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Z. Pourkheirollah®, M. Hafezparast Mavaddat'+, and S. E. Fatemi®

ABSTRACT

There is a growing demand for solving conflicts among water users and stakeholders
under climate change conditions. This study applied ten CMIP5 climate models under the
RCP8.5 scenario to simulate Doiraj Reservoir water allocation in Illam Province. To
reduce the uncertainty of climate models, the MOTP method was used by combining
different GCM models. To predict reservoir inflow, the IHACRES Rainfall-Runoff model
was considered and validated for the 2016 to 2044 time periods. Climate and hydrological
indicators were extracted to monitor drought periods in the current and future
projections. The WEAP model and the Asymmetric NASH Bargaining Method were used
to simulate the water basin system and solve the conflict between stakeholders based on
their utility functions, respectively. The results indicated that the rainfall would increase
by 17.1 and 11.1% in spring and autumn and decrease by 9.4% in winter in the future
projection. Furthermore, the highest temperature and runoff growth rate increased by
1.95°C in September and 6.3% compared to the base period, while demands would be
increased by 55.75%. The long-term agricultural deficit are obtained as 10.9 and 10.2%
by the WEAP model in the current and future conditions. Finally, the duration curve of
reservoir storage showed that 20% of the time, the reservoir storage is empty for the
Standard Operation Policy (SOP). By switching to the Nash bargaining policy, not only
the minimum storage capacity reached 18 MCM for all the time, but also the effects of
climate change would be adapted in the future, and the utility functions of all
stakeholders would be satisfied as well.

Keywords: Climate models, CMIP5, Drought, IHACRES, Water resources management,
WEAP model.

INTRODUCTION allocation are necessary to resolve the
conflict between those stakeholders in the
border area. The standard form of water
policy is replaced by conflict resolution
methods with increasing conflicts between
stakeholders in allocating water resources
(Naghdi et al., 2021).

Water resources management has become
more complicated due to various parameters
affecting water systems. For example,
climate change, growing demands, changing

of socio-economic conditions, , .

environmental considerations, and Watershed  stakeholders”  conflict
hydrologic  conditions have  changed resolution for various environmental,
(Bozorg-Haddad et al., 2018). The water agricultural, and industrial purposes is one

of the most critical issues considered in
water resources management. The use of the
Game Theory approach to analyze water
resource management problems has been

supply of Dehloran Plain, the agricultural
and industrial hub of llam Province, has
increased temperatures in recent years. The
Nash bargaining method and optimizing
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growing since 1942 (Ransmeier, 1942), and
the Nash Bargaining Model is sixty-seven
years old. However, they are not yet ready
for retirement because they still produce
effective ways to manage water allocation
(Serrano, 2021).Water plays a vital role in
every aspect of human life and has various
geographical, social, and economic factors,
making water resources an important source
of conflict. Thus, decision-makers require
reliable models with high precision to
allocate water resources among different
stakeholders (Leong and Lai, 2017).
Multiple methods for conflict resolution
exist, but non-cooperative resolution
methods have gained attention from
researchers because of their ability to
prioritize influential stakeholders. Looking
at the literature, an  Asymmetric
Nash Solution was developed to calculate
the benefits of reducing groundwater
pollution in a joint project between Mexico
and the US (Frisvold and Caswell, 2000).
Coppola (2000) resolved the conflict
between various wusers of groundwater
resources and prevented them from being
contaminated. Additionally, Homayounfar et
al. (2015) demonstrated that their suggested
models could remarkably decrease the
runtime and prevent dimensionality
problems when comparing discrete dynamic
game models. Fu et al. (2018) provided an
asymmetric model for resolving conflicts of
interest in trans boundary river water
allocation problems for the Huaihe River
Basin in China.

The climate changes affected the
hydrological cycle and caused increased
variability in water supplies across time and
space and, consequently, uncertainty in
water allocation decisions. Changes in
precipitation and temperature and the effect
of these parameters on runoff were
investigated using CMIP5 models (Zheng et
al., 2018). In a study, Kaini et al. (2020)
used 105 and 78 GCM models for RCP4.5,
and 8.5 emission scenarios, respectively, and
developed an envelope-based selection
method for selecting representative GCMs
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for the Kushi River Basin in China and
Nepal.

