHREYAE av b

unsustainability in  groundwater resources systems. Th < 3 , o AT A4S EIO~,""G§3 OAE ; RIS
comprehensive water poverty index has increased from 2012 to Z )18 CV Y«v ¢V bz Al 4 A kv Avu,

while the value of this index has reached a relatively stable status sfterMw o { A& |- w E uUév 1/zvé°A§57fﬁ’Aﬁﬁ®b Cl¢ Y
the implementation of plans and projects related to groundwiter 5 QY A O é Wyl yAG FAseEnaMEZAv a° CA% ¢z v
resources management. The years 2011, 2013, and 2017 areOAA a0 . OAAQ A . | . A )
respectively the milestones for the change of the status of the i uy s - u e Z - g | L g I, z _ g |
comprehensive water poverty index from very low to low, low ‘0 %1 ¢ ° 3 aCOASABAB WA CALI YBOGEE vI YLWE

medium, ad medium to high. As one of the unique innovations of 1e 3/, ] v 3 A AR il BN b BT A & (g A Y
current research, considering the climate factor along with the extr :m 4N w e Cec By | Az g ﬁ' LccwaA b Y

& ~ . . . R, T NI TN AR 7 X ~
climatology phenomena in measuring comprehensive water poy artf E € Y R I X j ¢ADU|3V§! y %&{?/myboﬁ/ﬂ:@w ‘@aWJE'&l_
can play a key role in decision making and formulating managen Wz Czj 3,6 4a1lvWwWEOE® ) A b A A By i C |
plans in water sector. Also, the development of a-tdaténg model ~ N x B LA S uE 0 AEY (L RO 2 - A
which reduces the number of variables included in the measureme 1t ofl,, u w u < akE ?C\/u _d \fa__ cE /4G<m« EL/WW WQ@.\W
the water poverty index, can effectively reduce the time, cost ind Ué vy %8 o U YAy~ | xwbawdd ww-
resources used for the wafmojects. Finallyjnvestigating the effect CXW a €€ wiE ¥ i wC3 v +3%0 wz (){ £3

of the two sukprojects related to the Groundwater reclamation e d _ ¢ .. I TP z ~A .

balancing plan i.e. 1) equipping wells with smart measuring tools, 'and & (A"y ¥a~° p X EA§awhe m&i}@g& F\W B w@v:C ¢ .
2) culture and information project, on the water poverty index shov'ed ¢awAdy 3.~ A i 1y! 0 wWEE OVC&Y) a wewmA 1
that the mentioned pregts in some cases require management refo ms . ~ 3/ A 0 X A 1 14 A 1 A A R 7
that should be taken into consideration by the managers and the )Iicyy Uv %cC u A<AEL 2A U Co AC wz Al

