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Recently, the water supply process has experienced serious challenges, because, with the
intensification of drought, the imbalance between available water resources and demand
for water in different sectors has led to increased system risk. Therefore, this study
proposed an optimal dynamic framework under different scenarios aimed at improving the
drought risk of the water supply system. In this sense, given the negative effects of drought
on the water supply procedure, the degree of drought risk is analyzed and improved
according to system performance parameters. After examining the developed model by
initial data collected from a real case study of Hamoun wetland in Iran, the most sensitive
parameters were included reliability and vulnerability, which, in this regard, the highest
degree of drought risk is related to the agricultural and industrial sectors due to the
acquisition of less reliability and greater vulnerability. In addition, given the final output,
adaptation measures such as demand governance scheme and weight scenario analysis
have been developed in order to investigate the drought risk of the system in more detail.
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1 INTRODUCTION

Climate change and global warming on the regional scale have led to an increase in average
temperatures and drought (Xu et al., 2015; Wang et al., 2020). Given that population growth and
climate change are expected to exacerbate the risk of regional drought, there is a need to develop
sustainable optimal water management strategies consistent with the fluctuation of available water
resources and water demand growth (Wanders and Wada, 2015; Blauhut, 2020). However, failure in
the water supply system includes the probability of maintaining the deviation between water supply
and water demand regarding limited water resources, so the focus on a performance-based approach
is considered a driver to manage and control the system risk process (Nam et al., 2015; Tommaso,
2017). In other words, drought refers to the long-term supply of water below the required amount,
but given the extent of time, impacts, and spatial variables, this definition is not justified (Heim,
2002). To this end, the drought index has been quantified in recent research using a series of
measures derived from system performance (Hashimoto et al., 1982; Ataoui and Ermini, 2017). In
this sense that due to the correlation between risk management and the performance of the system
(Hopkins, 2014), a vast amount of literature considered the set of performance metrics trying to
control the risk of the system. For instance, Ayyub (2014) applied a performance-oriented model
with a greater focus on resilience and reliability that also covers the logical requirements consistent
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with measurement theory to develop an effective decision-
making tool for system risk reduction, Mehran et al. (2015)
applied a unique multivariate approach regarding the standard
reliability and resilience index (MSRRI) to assess the
socioeconomic drought criterion under different climate
change scenarios. Indeed, MSRRI first considers a “top-down”
approach with an emphasis on processes/phenomena such as
climate change that could not be easily controlled by decision
makers, and then a “bottom-up” approach to assessing local
resilience and social reliability to deal with drought. Nam et al.
(2015) proposed a new concept to manage drought risk in the
agricultural sector generating a proactive approach regarding
streamflow uncertainty. This proactive approach seeks to
efficiently manage the effects of drought and shrink drought
vulnerability considering performance measures. Maity et al.
(2013) developed a criterion called drought management index
(DMI) to investigate the long-term drought regarding reliability,
resilience, and vulnerability as criteria for water resources
operation with respect to the amount of soil moisture in a
defined area. In fact, the proposed index distinguishes the
drought-prone area from another one by applying sensitivity
assessment. Rossi and Cancelliere (2013) proposed a mechanism
to manage drought in the water supply system using reliability,
resilience, and vulnerability criteria, so that the first two criteria
are considered tools to assess drought, and the last criterion is
taken into account as a mitigation measure to cope with drought
impacts.

However, the previous studies have extensively addressed that
drought is one of the most important concerns when it comes to
multi-sectoral participants which may impact various economic,
social, and environmental factors. But, most research regardless
of optimal performance has proposed one or two indicators
related to a hydrological time series to address drought
management, which in most cases, these special measures
during the drought period cannot meet the predefined
threshold to satisfy the demand for water which indicates a
formulation error.

Meanwhile, according to the perspective of the sub-basins,
managing a multi-sectoral water supply system is complex. In
other words, due to the lack of optimal performance
management, while some areas experience a high volume of
water resources, the water demand of others is unsatisfactory
and therefore there are conflicts between sub-areas to gain more
water resources focusing on their own interests.

