-
<
-

ISSN: 2538-2152; ECOPERSIA. 2018;6(4):205-214

An Integrated Fuzzy Multi-Criteria Decision-Making Method
Combined with the WEAP Model for Prioritizing Agricultural
Development, Case Study: Hirmand Catchment

ARTICLE INFO

ABSTRACT

Article Type
Original Research

Authors

Sardar Shahraki A.*' PhD,
Shahraki ].2 PhD,

Hashemi Monfared S.A.?> PhD

How to cite this article

Sardar Shahraki A, Shahraki ],
Hashemi Monfared S A. An In-
tegrated Fuzzy Multi-Criteria De-
cision-Making Method Combin-

ed with the WEAP Model for
Prioritizing Agricultural Develo-
pment, Case Study: Hirmand Ca-
tchment. ECOPERSIA. 2018;6(4)
:205-214.

1Agricultural Economics Departm-

ent, Agricultural Faculty, University
of Sistan and Baluchestan, Zahedan,
Iran

2Agricultural Economics Departm-

ent, Economics and Management F-
aculty, University of Sistan and Bal-
uchestan, Zahedan, Iran

3Civil Engineering Department, Ba-
sic Sciences Faculty, University of S-
istan and Baluchestan, Zahedan, Ir-

an

*Correspondence

Address: Agricultural Faculty, Sistan
and Baluchestan University, Danesh-
gah Boulevard, Zahedan. Postal Code:
9816745845

Phone: +98 (54) 33427594

Fax: +98 (54) 33447092
a.shahraki65@gmail.com

Article History

Received: September 07,2017
Accepted: January 16,2018
ePublished: November 21, 2018

Aims Water is a basic demand of sustainable development in every region of the world.
Hirmand catchment is one of the most important cross-border of Iran basins affected by the
recent drought periods from water scarcity and caused severe crisis in the Sistan region. Fuzzy
theory is able to convert most incorrect and enigmatic concepts, variables and systems into
a mathematical form and set the context for reasoning, deduction and decision making at
uncertainty conditions. The aim of this study was to simulate the Hirmand catchment by Water
Evaluation and Planning System (WEAP) model and prioritization of the implementation of
agriculture development projects in Hirmand catchment.

Materials & Methods In this analytical-computational study, water development projects in
the study area were predicted. The effects of the water development projects predicted using
WEAP model and the projects according to the economic criteria was evaluated and prioritized
with Fuzzy Technique for Order Preference by Similarity to Ideal Situation (TOPSIS). Ten water
development projects and criteria including 5 economic indexes were considered.

Findings Water transfer project to agricultural field called Zehak and Sistan were the first
priorities which is needed for noticing target population to these projects. Irrigation efficiency
(70%) was in the third rank among the options. Water transfer project to agricultural field
called Zehak and Sistan were the first priorities which is needed for noticing target population
to these projects. Irrigation efficiency (70%) was in the third rank among the options.
Conclusion The remarkable thing in the ranking of scenarios is that the current account
scenario (SC1) is lasted ranking that shows Sistan region’s water status, according to the study
criteria is not good.

Keywords Fuzzy Multiple Attribute Decision Making; WEAP Model; Prioritize; Agriculture; De-
velopment Project; Hirmand Catchment

