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 Background: Today, using multi-criteria decision making, there is no more need to 

solely apply financial and profitable amount, but several indicators (as quantitative and 

qualitative criteria) such as political, social and environmental criteria could be used to 

select the best choice. Objective: In this study two different models are used for 

optimal planning of Iran's water resources of Zarrin-Gol basin (as a case study). 

Results: a model of water resource programming via WEAP software was selected. 
Options for decision making in sections of resource management and the basin 

consumption were implemented to the model and the results obtained from the output 

of WEAP were compared to each other. Plan options were chosen so that considering 
the facilities and potential of the basin it could be accountable for important values and 

standards of managers and beneficiaries. After modeling decision-making options, 

seven major standards in water resource issues were selected and weighted using 
Entropy technique. Conclusion: the decision alternatives were evaluated according to 

these criteria in the form of a decision matrix. Finally, using TOPSIS model as a multi 
criteria decision making model, the options were scored and the best option was 

selected from among the available options. The results suggest that the increase in 

summer cultivation of agricultural network in the region was selected as the preferred 
option, suggesting more attention to the summer cultivation and the possibility of 

further development in the agricultural sector in the basic plan. 
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INTRODUCTION 

 

Challenges of water resources management have become increasingly pervasive. Allotment of limited water 

resources between agricultural, urban and environmental demands requires a comprehensive review of the 

existing water resources assumptions. To meet various demands in water resources management a variety of 

models have been devised which can be used as optimal choices for producing decision support systems. 

By creating a set of rules about operational policies in different conditions, the amount of water that can be 

stored or released, shall be appointed. [1] Developed the Stochastic Dynamic Nash Model to optimize reservoir 

operation, found that the model could be considered realistic only when the actual behavior of consumer and 

operator were properly defined. [2] Studied optimal reservoir operation using SDP and Optimal Reservoir 

Trajectory (ORT) approaches. The results specified that for multi-reservoir systems, the ORT approach was 

superior compared to the SDP approach. [3], aiming at uniting the required water supply for agricultural issues 

with optimal operating policies, studied reservoir operation developmental policies by means of GA. [4] 

examined the optimal reservoir operation using Implicit Stochastic Optimization (ISO), Explicit Stochastic 

Optimization (ESO) and, SDP approaches. [5], using Self Learning Genetic Algorithm (SLGA), investigated the 

operation policies for a multi-objectives reservoir. They concluded that their proposed algorithm could be an 

appropriate way for evaluation of the reservoir operation policies. The percentage of the water which is used in 

agriculture is different from country to country [6]. For instance, 98% of annual water usage of Oman on 

average is appropriated for the agriculture; while Malt does not use any water in this part [7]. Water Evaluation 

and Planning System (WEAP), helps to collect these issues in a practical and applicable tool to be used for the 

integrated management of water resources. [8] Studied Water Resources Planning for the Blue Nile River Basin 

countries and used WEAP model to provide an assessment of the current situation and future scenarios (2015). 

[9] Designed an integrated support system for water resources management in Ana Valley in Iraq Kurdistan 

using WEAP model. The results of the survey show that the area will need a reservoir with a minimum capacity 
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of 5 million cubic meters to be responsive to all demands during the summer. In the same year, [10] offered 

scenarios based on water resources for planning in utilities in towns around Lake Victoria using WEAP model. 

[11] Investigated water resources in Niger River basin using WEAP model and showed that need for 

optimization is felt regarding the population growth in the future. Using WEAP, the Jordan River Basin which is 

expected to dry out as a result of population increase and agricultural activities was examined.  Findings showed 

that all water sources of Oman will dry out in several decades [12]. The WEAP model had used for the 

assessment and management of water resources in the West Basin of Algeria, who had several years of drought. 

The results showed that water demand is not met for both domestic and agricultural use. However, by managing 

demand something can be done for household sector demands, but development program in agriculture will not 

be satisfying [13]. 

Decision for management of water resources due to various criteria and indicators is a complex topic. In 

this regard, the use of modern methods of simulation, modeling and cognition of water resource models and 

their performance takes on special significance. [14] in a research study focused on climate change and its 

impact on water resource management in China. In their study, they offered a model to simulate demand and 

supply in Bayingolin area. The results of the survey show that vulnerability of the area is high and irrigation is 

the largest water consumer. In the same year [15] examined a new approach for addressing the spatial and 

temporal variability in their research about integrated water resources management (IWRM). These are the four 

analytical tools they found: 1) geographic information system (GIS) 2) System Dynamic simulation 3) agent-

based model and 4) the hydrological simulation, which were used as a support system for the management of the 

Thames river basin in Canada. [16] Evaluated the optimum capacity of the aquifer and the optimum location of 

the well with the aim of increasing the water capacity. Findings showed that weather changes play a significant 

role in the utilization from the underground water sources and the position of the wells. [17] Examined the role 

of water in the optimization of water resources management in Jordan. The necessary water for production and 

agricultural potentials was analyzed in Jordan. Findings showed that the production in the capacity level of 

irrigation water has regional differences which allocate different volumes of water to different regions.   