Kalhori et al. (2022) examine the
uncertainty of TAR and AR5 models on the
impact of climate change on Khorram-Abad
Basin runoff in Iran with the IHACRES
model for the periods of 2040-2069 and
2070-2099. To investigate optimal water
allocation of surface and groundwater
resources under climate change, Moghadam
et al. (2022) used the IHACRES runoff
model to predict runoff for future climate
conditions.  Simulation  results  from
IHACRES are the WEAP model's input to
develop operational policies for the
combined use of water resources. The
average annual runoff under climate change
conditions was simulated by IHACRES
model in the period (1987-2000) and (2026-
2039). The results show that it would
decrease by about 1% in the future. They
found out at what level of the reservoir the
best water quality can be released. (Azadi et
al., 2019).

In the climate change condition, with
increasing water demands, environmental
flow could be supported by renewable
energy. It is vital to the wide expansion of
small-scale hydroelectric power plants,
especially runoff-river power plants. (Kurigi
et al., 2019; Malka et al., 2022). The SSWI,
SPI, and SRI indices are applied to
investigate agricultural, meteorological and
hydrological droughts, respectively, from
2020 to 2049 in China (Guoyong et al.,
2015). They used 5 models of the fifth IPCC
report, and the results showed that the long-
term agricultural droughts from 6 to 26
months occurred more than the other
droughts.

The impact of climate change on water
resources is analyzed by Mehrparvar et al.
(2019). The conflict between IRWC and
AJO stakeholders in the Zayandehrud Basin
is modeled by the conflict resolution GMCR
method and the WEAP model. Stakeholders
often have different interests that can cause
conflict and competition in common
resources (Ratner et al., 2018). Currently,
conflict resolution models based on climate
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change situations incorporate different
decision-makers views into one system and
gradually replace single or multi-criteria
decision-making models (Sharifazari et al.,
2021).

In the SOP policy, the total shortage is
minimized, but the severity of the shortages
is high. This method encounters problems in
times of drought. Therefore, the combination
of the WEAP simulation model and game
theory method in dry months significantly
reduces the severity of failure in supplying
the needs of the region during the operation
period (Jeong and Kang, 2021).

To our knowledge, no research has been
developed based on considering water
resources simulation, climate change, and
conflict resolution theory to monitor water
allocation systems in drought regions.
Additionally, in the previous studies, usually
linking  simulation and  optimization
platforms have been used, which has
significantly ignored the effects of climate
change. The main objective of the current
research was to resolve disputes between
industrial, agricultural, and environmental
stakeholders in drought conditions. In this
way, the GA and Nash Bargaining Method
can optimize the allocation of surface and
groundwater resources under climate change
conditions.

MATERIALS AND METHODS

This study was conducted
through four main stages: In the first stage,
the climate parameters were assessed by 10
GCM models. In the second stage, the
IHACRES hydrological model predicted the
runoff, and the hydrological and climate
indicators were calculated for the current
and future projection. In the third stage,
water system allocation was simulated by
WEAP. In the fourth stage, water allocation
to different stakeholders was optimized by
the Asymmetric Nash bargaining method in
the GA model. Figure 1 shows the flow
chart of the methodology.

749

JAST

Case Study and the Problem Statement

Doiraj Reservoir is located in the
southwest of llam Province, with total
capacity of 191 MCM and 60 m in height.
The most precipitation falls during
December and January. Dehloran City, with
more than 220 meters above sea level, is
located at a low altitude in the western
Zagros Mountains. The city generally has
warm summers, while winters are relatively
mild due to the low elevation, with an
average annual rainfall of about 258 mm and
is defined as an arid region. This area
suffers from water conflicts among farmers
of Dehloran and Musian agricultural plain,
and 24 and 31 MCM for industrial and
environmental water demands, as presented
in Figure 2.

On the other hand, the border city of
Dehloran, as an agricultural hub of the Ilam
Province, is located in a sensitive area, and
supplying water demands plays an important
role in ensuring the security of this area.

Climate Scenarios and Uncertainty
Analysis

The RCP scenarios and the future policies
have predicted the climate condition by AR5
up to the year 2100 (IPCC, 2013). The
details of 10 CMIP5 climate models are
presented in Tablel.

Investigating the uncertainty of the output
of each climate model requires uncertainty
analysis calculations.