Thus, developing a classical optimal method to investigate the
possibility of system failure during the operational period is the
simultaneous application of all factors. Indeed, it is critical to
identify system failure behavior simultaneously with respect to
frequency (reliability), ability to cover (resilience), and
vulnerability as performance measures (Merabtene et al., 2002;
Maity et al., 2013).

Accordingly, this study proposes a dynamic optimization
model to improve drought risk in the water supply system
regarding the performance indicators of the water supply
system including reliability, resilience, and vulnerability. In
general, drought risk measure assesses the characteristics of
failure events and their impacts on water supply policies

according to the basic parameters of system performance to
investigate system behavior, taking into account potential
adverse impacts such as imbalance between available water
resources and demand (Zongxue et al., 1998; Li et al., 2019).

Therefore, given the above explanation, the main
contributions of this study are as follows:

1) A dynamic optimization model has been developed to deal
with drought in the water allocation procedure while
examining the drought risk degree in different sectors.

2) Given streamflow uncertainty, different supply and demand
scenarios are applied as adaptation measures to analyze
periodic decisions.

The rest of this article is organized as follows. Section 2
proposes the drought risk framework. Section 3 expands the
dynamic optimization framework. Section 4 develops a case
study as well as data collection. Section 5 includes descriptive
analysis. Section 6 refers to concluding remarks.

2 FRAMEWORK OF DROUGHT RISK
MANAGEMENT

Performance and risk management are considered as two ends of
the same discipline, so risk management is enhanced by
arrangements for the effective use of performance tools, in the
sense that achieving a higher level of performance is reflected in
risk reduction (Albinson et al., 2016; Bourne and Mura, 2018;
Ashby et al., 2019). In this regard, the main objective of drought
risk management, regardless of adaptation measures, is to select
the best combination based on comparison and ranking of system
performance indicators in order to shrink the negative impact of
drought and socio-environmental consequences (Rossi and
Cancelliere, 2013). It should be noted that according to the
definition, the performance of a water supply system consists
of three metrics of reliability, vulnerability, and resilience
(Hashimoto et al., 1982; Sandoval-Solis et al., 2011), in which

FIGURE 1 | The rate of drought risk according to the deviation between
demand and supply.
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the main focus is on satisfying the deviation between supply and
demand (as shown in Figure 1), and consequently improving
failure (Jinno, 1995; Hopkins, 2014).

However, Figure 2 includes the conceptual framework of this
study, which examines the water supply process between the three
sectors of agricultural, industrial, and domestic, taking into
account the supply-demand ratio to analyze the drought risk
degree of the system. Indeed, to investigate the degree of drought
risk, this study considers three performance metrics of the water
supply system consisting (Hashimoto et al., 1982; Sandoval-Solis
et al., 2011): reliability, resilience, and vulnerability to improve
the drought risk status in addition to optimizing the water supply
between multi-sectors under different scenarios. In the following,
due to the streamflow uncertainty, managerial insights are also
proposed as adopted measures. In fact, in the water supply
system, streamflow as the main source of water is considered
an uncertain factor (Niu et al., 2016). In this study, different
scenarios for adjusting water supply patterns according to average
rainfall are analyzed and a water supply plan is identified for
distribution under uncertain streamflow levels. For this purpose,
according to historical rainfall data, three additional possible
scenarios (decrease by −5% and increase by 5% as well as 15%
deviation from the current average rainfall) are applied to
examine the pattern of water supply. In addition, since the
stress of climate change is approaching a dangerous threshold,
a sole focus on managing the available water resources will not
significantly reduce the drought, and flexibility in managerial
strategies is needed to decrease system vulnerability. Thus, this
study applies the demand governance scheme using different

leverages aiming at both supply side and demand side
involvement.