Multi Criteria Decision Making methods in various fields of resource management and water use vary 

greatly and had had many uses and are still being developed. [18] Used the Analytic Hierarchy Process (AHP) 

approach for integrated planning of water resources in the Gaza Strip. Muhaisen initially identified managerial 

requirements and criteria and then weighted them by interviews with experts and decision-makers. Using this 

tool in the Gaza Strip revealed that the priority of programs and implantation of the projects should be done 

considering the recycled water and wastewater treatment and water reuse. The same year [19] used water 

management methods for southern Europe that suffered water deficit using MCDM. They suggested that 

integrated management of water resources at the river basin level would meet the standards of social, 

environmental, economic and technical aspects. Their agendas included 15 areas in the Mediterranean region. 

They first obtained summarized models to assess future projections of water demand and water availability, 

taking into account the spatial and temporal variability and lack of water. Then produced a method for 

estimating financial costs, resources and environment, provided with water management interventions and then 

analyzed the data to estimate the various components. [20] Using Multi Criteria Decision Making methods to 

solve the problems of water supply in the Zahidan city in Iran chose the best possible option. Considering 8 

options and 13 criteria they compared and ranked the options of decision makers. [21] Used Multi Criteria 

Decision Method in the outflow channels of downstream river in Sylhet, Bangladesh. Because of the widespread 

trespass and loss of privacy the channel was less capable of being used and seemed vulnerable. The upper and 

lower channels were analyzed separately and beneficiaries contributed selection of the criteria and weightings. 

[22] Examined the renewable water resources based on TOPSIS algorithm. Li used a system that was composed 

of several indicators in his research and applied it for the assessment of renewable water resources in the Yellow 

River Basin and by using this algorithm showed which area had the strongest and weakest renewable water 

resources. Following Li, [23] used Multi Criteria Group Decision making in the field of water resources projects 

in China. [24] using Entropy technique and TOPSIS model studied groundwater resources in China and assessed 

the capacity of different areas for exploitation of underground water resources. 

In the real word, the decision making problems are very vague and uncertain in a number of ways [25], 

[26]. Simulation models are among the most widely used models with the task of predicting system's response to 

a particular policy, so that the behavior of the system to various scenarios becomes clear. [27] Used Modsim 

model to assess the long-term infrastructure and facilities of Geum River Basin in South Korea. They modeled 

all physical and hydrological characteristics of the basin, as well as water allocation in the fields of water 

supply, finally discovering a favorable decision support system (DSS) in the basin. [28] Studied planning in 

water resources management of the upstream basin of Sirvan using Modsim model. They proposed a method for 

simulation and operation of the Basin in their research and analyzed transfer of water from Sirvan basin to the 

neighboring basin. 

 



291                                                                        Reza Ershadi et al., 2014 

Advances in Environmental Biology, 8(16) Special 2014, Pages: 289-301 

 
The comprehensive water management is a systematic process of development and management in land and 

water sources which aims to guarantee the maximum economic and social welfare of its beneficiaries. Today, 

water resources using multi attribute decision making has attracted the attention of many decision-makers and 

this indicates that these methods provide a solution to water issues in a complex decision making process. In the 

issues of water resources, the goal from investment of funds spent on the project is to supply the needs and 

demands of different water applicants. The national interest and interlinked management of water demand and 

supply requires setting priorities for the implementation of the plans based on multiple criteria, specifically for 

allocating necessary resources, especially in condition of limits. Multi Criteria Decision Making methods 

indicate decision making in the presence of several indicators or targets that are often in conflict with each other. 

In fact, using multi attribute decision making techniques regarding various criteria for decision making, it is 

possible to choose and implement the best option or options from among existing options and one should 

consider that the results of different methods are different. Therefore choosing the right method for multi 

attribute decision making requires an appropriate decision for itself. However, many parts of the world such as 

Iran face serious freshwater management challenges; hence in the last decade, the use of mathematical models 

for simulation studies of the ecological quality of surface waters has become common and simulation methods 

and models provide a comprehensive and suitable for these challenges. In this regard, to simulate and model, 

existing software such as WEAP can be used. The main advantage of WEAP in comparison with other models is 

its integrated approach in simulation of water systems and its orientation in line with the policies. WEAP 

structure acts based on water balance equation and it can operate in both urban and agricultural systems and 

independent basins or complex systems of river boundaries. The comprehensive water management is a 

systematic process of development and management in land and water sources which aims to guarantee the 

maximum economic and social welfare of its beneficiaries. Analysis of regional demand, water conservation, 

water rights and allocation priorities, utilization of the reservoir, hydroelectric power generation, flood, water 

quality and pollution, vulnerability assessment and environmental requirements are among its other abilities. 