The main sources of uncertainty in climate
change simulations at the regional scale are
uncertainty in greenhouse gas emission
scenarios, uncertainty in GCM simulations,
and internal differences and uncertainties in
several downscaling methods of GCM
simulations (Giorgi and Francisco, 2001).
In addition, in studies evaluating the impact
of climate change, the forecasts do not have
sufficient confidence due to the influence of
various sources of uncertainty in the output
of the forecasting system. Therefore, using
the maximum number of available GCM
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Figure 2. Location of the study area and climate stations in llam Province, Iran.

Table 1. CMIP5 models and their resolution.

CSIROK3- BNU- BCC- ) ) Had-gem2- .
Model CANESM2 ACCESS1-0 Fio-esm Mri-cgcm3 Micro5
5-0 ESM cc
name
Resolution  1.86x1.87 2.81x2.78 2.81x2.79  2.81x2,77  1.875x1.25 64x 128 1.125x1.125 1.875x1.25 1.40x1.40
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models in simulations is recommended to
quantify the range of uncertainty in predictions
(Jones 2000; Wilby and Harris 2006).
Comparative studies between GCMs show that
different models simulated meteorological
variables with different degrees of accuracy
and no single model provides the best
simulation for all variables or regions
(Lambert and Boer 2001). To assign the
weighted mean of the variables in the GCMs'
projections showed that these models
incorporate a level of uncertainty for
ensemble-based climate simulations
(Christensen, 2010).

In this study, the MOTP method is utilized
to determine the uncertainty of climate
models. The first step is to collect monthly
temperature and precipitation data for the
period 1987 to 2015 and the future time 2016
to 2044.

The weighted GCMs are based on the
deviation of its baseline simulated mean
temperature and precipitation from its mean
observation. In other words, GCMs, with greater
weights, can predict climatic variables with more
accuracy in the future (Mosadegh and Babaeian,
2022; Kalhori et al., 2022).

_ (1/AT) (1)
iL,(1/4T)

Where, W; is the Weight of each model in
the month i, N is the Number of total GCMs
and AT; is the difference between average of
Temperature simulated by GCM,; in the month
i from the corresponding observed value.

AT = TaocemFuti — TaoGem,Base,i @)

b ‘ 3

AP = (M) ©
PaoGcMm Base,i

T = TObS + AT (4)

P = Pype X AP ®)

Where, AT; and AP; are climate change
scenarios related to Temperature and
Precipitation, respectively, for the month i (1<
i< 12); Taoscm, fu, i IS the simulated future
average Temperature of 28 years derived from
each climate model for the month i; and
Taoccem, base, i 1S the simulated historic average
Temperature of 28 years derived from each
climate model for the month i. These variables
have the exact definition for precipitation
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(Massah and Morid, 2005; Mosadegh and
Babaeian, 2022; Kalhori et al., 2022).

Rainfall-Runoff Simulation and Drought
Analysis

The IHACRES semi-conceptual model is
suitable for predicting discharge used for
climate change scenarios (Jakeman and
Hornberger, 1993). In this study, climate
indicators including Z score, SIAP, SPI, and
BMDI (Li et al., 2019) have been used to
calculate the impacts of droughts in the current
and future projections. Hydrological indicators
determine the hydrological drought status
based on one or more parameters, including
river discharge, snow and rainfall, and
reservoir storage volume. SWSI and SDI (Van
Loon, 2015) drought indices were used
annually to monitor hydrological drought.

Estimation of Water Use in CROPWAT

Warmer future climate change would
increase evaporation and cause increase in
water use in irrigated agriculture, urban
demand, and water-dependent ecosystems
(World Bank, 2016). ETC; is crop water
requirement in month t (mm month™) achieved
according to Equation (6) and the KC, is crop
coefficient in month t and EToy, is Reference
crop Evapotranspiration.

ETC, = ETo, x KC;, (6)

The KC coefficients are extracted from
FAO56. Cultivation pattern and cultivation
percentage are considered based on the data
given by AJO Dehloran (Table2).

