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Today, because of population growth, improvement of public health and
welfare, development of industry and growth of economic and agricultural
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advantage is very important, especially when it is necessary to evaluate the
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WEAP has been used in this research. The purpose of this research is to
investigate the status of water resources in the Mahabad dam and the impact

Population Growth of an increase in demand on meeting the needs. In this research, after
Scenario collecting and completing the required information, the input file was
WEAP Model created and the WEAP model was calibrated for a statistical period. Then,
Water Resources exploitation scenarios for the dam reservoir were developed and
Management implemented, and the obtained results were evaluated. The simulated
Mahabad Dam Basin scenarios include the increase of cultivated area by 10, 20, and 30 percent
Agricultural Land and the population growth scenario. The results show that according to the
Expansion reference scenario, Mahabad Dam will face a shortage of 18.8 million cubic

meters, and according to the scenarios S4, S3, S2, S1, it will face a shortage
of 30, 41, 52, and 21 million cubic meters, respectively. The selected
scenario is the reference scenario that provides better conditions for the
reservoir in terms of reliability and supply of water demands, and the
maximum volume of water stored in the reservoir.
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Extended Abstract
Introduction

Water resource allocation determines consumption priorities in various sectors, such as
drinking, industry, and agriculture. The use of effective solutions for optimal water
resource allocation and simulation of the decision-making process in prioritizing
development and sustainable use of water and soil resources is of great importance.
Therefore, many regions of the world face serious challenges in managing freshwater
resources. Limited water resource allocation has led to environmental concerns, planning
for water diversity, and the need for sustainable water consumption strategies. Supply-
oriented simulation models are also always insufficient for examining water resource
management options (Loucks and van Beek, 2017). In the past decade, an integrated
approach to water resource development has emerged that directs water supply methods
towards demand management, water quality preservation, and ecosystem protection. Due
to population growth, improvements in public health and welfare, industrial expansion,
and growth in economic and agricultural activities, water demand has increased
significantly. Also, considering the severe water scarcity and imbalance between supply
and demand, water resource management has become very complex and crucial. Various
models, such as the WEAP model, have been developed to simulate integrated water
resource management and evaluate how to allocate limited water resources among
different consumers. The aim of this research is to examine the status of water resources
in the Mahabad Dam Basin and the impact of increased demand scenarios on meeting the
needs.

Material and Methods

The Mahabad Dam Basin is located in the northwest of Iran, in West Azerbaijan Province,
covering an area of 1384 square kilometers. This basin extends between the geographical
coordinates of 45°25°59" and 45°53°59" East longitude and 36°22°59" and 36°59°59"
North latitude. The study area includes two sub-basins, Koter and Beitass (upstream of
Mahabad Dam), and the Mahabad Plain (downstream of Mahabad Dam). The Koter sub-
basin, with an area of 467 square kilometers, is located in the western part of the study
area. The Beitass sub-basin, with an area of 285.87 square kilometers, is located in the
eastern part of the basin. In this study, weather data, including daily precipitation and
minimum and maximum daily temperatures, hydrological data, including daily flows,
and physiographic characteristics of the basin were collected to form the WEAP model.
The reservoir storage volume and levels of the Mahabad reservoir from 1992 to 2011 and
2012 to 2021 were used for calibration and validation. Subsequently, scenarios were
designed and implemented, and the results were evaluated. The scenarios used are
increasing agricultural land area by 10%, 20%, and 30%, and population growth.

Results and Discussion

The results indicate that the Mahabad Dam will face a deficit of 8.18 million cubic meters
according to scenarios S1, S2, S3, and S4, with shortages of 30, 41, 52** ** and 21
million cubic meters, respectively. Notably, the deficits highlight significant challenges
in meeting the projected water demand. The highest water demand over the 17-year
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horizon is for agricultural use, underscoring the critical role that agricultural activities
play in the region's economy and food security. This heavy reliance on water for
agriculture necessitates careful planning and resource management to prevent
agricultural losses and ensure sustainability. Among the operational scenarios analyzed,
the reference scenario was chosen as the preferred scenario due to having the highest
water supply percentage and reliability index. This choice indicates a strategic
prioritization of water resources to maximize efficiency and support agricultural
needs**,** while also promoting long-term sustainability. The implications of adopting
the reference scenario could lead to a more resilient water management framework,
allowing stakeholders to navigate challenges more effectively in the face of varying
demand and supply conditions.