Financial Analysis module also allows the user to evaluate and compare the cost - income issue of the project. 

This study, first ties to recognize the potentials and the problems in the basin in order to present executable 

scenarios. Then using the feedback obtained from exercising these options and their simulation with WEAP 

model water resources planning model can be prepared. Then, Multiple Attribute Decision Making and TOPSIS 

method was applied. By involving the selected factors in terms of finding the best option, the result was 

considered as a back-up system of decision making in the water resource management of the basin. 

In this study, the following steps are taken into consideration in order to reach the research objectives 

(figure 1): 

 
 

Fig. 1: flowchart of steps of methodology in this paper 

 

WEAP Model: 

WEAP (Water Evaluation and Planning System) software was presented by SEI in 1988 to model the 

integrated management of resources and water consumption and discussion of scenarios. WEAP model is not 

only comprehensive, but very user friendly as well. It's very simple to insert components. WEAP model is 

capable of simulating a wide variety of natural elements, such as runoff, base flow, water quality and pollution 

dynamics and economic analysis. In order to introduce WEAP more, we can say that the demand node in this 

model is dependent on issues like water usage patterns, efficiency of equipment, reuse strategy, costs, and plans 

for allocation of water. Employing a comprehensive natural simulation (e.g. Evapotranspiration demand, runoff, 

and base flow) and engineering components (e.g. Reservoirs, water treatment and pumping of groundwater), the 
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water system is distinguished. Results can be a useful instrument for investigation of different options of 

management and development of water resources. 

This model can receive data directly from text files or EXCEL. Besides, it presents the output as charts 

designed according to the desire of the operator as well as tables which could be easily sent to EXCEL. In this 

study WEAP was used because it integrates simulation and modeling capacities in the form of a tool for the 

analysis of policies and planning water resources. 

 

Multi Criteria Decision Making: 

Decision-making consists of explaining purposes correctly, determining various possible solutions, 

evaluating the possibility, consequences of implementing each solution and finally selection. The quality of 

management is basically dependent to the quality of decision making. The quality of plans and programs, 

effectiveness of strategies and the quality of results are all contingent upon the quality of the decisions that are 

taken by the manager. 

In most cases the decisions are favorable and satisfactory when decision making is based on multiple 

criteria investigated. In Multi Criteria Decision Making methods, which in recent decades have been considered 

by researchers, rather than a criterion for measuring optimality, several criteria are used. Multi Criteria Decision 

Making or MCDM models are divided into two major models of Multi Objective Decision Making (MODM) 

and Multi Attribute Decision Making (MADM) model. Generally, Multi Objective models are used for 

designing and overall objective is to design models and Multi Attribute models, are used to select the best 

option. The main difference between Multi Objective models and Multi Attribute models is that the first one is 

defined in continuous decision spaces and the second one is defined in a discrete decision space. 

Three steps shall be taken at the issues about the applied criteria: 

A) Changing quantitative criteria to qualitative criteria 

B) De-scaling the criteria 

C) Determining the relative weights of criteria 

To analyze a multi-criteria system the elements shall be identified well and defined precisely and then start 

modeling and analysis. Multi Criteria Decision Making MCDM issues in general include those shown in Figure 

(2): 

  

 
 

Fig. 2: Multi Criteria Decision Making Process 

 

The central element of this structure is a decision matrix that includes a set of rows and columns. The 

matrix represents decision results as a set of options and evaluation criteria. Figure (3) shows the general form 

of a decision matrix. As you can see, each row and each column of the matrix represents the options of the 

decision and each column illustrates the amounts of the criteria for different options. 
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Fig. 3: Decision matrix 

 

Complex decision problems generally consist of a number of decision makers who are also called 

beneficiaries. Decision maker can be one person or a group of people such as the government or legal 

institutions which they are specified by their specific priorities. These priorities are based on the relative 

importance of the criteria and the decision options. Priorities can also be used as assigned weights for the 

evaluation criteria. Prioritizing the decision results provides the best option. 