makers. ) oy HCOAWE Bé O
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Table 1- Introducing the factors, dimensions and variables used in the research
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eCé " £ %! a°E Aod%i¥%wi(, Aozy °bewd %Canl y twp
Factors j-Dimensions k-Variables (unit)
(i=1, é (j=1, 2 (K=1, 2, é, 10) (Refere
1-Population density (people per square kilometer) (Bui et al. 20IB)eZhumber of issued
life insurance (life), 3Jnemployment rate (percent) (ZamanZalkavidel et al., 2020),-4
. Average of rural income (thousanrdals), 5Average of urbaimcome (thousandsals), 6
1-Socio Employment in the industry sector (percentagegnployment in the agriculture sector
economic (percentage),-&Export amount (tons),-Bhare of the agriculture, hunting, forestry, and fishir
from the GDP (percentage) (Bafy, 2015),10-Share of the water supply, wastewater
. management, and treatment activities from the GDP (percentag@p{12015)
CaPaC|ty 2-Education 1-Literate population (percentage) (Forouzani et al., 2018)tetnet users (population 6 year:
(i=1) communication and old and older) (people) (Zamanz&havidel et al., 2020),-8omputer users (population 6
technology years old and older) (people) (ZamanZaigavidel et al., 2020)
3-Hygiene 1-Death of children under-$ears old (people) (EBafy, 2015),2-Number of patients (adults
and health due to internal diseases (people)
1-Female population (percentage)-&hfy, 2015), 2Female to male employment in the
4-Gender agricultural sector (percentage) (Zamangtwvidel et al., 2020) -Bemale to malemployment
in the industrial sector (percentage) (Zamar@hdvidel et al., 2020
1-Industries I . - .
: 1-The amount of distributed chemical fertilizers (tonspdsons sold (kilograms)
and chemicals
2-Natural . .
Environment  events 1-Fire area in pasturébectares)
(i:2) 3- 1-The area under cultivation of annual crops (hectaregymaunt of production of main
Agriculture agricultural products annually (hectares)-(&fy, 2015)
4- Eisheries 1-Amount of aquaculture production (collection from natural seminatural resourcesrivers
and dams) (tons)
1-The population covered by urban wastewater collection and sanitary disposal services (
(Liang et al., 2020),-Zhe length of the collection network in urban areas covered by the V
1-Sewage and Wastewater Company (kilometers) (Haak and Pagilla, 202D)e 3humber of sewag:
branches in the urban areas covered by the Water and Wastewater Company (Haak anc
2020)
1-The volume of water tanks ithe circuit (thousand cubic meters},;TBe number of water
Infrastructure treatment plants in the circuit; he number of branches in urban areas covered by the wate
and access 2\Water sewage company;fihe capacity of water supply sources in rural areas (thousand cubic mi
(i:3) 5-The number of water branches in rural area3hé volume of reservoirs in rural are:
(thousand cubic meters); The length of distribution network in rural areas (kilometersjh&
length of water transmission lines in rural areas (kilometers)
1-Gross production of electricity (milion KWh) (Ebafy, 2015), 2Number of electricity
3-Electricity _subscri_bers in the agricultural sector (percent_a_geNLBnbc_er of el_ectricity subscribers in th
industrial sector (percentage}Adnount of electricity sales in thegdcultural sector (MWh), 5
Amount of electricity sales in the industry sector (MWh)
1-Water 1-The volume of water sales in urban areas covered by the Urban Water and Was
Water consumption Company (cubic meters) (Haak and Pagilla, 2020)h& volume of watesales in rural area:
resources (quantity) covered by the Rural Water and Wastewater Company (cubic meters) (Haak and Pagilla,
(i=4) 2-Water 1-Electrical conductivity (umho/cm) (EBafy, 2015), 2Vater temperature (Celsiugl-Gafy,
quality 2015)
1- 1-Biological and biomechanical operations in watershed management (hectaBtsnez
Management Ma}nagenjent actions o_perations (including gabions, etc.) in Watgrshed management (cubic metdm)n8ing and
L of institutions direct cultivation for pasture managemand its improvement (hectares)
(i=5) 2.Goverment Performance of credits for the acquisition of capital assets (miids) in the following sectors:
1-Water resources-&griculture and natural resourcesE&vironment, 4Industry
1-Humidity 1-Relative humidityl2hr (percentage)
Climate 2- 1-Average m_onthly temperature (Cglsius)AQerage minimum temperature (Celsius),
(i—6) Temperature Average maximum temperature (Celsius)
- 3- N
Precipitation 1-Sum of precipitatiofmm)
Representativeof water The amount of discharge from groundwater resources (million cubic meters)
resources systems (RWS)
ACupwe ¥l SR+ 1£0 A E2pwE EI | g4t ¢ Ay o0F Swv¥mev xj Uzwpuo