3 A DYNAMIC OPTIMIZATION
FRAMEWORK FOR INVESTIGATION OF
DROUGHT RISK
The first indicator to examine drought risk is reliability, where
there is an inverse relationship between the probability of failure
or the risk and reliability, meaning that increasing reliability
reduces risk (Hashimoto et al., 1982; Kjeldsen and Rosbjerg,
2004). By definition, reliability refers to the probability that no
failure will occur during the simulated period (Hashimoto et al.,
1982; Gu et al., 2017).

zki �
1
T
∑T
i�1
(1 − μki ) i � 1..., T& k � 1..., m (1)

where T refers to the whole period, μki is a binary variable whose
value can be 0 or 1, so that if there is no drought in period i, the
system has been able to satisfy demand between k sectors and it
has not experienced failure, so the system conditions are
satisfactory and μki = 0, thus if system experience failure μki =
1. However, the acquisition of high value by the reliability
indicator zki means shrinkage of drought risk in the system.
Also, the definition provided for drought is as follows:

Ri �
⎧⎪⎪⎨⎪⎪⎩∑m

k�1
(Dk

i − yk
i ), yk

i 〈Dk
i

0 , Others

(2)

Therefore, the deviation between the volume of water demand
Dk

i and water supply as a decision variable yk
i reflects the degree

of drought risk in the system.
The second indicator to analyze drought risk is resilience,

which by definition describes how a system recovers quickly after
a failure or bounces back from a failure status to a UN failure
status. If the failure event is prolonged and the system does not
recover quickly, it has a direct impact on the risk of the system
due to increased system dissatisfaction (Hashimoto et al., 1982;
Asefa et al., 2014).

ρki �
∑T
i�1
γki

T − ∑T
i�1
μki

(3)

where γki is a binary indicator with a value of 1 or 0 and indicates
an alteration from failure status to Un failure status in the system:

γki � { 1 if ηki failure and ηki+1 UNfailure
0 , Others

. In this formula,

ηki refers to a simulated time series of a parameter of interest.
The third indicator for investigation of risk drought is

vulnerability and it is the weakness of the system structure
that potentially puts it at risk (Dahbur et al., 2011). In a water
supply system, vulnerability refers to the magnitude and severity

FIGURE 2 | Framework of drought risk management.
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of a failure if it occurs, even when the probability of failure is low
(Hashimoto et al., 1982; Maestro et al., 2014).

φk
i �

1

Tk
e

∑T
i�1

μki .R
k
i

Dk
i

Tk
e � ∑T

i�1
∑m
k�1

μki

(4)

where Tk
e refers to the number of failures in the simulated period,

Rk
i and Dk

i indicate drought and water demand over time i in the
sector k, respectively.

However, given the above descriptions, themain purpose of this
article is to improve drought, for which a dynamic optimization
framework has been proposed. To this end, minimizing system
vulnerability and maximizing system reliability, as well as
resilience, are applied as multiple objective functions:

minU3 � 1
m

1
T
∑m
k�1

∑T
i�1
⎛⎝1 − 1

T
∑T
i�1
(1 − μki )⎞⎠ (5)

minU2 � 1
m

1
T
∑m
k�1

∑T
i�1
⎛⎝1 −

∑T
i�1
γki

T − ∑T
i�1
μki

⎞⎠ (6)

minU1 � 1
m

1
T
∑m
k�1

∑T
i�1
( 1
Tk
e

.
μki .R

k
i

Dk
i

) (7)

In this regard, the constraints of the proposed model are
presented in Eqs 8–10. In particular, the water allocated to the
sub-sectors should be less than the total amount of available
water in the reservoir, as shown in Eq. 8. The volume of
available water in the reservoir cannot exceed the maximum
storage level of the reservoir, as shown in Eq. 9. The volume of
water stored in the reservoir is a dynamic procedure as shown in
Eq. 10.

li ≥∑m
k�1

yk
i ≥ 0 (8)

lmax
i ≥ li ≥ lmin

i (9)

li � min⎡⎣li−1 + fi −∑m
k�1

yk
i ,
�l⎤⎦ (10)

where li refers to the reservoir water storage index, fi indicates
the effective precipitation volume in the period i , and �l represents
the maximum capacity of the reservoir.