Conclusion

In the current study, water resources were simulated using the WEAP model, analyzing
various scenarios to compare water allocation during the base period and projections of
population growth and increased cultivated areas. The results indicate that during the
summer, when agricultural water demand peaks, not all needs can be met, leading to
unmet demand that could increase from 18 million cubic meters per year to 52 million
with expanded cultivation. As urban demand is prioritized, the water allocated to
agriculture, the environment**,** and industry will inevitably decrease unless urban
needs are fully satisfied. While potable water supply for Mahabad is likely to remain
adequate, agricultural demands have the lowest reliability among all needs assessed. The
reliability index shows that increasing cultivated areas will result in a 9% decrease
compared to the base period, highlighting the urgent need for effective water management
(Hellmann et al., 2010). Continued population growth and rising cultivation levels make
achieving a balance in water supply and demand in the Mahabad Dam watershed
unlikely.
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Table 1- Data and sources of information

RS odls £ Losls g wleMb! 45 2w
Row Data Type Source of Information and Data
1 o8l sla ools j95S S smlislen Lol
Climatic Data National Meteorological Organization
2 S 09y 6L‘° ools Lf')'c ul;ul;).ﬂ Ul‘““"| LS‘ dilaie u] ;,5)..4:
Hydrometric Data West Azerbaijan Regional Water Company
3 ol Sonaz Sl 2945 IS ez g el 5 50
Demographic Information National Statistics and Population Center
4 O3lee Sledls w2t olb,dl bl ol dibie O eS8 8
Reservoir Information West Azerbaijan Regional Water Company
LS).)BL‘:‘S Sl Lf’)‘c UL’UL')Q] UL“‘“ 6})5u‘5 QLQ;? JS °)|‘J‘
5 West Azerbaijan Department of

Agricultural Information Agriculture

Lolis cilizes slo isu ol 5L oledlbl
6 Water Demand Information for Various
Sectors

Slles a9 ()l 0500 <5 24
Vahdat Mahabad Operation Company

Wl (Brre Joo 4 b el wxly g 4l Jlo (Sloj a6 egiluand 8,98 Jobo Joo oS 5 o
0,95 Job 9 SLl (a2 o bl Jlo (lsie 4 cenlin 5 (BI Sledbl 592y Jodo 0 Y- YY Lo
Ll WEAP Jas b 45,5 i 40 aleale loj slopls b Y-Fo Jlo b Y- TY Jlo j) (63loduns
6y 23 5] ailale Sloj plS wledbl 5 o0ls 33 g0 o 45wl o 4Vl 5 wlals Sloj (slapls
el 10595 5

Gy BN Tl slearls Glalols ggome &30 4 «(SD) jLi 05 S of Lolis WEAP o
Sl g2y slasle o] 5 aS cunl glasls @l asls Logd oo

ADDS = ¥(TALBrxWURB) )
JS b 51 el T eolizal #53 WUR 5 S el 515 TAL wale slobs AD (Vak,
wile o 5 BI YL aslis Br” Br aly asly oYb a5Ls Br' ()] o a5 wgd o Jol> (V) akay, 5|

(Lee, Sieber & Swartz, 2005) ¢l cdled 515 3,20 AL

TALBr = ALBr X ALBr' XALBr" X--- M

Al S a3 (1) USS 40 a8 a5 5lge ol i by, e 5 axlllae ol ploxil slapls
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Fig. 3. Flowchart of the research methodology
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69955 S yurie  iwly 4y pladl lisebl LB bl 4y oliws Coled o g bilkas 5,35l alS jelais
Joveys PESTY I3l 50 (S 55) ~l8 Lo = ogl8 w5500 shas 2o (6565 g 55 b9, 5l o3liial Ly Joo
sewly gl el g ol (gl e )0 ks gy o iy 5l s (Doherty & Hunt, 2010) o WEAP
LB e 090 ol 5l Gae al uliel 5 ilwan i VF e BTN o500 6l Joe gl ol
5 oo i el g (minsly 3l ol gl (o5 (i) sl wilioe ST sladlo (i Gl Joe
oozl (NSE) Sl - 5 e yo 9 (NRMSE?) ousy Jlo 5 slas Sl yo oFiles ysime slaas L
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RMSE* = \Ez(Ym —Yp)? )
RMSE
NRMSE = Xmax—Xmin (\C)

NASH =1 — =

®

YP onss oiion Jlaie YP o Slaalin polie lawgio YM ( Slaalice jlaie YM YL Ly, o a5

5 el Sloslie polie op e g o i oS ,s 4 XMIN g XMAX 0ol oo polie lawgio

sdel Cawd 4 s il J o5 yao 4 NRMSE 5 6 & NASH jlais jui> o byl )b (g5loas
(Rahimi & Hafez Parast Moddat, 2022) el (g yiian lineds! l)ls oo 5l

1 Parameter Estimation tool

2 Normalized Root Mean Squared Error

3 Nash-Sutcliffe model efficiency coefficient
4 Root Mean Squared Error
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Table 2- Observed and simulated reservoir volume of the Mahabad Dam
(West Azerbaijan Regional Water Company)