CITATION LINKS

| 1] Biodiversity and carbon stocks in different ... [2] Integrated water management: Emerging
issues ... [3] Dust storms and their horizontal dust loading in the ... [4]| Integrated water
resources management for the Sistan .. [5| Multi-attribute decision making on ... [6] New
topics of ... [7] Decision criteria in contractor ... [8] Determination of top options in utilization
of water resources using WEAP model and multi attribute decision-making ... [9] Prioritize
water allocation Gheshlagh dam in Sanandaj using fuzzy ... | 10| Application of multiple criteria
decision making in urban water ... [11] Ranking inter-basin water resources projects using
fuzzy multiple attribute group ... [ 12| Fuzzy optimization model for water quality ... [13] Fuzzy
optimal model for the flood control system of the upper and middle ... [ 14| A fuzzy optimization
method for multicriteria decision making: An application to ... [15] Testing water demand
management scenarios in a water-stressed basin ... [16] Using weap and scenrios to assess
sustainability of water resources in a basin, case study for Lake ... [17] Benin 2025 - Balancing
future water availability and demand using the WEAP ‘water ... [18| Water allocation as a
planning tool to minimise water use conflicts in the ... [19] Application of water evaluation and
planning (WEAP) .. [20]| Adapting multireservoir operation to shifting .. [21]| Adapting
multireservoir operation to shifting patterns of water supply and demand .. [22]
Complementary use of the WEAP model to underpin the development of ... [23] Application of
Water Evaluation And .. [24] Simulation of trans boundary wastewater ... [25] Impact of
intensive irrigation activities on ... [26] A hydro-economic model for the assessment of climate
change ... [27] Assessment of future Syrian water resources supply ... [28] Decision support
system for sustainable water resources ... [29] Simulation optimization for optimal sizing of
water transfer ... [30] WEAP21 - A demand-, priority-, and preference ... [31] Designing fuzzy
mathematical multi criteria decision ... [32] Fuzzy multi criteria decision ...

Copyright© 2018, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://opac.nlai.ir/opac-prod/bibliographic/2521288
https://www.sciencedirect.com/science/article/pii/S0378377400000925
https://www.sciencedirect.com/science/article/pii/S1875963711000899
http://bit.ly/2vFzRxg
http://scientiairanica.sharif.edu/article_3192.html
http://opac.nlai.ir/opac-prod/bibliographic/774787
https://ascelibrary.org/doi/10.1061/%28ASCE%299742-597X%281988%294%3A2%28148%29
http://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=232362
https://www.civilica.com/Paper-WRM05-WRM05_009.html
http://ewrc.sharif.ir/wp-content/uploads/2015/09/ewrc-33.pdf
http://www.iwrr.ir/article_15525.html
https://ascelibrary.org/doi/10.1061/%28ASCE%290733-9496%281998%29124%3A2%2879%29
https://www.tandfonline.com/doi/abs/10.1080/02626669909492253
https://www.sciencedirect.com/science/article/pii/S0957417406002636
https://www.sciencedirect.com/science/article/pii/S1474706503001414
ftp://ftp.itc.nl/pub/naivasha/ITC/Musota2008.pdf
https://link.springer.com/article/10.1007/s11269-010-9622-z
https://link.springer.com/article/10.1007/s11269-010-9641-9
http://ccsenet.org/journal/index.php/mas/article/view/8261
https://link.springer.com/article/10.1007/s11269-013-0266-7
https://link.springer.com/article/10.1007%2Fs11269-013-0499-5
https://www.sciencedirect.com/science/article/pii/S1877705814000642
https://www.sciencedirect.com/science/article/pii/S0964569115000253
https://www.sciencepubco.com/index.php/ijbas/article/view/3802/1513
https://link.springer.com/article/10.1007/s11269-014-0853-2
https://www.sciencedirect.com/science/article/pii/S0921800915003845
http://ijwph.ir/browse.php?a_id=198&sid=1&slc_lang=en
https://www.tandfonline.com/doi/abs/10.1080/02626667.2014.999779
http://bit.ly/2KN4rcN
http://bit.ly/2P1V0JU
https://www.tandfonline.com/doi/abs/10.1080/02508060508691893
http://www.sid.ir/fa/journal/ViewPaper.aspx?id=134789
http://opac.nlai.ir/opac-prod/bibliographic/1964111
http://www.daneshafarand.ir/index.php%0D

Introduction

Due to the relative constancy of the water
resources in the world, water crises can occur
because of the population growth, increasing
pollution of water resources, changing of the
consumption patterns, challenges of the climate
change and also lack of the water resource
allocation mechanism [1. Moreover, shared
water resources which are used by two or more
beneficiaries lead to intensifying complexity in
optimal allocation of water resources planning
and management [2].

Hirmand River is the only main source of water
in the Sistan region where any changes in the
entrance of the river will have significant effects
in this region. In recent years, the amount of the
water enters by the river has fallen in Sistan
and has created a critical situation in the region.
Due to the critical situation in the Sistan region,
water plans that reduce the water stress in the
area were failed. Hence, studying their effects
and prioritizing them are very important.