6°u Wt Ai Cat paMy * A wa WEEAN £ Wl BAD Fhaw i EveAzis av 3 |
AGUEl 1¢ 63 =+wi Az =@BCOpuEAYAW)WAY Eéwlvie cowril ¢l ¢
e ¢ *%HE Az ASRBAY Bp ~Aw A& 0WawAae Bhzxww Gz * wibiz W
(. 1 UzvAE(- AYAMpEGUIUHAAERoM wiv Uz whllj AHCSIOALS 0 COBpepdE{ W i
CwivLwC HoaRd | OWa agee y v LCHEaRALBIMA Azy | #Cp Cu ¢ %6
Bndtietal2028 AuwyAwAw é &E wa QPR Amv Vil &~V
El-Gafy, 2015; ZamanzaGhavide$ ¥%Ca @ E{ G &4  °
1y ¢ A WaCRANE )Wz %1 ac° E- dAOziv ¥p R AL U] C CiFeLal, 202 Gl u¥a €
wvwWze AAEEwéu %! yCEf %t Awad ZLAowa y! whzv 3,8V §V &z Y
ié°z 1°Ewz %oECz #AyWAAS AwAvy 3Bz@zly NBBECHEAVE 7
wed y C{Ay c¢wnvoew~wycVYwhev¥%g{&Eaj nuadu%weweb
Ao i wWad %3 Cv¥z a°E ALAW &GP zie®0 BRDEFWC0iHVATE
WA ° Ewz Udow« Czj 3/4eazﬁi WEO By 3z a°cE A{#w 0 %
Sw wuwA %t C{ &y c%w‘Ucwvaosl\?f‘—u ev y{ A1 Ao wa i
Czjl %88 ZXZMDuadr$) # Ew?Z C‘B‘p—v;‘u—'%d RyT Uzwpu
ACyCadio Ewat Cozwé Cai 060CO6 £ %z ayEY a°E A{Aw

Aue Cmt viey B | %ed 1 -wE %ugrweu | Caci odB g
) L A B®F PE®B +H IA + I +H- +
y twée | OAAnQ IzlAeI{;leo) C07Q)) cvoe ew~wy BPCEuE
YRUALOWEY vUY%ACWCEWA By XWwePz@pG- ¢wa
#70) 70 s

BAAd WV el YCEOAEVEM® G WAE- WU E A«y

v O A{Awd U Y%éavi GEROQ®R AE | %8 o | 2 t |
. el ative un s s aigna
xw” 8 CpCAY ®awAx [ U2 WW%O)VV\/@%EAQR%%&.MeV|'§CdJns s“tk&r&nal

vt v CNOwonE 6&EVE | AT COws3ro%r7a) ¢ Ryl agoviely unsustainal
Cz§l - %@&mu@ﬂ%@&mwwﬁm&am%
o wz OV %E °AAYyYa~i CHAANAIG BV j&aWEVt i vely sustainabl
v %6Cul °AKAVEAL &6 @ | U cwé%Wbﬂ\R)&‘EAWR::l:\At/PVZ\{Vvzfuzt(?{n%z?%lp
y twbzv wz O{E%wl/zcm%%cﬁ{i ;h(h)orﬁf B’Elzoﬁvl u}/tl yNAa
wC/AEz | °pi xw 0 AeObLbclézl C%ZQJE{G%@#UIMW}%,%@%VAQAUCE
Wk i ToWRED &6 ¢ QRAAY: %0 Al Y2 LU vicAw i wdoF KB
¢ Avi A I3““"@’3'1/29’”{*“’:mﬁ@ﬁ‘2’%"’1’@“’z"a%ﬂ’zWCbu ARYsvywAI @b Uz wh #Cé
U ¢ v i WEARR W | A YOCE BYWRRB 2. i | AGaviwiR  @Wab Uy Wawi CEP 1%
ZaminzaeGhavideI$ OEW\XEW%%ES,COV\L‘?. 3743 Lbé/aj/zw GTwEy v Utw« Czj %6 &
EME wy ¥z CVY % ! ipsal2we1 v CT CEWUE AyAuy OGvApY Az
VaAo i wa ¢ § GhiRpeBolAy Agvh, dyAv @B Wiz wieaowhyy ¥ A1 1A% VOAEDPZ U OV 1814
) ¢Av ac° BT E MY LR E3AT XA £ Uz WIEIe«n 0ohA @ sMACHa \C
ueév )CAv %BvAoRjwaEE WPy O

R

ACuRwe %t SBAFN+1£0 aAzpwE E1 | gal ¢ Ay O v ¥eEv o xj Uzwpuo
Volume 19, No. 2, Summer 2023 (\RRR), Special Issue: Urmia Lake