However, the global multi-objective model of this study for
improving long-term drought in the agricultural, domestic, and
industrial sectors is as follows:

FIGURE 3 | Study area.
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minU1 � 1
m

1
T
∑m
k�1

∑T
i�1
( 1

Tk
e

.
μki .R

k
i

Dk
i

)

minU2 � 1
m

1
T
∑m
k�1

∑T
i�1
⎛⎝1 −

∑T
i�1
γki

T − ∑T
i�1
μki

⎞⎠

minU3 � 1
m

1
T
∑m
k�1

∑T
i�1
⎛⎝1 − 1

T
∑T
i�1
(1 − μki )⎞⎠

s.t �

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

γki �
⎧⎨⎩ 1 if ηki failure and ηki+1 UNfailure

0 , Others

Tk
e � ∑T

i�1
∑m
k�1

μki

Ri �
⎧⎪⎪⎨⎪⎪⎩

∑m
k�1

(Dk
i − yk

i ), yk
i 〈Dk

i

0 , Others

li ≥∑m
k�1

yk
i ≥ 0

lmax
i ≥ li ≥ lmin

i

li � min⎡⎣li−1 + fi −∑m
k�1

yk
i ,

�l⎤⎦

(11)

The solution of the proposed model was performed by the
weighted sum method (Stanimirovic et al., 2011), which in this
regard, as shown in Eq. 9, wz, wφ, and wρ are considered as the
weight of the objective functions, in which the value of each
weight can be changed according to the system conditions. It
should be noted that the sum of these three weights is equal to a
value of 1 (Zongxue et al., 1998).

minU � wφU1 + wρU2 + wzU3 (9a)

4 CASE STUDY

One of themost famous wetlands in Iran, located in the arid climate
near the Afghanistan border, is the Hamoun wetland (30°–31.5°N
to 61°–66°E), which has very cold winters and very hot summers
with strong seasonal winds (Figure 3). The main source of water
supply for this wetland is the Helmand River, which the
Afghanistan government has recently built many dams on the
tributaries of this river, and this, along with rainfall reduction
(60mm/year) has led to a shrinkage of wetland. In general,
according to the recent studies (Dehghan et al., 2014; He et al.,
2021) the intensification of drought in the region caused a
reduction in the area of the wetland from 370,000 km2 to
61,000 km2. Therefore, the system decision makers, for better
management of water resources, directed the inflow of the
Helmand river to four reservoirs constructed on the
southeastern side of the wetland called Chahnimeh 1, 2, 3, and
4, which given to the research provided by (Najafi and Vatanfada,
2011; Malyar, 2016; Yao et al., 2019; Akbari et al., 2021) the total
capacity of Chahnimeh 1, 2, and 3 is 660p10m6, while the capacity
of the fourth Chanhnimeh is much larger at 820p10m6. Indeed,
based on the long-term planning of Sistan and Baluchestan
Provincial Water Authority (sbrw.ir), the water stored in the
mentioned reservoirs is intended for two purposes: 1) to irrigate
the Sistan plain and, 2) as one of the main sources of water for
urban supply in the cities of Zabol and Zahedan (Ariyaee et al.,
2015; Bazzi et al., 2021).

Due to the large population of mentioned cities (in total over
1,000,000 inhabitants) and also the irrigation area in the Sistan
plain on the one hand (Dahmardeh Ghaleno et al., 2017; Yao
et al., 2019); and the serious drought challenges, on the other
hand, sub-area managers have not been able to satisfy the gap
between water demand and water supply, so Hamoun wetland is
considered as the study area.

However, historical data on runoff and reservoir capacity has been
extracted from the Regional Water Authority of Sistan, and some
literature (Najafi and Vatanfada, 2011; Thomas and Varzi, 2015; Yao
et al., 2019; He et al., 2021).Moreover, water demand data for different
sectors are derived from statistics recorded by the Sistan and
Baluchestan ProvincialWater Authority (as shown inTables 1 and 2).