On the other hand, the development of water
projects is very important in this region and
requires a comprehensive review according to
various indicators and prioritizes these
projects.

Hirmand catchment in Sistan region (30°5’ N-
31°28 N and 61°15’ E-61°50’ E) is located close
to border of Iran and close to Pakistan and
Afghanistan, in the southeastern part of Iran
(Figure 1). There are 5 cities with 1050 villages
and approximately a population of 0.4 million
in Sistan region. The climate of the region is
rather arid with an annual average of
precipitation that is 60mm occurring mainly in
winter while the mean of evaporation
exceeding 4000mm yr! because of high
temperatures. Hirmand River (sometimes
called Helmand River) is considered as a source
of life. This river emanates from Afghanistan's
Helmand Province in Baba-Yaghma Mountain
and comes across the border of Iran (Sistan
region) and divides into two main branches
(Paryan and Sistan) and eventually releases
into the Hamoon Wetland. Chahnimeh
reservoirs are the other important sources of
water storage in the Sistan region. The main
occupation of the region is agriculture,
therefore the reservoirs can play an important
role in the life of these people Bl

Water is a finite resource in the Sistan region
and also it is a very important economic and

social resource for the people that living in this
region. It is essential to explore how the future
water resources of the catchment will look like
in order to have a better plan for sustainable
social-economic development. There is a wide
variety of users of water with apparently
different interests, influences and objectives.
The Hirmand River supplies for drinking water
source of one million people in the Sistan
region. Farming is the main occupation of the
Sistan people which is highly influenced by the
Hirmand River. Hamoon Lake (e.g. Hamoon
Saburi, Hamoon Puzak) is the largest
freshwater ecosystem in the Iranian Plateau,
and one of the first wetlands identified in the
Ramsar convention that its conservation is
important. Investigate of the effects of water
development projects envisaged by the
government in the Sistan region on agriculture
farms and wetlands are very important (Figure
1) 141,
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Figure 1) Hirmand Catchment located in Sistan
region, south-east Iran

The aim of water-efficient management in a
catchment is to increase water productivity,
social justice, and protection of ecosystems in
the environment and to require the
identification and understanding a set of water-



related interaction in different levels, spatial,
and temporal in the catchment. Lack of
knowledge about the mentioned relationships,
poor management of water supply and demand
and actions of the management are the main
causes of the water crisis in many catchments.
Nowadays water resources planning using
multi-attribute decision making has attracted
the attention of many decision-makers. This
indicates that these methods provide the
perfect solution for complex decision making of
water Bl

Always implementing these projects and
management plans include many relevant
factors and options that require appropriate
management, adoption and use of all factors or
as much as possible more effective and more
important factors and evaluate them for the
selection of projects. In this context, in the
Sistan area according to the water conditions,
different scenarios of water resources
management by the consult with the
department of energy are forecasted. Each of
these scenarios will have a major impact on
water consumption in the region.

In the present study, the superior options for
water development in Hirmand catchment
using fuzzy multi-criteria decision analysis
were determined.

Fuzzy theory is used while there are some
uncertainties about the determination of an
effective action. The theory has this ability to
specify most inaccurate and ambiguous
concepts, variable and systems into a
mathematical form and provide the problem for
analysis then conclusion and in terms of
uncertainty conditions decisions can be made.
Fuzzy logic is considered as the state of
reasoning with fuzzy sets. With the application
of fuzzy management science, constructed
models are nearly the same as human processes
with qualitative data intelligently.

Thus management systems become more
flexible and it is possible to organize large and
complex organizations in variable
environments [6l. Russel and Skibniewski [7]
gave high priority to the factors including
measures of reputation, past performance,
financial condition, workload, and technical
expertise. Studies related to the discussion of
water by using multiple attribute decision
making, it can be noted as follows:

Shafaiyan fard et al. 8] were examined superior
options exploitation of water resources using

Water Evaluation and Planning System (WEAP)
model, analysis and multiple attribute decision
making. According to the results of this
research, the scenario of further development
in summer planting was selected. Talebi et al. [9]
in water allocation priorities of dam Sanandaj
using fuzzy analytic hierarchy process (FAHP)
concluded that economic criteria with a part
weight of 0.351 compared to the other two
criteria have the greatest importance.
Abrishamchi et al. [191 using multi-criteria
decision were examined urban water
management and selected the best water
distribution in Zahedan city.