04



Representative of

water resources
systems

d0:Volume of . F A
) : d2:Electrical '

water sales in conductivity ~Amount of
urban areas discharge from

groundwater
resources

di:Volume of

water sales in d3:Water

temperature

Fig. 2- Schematic of the function of gene expression programming method to selé¢ioe variables of water
resources factor in the datamining method
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Table 2- Water poverty index based on the capacity factor using effective and dataining mathematical
analytical models

BAdven CEREWEB Gwigv altwaesAv wz ¢CA%U0P ®BABKWE ¥z

Dimensions Variables = , Niti A 7B g f| "B
[0 ) 8Ei i i Niii S 5 5
Effective ata- Effective ata- o ctive ata-
mining mining mining
Population density 57.90" 0.97 0.12 0.20

The number of issued
life insurance

30.97 0.74 0.09 -

Unemployment rate 46.77 0.67 0.08 0.14
Average of rural 66.68- 083 0.10 -
income
Average of urban 7010 082 0.0 -
income
Employment in the
o industry sector 40.00 0.59 0.07 -
ociG Employment in the 51.19 49.79
economic agriculture sector 31.50 0.64 008 0.13
Export amount 47.01 0.70 0.09 0.14

Share of the
agriculture, hunting,
forestry, and fishing

from the GDP
Share of the water
supply, wastewater
management, and 58.35" 0.99 0.13 0.20 4985 49.38
treatmentctivities

from the GDP

Education Literate population 50.00” 0.94 0.34 051
Communication Internet user®lder 6

49.14 0.96 0.12 0.19

nun years old 48.89 0.89 0.32 0.49 4957 4946
Technology Computer users older 49 78/ 0.93 0.34 _
6 years old

Death of children
under 5years old
Number of patients 47.04  47.66
(adults) due to interna~ 47.66" 0.88 0.51 1.00
diseases

Female population 54.57"- 0.90 0.44 -
Female to male
employment in the 50.61 0.66 0.32 1.00
Gender agricultural sector 51.59 50.61
Female to male
employment in the 47.44 0.49 0.24 -
industrial sector

Unsustainable variables in Effective model / Unsustainable variables imiaitay model
- Unsustainable variables in Effective model / Sustainable variables imiaitag model
" Sustainable variables in Effective model / Unsustainable variables imnfiaitag model

46.40 0.86 0.49 -

Sanitation and
Health

*[x
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Table 3- Water poverty index based on theenvironmental factor using effective and datamining
mathematicalanalytical models

wAa !l ven YCEAEBNVEB° Gwiv adeeaAviAwz wh Eesz ACTEY wez Cz |

Dimensions Variables B R i ID : n = ID : A& 5ot
0} (] BUU TN Effective Al Etfective aAa  Ehtactive ata-
mining mining mining
Industries  The amount of distributed /.
and chemical fertiizers  ©3:36° 059 0.40 - 4756  36.90
chemicals and pesticides sold ~ 36.9¢°  0.87 0.60 1.00
Natural Firearea in pastures 27.69 0.40 1.00 - 27.69
events
The area under cultivatior 39.68 42.85
of annual crops 40.53 0.87 0.52 0.52
Agriculture  Amount of production of 48.81 48.81
main agricultural products 57.88"  0.79 0.48 0.48
annually
. . Amount ofaquaculture
Fisheries production 34.66 0.61 1.00 - 34.66

7 Unsustainable variables in Effective model / Unsustainable variables imfaitey model
- Unsustainable variables in Effective model / Sustainable variables imibaizg model
" Sustainableariables in Effective model / Unsustainable variables in {@teng model
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Table 4- Water poverty index based on thénfrastructure and accesgactor using effective and datamining

_ mathematicatanalytical models
yol %€ ECANow E@:° 6 wgd v GA mcaddtA wAwea, w d2A 0 i wi

%A v !

