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Abstract

Nowadays, balancing the water allocation to environmental
and other demand nodes is one of the most important issues in
Iran. For instance, an important reason for the critical situation
of the Lake Urmia is lack of proper allocation of water for
different demand nodes (i.e. the required water allocation for
Lake Urmia). It is also important to consider the implications
of lake water allocation to agricultural, environmental,
municipal, and industrial demand nodes. This paper intends to
quantitatively evaluate these effects in the Lake Urmia basin
on different demand nodes such as Lake Urmia over 60 years
under different water allocation scenarios in the context of
sustainability. For this purpose, three well-known performance
criteria such as reliability, resiliency, and vulnerability were
evaluated for East Azarbaijan, West Azarbaijan, and Kurdistan
provinces and also Lake Urmia. In the next step, using the
intelligent  decision system (IDS), the grade-based
sustainability of water resource management scenarios in the
Urmia Lake basin was investigated. The results showed that
full allocation of the Lake Urmia water requirement resulted in
reduced water allocation to the agricultural sectors which may
have different socio-cultural-political consequences. In spite of
decline of water allocation for the agricultural sectors in the
first scenario (full allocation of Lake Urmia water
requirement), this scenario was chosen as the top scenario with
sustainability (utility) of 0.94. This index for the second
scenario is 0.83. Finally, it is suggested to further evaluate the
sustainability of the agricultural sectors by implementing
corresponded different management options.
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Table 1- Water resources potential of the provinces in Lake Urmia basin (Moghaddasi et al., 2018; Delavar

etal., 2012)
gyl dalyyd oyl adgs y3 Wy Sl O gilie Jamndly - Jgo
Province Water resources (Million m*) Contribution to Lake Urmia
West Azarbaijan 3982.7 1870.5
East Azarbaijan 1360.8 270.5
Kurdistan 1583.5 959.1

Ol 32 5 Wload (aiepndl SlA3g) lapiu ) 4 o Llobw Gl 3 duogyl daliyd ases gilwdae Y-V
on CleMbl Pl5 bl plasn; iz b So Jold JEFVCIOV B
segome Calig > 30,5 o0 o dinte panaS & e Lot ) 4 o @l diy anass sl Delavar etel. (2012) L sile
MP 4‘»‘?"9)] 0L)‘> L’ °‘)“°‘m UL‘"‘)l =2 )1 d>9e dl‘mW}") 1 5 d).)ﬁl“ts o ‘LS)'@(“ O o (LQD)?) LSLQ’)LJ
2 Jie o=l B Gl i S ) gl 2l J3e sl p3Y (6399 canl o o3kl UWAPT Jias jl cans

Cawl 045 031> 5 Delavar at el. (2012 . .
e (2012) 2 ogee galisg, b gl Sl g wsile

_ oo o adlllas 3,90 0,90 Sl o drog)) a2l ol dog>

Ol gile Cu e g Lo —F-Y L Jlsis o O 4y cela o Jolis 45 cand WAV cylid VYV

o bl M doles Lolul  dy panass UWAP Jae 5 JlSis e o5 jl o Gl iloj 095 U 03l oo 35350

5 SingkiS Glagion & @l parass (EalS Gl gycnl il 25 el J13y55 5 Jlo 5 g
g ol gl S e s slaogy s 5 409l a2l

o dog) 42> OF el pslaieds ore s3)lio 92 qpcnl 3 iy g el s lie (pl o ond plsl glagsilo e

wlis plos oYl Ganass b il sl ol bgde o B )3 dgogyl dali)d ddes 03giome &S (g psbods sl ols