Group fuzzy multi-criteria decision by Razavi
Toosi et al. 1111 is an examination to prioritize
projects of transferring water between basins.
Sasikumar and Mujomdar [12] proposed a fuzzy
multi-objective model for water quality
management in river systems. In this study,
qualitative targets of organizations responsible
for river water quality protection and
pollutants discharge was considered in fuzzy
form. To manage water resources in times of
flood was used fuzzy multi-criteria optimization
model by Chuntian [13I. Fuzzy multi-criteria
decision making methods and its application in
management and flood control reservoirs were
also used by Fu [141.

In the present study, Fuzzy Technique for Order
Preference by Similarity to Ideal Situation (F-
TOPSIS) method for ranking scenarios of water
projects is used in the Sistan region to evaluate
different scenarios of water management and
prioritize them with some different objectives.
The WEAP model is used to simulate the water
resource engineering system in the Hirmand
catchment. WEAP has been developed by
Stockholm Environment Institute's U.S. Center
and the special support of the Engineering and
Hydrology Center of the American Army
Engineers Association. A number of institutions,
including the World Bank and the Global Fund
for Japan's Global Fund, are sponsoring it. In
many studies, a WEAP model has been used to
simulate and manage water resources. For
example, applications of WEAP technique can
be seen in similar researches like Leevite et al.
[15], Musota [1¢], Hollerman et al. [17], Mutiga et al.
(18], Mounir et al. [19], Hadded et al. [20], Vonk et
al. 1211, Dimova et al. [22], Li et al. (23], Yaqob et al.
(24], Huang et al. [25], Esteve et al. 1261, Mourad and
Alshihabi [27], Mishra et al. [28], Rafiee Anzab et
al. [29],



In this study, for the first step, models of water
resources engineering (WEAP) and fuzzy
multiplier decision making have been
integrated. Both techniques have been used
separately in many studies, but so far, this
technique has not utilized in compilation
models. In this study, the combination of these
techniques had been considered and applied to
the Hirmand River in the Sistan region.

The main aim of this research was to

simulate the Hirmand catchment by WEAP

model and  prioritization of  the
implementation of agricultural
development  projects in  Hirmand
catchment.

Materials and Methods

The present study is analytical-computational.
Sistan region is formed from 3 important
agricultural sector (agriculture demand), 6
urban sectors and one rural sector (drinking
demand) and one environmental section
(Hamoon wetland). Priority of water supply in
this region is urban, agricultural and
environmental demands respectively.

In this study, the combination of the simulation
model of water resources (WEAP) and fuzzy
multiple attribute decision making (F-TOPSIS)
in furtherance of the objectives of the project
were performed that, so far, in other studies
have not been conducted with this form of
water resource management technique.

The number of 45 experts of people living in the
region was selected in managing water and
agriculture resources in the study area.

The distance of each option was calculated from
both positive and negative ideal. In the final
step, distance options calculated into the ratio
of the ideal solution. Whatever options are

closer to the ideal solution, the value of CC,
will be closer to the value of one. Then the value
of CC, in order to show the ranking options

should be arranged.

Therefore, first the water resource and
planning system (WEAP) in Hirmand catchment
for different scenarios was simulated. Then
with the application of certified experts
opinions were determined 10 different
scenarios of water resources in the coming
years. In the next step, scenarios were
simulated by WEAP model.