Simulation and Optimization by SOP and
Nash Bargaining Optimization (NBO)

Models in water resources engineering are
divided into three categories: optimization,
simulation, and simulation-optimization
(Dagan and Volji, 1993). The WEAP model
is a computational tool for integrated water
resource planning based on water balance
equations. It can be applied to urban and
agricultural  systems,  catchments, or
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complex water systems. This model uses a
Standard Operation Policy (SOP) to solve
water allocation problems at each time step
(Zarezadeh, 2011). In the current
methodology, the groundwater simulation by
the WEAP model is assumed as a large
reservoir. It can be coupled with the
Modflow model to simulate the distributed
groundwater supply in the study area to
consider the spatial groundwater changes.
The water resources and consumptions
schematic of the Doiraj Sub-Basin is
depicted in Figure 3.

The method of conflict resolution is based
on the bargaining theory proposed by Nash
in 1953. In this study, all data information
obtained from llam AJO and llam RWC, the
utility functions of each sector presented in
Figure 4 and the objective function and
constraints are introduced in Equations (7)-
(13).

Max. U = ]_[(Uxofx) — U (dy))™

T
Ryt
fx = Z D
t=1 x,t

Subject to:

Ryt < ©)
Dyt forx =
a,i,d andt=1,..... T

R¢ = Ral,t + RaZ,t + Ri,t + Rd,t (10)

St#1 =S¢+l —Re =

forx =a,i,d

L¢ fort=1,2,.....,T (11)
Smin <S¢ <

Smax fort = (12)

1,2,.. .. ,T
S1=St41 (13)
In the above equations, fx, dx, and Wy

represent the total supply to demand, the
point of disagreement, and the relative
weight of sector X, respectively. X expressed
as a, i, d for the agricultural, industrial, and
environmental sectors. It is noted that the
relative weight of each sector is determined

: : .. R
according to the allocation priorities. ~ **
represents the water allocated to demand

D .
*t of sector x per month t. R‘ is the total
amount of water released from the reservoir,

Itthe amount of reservoir Inflow, St the

reservoir Storage, and L‘ the amount of
reservoir Losses per month t. T is equal to

S

the total number of periods. Smi”, and M
are the maximum and minimum
possible values of the Storage volume in the

. : U, (d
reservoir, respectively. Also X( X) and

U, (f X )are the level of Utility of the point
of disagreement and the point of the required
percentage of sector x, respectively.
MATLAB software was used as a platform

forx =a,i,d (7)
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(8)

andt=1,....T

to optimize the three-objective function by
the GA algorithm.

To consider the disaggregation method for
the future projections, the changes in
precipitation and temperature based on the
weighted method and drought indices are
used as inputs of the WEAP and NBO
models to meet the water demands based on
their priority and utility functions.

Performance Criteria

To evaluate the efficiency of water
resource systems, time-based reliability,
volumetric  reliability and  resilience
coefficients (Zarghami and Szidarovszky,
2011) are used in Equations (14) to (16).
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Table 2. Percentage of crops in the proposed cropping pattern of the area.

Crops Wheat barley Alfalfa corn Canola Eggtar tomato Vegetables watermelon  Cucumber
zfﬁr:sage 250  25% 3% 20% 13% 3% 4% 3% 2% 5%
Mosian Agri
2) Groundwater
Petrochemical Industry 1

Doiraj Dam Environment (1)

-« . S

Dehloran Agri (2)

v

Groundwater

Figure 3. Water resources and consumptions schematic of the Doiraj sub-basin.
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Figure 4. Utility functions of agricultural sectors (a), environment (i) and industry (d).

- Number of failures during design period (14)
Orp_, = (1 — , _ ) x 100
n-x Length of design period (Monthly)
Where, ol _, is the time-based reliability Res) _ (16)
of supplying the requirement of sector x. N(D’Hl =0: 1)1t > 0)
The volumetric reliability of the reservoir = 5
system for the water allocation to x-th part ( N(D; > 0)

Where, D, is Deficit in month t and N is

T . . .
On—y) 1S obtained from the following the Number of situation that in the

relation: T (15) numerator shows number of satisfactory
al = 100 (&) (D’t+1 =0 ) comes after unsatisfactory
v—Xx h
T = Dz (D} > 0). Where, Dt is Deficit in month t.
In this regard, T is the number of months N isthe Number of situations.
in the planning horizon, Ry and Dy are,
respectiv_ely, the amount of water _aIIocqted RESULTS AND DISCUSSION
and requirement of x-th part. Resilience is a
measure to determine if a system enters a )
failure state, how quickly it passes through it To study the effects of climate change on
and enters the desired state (Ganji et al, climatic variables and predict runoff and,
2007). consequently, drought monitoring of Doiraj
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Table 3. Performance criteria of CMIP5 models compare to the observed precipitation and

temperature.