VAN cylime; oF 0 5lowd (o3 3 Jo oyl ! @ aalio Coligiods

Volume 15, No. 4, Winter 2020 (IR-WRR)
Yy



25 aebl > Al Glubre Slipe b dal) o jriy Clusy

Dga oo 030

ol S 3 iy 5 -1-D-¥

o il M xix Jald jol Glap dsgere imgfy (nl
S jute b 185 g 3,5 4y yuaseis Lo oMS 51 pliSm &S Ll
okimd 5 byl gla oS Sl & sl S & p3Y it
€83 5| oM gy Yoame oyt llan illan o ol dlins
ol 0595 50 ol
H = {H;,Hz,H3,H,, Hs} ()
S (Worst) cp 5 Hi g (oS (Best) oy Hs o] p &8
el (gt gl ala )3l Jlaise Ll b)) 5
a0 aS A o olaidl e 4 U joo o (glde b WS
M el ojn o 293 (58 dpdie onel (oS ol gl
(k= 5Ske jlee C @ (I1=1,..M) _tpte gl
5dq (@ =1,...Ng) ol bl gy (o)) ise Na o1,....0)
degezmoyj Bptu a5 A3L S; (= 1,..,Ng) i 3 Ns
iyt cpl )3 e wlol oyl pawa by (= 1,.., Np) 459> Np
gl gy pl Ao e 3 Ol plie Cypse gl 9
Sl @laplell (Gl 398 waw po o 25,5 0 )15 b5l 390
pdploiel 58les Jlhae dw e g bl oSS
Lol Gilisee (o)) iyl slp il 5 s pdpcuiS
ol dus 5 Gy Lo g (65,5l o (S0 37pa ]
@ Sh> i gl S g (B lmlydl i plbrld
3y8des Jlne S 51085 winlgs )13 jlaine s 5 S5 g 24
Hi o) 1> 3515 518 8j s 05 )3 45 dg 0,5 j) Ck (gonan
s ol yob @l py Giles 0950 il Brjjqr(@) yob 4 b
Ol & barpe sl )Ll o5 59 sales 5 dal; ©j90 4 5 Sles
Do o 03wl 3 Slos jlixe

S (eijqk(al)) = {(HmBn,i]’qk(al)) ,n )
=1,..N}
il o H slo M8 asgazms jI (oM oypel N Hyy YL dlaf o
Ly o5 2bl oo il gl S5 0590 (ol 0uliS )l € (ppiean
5 gl 4 s Glwlore e dluds )3 Jlai 550 g 4y
Ol b sas o ((0)5) Of slolis (25 o Slas jlme Wlgi 00
ol 0 8l by oS sl iy N i 05l
sl oAb Ly yai b)) sy oS i BaiS

sl Jlo 53 8 o (igeo ¥+ 0 Jolae 4T 03L 0 dogl >
b coslite dnog)l dob)> OF panass pgd (sorliw 53 (Jilio
9 g2 )l ;> Al b o L2 YOV dgan b JluSis byl
25 (55,5W8 pise ali> ol sl o 3 & casl ol p 33
1y awog)l dobyd ar (L3 (cla yanass 3guS wljle Ol 5 0 Aalgss
cwl S5 & p5Y (Moghaddasi et al., 2012) 55" salgs -l
it |y w05y panasS Gimgd cpl 5> odd odlitul Jue
oyt Sl S o (e il S g JLSiis byld
5 Moghaddasi et al. (2012) .0 4 bgyylaw Sloja b

)5 4>, Moghaddasi et al. (2018)