Eventually, by using these results and the

integration with fuzzy multiple attribute
decision analysis the superior management
options were determined (Figure 2).
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Figure 2) The conceptual model of the simulation
methodology

WEAP Model: WEAP Model is developed by the
Stockholm Environment Institute and is based
on the water balance and requires the
agricultural, domestic and environmental
demands in one side and on the other side some
factors such as sources of supply (e.g. rivers,
reservoirs and groundwater), withdrawals,
water demands, water quality, economic
assessment and ecosystem requirements are
important. Accordingly, a comprehensive tool
for planning and policy analysis can be applied.
The most important feature of this tool is its
application for all single watersheds, complex
trans-boundary river basin system or the
agricultural and municipal systems [30l. This
model has great ability to simulate a broad
range of engineered and natural components of
the systems including water demand analyses,
water conservation, hydropower generation,
water quality and pollution tracking, water
allocation priorities, vulnerability assessments,
rainfall runoff, base flow and groundwater
recharge from precipitation, ecosystem
requirements and reservoir operations [30].
Amount supplied to irrigation, calculated by
WEAP allocation, Then an optimization
problem can be solved according to the below:
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Fuzzy TOPSIS Method: In the TOPSIS method,
accurate and definite values are applied to
determine criteria and weighted options. In
most cases, human assumptions are
accompanied by indeterminacy and this fact
influences decision making. Therefore, it is
better to use fuzzy methods which the method
of the similarity to fuzzy ideal option is one of
such methods. In this term, variables which are
presented by fuzzy numbers are used to
evaluate the factors of decision-making matrix
or the criteria of weight; hence there are
possible solutions for the problems relating to
the similarity method for the ideal option.
Fuzzy TOPSIS Method Steps: Chen and Huang
have described the stages of fuzzy TOPSIS
method in the multi-criteria decision making
with n criterion and m option as follows:

Stage 1: The formation of decision matrix
Considering the number of criteria and options
and the evaluation of all options for different
criteria, decision matrix was formed as follows:

7211 jZlZ ;‘Zln
D~ — ;‘Z.Zl ;‘2.22 ;ZZn
2[‘[11 2[‘[1 2 2[‘[1[1
When fuzzy numbers are used,

Zi = (a;,b;,¢;) is the function of the option i

(i=1,2,..,m) with n relation to the criterion j

(j=1,2,..,m). If decision maker committee has k
member and fuzzy ranking k is of decision

Zix = (@0, € ) (triangular  fuzzy
number) for (j=1,2,..,n) and (i=1,2,..,m),
considering integrated fuzzy ranking criteria
Zi = (@;,b;,¢;) , therefore the options could be

maker

obtained as follows. Along with triangular fuzzy
numbers, there is another type of trapezoidal
fuzzy number used in this study for its
triangular type. Trapezoidal fuzzy numbers in
most time avoid due to the difficulty in
modeling and implementation of this study.
Nevertheless, the results of two types of fuzzy
numbers are close and reliable:

a; = Mkin{aijk}
zbijk

b =k

ij k

c; = Mkax{cijk}

Stage 2: Determining the matrix of criteria
weight

In this stage, different criteria significance

coefficient in decision making was defined as
follows:

W = [, .. W, ]

Which if triangular fuzzy numbers are used,
each component w; (the weight of each
criterion) is defined as W, = (W, W,,W,). If
the decision-making committee has k member
and the k% significance coefficient of the

Wy = Wi, W2, W)
(triangular fuzzy number) for j=1,2,...n the
integrated fuzzy ranking W, =W,,W,,,W,;)

decision maker

could be obtained as follows:

W, = Min W, }
K
kZ: ijz
W, =
W, = Mkax{W s )

Stage 3: The normalization of fuzzy decision
matrix

When every Xj is fuzzy, every rj is undoubtedly
fuzzy, as well. To normalize, linear scale change
for transforming different criteria scale into
applicable criterion is used. If fuzzy number is
triangular, it will be calculated in non-scale



decision arrangements for criteria with
negative and positive dimensions as follows:

Which in these equations:
¢’y =Maxc,
a’; =Mina,

Therefore, non-Scale fuzzy decision matrix ( R )
obtain as follows:

R=[f] 5i=12.,m;j=12.,n

i
That m is the number of alternatives and n is
the number of criteria.
Stage 4: Determining weighted fuzzy decision
matrix
Given the weight of different criteria, weighted
fuzzy decision matrix is obtained through
multiplying significance coefficient related to
each criterion in fuzzy normalized matrix as
follows:

Vi =W,

That W; demonstrates the coefficient of criteria

important C;. Therefore, weighted

decision matrix will be as follows:

Vi=[#] si=12..m;j=12..,n
mxn

If fuzzy numbers are triangular, for criteria with

a positive and negative dimension, theN:

- a by ¢
Vi =W Z[__C_ W W oW )
J

fuzzy

c., C

Stage 5: Finding ideal fuzzy solution (FPIS, A*)
and anti-ideal fuzzy solution (FNIS, A-)

Fuzzy Positive Ideal Solution (FPIS, A*) and
fuzzy Negative Ideal Solution (FNIS, A-) are
solved as follows:

A= {V”I,v”;,...,v”;}
A" = {v”l’,v”;, ...,v”’}

n

Which \7i* is the best value of i among all option

and V; is the worst value among of all option.

The values are obtained through the following
equation:

v} =Max Vo fii =12,.,m ; j =120

v :I\/Iiin{v”ijl} i=12..m;j=12..n

The options which are placed in A~ & A, show
better and worse options respectively. In this
study, A =(1,11) is considered as positive
ideal reply and A =(0,0,0) as negative ideal
reply.

Stage 6: Calculating distance between fuzzy
ideal solution and fuzzy anti-ideal solution

The distance of each option from fuzzy ideal

solution and fuzzy anti-ideal solution could be
obtained as follows:

Si*=Z:d(v~ij ,v~*j) , 1 =12,...m
j=1

S;=>dw,Vv;) ., i=12..m
j=1

d (,) is the distance between two fuzzy
numbers, which if (a,,b,,¢,) and (a,,b,,c,) are

two triangular fuzzy numbers, the distance
between two numbers is:

12
a0, 1) (@2 +(0-b) (e -c)]

It could be said that d (VIJ ,

crisp number.

Stage 7: Similarity attributes calculations
Similarity attribute is obtained by the following
equation:

_Sy Ci
CC, = A++Si_ ;1 =12,...,m

Stage 8: Ranking the options

In this stage, considering the amount of the
similarity attribute, the options are ranked, so
that the options with similarity attribute are
prioritized 31.32],

Table 1, 2 and 3 show the steps of fuzzy TOPSIS
method.

The definition of scenarios and criteria:
Water resource management scenarios that

V;) and d(V

G+
i ,Vij) are



have been predicted in the Sistan region and as
options of fuzzy multi-attribute model in this
study are considered as follows. These
scenarios are most important options in the
study area (Table 4).

In Sistan, water inflow is the most important

Table 1) Total decision matrix

input in agricultural production. With regard to
the criticality of water status and the job of the
majority of people in the area and the role of
water in the economy of this region, five
indicators are determined with regard to
economic aspects.