TABLE 1 | Water demand per sub-area.

k 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Zabol (106m3) AGR 50.13 51.34 51.97 53.01 54.84 53.48 54.97 52.65 55.57 57.49
IND 10.14 11.34 14.87 13.45 14.89 15.52 16.27 14.63 17.71 17.91
DOM 6.37 6.97 7.26 8.12 8.79 7.58 9.07 9.86 10.42 11.28

Zahedan (106m3) AGR 26.29 25.37 22.93 26.17 27.39 28.83 29.61 29.90 31.04 31.95
IND 35.83 35.48 42.36 39.72 42.66 43.18 40.87 45.27 42.73 46.84
DOM 18.32 20.63 21.93 22.48 23.71 25.19 26.63 29.80 27.48 28.19

Runoff (m3s−1) 6.75 6.25 5.93 5.84 5.43 6.79 5.98 6.61 6.72 5.65

•AGR, agricultural sector; IND, industrial sector; DOM, domestic sector.

TABLE 2 | Reservoirs Capacity in the basin (106m3).

Reservoirs Chah 1 Chah 2 Chah 3 Chah 4 Zabol Zahedan

Active storage 140.52 110.38 126.83 332.79 70.28 85.39
Dead storage 50.18 39.20 40.73 95.00 21.66 29.91
Total storage 220.00 220.00 220.00 820.00 100.00 100.00
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5 DESCRIPTIVE ANALYSIS

5.1 Optimal Multi-Sectoral Allocation of
Available Water Resources
According to the optimal analysis of water supply between the
agricultural, industrial, and domestic sectors (Table 3), the
volume of water allocated to the domestic sector of Zabol, due
to the smaller population compared to Zahedan, is less than other
sectors, so that between 2010 and 2013 the amount of water
allocated to this sector was less than 7p106m3, while the volume of
water allocated to the domestic sector of Zahedan is almost four
times that of Zabol. However, among the three sectors, the
agricultural sector of Zabol received almost twice as much
water as the mentioned sector of Zahedan. For example, for
Zabol, the volume of water allocated to this sector in 2013 and
2018 was equal to 50.98p106m3 and 53.34p106m3, respectively,
while this value for the city of Zahedan was equivalent to
24.35p106m3 and 29.63p106m3.

Furthermore, by analyzing the risk of drought (as shown in
Figure 4), given that the deviation between water demand and
water supply for the domestic sector was less than the other two
sectors, this sector in terms of reliability (0.4, 0.3) and
vulnerability (0.0187, 0.0179) has acquired a higher optimal
value for the two mentioned sub-areas, therefore, the domestic
sector has had the least impact on the drought risk process, while
the other two sectors had the greatest impact on increasing
system risk. It must be mentioned that the value of the
resilience indicator has not changed because the status of the
system has not changed from failure to UN failure.

5.2 Drought Risk Analysis Under Uncertain
Scenarios
Due to the limitations in the proposed model, such as the use of
initial inflow data related to a limited period, this study developed
a scenario analysis to investigate inflow uncertainty and its
impacts on final outputs. In this regard, three new scenarios,
which are decreased by 5% and increased by 5% as well as 15%
deviation from the current average inflow data have been
considered to examine the risk of drought according to the
proposed model. To this end, Table 4 shows the volume of
water allocated to each sector according to the proposed
scenarios. By comparing these results with the present status
(Table 3), the agricultural and industrial sectors, as the largest
recipients of water, are more exposed to the water crisis in
comparison with the domestic sector.

Moreover, given the final results related to drought risk
analysis listed in Table 5, it can be mentioned that the
agricultural and industrial sectors (0.1, 0.2) are less
reliable under scenario 1 compared to the domestic sector
(0.3). For scenario 2, both domestic and industrial sectors
(0.5, 0.6) are more reliable than the agricultural sector (0.4)
in Zabol, but in Zahedan city, the industrial sector (0.5) has
gained the least reliability. Also, there is a noticeable change
in the resilience indicator under scenario 3, and its value has
improved significantly for all three sectors industrial,
agricultural, and domestic. Meanwhile, in the city of
Zabol and Zahedan, the domestic sector has shown less
sensitivity to vulnerability indicators under all three
scenarios.