%z (IAGY £ «wz

Dimensions Variables Ber R Niii A7 fi "
0} (] BT 1T Effective P2 Effective P Effective Data-
mining mining mining
The population covered by
urban wastewater collectio 5087 092 0.33 1.00
and sanitary disposal
services
The length of theollection
Sewage CQS;‘;";(;"b';tﬁ?wa?éffn 4 4911 093 033 - 50.97  50.82
Wastewater Company
The number of sewage
branches in the urban arez /-
covered by the Water and 52.94" 095 034 )
Wastewater Company
The vo_lume of water tanks 69.88" 081 0.12 0.25
in the circuit
The number of water
treatment plants in the 36.11 0.60 0.09 0.19
circuit
The number of branches ir
urban areas covered by th 68.19-  0.80 0.12 -
water and sewage compar
The capacity ofvater
: I
Water supply s;)rtérgses inrural  61.13 0.90 0.13 0.28 5678 55.04 5351 5362
The numt_)er of water 53.05 094 0.14 )
branches in rural areas
The volume of reservoirs ir 4803 087 0.13 0.27
rural areas
The length of distribution oo oo, 394 (14 .
network in rural areas
The length of water
transmission lines inrural  55.89  0.96 0.14 -
areas
Gross production of "
electricity 57.93 0.85 0.19 0.23
Number of electricity
subscribers in the 52.27 0.94 0.21 0.26
agricultural sector
- Number of electricity
Electricity subscribers in the industria 52.01  0.94 0.21 0.26 52.78  55.01
sector
Amount of_electrlmty sales 58.17" 0.92 0.20 0.25
in the agricultural sector
Amount (_Jf electricity sales 4326 085 0.19 )
in the industry sector
" Unsustainable variables in Effective model / Unsustainable variables imfdaitey model
- Unsustainable variables in Effective model / Sustainable variables imiaizy model
" Sustainable variables in Effective model / Unsustainafi@bles in Datanining model
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Table 5- Water poverty index based on thevater resourcesfactor using effective and datamining
mathematicatanalytical models

“Ad Wven YCEABVEs° G wagv at wesAv wz xj Uz(poly °%Aan i wa
Dimensions Variables A G i B

0} ) BEi it MiTT procive DA pocive D& pgeche DAt
mining mining mining

The volume of water sales
in urban ar r "
in urban areas covered by 5923/

the Urbanwater and 0.95 0.51 1.00

Watert. Wastewater Company 58.21 59.23
Cc()gj;mi%/l)on The volume of water sales ' '
in rural areas covered by th 53.99 59.64
Rural Water and 5715 091 0.49 )
Wastewater Company
Electrical conductivity =~ 60.05" 0.63  0.53 1.00

Wa}.er 49.77  60.05
quality Water temperature 3835 057 047 -

" Unsustainable variables in Effective model / Unsustainable variables imfhaitegy model

3k P AV UE WR LG y CEBLEV Az %AT Yl
I - WE %étweuwil-tp3ar )ouj ¢Ar Az ¢ &%c° qo(/2Ani wa
yCE%AL K2 OPAIMEERBLIAW F4A gisw Sy A4 ¢ %ezljd | ewilidvBeeRiE | v a
i wivQUé vl WAH y° E0AI ARA30PRecawE i ) i € wav¥uCacou y CHMREZ Az
lw-¢v ydyail Oy APSioMlyzd HER NEL | YwvdlA 36 VEVEIEA O of C § o /
Govp E | Cp Bwanva®{ABmvi° ¢lvz~anu Wi 36520 OFe@id B 2wt R 26me JE
v o atwenAv wz ARGV Yohvav e Az | vA%E B2 O\ W Ba:
) ¢ Av 140 VE° At Wi VOB RMEBD % Ucwwa Cz ) %6 &0 Wi EWAEz YEAKj | wiéwlm A

Table 6- The amount of water poverty index based on theananagementfactor using effective and data
mining mathematicalanalytical models

BAa v el YCEABNVES® dwiv al wen Av wwez O8z¢) % E3REDA 6 % A ani Bw &4 6% 2
Dimensions Variables Aiii A E h "8

@ (k) Bt Mt Effective D2 Efective P Effective D212
mining mining mining

Biological and biomechanical
operations in watershed 79.60 0.56 0.35 0.49

Management management
- Stone operations in watershec /.
Aactions of management 86.04 0.44 0.28 - 82.35 80.94
institutions