8 lronia (£ 5 pronad dilobus —O-Y

MRl s )lul pasls auloxe g3 Slos glajline (251 2
i ye yob Gl pd st cjglaie ok (gl 29 o oolaiwl IDS
B > basgs il plaS e byl lp ogred gl ke b
Sblme (ol (b3l Ngdioe oy 3 Sles (sl )line
Solnl (a3lE b g so s ba)lins (g ol j 5)Slos
Lo 5 (5l ento (6 68) Ol (slite (slo i IS o
D9 dplone 3 S (glajline oS 5 L sl Slayd (e (Canj
iz jl el o gylul (asli (ualy Jlasl )3 b sy als jo
Soslatal b g 358 o0 (s cilie sbisn (g i )3
P e 4 g e (et 0 s )lul (a3L5 IDS
2 Ml At (ool gl a)la Slulxe pow gaw )
ol 4 bgye laptunoy) slul clboasls Gl L bl
s Dgu oo dawlee (6350 glitiol g ylai l ealatwl b g il
Ol 2 45 395 0 0303 drwgi dwegyl axbyd (gl My dblre
ol el (sl 33,5 o dusloms dreg)l 4zl )> 4Vl oo s
P9 e e SLbl sbadex 5l aal)d (63959 (e Il
s 51 6Vl e g Yo oyl lyanis 3300 doleo L s
deog)l dnlypd e AVl Olpss (M doles jl oolitul 5 asly )
sl 2 3o arlyd e Candg lul (pl 2 2gde dnalre
A3 6ol padld S plgiedr B ogd o (1m0 3k Sl
Cowl )53 4 p3¥ 09 o3liil 0)lino i (6 S ool )3 42lyd sl
Lol Camg g 22> (K598 515 1 (e a3 o2 Cndg
Caled 5 95 e e 1 5 B e Sl ]
Ol yd e by bl jl plaS e (il es bl by cuss b
gl (332 dnogl 42 )d @3 Ol Cunidg (iomen 9 5ol
Dol oo e (090 gl g ka1 ealatwl b Gl sl cy e

VAN cylime; oF 0 5lowd (o3 3 Jo oyl ! @ aalio Coligiods
Volume 15, No. 4, Winter 2020 (IR-WRR)

YA



15y )3 45 34 oo plol (6390 gliitl &y ylas 3l edliel b 3, Sles
Dgd oo 03D ubgl (gda

Wl 4l 05,84 8925 g IDS l38le 5 —¥-0-Y
§39ed

& Gl ojlinediz o pSmreal sl S18lp s dty S IDS
5 D glabd odld ladd 5 Sl Cuslad pae mle pais Jolis
Al (g5l yolato a4y ,l8le 5 ol a3b oo baodls 539y (slosh
89565 il 4155 ) e (sl lino oS 5 (6l g 5L 1L
g gl sibas) Joli IDS Jl3ble s (2g)3 S oo o3litl
by e bagy sl Sl plST ja (sl o 5l (oled 800
Adlee LS5k

gyl 5l b5yl e ol Ban dd SHUE & jobolen
N38le 3 3l oolital b agogyl a3 ol Ao ) O (glols g 4 ye
5 S y (s pludleiel Jlxo dw jl 8 pl (gly .l IDS
Saxo iy 55 | (glaiga ¥ SS9 p0 o3litil (6l
LSLQ’U"MS Sl ulﬁ‘@ ‘L)"I » °5M’° A e UL“‘" ‘) )I)S“D)J 2

25 G IS8 Gl Bllae 3 1) bayles (0L)]

m]

IDS Dialog: Define An Attribute X

Adtribute |Reliability
Narne:

Aftribute Type: Quantitative or Qualitative

ak

© Quantitative « Qualitative

Number of Grades: Cancel

—

Define Grades Now?

Describe

FEE

Help

r'es | No ‘

i

Advanced

Fig. 2- Defining a qualitative criterion for
sustainability assessment of the scenarios in the IDS
dialog

gy b (55ll (b5l STy (A5 jlere Gy i Y USS

SN ol dyd polie dbajlme s g bojles iy I
L9 oo dplbne )l Lawgi Jlaspi b jlae o b lasye b))
Jxe o) Cumdg oimd LS Hlre SO (gl 0ad dwle job ax o
Ol ¥ USs Jle plgisa canl Ja5 3550 0,5 b e )
2o ¥F (65y5liS” Gid 4 bgrpe 0,5 )3 (s pdpoloss] e dad o0
g ol 0ad Qb3 M ep " oS eje (ilodnd Sloj 09 ]