C1 Cz C3 Cq Cs
SC1 (357) (5,7,9) (357) (7,9,10) (1,3,5)
SC: (7,9,10) (9,10,10) (7,9,10) (3,5,7) (3,5,7)
SCs (9,10,10) (0,1,3) (9,10,10) (3,5,7) (3,5,7)
SCs (9,10,10) (0,1,3) (9,10,10) (3,5,7) (3,5,7)
SCs (9,10,10) (9,10,10) (9,10,10) (3,5,7) (0,0,1)
SCs (9,10,10) (9,10,10) (9,10,10) (3,5,7) (0,1,1)
SCr (7,9,10) (9,10,10) (7,9,10) (3,5,7) (5,7,9)
SCs (9,10,10) (9,10,10) (9,10,10) (3,5,7) (5,7,9)
SCo (5,7,9) (9,10,10) (5,7,9) (3,57) (5,79
SCio (3,57) (9,10,10) (3,57) (3,57) (5,79
Table 2) Normalized Matrix
C1 Cz C3 (o Cs
SCi (0.3,0.5,0.7) (0,0,0) (0.3,0.5,0.7) (0.3,0.33,0.43) (0.11,0.33,0.56)
SCz (0.7,0.9,1) (0,0,0) (0.7,0.9,1) (0.43,0.6,1) (0.33,0.56,0.78)
SCs (0.9,1,1) (0,0,0) (0.9,1,1) (0.43,0.6,1) (0.33,0.56,0.78)
SCs (0.9,1,1) (0,0,0) (0.9,1,1) (0.43,0.6,1) (0.33,0.56,0.78)
SCs (0.9,1,1) (0,0,0) (0.9,1,1) (0.43,0.6,1) (0,0,0.11)
SCs (0.9,1,1) (0,0,0) (0.9,1,1) (0.43,0.6,1) (0,0.11,0.11)
SCr (0.7,0.9,1) (0,0,0) (0.7,0.9,1) (0.43,0.6,1) (0.56,0.78,1)
SCs (0.9,1,1) (0,0,0) (0.9,1,1) (0.43,0.6,1) (0.56,0.78,1)
SCo (0.5,0.7,0.9) (0,0,0) (0.5,0.7,0.9) (0.43,0.6,1) (0.56,0.78,1)
SCio (0.3,0.5,0.7) (0,0,0) (0.3,0.5,0.7) (0.43,0.6,1) (0.56,0.78,1)
Table 3) Weighted Matrix
C1 Cz C3 Cq Cs
SCi (0.02,0.03,0.05) (0,0,0) (0.21,0.35,0.49) (0.01,0.02,0.02) (0.05,0.15,0.26)
SC: (0.05,0.06,0.07) (0,0,0) (0.49,0.63,0.7) (0.02,0.03,0.05) (0.15,0.26,0.36)
SCs (0.06,0.07,0.07) (0,0,0) (0.63,0.7,0.7) (0.02,0.03,0.05) (0.15,0.26,0.36)
SCs (0.06,0.07,0.07) (0,0,0) (0.63,0.7,0.7) (0.02,0.03,0.05) (0.15,0.26,0.36)
SCs (0.06,0.07,0.07) (0,0,0) (0.63,0.7,0.7) (0.02,0.03,0.05) (0,0,0.05)
SCs (0.06,0.07,0.07) (0,0,0) (0.63,0.7,0.7) (0.02,0.03,0.05) (0,0.05,0.05)
SCr (0.05,0.06,0.07) (0,0,0) (0.49,0.63,0.7) (0.02,0.03,0.05) (0.26,0.36,0.46)
SCs (0.06,0.07,0.07) (0,0,0) (0.63,0.7,0.7) (0.02,0.03,0.05) (0.26,0.36,0.46)
SCo (0.03,0.05,0.06) (0,0,0) (0.35,0.49,0.63) (0.02,0.03,0.05) (0.26,0.36,0.46)
SCio (0.02,0.03,0.05) (0,0,0) (0.21,0.35,0.49) (0.02,0.03,0.05) (0.26,0.36,0.46)

Table 4) Introducing used criteria

Options (Scenarios)

Increasing the agricultural water irrigation efficiency up to 50% using sprinkler irrigation system

SC1 Current account
SCz
SCs Increasing the agricultural water irrigation efficiency up to 70% using Pressurized irrigation
system
SCs Minimum water storage reduces to the amount of 170 million cubic meters in reservoir
SCs Losses Management (30% reduction of evaporation)
SCe Losses Management (70% reduction of evaporation)
SCr Direct transfer of water to Zehak agriculture sector
SCs Direct transfer of water to Sistan agriculture sector
SCo Direct transfer of water to Miyankangi agriculture sector
SC1o The operation of the second water pipeline
Criteria
C1 The ratio of profit to cost
C2 The initial cost of the project
Cs The possibility of developing Area under cultivation
Cs Instability and effectiveness of uncertainty
Cs Availability of funds




Findings

Schematic water distribution (resources and
demands) in Sistan under the WEAP model was
shown in Figure 3.

Figure 3) Schematic in Hirmand

catchment

perception

Based on Shannon entropy, the criterion No.5
had most weight. Criterion No.2 was in second
place, and criteria No.1, 3 and 4 were next in
the ranking respectively (Table 5).