Mounding and direct cultivation
for pasture management and it 82.22° 0.59 0.37 0.51
improvement

Water " 60.77 62.78
Performance  resources 44.99 0.58 023 0.43
of credits Agriculture

for the and natural  32.45 0.50 0.20

acquisition resources

of capital  Epyvironment 44.34 076  0.30 0.57
assets:
Industry 33.44 0.68 0.27 -

" Unsustainable variables in Effective model / Unsustainable variables imfiaitey model
- Unsustainable variables in Effective model / Sustainable variables imiaizy model
" Sustainable variables in Effective model / Unsustainable variables imfiaitag model

Government 39.19 44.62
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twéeg § O rwe C{BpAABW~WOAAWHEXYAOAVENY CHE (1(/LART WA
Cy ¥ ¢ HCMANGD Al LANSWBGMETH RGN ¢ 27A G210 0 BVIE B/SARA w &
PE®CYul X I ¢ WEBMDYIOW U ad wap @ @R pvze AFA 1AAD 20 Y%t Cz |
Cb Cu ¢ BAWAVEGAERY W B W~ WY ¢ A o Bid (§ 0 Aok 2109 VEAT U
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atwoy )Ry wAORwBE] x j0 wehye \ChCAC %a:oép tﬁuV"Oa&;‘ééE i oy
yr o %ha vl C{ /Y € %W DirEWb oY {| Elhgaabcietve jeovieituiyp
y oweéeé ' u O0QADpT WEVEROE Gws 1, \pa? Q/élxﬁnﬁmamvéa%mpl%@’?ﬁm Uy,
) prEvVeYy aAc yeR«AEL W/EA%@WN@AC%@%W/?JU Wzt 6CFZ£ wa Czj
) - ] } atwenAv wz lgOmE{vA WAAIR LICEE
AwAv %z 1A B EC (AAVA Bz CRuE3p b0 an Bk  BEBVRABEIEEN ¢ wav
Ca € YRR wy 62w BWE JC°, £ Yok W wRVEWARS Bea/oooyi  oGmiEa v ¢ Av  Ci v
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Table 7- Water poverty index based on thelimate factor using effective and datamining mathematicak
analytical models

“BAa v el YCECAEVES° dwiv atwenAv wz gCoEY 0%Axi wad ¥z

Dimensions Variables B Aiid i ID : n % ID " A & Bat
(i) K Bl U Effective aa  Effective A Effective ata-
mining mining mining
Humidity Re'at"’fzrr‘]‘r‘m'd'ty 7377 065  1.00 ; 73.77
Average monthly 54 35 g5 0.33 0.33
temperature
Temperature A"?gﬁ’semg”m 50.94 055 0.28 0.28 5202 5202 6040 5372
Average maximum - gg a1 g 75 0.38 0.38
temperature
Precipitation Sum of precipitation 55.43" 0.44 1.00 1.00 55.43 55.43

" Unsustainable variables in Effective model / Unsustainable variables imfdaitey model
- Unsustainable variables in Effective model / Sustainable variables imiaitag model
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Effective model
Capacity

Climate v Environment

60.4

Managment Infrastructure
and access
Water Resources
Data-mining model
Capacity
CWPI=53.67
Climate 038 Environment

Managment Infrastructure

and access

Water Resources
Fig. 3- The sustainability of studied factors to measure water poverty index basesh effective and data
mining mathematicalanalytical models
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Table 8 Trend of water poverty index changs according to the studied factors
ApowOu t %BAU ¢wa¥%Aoi wa(3déovyve Az Czj %eéa |