5.3 Investigation of Drought Risk Under
Various Weight Scenarios
According to the considered weight for each objective function
(as shown in Eq. 9), the system performance rate and
consequently the degree of drought risk of the system are
examined. In fact, these subjective weights integrated into each
objective are used to trade-off between water demand and water
supply (Tokos et al., 2013). Therefore, this study developed
36 analysis sets according to the weight of each objective
function to investigate the risk of drought. According to the
final outputs, for both sub-areas, the drought risk rate enhanced
sharply due to the increase in vulnerability weight and the
decrease in system reliability (Figure 5).

TABLE 3 | Optimal multi-sectoral water allocation (106m3).

yki k 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Zabol AGR 48.94 49.27 49.68 50.98 51.74 51.26 53.61 51.39 53.34 54.19
IND 9.11 9.85 12.47 12.76 13.18 14.00 14.82 12.73 15.27 15.81
DOM 4.97 5.16 6.02 6.80 7.31 7.01 8.15 8.26 9.11 9.78

Zahedan AGR 23.67 24.03 21.93 24.35 25.87 25.20 27.49 28.14 29.63 30.43
IND 33.53 34.00 39.37 41.10 39.17 41.29 38.18 43.41 40.86 44.64
DOM 16.91 18.41 19.63 20.47 21.63 23.16 25.17 27.91 24.82 26.90

FIGURE 4 | Analysis of drought risk.
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5.4 Discussion
Recently, the available water resources in the Hamoun wetland
have shrunk due to various reasons such as rainfall reduction, the

sharp rise in temperature (over 45℃ fromMay till October), dam
projects to divert water for irrigation upstream of the Helmand
river, and population growth (Moghaddamnia et al., 2009; Yao
et al., 2019; He et al., 2021). However, with the spread of drought,
balancing the deviation between water supply and water demand
experiences greater challenges. To this end, decision makers
encourage consumers to make optimal use of water by
developing some financial leverage such as stepped tariff
policies for water consumption, reforming irrigation patterns,
and so on. According to the above description, this study
examined the impacts of diminishing demand (5% and 15%
less than the existing demand) to analyze the drought risk of
the system. To this end, Table 6 lists the reflection of diminishing
demand on reliability, resilience, and vulnerability indicators.
However, since the demand governance scheme has reduced the
deviation between water demand and water supply, the reliability
and resilience indicators related to all three agricultural,
industrial, and domestic sectors have been greatly improved,
but it did not change the vulnerability indicator much. In
summary, with the development of this scheme, the drought
risk status of the system has been significantly optimized. In
general, with the intensification of drought on the one hand, and
the increase in demand for water by different sectors, on the other
hand, the development of adaptation measures to cope with
drought risk is effective.

TABLE 4 | Water supply procedure under three scenarios.

f i k 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Zabol AGR 47.21 47.98 48.52 48.82 49.22 50.00 51.38 50.02 52.12 52.99
IND 8.25 8.74 10.63 11.34 12.51 12.80 13.04 11.42 13.55 14.03
DOM 3.33 4.00 4.87 5.26 5.90 6.36 6.79 7.00 7.29 8.07

Zahedan −5% AGR 19.52 21.39 20.01 21.94 23.27 22.66 24.93 25.72 26.37 28.51
IND 31.74 32.27 36.46 38.23 38.97 40.27 38.01 42.89 39.41 42.11
DOM 15.86 17.38 18.39 18.99 19.78 21.60 24.02 26.42 24.28 25.39

Zabol AGR 49.89 50.31 50.82 52.19 53.25 52.45 54.74 52.57 54.66 55.92
IND 10.14 10.87 13.64 13.17 13.72 14.98 16.27 13.88 15.80 16.39
DOM 5.31 5.77 6.61 8.12 8.09 7.58 9.07 9.16 10.24 10.48