del Temperature Rainfall

mode R? NSE MAE RMSE R? NSE MAE RMSE
Weighted 098 097 094 1.03 0.98 097 140 6.46
composition

Access1-0 098 097 137 1.43 0.92 0.86 4.53 13.65
Bce-csml-1 098 098 0.98 1.03 0.92 092 0.69 10.14
Bnu-esm 097 097 131 1.42 0.86 085 331 14.04
Canesm2 098 096 1.66 1.75 0.87 083 3.13 14.83
Csirok3-6-0 096 098 112 1.17 0.97 096 124 6.27
Fgoals-g2 098 097 133 1.46 0.95 092 4.06 10.22
Had-gem2-cc 097 096 157 1.63 0.98 0.74 1133 1847
Micro5 098 098 121 1.27 0.91 0.88 4.17 12.59
Fio-esm 098 098 101 1.09 0.89 082 3.83 15.37
Mri-cgm3 098 098 130 1.34 0.93 0.88 481 12.60

100 «© ~ ™ —accessl-0
. iy ——
20 "’ canesm?
s § | =
: bl N
20 10 w— F io-esm1
sIIIII II

~«,-a«a ”
e ¥ "_Ae*‘

(b)

Figure 5. Simulated and observed rainfall (a) and temperature (b) under RCP8.5 scenario.

Dam in Dehloran City, the outputs of 10
CMIP5 models under the RCP8.5 were used.

Rainfall and Temperature Changes in
Climate Models

MOTP method was used to interfere with
the uncertainty of the models, which
determined the weight of the precipitation
and the temperature of the models based on
their similarity to the observed data. To
evaluate the performance of the models, the
R?, NSE, RMSE; and MAE were calculated
and presented in Table 3.

The combined model to simulate the
precipitation and temperature was more
reliable due to uncertainty analysis. Figure 5
shows the precipitation and temperature of
each climate model.
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The results of the weighted composition
model showed that precipitation increased
by 4.39% and temperature by 5.04°C
compared to the baseline period. Also, in
winter, the slightest difference between the
long-term average rainfall of baseline and
future was observed in the Had-gem model
in January, while the highest was in the
Csirok3-6 in March. In spring, the lowest
difference was observed in June using the
weighted composition model, while the
highest was in April by the Mri-cgcm. In
summer, the lowest difference was in July
by the Bnu-esm, while the highest difference
was indicated in September using the Bnu-
esm. In the fall, the lowest and highest
differences between baseline and future
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Figure 6. Drought Indicators in the Doiraj Dam Station during 1987-2015.
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Figure 7. Drought Indicators in the Doiraj Dam Station during 2016-2044.
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rainfall events were obtained, respectively,
in October and November by Fio-esm. All
models showed a relative increase in
temperature.

Meanwhile, the highest difference was
observed in May using the Bnu-esm, while
the lowest difference was in April by the
Mri-cgcm during the spring season. In
summer, the lowest and highest differences
were, respectively, in August using the Mri-
cgcm and September by the Canesm2. The
lowest difference in baseline and the future
temperature was observed in December
using the Mri-cgcm, and the highest in
October by the Canesm2. A comparison
between precipitation and temperature
parameters in the observed and weighted
composition model shows that the rainfall
would increase in most months of the year
during the future period. Still, there was a
significant increase in precipitation in
November and decline in February
compared to the observation period. The
temperature parameter shows an increase in
all months, while the highest temperature
rise occurs in July.

Drought Monitoring with Climate
Indicators

Each climate index has a different range of
changes: the more negative the indicators,
the more severe drought conditions, and the
more positive numbers, indicating fewer
drought conditions and more humidity. The
Doiraj Watershed drought for the current
and future periods due to climate change is
shown in Figures 6 and 7.

The Z score is predicted by 86 months of
near-drought, 78 months relatively wet, 157
months relatively dry, and 27 months very
wet in the observation period. Also,
according to the SIAP index, the number of
normal, very wet, wet, and dry months were
85, 54, 49, and 160, respectively. In the SPI
chart, the number of relatively normal
months is 227. They are 112 and 9 for dry
and wet months. In the BMDI index, there
are 143, 90, 31,75 and 9 months in relatively
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dry, poor drought, very high drought, and
normal conditions, respectively .