 

Algorithm of the Method Used (TOPSIS Method): 

Multi-criteria decision making techniques are many and varied, but the most important computing 

algorithms can be SAW (Simple additive weighting method), TOPSIS (Technique for order preference by 

similarity to ideal solution), ELECTERE (Elimination et choice Translating reality) and AHP (Analytical 

Hierarchy Process). In this study, TOPSIS method is used because this model is based on the distance and both 

qualitative and quantitative models are involved and more importantly measures the best distance of each option 

both from the ideal positive and also the ideal negative point and the flexibility is great. In fact, the best option 

chosen using this method has the least distance from the ideal positive solution and also the farthest distance 

from the ideal negative solution.  

TOPSIS is a distance-based method which is very useful for evaluating MADM problems and was first 

introduced by Yoon and Hwang in 1981. In this method, in addition to taking into consideration of the distance 

of an option iA from a perfect point, its distance from the ideal point is also taken negative. That is, the selected 

point shall be least distant from the ideal positive solution and at the same time the farthest distance from the 

negative ideal solution, which is considered a strong point. Then based on the descending order the given 

options for the given problem can be ranked. 

The algorithm for solving the problem is as follows: 

Step One - Quantification and de-scaling of the decision matrix ( DN ) 

Step Two - Create scale-free weighted matrix V: Given a weight vector W, where W is the diagonal matrix 

of parameters' weight that the only major elements of it are non-zero, the scale-free matrix is weighted. 

 

Step Three - Determine the positive ideal solution and negative ideal solution: 

The best values for positive indicators are the largest values and for negative indicators are the smallest 

values. 

  Vector  Worse, V

jV  

The worst values for positive indicators are the smallest values and for the negative indicators are the 

largest values. 
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Step Four –Calculating the distance of every option from positive and negative ideals: 
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Step Five - Calculate the relative closeness to the ideal solution; the distance is defined as follows: 
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Step Six - Rank the options according to the 


icl values obtained: items with larger CLs are better. 

 

Case Study: 

Figure (4) Plain shows study area of Aliabad (Gharasoo-Zarringol) located 45 km East of Gorgan province. 

Surface water resources in the area are supplied from basin Zarringol-Sormehrood area of 375.5 km ² and a 

catchment basin of Kabudval covering an area of 29.4 km ². 

nnD WNV *.
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Fig. 4: Case study basin 

 

Discharge of Zarringol river system is approximately 68.5 million cubic meters per year, Sormehrood River 

system, about 18.6 million cubic meters per year and Kabudval River over 15 million cubic meters. Total source 

of surface water of the area is approximately 102 million annually which is shown in Table (1). 

 
Table 1: The water in the rivers (mean annual and monthly) per cubic 

Year Nov Dec Oct Jan Feb marc Apr May Jun July Aug Sep  

68.57 2.94 2.51 2.79 2.98 3.86 7.1 16.99 12.23 6.3 4.55 3.42 2.92 Zarringol 

18.6 
0.67 0.68 0.78 0.98 1.87 2.65 3.5 2.81 1.53 1.27 1 0.87 Sormeh 

rood 

15.11 0.66 0.69 0.74 0.81 1.04 1.82 3.28 2.47 1.2 0.95 0.69 0.76 Kabudval 

102.29 4.27 3.88 4.31 4.76 6.77 11.56 23.77 17.52 9.03 6.77 5.11 4.54 Sum 

 

As is observed in Table (1) due to low rainfall in July, August and September, the agricultural sector is 

facing water deficit. In the warm season, downstream areas are arid, that with respect to environmental 

considerations will encounter problems. It is worth mentioning that in the current situations, water demands of 

Aliabad Plain (Zaringol-Kabudwal) including water demands of agricultural lands that are mostly specified to 

the rice and grain and the supply of water congestions of the region and the industrial divisions along the river 

are provided. The rest of the water resources of the region (about 70 million square meters) are provided from 

Gharesoo River to Gorganrood River. Therefore, with principled planning and plans for the development of 

useful exploitation, these conditions could be used to increase the output of irrigation and acreage of land to 

provide more jobs in the region. 

In general, the development plan, the basin of Zarringol–Kabudval can be divided into three regions and 

kept in mind as basic project. The demand on the resources of a river or reservoir is funded by Kabudval dike 

reservoir. These areas are: 

A) Upstream catchment area of the basin that includes consumers of the river flow of Zarringol and 

Sormehrood. Demands in the area include drinking water of Shahrud, stream ecological demands, requirements 

for cultivation of paddy and corn, dikes and plants around rivers. 

B) The area encompasses around the town of Aliabad and downstream that include requirements of the 

drinking water of Aliabad, industry, environmental demands of downstream of the dike and the cultivation of 

paddy grain and dikes in region. 