3 Sdas. 510l i 55 Y0¥
Sbgnl aulie 5 2Ll ISl 3 Sles (glalme I oolil
Ao & cwl g pipletel Jol jlne S (o0 @a8 1) (e
@ S oo patuiie Siie Gloj o 3 1) 5l el 3 Cudbye
Jsb 53 315 9590 Ol el 3 Cuddge line shas cpl 50> ke
oy ) Oygods slne cpl NS (o e |y (S y80b 0 (Sl 890

Py s

suppl
Reliability, = #ﬁn{;t (%)

iy CaSd Sl bl oUly & sl cpheuiS p pgd e
ol dle g3 4 3y Ldlisee SIS (asls () Al 394 o
Conl il L5 p3 b &8 IS gl )5 g il 4 b
Ll el ol 095 el JolS 90 0 ol 55 ljen 51 oS
Sloj p 1 50 CanSls b g Aty Dgu oo 418 )5 a5 13 Sl

* 100

g dusle (aSlE (ul s (o P 53 O (el lise
o) e 0 0g s as (asll cpl Hlde wdl tHL Jloj p8
Al e pj Ojgod GphEuSy padls )

:(Jahanshahi and Kerachian, 2019)

Resiliency,
_ (Reliability,; — Reliability; | Reliability, < 100)

100 — Reliability,

()

*100 >0

b @ bap slagise @plicws] 4 bape pgw sl
S Lol 31 500 B L 48T ol (0548 g Cmiuo €5 y0s5)
A ua.sl.w L)"I 53‘5 » ] Lg).:)duol.s): Lf"") 090 ).)Lb ,~.’>o ).:
a gadls cpl dusloe e o s 1) b isy cwsls byl )l

Dyl oo pboxl pj ©)e0

Vulnerability,
_ {Demandt — Supply,, if Demand, > Supply,  (d)
0 otherwise

sl 3 Shos slajline (Sloj (6w dswlons Sl gy ol S5 p3Y
O gl (oM & ey gl 5l o> i ) plaS o
Sloj slopl (olos 3 (s piplesiel jlne ST Jle lyicds 295 oo
oS e &8 Hs (S 5 sl sl aopd As (YL polae
a3 oSl sl o yd Voo B s yd A lyss clyly sl D90
@ p3Y gl jio b S 4l 5 oL ply oS el ol
2 bptunw p (olod jd ol i 3, Sles glojlme sl (S5
o Vg oo duwlee AVl Cygods WAV LYYV JSbj o)90
sbaldbe Slyes dedl (Sloj (5w 1S Cuwd b b jlime dpuslna
23 odd Gy il bl Bajlise 1Al 5o 4 bgiye sl

VAN cylime; oF 0 5lowd (o3 3 Jo oyl ! @ aalio Coligiods
Volume 15, No. 4, Winter 2020 (IR-WRR)

¥ia



b Lolis (gloo ) oolod ()9 miomen 9 3,8as (slajline (g o5
b9 dumlie hgy 5l dlie pl ) X9 so s 138l 5 5l ealatl
059 Ao bgzu ¥ S ol ol oolaiwl iy wess (glp
SxSmea gy & g JlBley il edlatel b 5Slas (lajlxe
ol 2yge 3y adlae (gl md o olis |y AHP o)laeis

5,5 4asl,0 Akhoundi and Nazif (2018) 4 5,5,

2 bgye (85)5liS 05 Cumsg &5 )5 (s (g5 e Jlos b
Spdolael jlae b 1 pwlie Cundy (gilwdis 0yed Job

ol azilas

A Glolis sloo S 5l plas’ o 1 5 Shos (sl las olos iy |
©lp > dpslono 9 IDS 13l 5 53 (008 9 (539l s e i)

IDS Dialog: First alternative

X

Father Attribute
Marne:

Agriculture

Current Attribute
Marne:

Relizhility

Grade Definition: |No definition for the grade is provided

Grade Name

ElEliBEDDBE]rEE Haw to Azsess

warst e foar <] | oo |
Foor ™0 jd Cancel
Awverage W |01 -
— Hel
Good # [005 ~] #
Best v |[0.41 - Alternative Definition