(MCM)Q}:'u x> Jw ol
Reservoir Months of the Year

Volume(MCM) Oct  Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Shwlie polis

91 106 141 156 165 170 171 147 136 117 110 97
Observed Values

0ad (g5lw aed polio
89 104 131 148 159 169 172 141 124 112 102 98

Simulated Values

Juo el b5yl jo soliwl 8590 s Ll polio -Y Jguo
Table 3- Values of indices used for model accuracy evaluation

Index Valug
Calibration Validation
NRMSE 0.08 0.11
NASH 0.94 0.85
200
y = 0.876x +13.88
180 R?=0.88 .
<
__ 160 .
8
3 140 L.
)

% 20 e =@
"c—s‘ __..
Q 100 .. ¥
° C XN
E 80
2 60
9 40

20

0
0 20 40 60 80 100 120 140 160 180

Abserved Data(MCM)

Sblo v glovalie g (5 jlwands 30 pxo 5 ! Hloges —F o
Fig.4. Scatter plot of simulated and observed volume of Mahabad Dam'’s reservoir
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Fig. 5. Comparison between observed and simulated reservoir of Mahabad Dam's volume
(in million cubic meters)
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Table 4 - Downstream Cropping Pattern of Mahabad Dam in the WEAP Model
(Vahdat Mahabad Operation Company, 2019)

Sugar  pjraiga APPle

Crop Type Wheat Barley Beet Orchard

Nursery Others

Cultivated Area (%) 12 7 5 15 38 10 13
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(Feizi & Aghajani Jomayran, 2021)
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Table 5- Demand and supply percentage at demand nodes (Reference Scenario)

Demand Point Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Demand 76 174 172 127 127 127 178 183 193 215 258 215
_(MCM)
Domestic Coverage
((V)g 100 100 100 100 100 100 100 100 100 100 100 100
0
[():A”(‘:?\'/‘I‘)j 008 008 008 008 026 026 026 026 026 026 026 026
Industry
CO‘(’;r)‘"ge 100 100 100 100 100 100 100 100 100 100 100 100
0
Demand o o o 0 0 28 133 2479 2304 2353 1811
. (MCM)
Agriculture Coverage
(%)9 977 100 - - -— - 100 100 100 100 649 438
30
S 25
)
s Urban
S 2
C
©
§ 15 Industry
b
s 10
= — Agriculture
5 \
0
5334822353353
Month

(xS0 oo (39bs0) 35 b SLOLE 3590 O o ylukiio -5 JSCis
Fig. 6. Water demand volume at demand points (million cubic meters)
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Table 6- Changes in demand and supply percentage compared to the reference scenario

until the end of 2040

Demand Point Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug Sep
Demand
Reference MCM) 7 0.2 0 0 0 0 28 133 2479 23.04 2353 18.11
Coverage¢y 977 100 -— -— -— -— 100 100 100 100 649 4338
Demand
o s, MCM) 767 018 O 0 0 0 3.08 14.63 27.26 2535 25.88 19.93
% Coverage¢/y 9420 100 -— -— -—— -—— 100 100 100 91.48 41.16 39.40
2 Demand
2 S, MCM) 837 0.2 0 0 0 0 336 1596 29.74 2765 2823 2174
Coverage¢/y 90.27 100 - -—- -— -— 100 100 100 78.44 27.28 36.11
Demand
s, MCM) 9.07 022 O 0 0 0 364 17.29 3222 29.96 30.59 2355
Coverage¢/) 86.95 100 -—- -— -— -— 100 100 100 5840 2514 33.33
Demand
o 178 174 172 127 127 127 178 183 193 215 258 215
. @ | Reference MCM)
2 § 1 Coverage¢/y 100 100 100 100 100 100 100 100 100 100 100 100
EE Demand
Q3 247 241 239 177 177 177 247 253 268 298 358 298
= S, (MCM)
© Coverage¢/) 100 100 100 100 100 100 100 100 100 100 100 100

35 -
30 -
s |
5 25
2
ho] 20 | T
s e Reference Scenario
e
3 15 - Scenario S1
S
£ 10 - Scenario S2
= \ .
5 | Scenario S3
o J o — -

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Month

(MCM)Ciss 5 o il 381 9 &2 o Lo yLaw 58 (55)9LaS LA (4l 5m0 —A S
Fig.8. Agricultural water demand in the reference and cultivated area expansion scenarios

(MCM)
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Fig. 9. Percentage of agricultural demand coverage in the reference and cultivated area
expansion scenarios
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Fig.10. Water demand of Mahabad City in the reference and population growth rate
increase scenarios (MCM)
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growth rate increase scenarios
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Table 7- Evaluation indices of the defined scenarios
Demand Point

Scenario Index Domestic  Agriculture
Reference 98 78

S1 96 74

Sz RE(%) 94 73

S3 93 69

Sy 97 76
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