C) Includes the area about the Agriculture Network (irrigation and drainage), which is located in the 

downstream plains. In this area, the water downstream of the dike is planned for 8800 acres of prairie land. 
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Fig. 5: Schematic Development Plan (design) in the WEAP model 

 

According to the features described for the basic design, the system demands of the area begin that all areas 

are fed by the river system Zarringol-Sormehrood. Required water of Shahrud is supplied from flows of 

upstream Zarringol. Then environmental and nutritional demands of the aquifer are deducted from upstream 

Zarringol. Then demands for the right and left banks of the river are provided by Zarringol River which the need 

in the region includes paddy and corn cultivation, dikes and industrial sectors around the river. Excess water is 

transferred by canal and tunnel (channel is gated and water could be controlled) with a maximum capacity of 15 

cubic meters per second from diversion dike of Zarringol to reservoir dike of Kabudval dam. Then in the second 

area, first the demand of drinking water and industrial demand of Aliabad is supplied from Kabudval 

downstream reservoir and then environmental need of the river is deduced from the water flow providing paddy 

and corn cultivation demands and the dike storage of Aliabad and the region around Kabudval River. 

Requirements of agricultural network are provided by a 14 km channel with 6 cm per second capacity being 

transferred to 8800 acres of agriculture lands of downstream plain and the extra water is stored at the dike so 

that be released when needed . Given the above outlined aspects of water resources, the WEAP model was 

developed which the schematic design of the basic plan could be seen in Figure (5) and other scenarios are made 

with changes in the basic design. 

 

RESULTS AND DISCUSSIONS 

 

In this study, a combination of WEAP model and multi-criteria decision making analysis was used to 

develop a new method for the decision back-up plan. In many similar researches and plans, WEAP or multi-

criteria decision making analysis is used individually but in this study both methods are used for the analysis 

and programming the water resources which is the main difference of this study and the other similar studies. 

With regard to the condition of the region and the demands, different scenarios were proposed for the optimum 

utilization of water resources and the potential results were predicted. As it was mentioned, a combination of 

two instruments was used in this study to present a comprehensive and adequate plan. Then, based on the 
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findings, analysis was done to find the best option using TOPSIS algorithm. Strategies like this are rarely done 

in the programming of water sources in water basins. The based on the results of the model implementing, an 

analysis was performed to select the best option. Set options (model scenarios) include: 

1. Existing conditions but with increasing levels of agricultural land (with channel and without reservoir) 

2. The conditions for basin development plan (Basic Plan) 

3. Net increase of agricultural acreage in the basic plan (15 percent) 

4. Aliabad Katul industrial demand increase regarding the basic plan (from 3 to 5 million cubic meters) 

5. Conditions to facilitate tourism in the Lake reservoir Kabudval dike regarding the basic plan (meaning 

that there is always some water behind the dike) 

6. Summer cultivation farming increase in agricultural network regarding the basic plan (20% will be added 

to the summer cultivation) 

7. Reduction of summer cultivation network regarding the basic plan (10% decreases in summer 

cultivation). 

In the analysis of the models, the amount of need and water deficit and supplied percent of every need for 

each scenario (option) was evaluated so that using the obtained information correct detection in scoring and 

evaluation of the analysis part of multi criteria analysis is possible. In figures (6) annual amounts of demand 

water and water deficit could be observed. As noted the minimum water demand and maximum annual deficit 

for scenario one. The largest annual deficit for scenario three and a minimum of deficit is for scenario two (basic 

design). The amount to meet the demands of different scenarios is shown in Table (2) for 100% of the times and 

it is observed which scenario for which need is considered to have had less supplies. 

 

 
 

Fig. 6: Mean annual demands and the average annual deficit for existing scenarios 

 
Table 2: Amounts supplied for the demands in 100% of the cases 

Criteria’s  

Criteria7 Criteria6 Criteria5 Criteria4 Criteria3 Criteria2 Criteria1 Scenario’s 

100 99 99 98 99 100 98 Kabudval Dike 

100 100 100 99 100 99 98 Zarringol Dike 

83 94 90 91 83 93 78 Kabudvalcultivation 

92 92 92 92 92 92 78 Zarringolcultivation 

100 100 100 99 100 100 - Aliabad Industry 

67 73 71 72 66 73 78 Agriculture Network 

85 85 86 84 85 85 78 ZarringolPadddy 

76 79 82 78 76 79 78 KabudvalPadddy 

97 100 100 100 100 100 - Aliabad Drinking water 

100 100 100 100 100 100 - Sharoud DrinkingWater 

85 85 86 84 85 85 78 Zarringol Plants 

 

The indicators investigated for weighing and then valuing the existing options in TOSIS method include the 

following and the added value of the criteria for each case of the different options is mentioned: 

 

1. Lower initial cost (economic considerations of the project): 

Obviously, in economic considerations a plan is of a better rank which has the lowest initial cost. In this 

study, the option of avoiding dike construction has the highest score. 