Aftribute Definition
Frovide Evidence
Frovide Comments

Fig. 3- Importing the assessment grades of a performance criterion in the IDS dialog
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IDS Dialog: Assign Weights Using Pairwise Comparisons
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Fig. 4- Assigning the weights of the performance criteria using pair-wise comparison method in IDS dialog
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Fig. 5- The grades of assessment generated by the IDS for a water supply and demand scenario
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Fig. 6- Defining the grades of assessment and their utilities in the IDS dialog
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Table 2- Existing sub-systems in the Lake Urmia basin and the way their available water data are updated

using IWRM information by 2018

s 33 O gl (59,40 D95 g Aoyl daly ;3 5l Adge 53 29290 (ol (S5 b Cilidee (s 25— Jgo
IVAY Jlo U ol O aalie Cu prie €8 pud OleMb! @ angi b i 53

Basis data for

Province Sub-system Demand node updating available Corre_la_t fon
coefficient
water data
Downstream of Boukan dam Municipal Industrial ~ Environmental Agricultural Dam inflow data 0.8128
S Shahrchay Municipal Industrial  Environmental Agricultural Station data 0.8174
3 § Upstream of Mahabad dam - - Environmental  Agricultural Dam inflow data 0.8198
= 5 Downstreacrir;n(;f Mahabad Municipal Industrial ~ Environmental Agricultural Dam inflow data 0.8740
Other rivers - - Environmental Agricultural Station data 0.7957
- Upstream of Venyar dam Municipal Industrial Environmental Agricultural Dam inflow data 0.9460
= Downstream of Venyar dam - - Environmental Agricultural Dam inflow data 0.9223
ﬁ E Upstream of Alavian dam - - Environmental Agricultural Dam inflow data 0.8316
E Downstream of Alavian dam Municipal Industrial  Environmental Agricultural Dam inflow data 0.8539
Other rivers - - Environmental Agricultural Station data 0.8562
Kurdistan Upstream of Boukan dam - - Environmental Agricultural Dam inflow data 0.8322

Table 3- Grade-based assessment of performance criteria in the ER approach
294 Sy g (Ko (539000 U] 5,509, 43 0 dpwlns 3 Sdos 51 lume gl -V Joa

Distributed assessment of the criteria for demand nodes

Province Sub-system Node Criteria H, H, H, H, H,
Rel’ 0 0 0 0 1
Mun-Ind? Res® 0 0 0 0 1
vulf 0 0 0 0 1
Downstream of Boukan Rel 0 0 0 0 1
dam Env® Res 0.16 0 0 0 0.84
Vul 0.36 0 0 0 0.64
Rel 0.55 0 0.10 0.10 0.24
Agre Res 0.48 0.02 0.03 0.05 0.43
Vul 0.56 0 0.10 0.10 0.24
Rel 0 0 0 0 1
Mun-Ind Res 0 0 0 0 1
\Vul 0 0 0 0 1
Shahrchay Rel 0 0 0 0 1
Env Res 0.23 0 0 0 0.77
Vul 0.39 0 0 0 0.61
Rel 0.39 0.13 0.10 0.08 0.30
Agr Res 0.48 0.02 0.03 0.02 0.46
Vul 0.52 0 0.01 0.08 0.30
Rel 0 0 0 0 1
West Env Res 0.07 0 0 0 0.93
Azerbaijan
Upstream of Mahabad dam vul 0.11 0 0 0 0.89
Rel 0.21 0 0.13 0.15 0.51
Agr Res 0.16 0.03 0.05 0.03 0.72
Vul 0.21 0.13 0 0.15 0.51
Rel 0 0 0 0 1
Mun-Ind Res 0 0 0 0 1
Vul 0 0 0 0 1
Downstream of Mahabad Rel 0 0 0 0 1
dam Env Res 0.07 0 0 0 0.93
Vul 0.13 0 0 0 0.87
Rel 0.31 0 0.13 0.21 0.35
Agr Res 0.31 0 0.05 0.07 0.57
Vul 0.31 0 0.13 0.21 0.35
Rel 0 0 0 0 1
Env Res 0.26 0 0 0 0.74
Other rivers Vul 0.43 0 0 0 0.57
Rel 0 0.28 0.15 0.16 0.41
Agr Res 0.36 0.07 0.02 0.03 0.52
Vul 0.28 0.15 0.16 0.05 0.36