Zahedan +5% AGR 24.85 25.37 22.38 25.57 26.61 26.97 28.35 29.90 30.39 31.95
IND 34.69 35.01 40.89 39.72 40.74 42.07 39.62 44.48 41.57 45.79
DOM 17.58 19.93 20.48 22.48 22.87 25.19 26.63 28.93 26.02 28.19

Zabol AGR 50.13 51.25 51.97 53.01 54.84 53.48 54.97 52.65 55.57 57.13
IND 10.14 11.34 14.87 13.45 14.89 15.52 16.27 14.63 17.14 11.28

+15% DOM 6.37 6.97 7.26 8.12 8.79 7.58 9.07 9.86 10.42 11.28
Zahedan AGR 26.29 25.37 22.93 26.17 27.39 28.61 29.61 29.90 31.04 31.95

IND 35.83 35.48 42.41 39.72 42.63 43.18 40.87 45.27 42.73 46.84
DOM 18.32 20.63 21.93 22.48 23.71 25.19 26.63 29.80 27.48 28.19

TABLE 5 | Scenario analysis considering runoff uncertainty.

f i � −5% fi � +5% fi � +15%
Reliability Resilience Vulnerability Reliability Resilience Vulnerability Reliability Resilience Vulnerability

Zabol AGR 0.1 1 0.0267 0.4 1 0.0074 0.5 0.3 0.0041
IND 0.2 1 0.0211 0.5 0.1 0.0058 0.6 0.4 0.0052
DOM 0.3 1 0.0193 0.6 0.2 0.0051 0.7 0.6 0.0029

Zahedan AGR 0.2 1 0.0183 0.6 0.2 0.0066 0.5 0.4 0.0028
IND 0.2 1 0.0204 0.5 1 0.0098 0.5 0.3 0.0036
DOM 0.3 1 0.0178 0.6 0.2 0.0037 0.7 0.5 0.0018

FIGURE 5 | Weight scenario analysis in terms of drought risk.
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6 CONCLUSION

Drought has had significant adverse impacts on different sectors
in the arid and semi-arid regions, leading the water supply system
to unsustainability. However, meeting the demand for water has
become a prominent challenge for each sector due to the limited
water resources. For example, the agricultural sector is the largest
water recipient in the globe. As a result, this sector is deeply
affected by water scarcity, and its declining efficiency threatens
human food security. Therefore, the use of traditional methods
for water supply is not practical in areas that are heavily
dependent on inflow, so developing optimal frameworks is
critical to improving the effects of drought.

In this regard, this study applied a dynamic programming
model that in addition to optimizing water supply between multi-
sectors, the degree of drought risk was also improved.
Accordingly, to analyze the risk of drought in the regional
water supply system, an assessment mechanism based on the
performance indicators was considered. Moreover, a case study
from the semi-arid region of southeastern Iran was applied to
investigate the developed model.

Based on the final outputs, reliability and vulnerability were
the most sensitive indicators in the proposed model. In this
regard, both industrial and agricultural sectors had the highest
drought risk rate due to low sensitivity to reliability and high
sensitivity to vulnerability. In general, according to the outputs
of the proposed model, a mere focus on optimizing the limited
water resources will not lead to significant changes in
mitigating the effects of drought and developing adaptation
measures such as the demand governance scheme to engage
demand alongside supply can significantly reduce the effects of
drought.

However, considering the limitations of the model
development, this study appends the following suggestions to
the final outputs: First, accurate forecasting of the scale and

amount of local precipitation using future hydrological
patterns and then deciding on water supply appropriate to the
status of future available water resources is essential for areas that
depend solely on surface water. Second, developing long-term
policies such as simulating population distribution patterns to
estimate demand for water at the local scale can be reflected in the
conservation of water resources and diminishing the impacts of
the drought and thus increasing the system’s reliability against
vulnerability reduction.
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