 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7

Deman Water (MCM) 63 77 82.3 79 77 78.9 79.1

Deficit (MCM) 7 3.8 5.7 4 4.7 4.3 4.8

63

77 82.3 79 77 78.9 79.1
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0

10

20

30

40

50

60

70

80

90



297                                                                        Reza Ershadi et al., 2014 

Advances in Environmental Biology, 8(16) Special 2014, Pages: 289-301 

 
2. Employment rate plan (social considerations): 

In the employment criteria, with more cultivation in the network, there would be more jobs. Also with the 

increase of summer cultivation and the possibility of twice farming in the year, there will be more income for 

the farmers. Facilitation of tourism condition around the water behind the dike and allocation of more water for 

industry each demand more jobs, while the option of avoiding dike construction has the least value in the field 

of providing jobs in the society.  

 

3. Preserving resources for future generations (or less negative environmental impacts): 

In the third criterion which is related to the protection of resources for the future generations and fewer 

damages of the environment, establishment of reservoirs can have negative effects. It can cause movements, soil 

erosion, impediment of underground sources from water intake, vulnerability of environmental demands 

downstream, damage of lands, cutting the trees, etc. 

 

4. Greater social interest (social issues): 

In the criterion of social interest, generally, the less the costs of the project, the greater would be the 

tendency of people to do the project. Other hand, increasing the area under cultivation leads to higher social 

interest and farmers would be more willing to do the summer cultivation scheme. However, land degradation 

and loss of farming land will reduce social interest. 

 

5. Potential development acreage: 

The fifth criterion cannot further provide cultivation (agricultural network) in the condition that the 

reservoir tank is not provided, but in plans with reservoir tank with increasing the industry's need acreage 

development would not be possible. Also with the facilitation of development in tourism sector cultivation land 

will decrease and will be limited because there is always need for some water in the tank (especially in the 

summer season). 

 

6. Lack of water and lack of water supply: 

The sixth criterion is determined by the amount of water scarcity in each option. Thus each option having 

the greatest deficiency receives higher score of the negative criteria and vice versa. According to Figure 4, 

scenario one, was the most deficient. 

 

7. Instability and being influence by uncertainty: 

The seventh criterion is a negative indicator and shows the level of volatility of the options. Items with high 

volatility will be followed by uncertainty and for this criterion it can be expected for this indicator and criterion 

that the non-reservoir alternatives (Scenario A) receive the most negative scores. 

 Finally to determine the best options from the Multi Criteria decision Analysis TOPSIS method was used. 

The applicability of the results of the WEAP model, a matrix is formed of numbers of that row related to options 

(scenarios) and the number of columns specifies the amount of value for each criterion (index). Then, for each 

criterion, different options are evaluated and ranked on the basis of the numbers 0 to 10. Form the decision 

matrix which could be seen in Table (3). 

 
Table 3: Initial Decision Matrix 

Criteria7 Criteria6 Criteria5 Criteria4 Criteria3 Criteria2 Criteria1  

9 10 2 8 9 5 10 Scenario 1 

4 4 7 5 5 7 5 Scenario 2 

7 4.5 8 7 5 8 6.5 Scenario 3 

4.5 5 6 8 4 9 6 Scenario 4 

5 5 6 9 4 10 8 Scenario 5 

5 6 6 9 6 10 8 Scenario 6 

5 4.5 7 5 4.5 7 5.5 Scenario 7 

 

After the evaluation of the criterion for each option, they should be weighted. Various methods and criteria 

exist to evaluate the weights of the indicators which in this study, Entropy technique is used for this purpose. In 

this method, first decision matrix is turned into a scale-free matrix (normal). For this purpose, uses the following 

formula. And the matrix are labeled DN  which is according to Table (4) is. 





m

i

ij

ij

ij

r

r
n
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Table 4: Normalized decision matrix 

Criteria7 Criteria6 Criteria5 Criteria4 Criteria3 Criteria2 Criteria1  

0.5794 0.6422 0.1208 0.4056 0.6078 0.2311 0.5372 Scenario 1 

0.2575 0.2569 0.4229 0.2535 0.3377 0.3236 0.2686 Scenario 2 

0.4507 0.289 0.4833 0.3549 0.3377 0.3698 0.3492 Scenario 3 

0.2897 0.3211 0.3625 0.4056 0.2701 0.416 0.3223 Scenario 4 

0.3219 0.3211 0.3625 0.4563 0.2701 0.4623 0.3761 Scenario 5 

0.3219 0.3853 0.3625 0.4563 0.4052 0.4623 0.4298 Scenario 6 

0.3219 0.289 0.4229 0.2535 0.3039 0.3236 0.2955 Scenario 7 

 

Then using Entropy technique, the criteria are weighted. To do this, fist the primary matrix of the table (3), 

i. e. matrix ijP  is formed in which the elements are calculated using the following formula and the results could 

be observed in Table (5). 