In the future period, the Z score is
predicted by 87, 79, 157, and 25 months
near normal conditions, relatively wet,
relatively dry, and very wet, respectively.
Also, according to the SIAP index, the
number of normal, very wet, wet, and dry
months were 85, 58, 160, and 45 months,
respectively. The SPI index has shown 229,
109, and 10 relatively normal conditions,
relatively dry, and relatively humid,
respectively. Also, BMDI index showed
148, 87, 70, and 13 dry, relatively dry,
severely dry, and normal, respectively.

The comparison of this study with others
(Norozi et al., 2018; Guoyong et al., 2015)
shows that the meteorological drought will
occur in the most severe cases in 2041,
2037, 2029, and 2028 for the llam Station.

Run off Simulation with IHACRES

The basin runoff was predicted by the
IHACRES model for the ten CMIP5 and the
combined model. The different years were
tested to calibrate the model, and the results
showed that the period (1987-2001) had the
best performance criterion. The IHACRES
calibration parameters are shown in Table 4.
Model validation was selected for years
2002 to 2015.

The comparison results of the simulated
and observed runoff hydrograph shows that
the peak values have a proper compliance
that are shown in Figure 8-a. The model
validation for the time period 2002—-2015 is
in Figure 8-b.

The NSE is recommended as the best
criterion for reflecting the overall fit of a
hydrograph by Nash and Sutcliffe (1970),
ASCE (1993), and Legates and McCabe
(1999). The R? and NSE values greater than
0.6 and 0.5 could be recognized as the
satisfactory ~ model (Binaman  and
Shoemaker, 2005; Legates and McCabe,
1999; Nash and Sutcliffe, 1970). The
predicted runoff from 2016 to 2044 for each
model is shown in Figure 9.
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Table 4. Calibrated parameters of IHACRES model.

Parameter P [ F T(w) C
Explanations Soil  moisture Moisture Coefficient  of Dryi Humidity storage
intensity threshold basin heating ng capacity
time
Optimum amount 1.0 0.2 0.05 65.0 0.31
Parameter a(s) VO 7(s) B(s)
Explanations Fatigue Volume ratio Slow down flow Peak Index
coefficient
Optimum amount -0.272 1.0 0.768 0.728
(a): Calibration — 0DSEIVEA — Simulated
NSE=0.75 \

/ (b): Verification
i NSE=0.70

R offm™3)s)
cB6B888883

Figure 8- Simulation and observed runoff during the calibration period (a) and verification period (b) with IHACRES.
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Figure 9. Comparison of the long-term monthly average of discharge.
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The results show that in the next period,
only two models predicted the runoff below
the long-term average, while it increased for
the other models. The combined model
predicted the average reservoir inflow of
6.69 m® s™, indicating an increase of 6.3%
compared to the average observed runoff of
reservoir inflow of 6.27 m*s™.

Monitoring River Runoff with
Hydrological Indicators

In this study, the hydrological drought
indices are performed by the SWSI and SDI
in the current and future projections, as
shown in Figure 10.

Surveys of hydrological drought with
SWSI index showed that a very dry
classification with 20% has been added in
the future projection rather than the current
projection. It is a good match with the
results of Norozi et al. (2018). The SDI
index results showed no significant changes
in the drought classification between the
current and the future cases.

slightle

Yy
ught rat
'Q

-

SWSI Index(1987-2015)

=5

SDI Index(1987-2015)

v jehtley
ought,
10%

Water Demand Simulation in
CROPWAT

The CROPWAT model was used to
calculate the actual amount of crop
water requirement for the current and future
scenarios (Table 5). Water demand
increased 104 % in future duration, which is
critical to managing water allocation.

Current and Future Status of Water
Resources Analysis in WEAP

The water allocation of the Doiraj Basin is
simulated by the WEAP model under the
current conditions with a cultivated area of
4880 hectares and an annual water
requirement of 64.14 MCM supplied by a
combination of surface and groundwater.
Table 6 shows the results of supply to
demand in the current and future situation.