Type of Year
Factors
models 1390 1391 1392 1393 1394 1395 1396 1397 1398
Capacity 26.45 2891 3560 37.74 5886 62.00 6576 6519 68.10
Environment 2203  19.99 29.04 1979 3410 41.81 4968 58.85 81.80
Infrastructure and
Effective oess 1.66 1651 31.61 4820 5493 6292 7848 87.30 100.00
model Water Resources  0.00 30.01 41.61 5330 5950 5276 73.49 78.78 96.46
Management 4967 2333 5313 60.07 5476 6315 89.59 87.57 65.65
Climate 3333 6577 61.83 7259 57.39 57.39 7678 8524 33.32
Capacity 20.72 2804 2840 3863 66.29 67.15 6343 57.97 73.80
Environment 2518 2756 27.80 2157 1974 62.35 7557 6427 61.65
Data- Infrastructure and 0.00 18.43 34.89 4972 5857 59.62 7580 8559 100.00
mining access
model Water Resources 0.00 22.81 53.45 64.11 84.12 58.23 8254 78.25 93.26
Management 47.41 34.35 5744 55.00 4925 70.99 93.19 8446 72.93
Climate 0.00 38.21 33.35 4544 3024 3024 5400 57.53 33.32
--l--- Effective model --#&-- Data-mining model
100.00
Very High
80.00 —————————
P LT
., High ,,[:*’ ----- Ao 2 }
) P
S 6000 —————————————————— — e
(&) . - -——‘-’"‘
o Medium . l______—_-:_ %3
T | oeEme
2 4000 ———————dr e
o Low g~
200 Lo -
A
Very Low
0.00

1390 1391 1392 1393 1394 1395 1396 1397 1398

Year

Fig. 4- Trend of changes of comprehensive water poverty index based oeffective and datamining
mathematicalanalytical models
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Determining the Relative Contribution of . X wéyo_vfy@/zl EA_B ®0 _W @ A @‘My 5
Annual Runoff Componentsusing a Water ESC wulCwu ¢x jCBWPA H V0 1 Ui Az
Tracking Model and Travel Time A farT LARLGE & ik BEA 3 A A e A ¢
Distributions: The Case of Godarchay Basin in XAp « CVWZ. A y?A_MZA:U APOwWOL
Southwestern of Lake Urmia ACuy¥»v A wC¥Y%l x %a
J. Rahmani‘and M. DaneshYazd? “¢1AE EYE€YywWUE%UvVA
Abstract . 3 ac CT )
Determining the contribution of each of the effectiveprocesses E€y | Ayw- 1 §y % (0wé %« O6CT EE
Y

to river flow plays an important role in how accurate thesex & a 3 A LR RN« 0 VRSIOf A=A WARA 2L 0 iC A \Ls
processes are estimated via hydrological modeling. Altho lgﬁ‘ l\! A CT ORAID y2%° GRCY{IES WeAGE © EC W

water balance provides an overview of the volumetric char yes CAve@d o 0 C G - 3 i VvHUCCAE Byt @&

of its comnents, the origin of the outflows and their tempo al |, AR A 3 , A A 3/ K 5a‘@ﬁﬁﬂ' ME B A
changes require utilization of approaches based on w atery ANA 4 C €y it PRE  Cz

tracking. In this study, we developed a thdémensional Yy ¢CAv xj Czwér% %z Cpoe{u ¢éw
physical and integrated hydrological model and coupledit o0a A+ A~ & & Goq AR A & A 'Q' & H©w 5

water tracking model (PBlow-CLM-EcoSLIM) to determine Ci &:ﬁf‘ %W /ZP ¢ AP '&:A_ £ AA Aa) Ywaeq '&
the contribution of rainfall, snowmelt, and groundwater to @ A ApailriowdL@-BcoSLIMS X J Czwa&t AA¢ C¢

streamflow and evapotranspiration. Also, the distribution of ; ~ 1 = .0 AT RASCX S PATRDANE
the travel time of outfluxes has been simulated and studiec. To X . v w2z va(f vp ao'| MAIO(SAE 80{1/\){/8!Wﬂ
demonstrate the applicability of the @éoped models, we %L, { £ y Ayw- 1 y¥% Gwe %« 06C
chose the Godarchay basin, located in the southwest of | ak_g\ c { E Gw E ®E O o w 3 l)J & é,&/& £ apriEC @3&
Urmia, as the study area. The results showed that snowm:ltis . " _ _ . . e e e o