 
Table 5: Matrix consisting of a normal matrix to calculate weights of criteria 

Criteria7 Criteria6 Criteria5 Criteria4 Criteria3 Criteria2 Criteria1  

0.228 0.256 0.048 0.157 0.24 0.089 0.208 Scenario 1 

0.101 0.103 0.167 0.098 0.133 0.125 0.104 Scenario 2 

0.177 0.115 0.19 0.137 0.133 0.143 0.135 Scenario 3 

0.114 0.128 0.143 0.157 0.107 0.161 0.125 Scenario 4 

0.127 0.128 0.143 0.176 0.107 0.179 0.146 Scenario 5 

0.127 0.154 0.143 0.176 0.16 0.179 0.167 Scenario 6 

0.127 0.115 0.167 0.098 0.12 0.125 0.115 Scenario 7 

 

Using the formula, the vector of knowing: 

The formula )]P *[).(
m 

1
(

1

ij





m

i

ijj Lnp
Ln

E , the jE vector is formed knowing 7m and the 

following will be obtained:  

 

 

 

Then jd is calculated w jj Ed  1  formula: 

}0195.0,0259.0,0277.0,0126.0,0211.0,012.0,0129.0{jd  

Finally, to obtain weights the formula
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 with 7n  is used: 

}1483.0,1965.0,2102.0,096.0,16.0,0908.0,0983.0{jw  

If the decision makers have a prior mental judgment as a relative importance for the indicators, it is shown 

by j  and the weight of the indicators is changed as following:  
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Subjective judgment is the opinions of decision makers about each of the indexes available. This means that 

the decision maker considers a priority based on the demands and policies, inventory management and social 

and cultural issues in the default state for each index. According to this study based on the views of the experts 

in the beneficiary organization, the initial cost is higher than the priority values and standards of employment 

and preservation of resources for future generations is of equal value and is the second priority. The possibilities 

of the development of the third priority for social interest, being influenced by uncertainty and deficit have the 

next priorities respectively. Subjective judgment that typically is numbered in a range from zero to one is 

included in this study which is as follows: 

)3.0,25.0,4.0,35.0,45.0,45.0,5.0(),,,,,,( 7654321    

With the Entropy technique and calculation using the above formula, the corrected weight is achieved: 

)1192.0,1316.0,2252.0,09.0,1929.0,1095.0,1317.0(jW  

}9805.0,9741.0,9723.0,9874.0,9789.0,9880.0,9871.0{jE
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Now, having the weight of the indicators, in the next step the weighted scale-free matrix V  is formed that 

is the result of multiplying normalized matrix in the diagonal matrix derived from jW  elements, i. e. 

jD WNV * . The V matrix is shown in Table (6): 

 

Table 6: Weighted scale-free matrix V  

Criteria7 Criteria6 Criteria5 Criteria4 Criteria3 Criteria2 Criteria1  

0.069 0.0845 0.0272 0.0365 0.1172 0.0253 0.0707 Scenario 1 

0.0307 0.0338 0.0952 0.0228 0.0651 0.0354 0.0354 Scenario 2 

0.0537 0.038 0.1088 0.032 0.0651 0.0405 0.046 Scenario 3 

0.0345 0.0423 0.0816 0.0365 0.0521 0.0455 0.0424 Scenario 4 

0.0384 0.0423 0.0816 0.0411 0.0781 0.0506 0.0566 Scenario 5 

0.0384 0.0507 0.0816 0.0411 0.0781 0.0506 0.0566 Scenario 6 

0.0384 0.038 0.0952 0.0288 0.0586 0.0354 0.0389 Scenario 7 

 

In the next step, positive and negative ideal points have been defined. Thus, the negative ideal point is 

obtained from minimum value of each positive index and maximum amount in negative indices: 

 },...,2,1)(max),{(min miJjVJjVA ijij   

Also, the positive ideal point is formed by the maximum number value for positive indices and minimum 

numbers in negative indicators. 