According to Table 6, the annual average
water supply of the agricultural sector
increased from the current 95.3 to 96.3% in
the future projection, unlike the industrial

moderatl

ORY
NAME],
[VALUE

SWSI Index(2016-2044)

SDI Index(2016-2044)

Figure 10. Status of SWSI and SDI index in the period of 1987-2015 and 2016-2044.
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and environmental demands, which which
have decreased by about 7-8%. This
happened due to the supplying agricultural
demand by 12.5 MCM of groundwater and
104.75 (MCM) of river flow and reservoir
release.

The results of the water resources and
consumption simulation in this study show
that the WEAP model was able to provide
acceptable results based on the supply
priorities, which is consistent with the
studies of Mehrparvar et al. (2019). For
optimal allocation based on the utility
functions of each stakeholder, the NBO
method is used, which is also mentioned in
studies of Sharifazari et al. (2021).

Water Allocation Optimization based
on NBO

To derive optimal operation rules, the
effective model parameters were calibrated
using sensitivity analysis by the NBO and
GA, such as population size, elitism rate,

JAST

and stopping point. The convergence
process and reaching the optimal solution
were used for sensitivity analysis of the
algorithm and determination of these
parameters was estimated by trial and error.
The detailed results are presented for the
considered scenario in Table 7.

Table 7 shows the obtained optimal
parameters for which the best performance
is selected according to the convergence
process of the objective function. Second
run with a population size of 2088, a
crossover fraction of 0.75 and a stopping
criterion of 18000 seconds is selected from
other runs.

For the sensitivity analysis, the priority
levels and relative weights for different
sectors are considered and presented in
Table 8.

Based on the current studies, the GA
model can assign the allocations related to
each stakeholder in less time and more
accurately based on the utility functions and
the Nash objective function, which is also
mentioned in the studies of Jeong and Kang

Table 5 .Water demand for the agricultural sector in terms of current and future scenario (MCM).

Month Jan Feb Mar Apr May June Juy Aug Sep Oct Nov Dec sum
current 0.634 20398 11102 24571 5758 0 0 0 0317 1366 O 64.148
situation
Future 0 22748 32948 61517 10359 O 0 0o 0 3311 0  130.883
scenario
Table 6. The percent of supply to demand by the WEAP Model (%).
Month Jan Feb Mar Apr May June  July Aug Sep Oct Nov Dec Ann

100 100 92.9 85.0 83.9 82.1 100 100 100 100 100 100 95.3
%’ Current
E
‘5, Future 100 100 99.8 97.1 836 759 100 100 100 100 99.7 100 96.3
<

96.5 100 86.0 82.5 775 75.0 85.0 95.0 84.0 86.0 100 100 89.0
-,  Current
z
= Future 100 100 100 89.5 69.0 64.5 58.5 55.0 55,5 85.0 100 100 814
= Current 100 100 100 89.6 853 972 100 100 97.2 97.8 100 100 97.3
[<5)
£
S 100 100 100 100 88.9 70.1 74.2 94.0 83.1 781 100 100 90.7
= Future
>
c
[H1]
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Table 7. Sensitivity analysis of effective parameters in achieving the optimal solution in GA.

Optimal model Effective parameter Runl Run2 Run3  Run4 Run5 Run6
] . . 2160 2880
Stopping point (Time-seconds) 18000 18000 0 25200 0 32400
GA .
Crossover fraction 0.5 0.75 0.75 0.5 0.75 0.75
The population size 2088 2088 2088 2088 2088 2088

Table 8: Relative weight of sensitivity analysis in GA algorithm.

Stakeholders Priority Runl Run2 Run3 Run4 Run5
Agriculture 3 0.3 0.35 0.25 0.3 0.15
environmental 1 0.5 0.5 0.6 0.6 0.7

Industry 2 0.2 0.15 0.15 0.1 0.15

time.. On the other hand, in the NBO

(2021) and Sharifazari et al. (2021).

Comparing Reservoir Operation Policy
in GA and WEAP

The water allocated to each sector by the
WEAP and GA models in the future
scenarios 2016 to 2044 under drought
conditions is in Figure 11.

Comparing the performance of the WEAP
and GA models on the water supply of
different demands shows that the GA model
is more reliable than the WEAP model.
Although there is no month with 100%
satisfaction in the GA model, the minimum
satisfaction is 80% for all demand sectors.
However, in the WEAP model, there are
some months with 100% and less than 50%
satisfaction. In other words, the smart
operation policy is established by the NBO
algorithm in the GA model like hedging
operation policy. The reservoir storage
volume variations for both models are
shown in Figure 12.