the main source of river discharge and evapotranspiratorin ANA3 | a6 ELq & C) VAP AGACREZ ¢ AMEBG W
the region, such that the average contribution of smelty A A& V@CDUJ agv A b Y Az ACu y Yoy A~
rainfall and groundwater tthe runoff production during . . - . An oA L,
water year, is equal to 56%, 5% and 39%, respectively. Asd%C, { £ V Ay w- ' Y wi v ECEW Y in
about %% of the incoming snow duringveater year is storec ° CHAE Ll ¢ b Cu é A &5\ éXQb uy YAtV Y

in the soil after the process of melting and infiltration, anc is _ ~ - N e = e .
thenremoved from the system in the following years; whle ¥0llwz %z OKke G CENEB WRZ Ay w- 1|

only 22% of new rain is stored in the system and 78% ¢ il5 wA 6 A O %1 0 GLiyyeysy .¢vak 3zl caiGrp oo Ui &

leaves the system in the same year. B b D wc’;é'(w B0A Ed WG - el » A 6@3’/2 VX §o
gao ECRwYWz - wibpL i@l COWN- Ys o 4

) ICAE ©%w- goECA 23y:0RE[a 60w A

Keywords Hydrological Modeling, Particle Tracking AC %z ] ANAS3 | X j° S Ccwer Yowli ei
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Table 1- The source, spatial resolution and temporal resolution of meteorological data used in this study
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Investigating Water Resources and 1% ¢ By WE i a4z avdw GAGEAEY
Agricultural Economy by Hydro -Economic X — v A 141 AR koo = 4 N A
Modeling in the Mahabad Basin Located in the A w ? & , Cv: o A Iﬂ,yv $VEW,’ \w"z_ whu A
South of the Lake Urmia ¢t wlys@\a oud ARRA AL
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Abstract

Controlling water consumption in agricultural sector requies E . Z  %2* X Jcv @/MW haowy ¥%a p “Al/g A_n 3
an appropriate understanding of the interplay between w ater U apuppyae p i cwa¥Canou &FeyPmwBiCs§
resources, water consumption and agricultural economy. his iV 0w b Cuodv 6AT 3 AU b U A z 3
study aimed to develop two hydrological and agconomic _ e L _ . ) B .
models in the Mahabad study area (located in south of the aket Az UICE PAREC Ay i 2A Az € ¢ %y
Urmia) in orderto investigate the effects of climate change »n mf’f\ PARBwWOwW Coi v ac° a ) ¢ Av a

the volume of water entering the Mahabad dam, explore Ic nge T BN EAVA A & 140
term changes in gross irrigation needs, and study the impe = .z YWz Meawlyy@ £ vl @BEQEIECVA A G Y Y2° C

the crop pattern change on the gross irrigation need anc the€ * ¥ %2y X | @ -3 YA @LCHlw AIC\WCE
agricultural economy dhe region. The results showed thatif 3,C CA £ 3C8 m£ y 1 ¢ Y%w Cz j 1 6w

the agricultural water consumptions are controlled up to the P N R , DT
year 1419 (Persian Calendar), the increase in the volurr 2 of) ¢ A Od) a2y wEe | wbwe w yy¢wlw

water entering the Mahabad Dam under the climate chenge @ ~ 2 , £ & wA&®WIT 0 0 %AD i ° § LoAT @5
scenarios A1B and B1 can reduce theentrwithdrawal from oy B o Coév %CCAE CEWAAE Lwh
surface and groundwater sources. It would also promote the .. CbCU s %e s .. e BA . 0
possibility of release from the Mahabad Dam to particlly Y pCug¢ aC¢ Y ‘. X) zwhp
provide the environmental flow of Lake Urmia. We furthsr C@ #EE ¢ ¢ wCy ¥he EQz  QIONANVES 16 v-
found that the net value of the crop production in the pasty :  gwv A 141 Cz j A 4 Cy"i c%@,vmﬁ, ATG § A6
was much lower for wheat and barley compared to other cr )p% A g N 11 AV L ] U 3 A A
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Fig. 1- The geographic location of the Mahabad study area, Kooter and Bitas subbasins, and the
meteorological axd hydrometric stations. The background color shows elevation gradient
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