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Application of Simulation-Optimization
Approaches to Assess the Effect of Climate and
Management Scenarios on a Water Resource
System
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Abstract

Optimal allocation of water resources for supply and demand
management with respect to effects of the climate change on
water systems is essential. The purpose of this study is to
simulate and optimize various components of Aharchay water
system under the climate change conditions and to evaluate
different climate and management scenarios.The effect of
climate change on weather variables is investigated using the
outputs of GCMs under A1B, A2 and B1 scenarios. For the
period of 2011-2030 in the study area results showed a
decrease in rainfall and an increase in minimum and maximum
temperatures. For estimation of the inflow to Sattarkhan dam
reservoir during the priod of 2015-2025, the IHACRES model
is used. Results for R2 and RMSE criteria were obtained
respectively as 0.65 and 1.21 for the calibration stage and 0.56
and 1.4 for the validation stage. Moreover, to estimate the
water requirement under the climate change condition,
evapotranspiration (ET) are calculated by CropWat model. For
demand management in agricultural sector, optimization of
soil and water allocation is carried out through linear and non-
linear programming models (LP, NLP) considering plants’
growth stage and its sensitivity to water stress. Water balance
in the reservoir was simulated by WEAP under climate change
scenarios aiming at allocating water to demand nodes.
Considering the climate and management scenarios, the best
option is then identified by AHP and the associated weights are
calculated. Resalts demonstrated the use of optimal cultivating
levels, new irrigation method and reducing per capita of the
drinking water was selected as the best management scenario
with the highest values of temporal and spatial reliability.

Keywords: Rainfall-Runoff, Climate Change, IHACRES,
CropWat, WEAP.
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Table 2- Evaluation of LARS-WG model for the
calibration period (1986-2007)

(Yeev-194A%)

Variable R2 RMSE MAE MBE

Min. Temperature 0.99 0.34 0.29 -0.16
Max. Temperature 0.99 0.45 0.35 -0.12
Rain 0.85 5.37 4.17 -1.75

Sunshine 0.98 0.24 0.2 0.005
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Table 1- Caracteristic of hydrometry and synoptic

station
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Fig. 4- Comparison of average temperature and
reference evapotranspiration (1986-2010)
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Table 3- Comparison of scenarios with A1B scenario
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Total Unmet Relative
Scenario Demand Demand e ol
Demand
(MCM) (MCM) (%) Domestic  Industrialize Agriculture

Opt.A 571 135 23.53 96.4 100 84.1
St.DOM 482 73 15.21 100 100 90.4
Mod.IR 509 80 15.73 98.8 100 88.8
Opt.A, Mod.IR 548 114 20.76 97.3 100 85.0
Opt.A, St.DOM 525 101 19.13 98.4 100 87.8
Mod.IR, StDOM 484 74 15.09 100 100 90.0
Opt.A,St.DOM,Mod.IR 502 82 16.4 99.5 100 89.5
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Fig. 18- Unmet demand in A1B - Opt.A- Mod.IR-
St.Dom scenario
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Table 4- Weight of each criterion using the AHP
method

3 o3l b jlixo p 4 by o 00l e (339 —F Jgia

AHP 0.39)
Index Weight
Temporal reliability (Re t (%)) 0.23
Volumetric reliability (Re v (%)) 0.47
Maximum. unmet 0.145
Minimum. unmet 0.053

9 lpme g @ dingp CutS golaw I oolitul slacdl auglis
SLolE & 5yl oo 1) doxit ol (g2 e Slaga sl ol US>
ALB-) Jgl clls 1 YWV B YD sl aouig Joae
ol (glmoy9 )3 (65y9LiS obaw 48 ]y b duslie > (OpL.A
ol il s (ke caSe o Ggrlee /) jlade 4 il <l
@ bgp coipy ClS pj ogaw opide IS ke b
ol @l 239008 @ d2 5 L &S Sl o g 459 cdrgSip S

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)
YA



Table 5- The values of the criteria and the amount of the stability index of the scenarios

Ret Rev Unmet Max. Unmet ~ Min. Unmet i
Scenarios Demand Demand Demand sﬁ%‘;';y

%) (%)  (MCM) (MCM) (MCM)
Al1B-Opt.A 039 0.76 1347 10.7 0 0.025
A1B-Mod.IR 045 0.96 734 8.8 0 0.314
Al1B-St.DOM 046 0.85 80 19 0 0.245
A1B-Opt.AMod.IR 042 0.79 1138 10.2 0 0.048
A1B-Opt.ASt.DOM 042 08 100.6 10.1 0 0.063
A1B-St.DOMMod.IR 046 0.84 73.6 31 0 0.187
A1B-Opt.A, St.DOM, Mod.IR 0.44 0.82 824 6.3 0 0.119

el o ogMe adlaio 3 (600500 9 Copde g (souldl Laalyd

1- Modeling and Simulation Method

2- River Basin Simulation Model

3- Water Evaluation and Planning

4- Intergovernmental Panel on Climate Change
5- Regional Risk Assessment

6- Linear Programming

7- Non-Linear Programming

8- Evapotranspiration (ET)
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