It indicates that 50% of the time, the
reservoir storage volume is more than 37
MCM. The reservoir storage volume in the
SOP method in 44% of the cases is higher
than in the NBO method. Also in this
method,Reservoir storage duration curve shows
that, the reservoir is completely full in 10% of
the time and it's completely empty in 20% of the
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method, the minimum reservoir storage is
about 18 MCM, and it is never full or empty.
Therefore, this operation policy can prevent
severe deficit and reservoir losses through
the spill and evaporation.

By comparing the results of this study with
Homayounfar et al. (2015) and Jeong and
Kang (2021), the Nash model can optimize
water allocation and provide a suitable
operation policy to resolve the conflict
between the stakeholders and their utility
functions. Considering the studies of
Sharifazari et al. (2021), the convergence
speeds of the GA are slightly faster than the
ACOR. Meanwhile, based on the NBO
model, the GA method performed better
than ACOR in all three scenarios for
objective function. Therefore, to meet the
objective  function, this method is
recommended for conflict resolution in the
basins.

Reservoir’s Performance Criteria

Investigation of the performance criteria of
the optimal model compared to the
simulation model shows that the time
reliability of agricultural, environmental,
and industrial sectors in the GA model is
better than the WEAP model. Table 9 shows
the performance criteria of the two models.
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The highest time reliability coefficient
among the three stakeholders belongs to the
environmental sector, while the least is for
the industry. In the GA model, for
agricultural requirement as the largest
stakeholder, the coefficients of volumetric
reliability, resilience, and time-based
reliability are 0.90, 0.76, and 0.9,
respectively.

CONCLUSIONS

In this study, in Doiraj Watershed, the
effects of climate change on run-
off prediction and two different water
policies for allocating water to stockholders
are considered by the WEAP and NBO
models. The assessment of 10 CMIP5 GCM
models showed that the changes in
precipitation and temperature are generally
estimated as +4.35% and 5.04°C. The future
runoff uncertainty is mainly due to the
precipitation that comes through GCMs.

The future runoff simulation is modeled
by the IHACRES, and the future runoff
results indicate that it would be increased by
6.3% during the future period in comparison
to the current status. In this way, the
simulated water demand would increase
104% by the CROPWAT model due to the
increase in temperature and agricultural land
use in the future.

In this basin, there are significant conflicts
between Regional Water Organization and
Agricultural Jihad Organization to supply
the industrial water demands and more
agricultural development. The optimal
amount of agricultural, industrial, and
environmental uses are determined by the
game theory and the NBO in the current and
future conditions. In this regard, the
desirability of each stakeholder is properly
provided. The volumetric reliability,
resilience, and time-based reliability
coefficients for agricultural water demand,
as the largest stakeholder in the GA model,
were found as 0.90, 0.76, and 0.9,
respectively.
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The analysis of the reservoir storage
duration curve shows that the SOP policy in
the WEAP model causes the reservoir
storage to be completely full in 10% of the
time and completely empty in 20% of the
time, while in the NBO method, the
reservoir is never completely full or empty
and Can manage reservoir storage in drought
conditions.

List of acronyms

ACOR: Ant
Release

AJO: Agricultural Jihad Organization

ARS: Fifth Assessment Report

CMIP5: Coupled Model Inter comparison
Project 5

DIC: Drought Indices Calculator

GA: Genetic Algorithm

GCM: General Circulation Model

GMCR: Graph Model for Conflict Resolution
and Decision Support

Ha: Hectares

IHACRES: Identification of unit Hydrograph
and  Component  flows  from Rainfall,
Evapotranspiration and Stream flow

IPCC: Intergovernmental Panel on Climate

Colony  Optimization

Change

IRWC: Isfahan Regional Water Company
KRWC: Kermanshah Regional Water
Company

KPMA: Kermanshah Province Meteorological
Administration

MAE: Mean Absolute Error

MCM: Million Cubic Meter

MOTP: Mean Observed Temperature -
Precipitation

NBO: Nash Bargaining Optimization

NSE: Nash-Sutcliffe efficiency

R?: determination Coefficient

RCP: Representative Concentration Pathway
RMSE: Root Mean Square Error

RWO: Regional Water Organization

SOP: Standard Operation Policy

TAR: Third Assessment Report

WEAP: Water Evaluation and Planning.
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