a) Municipal-Industrial, b) Environmental, ¢) Agricultural, d) Reliability, e) Resiliency, f) Vulnerability
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Table 4- Grade-based assessment of sustainability index for sub-systems using the ER approach
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Distributed Assessments grades of subsystems

Province Sub-system H, H, H, H, Hy
Downstream of Boukan dam 0.08 0 0 0 0.92

Shahrchay 0.07 0 0 0 0.91

West Azarbaijan Upstream of Mahabad dam 0.05 0.01 0 0.01 0.93
Downstream of Mahabad dam 0.03 0 0.01 0.01 0.95

Other rivers 0.18 0.02 0.01 0.01 0.78

Upstream of Venyar dam 0.09 0 0.04 0.03 0.84

Downstream of Venyar dam 0.02 0.02 0.01 0.02 0.93

East Azarbaijan Upstream of Alavian dam 0.04 0 0.02 0.01 0.93
Downstream of Alavian dam 0.01 0 0.01 0.01 0.97

Other rivers 0.17 0.01 0.02 0.09 0.71

Kurdistan Upstream of Boukan dam 0.14 0 0.01 0.01 0.84
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Table 5- The calculated weights of sub-systems using pair-wise comparison method
95 dmulio (g 3l 0ol b s o1 5 (51 o o (459 —0 Jou

Province
Sub-systems of West Azerbaijan Sub-systems of East Azerbaijan
Downstream of Boukan dam 0.35 Upstream of Venyar dam 0.37
Shahrchay 0.12 Downstream of Venyar dam 0.19
Upstream of Mahabad dam 0.06 Upstream of Alavian dam 0.10
Downstream of Mahabad dam 0.12 Downstream of Alavian dam 0.15
Other rivers 0.35 Other rivers 0.19
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Table 6- Description of grades of assessment for
annual variations of Urmia Lake’s volume
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Assessment Definition Description of assessment
grades grades
(Million m3, MCM)
H, Worst 0 <Volume < 6
H, Poor 6<Volume <8
H, Average 8 <Volume < 10
H, Good 10< Volume < 12
Hs Best 12 <Volume < 14
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Table 7- Distributed sustainability assessment of provinces in the study area and Lake Urmia for the water
resources management scenarios
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Demand group

Distributed assessment of Sustainability Indices

Demand type (e;)

0] H, H, Hj H, Hg
West Azarbaijan 0.08 0.01 0 0 0.91
1 scenario East Azarbaijan 0.06 0 0.02 0.02 0.90
Kurdistan 0.15 0 0.01 0 0.84
Lake Urmia 0 0 0 0 1
West Azarbaijan 0.13 0.01 0.03 0.10 0.73
o scenario East Azarbaijan 0.11 0.02 0.05 0.12 0.70
Kurdistan 0.17 0.01 0.10 0.16 0.56
Lake Urmia 0.15 0.02 0.02 0.08 0.73
1
208
£ 06
=
< 0.4
3
» 0.2
, ol — —=
Worst Poor Average Good Best
mS]l 0.05 0 0 0.01 0.94
uS2 0.12 0.01 0.04 0.1 0.73

Fig. 8- Comparison of water resources management scenarios using grade-based values of the sustainability
index
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Ideal Solution

2- Evidential Reasoning

3- Intelligent Decision System

4- Urmia Water Allocation Package

5- Pair-Wise Comparison

6- Analytic Hierarchy Process
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