Table 5) Criteria weighted matrix based on
Shannon entropy

Criterion C1 C2 C3 Cq Cs

Weight 0.069586 0.346476 0.069586 0.049903 0.464449

The ranking options (scenarios) were identified
as followed:

Scenario No.8 was in the first rank. Scenario
No.7 was located in second rank, Scenario No.3
and 4 of equal value in ranking were located in
third and fourth and the latest ranking related
to scenario No.1 (Diagram 1).

(@)
0o
10000 | 8 2 o ©°
© B W w 92 o
= 2 2 2 3 9
0.8000 - v B - B
S R
0.6000 0 BT
0.4000 ~
0.2000
0.0000 < -
IS B3I T T 8 Y ST
wn wn wn wn wn wn wn wn UU‘) wn

Series1

Diagram 1) Options ranking (scenarios)

The demand of the agricultural sector in Sistan

was more than most other sectors because the
surrounding lands of this section were located
at the end of the Sistan River and little water
was transported to it. So that a large percentage
of the water comes from a semi-well, which, if
the water in the well became half-low, the
agricultural lands of the area also face the
problem of water scarcity. For this reason, a
drain outlet plan that transfers water
separately to this area will have a positive effect
on the increase in the area of the crop in this
region.

Discussion

The aim of this research was to simulate the
Hirmand catchment by WEAP model and
prioritization of the implementation of
agricultural development projects in
Hirmand catchment.

In recent years, the inevitable outcomes of
rising demand, as well as the reduction of
various natural resources, especially water,
have raised controversy over the exploit and
allocate them to different stakeholders. The
approach of water allocation based solely on
the initial entitlement does not usually cause in
the efficient use of water in the entire basin. In
the meantime, it is necessary to have a
comprehensive and sustainable approach to
allocate in such a way that all stakeholders
groups feel the highest level of satisfaction.

In the event of an increase in water
consumption in the agricultural and domestic
sector, the environmental demand will not
provide and the main damage to this sector will
be introduced. For this reason, a supply
management will be efficient and possible
without the considering of the demand
management.

Therefore, it is recommended that the supply
and demand policies be implemented in order
to increase the water flow into the wetland.

One way to get out of deadlock in the
management of water resources is the
application of systems analysis tools and
managerial decision making in discussions of
water simulation. After each simulation
selection of preferred option is required. In
Sistan region, according to available resources
and the results of the simulation catchment is
essential, So that in water resources
management should be done with appropriate
policy.



In this study, combining the WEAP model and
fuzzy multi-criteria analysis, a tool for decision
support system was created. According to
results Scenario No.8 had the highest value and
so considered as the preferred option than the
other options. On this basis, it was
recommended that transfer water to lands in
Sistan agriculture sector to be in government
agenda. After that, scenario No.7 was in second
ranking that required proper planning was
considered for transmission direct of water to
this agricultural sector.

Irrigation efficiency (70%) was in the third
rank among the options. Based on the results,
to implement this scenario, the government
financial support is needed. The remarkable
thing in the ranking of scenarios is that the
current account scenario (SC) is lasted ranking
that shows the Sistan region's water status,
according to the study criteria is not good.
Based on the obtained results and evidences,
the evaporation rate in the Sistan region is one
of the main problems of water scarcity in this
region that distinguishes the climate of Sistan
from other parts of Iran and perhaps the world.
The results from technical degradation
scenarios show that physical and chemical
floats and coatings prevent the amount of water
lost to a great extent, which needs to be
specified in Sistan.

Multi-index decision-making models provide
the ability to create an appropriate decision-
making environment, as well as the context for
developing various management scenarios.
Therefore, it is recommended that water
allocators at the district level pay attention to
these methods in order to manage and optimize
the use of reservoirs and other water resources.
By interviewing the relevant experts, it was
revealed that there is no curriculum to be
launched, given the critical water conditions in
the Sistan region. Therefore, it is suggested that
policies, long-term strategies, and future plans
regarding allocation and exploitation of the
water be developed according to the current
situation in the region.

The limitation of the study was to achieve data.

Conclusion

The remarkable thing in the ranking of
scenarios is that the current account scenario
(SC1) is lasted ranking that shows Sistan
region's water status, according to the study
criteria is not good.
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