 },...,2,1)(min),{(max miJjVJjVA ijij   

Accordingly, regarding the matrixV , points 
A  and

A are obtained: 

 }0690.0,0845.0,0272.0,0228.0,0521.0,0253.0,0354.0{A  

}0307.0,0388.0,1088.0,0411.0,1172.0,0506.0,0707.0{A   

At this point, the distance of each option from the positive and negative ideal point shall be calculated. 
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And on this basis the following: 

 

08881.0d            72620.0

08455.0d            53030.0

08284.0d            74580.0

08116.0d            76900.0d

09826.0d            06372.0

09456.0d            68660.0

07536.0d             10662.0
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The final step is to calculate the closeness point of the options to the ideal solution that can be done using 

the formula
)( 







ii

i

i
dd

d
cl . The closer the option value to the ideal solution, the value of icl  would be 

closer to the unit amount. Then the amounts of icl are arranged in descending order to show the rating of the 

options. 

 

1) 0.4141     (6)      1

2)  0.5794 Scenario     (3)    2

3)  0.6066 Scenario     (2)    3

cl 4) 0.5135        Scenario     (7)    4

5) 0.5263 Scenario  

6)  0.6146

7)  0.5501
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num

num

 


 

  


  
 







   (5)    5

Scenario     (4)    6

Scenario     (1)    7

num

num

num

 
 
 
 
 
 
 
 

 
 

 

 

The first rank is allocated to the sixth scenario (summer cultivation increase) and will be the best option and 

scenario one (no-tank system), is the worst option. In Figure (7) the results of the rankings for all scenarios are 

shown by TOPSIS method. 
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Fig. 7: Weight of Existing Options 

 

Conclusion: 

In this study to investigate the methods of correct management of water was used by the tools for system 

analysis and decision making in the sector of supply and demand management of water. Using TOPSIS method 

was due to the mentioned advantages to select the best scenario after simulation. For this reason, it was 

considered in this study and then the efficient method in the management of water resources to choose the best 

option was proposed. 

 By mixing WEAP model and Multi Criteria Decision Analysis, the tool for Decision Support System is 

established. The development plan for the basin was designed and considered as the basic plan, besides six other 

scenarios in addition to basic plan in WEAP mode. Then, to choose the best option, indicators were selected and 

weighted and using TOPSIS method multi attribute decision making analysis was performed. The results show 

that in the study area regarding the facilities, it is necessary to design a water source in the basin of Zarringol-

Kabudval and also it is necessary to construct a reservoir in order to exploit the high potential of the water 

basing and also the flows which are the result of sudden rainfalls. The calculated values for the options, offered 

the best case scenario. After calculating the amounts of 
cl  for the option, the best scenario was determined. 

Based on the results, the sixth option (higher summer cultivation than in the network design) has the highest 

weight and thus is a better choice than the other options considered. The basic design should be reviewed and 

necessary changes should be done. In the sixth scenario which was selected as the best plan in this study, a 20% 

increase in the summer cultivation can provide the possibility for wider development and repeated cultivation 

and consequently, it would enjoy more social interest among the farmers and the regional people. It will also 

create more jobs, yet also fewer water deficits will be witnessed. Then, the third option (Scenario III) has the 

second rank which hasincreased15% in the area under cultivation compared to the basic design. After that, the 

basic design (the second option) is in third place in the evaluation. Option seven, five and four, respectively hold 

the ranks fourth to sixth. The first option has the final rank and the last. Generally, a new glance at agriculture 

and cropping pattern and review on it, besides making changes and increases in summer cultivation might be 

useful for future demands. 

 

REFERENCES 

 

[1] Karamouz, M., D. Khalili and A. Ganji, 2007. “Development of stochastic dynamic nash game model for 

reservoir operation.” Advance in Water Resources, 30: 157-168. 

[2] Turgeon, A., 2007. “Stochastic optimization of multi-reservoir operation: The optimal reservoir trajectory 

approach.” Water Resources Research, 10.1029/2005WR004619. 

[3] Zahraie, B. and S.M. Hosseini, 2009. “Development of reservoir operation policies concidiring variable 

agricultural water demands.” Expert systems with applications, 36: 4980-4987. 

[4] Celeste, A.B. and M. Billib, 2009. “Evaluation of stochastic reservoir operation optimization models.” 

Advance in Water Resources, 32: 1429-1433. 

[5] Kerachian, R., S.H. Ghodsypour and M. Hakimi, 2010. “Deriving operating policies for multi-objective 

reservoir systems: Application of self learning genetic algorithm.” Applied Soft Computing, pp: 13-27. 

[6] Ewa, E.E. et al., 2013. Assessment of Water Quality of the Calabar River using Multivariate Statistical 

Techniques. Journal of Applied Sciences Research, 9(5): 3354-3363. 

[7] Moghaddasi et al., 2011. Recourses And Management Of Water In The Worlds, Research Journal of 

Fisheries and Hydrobiology, 6(2): 81-83. 

0.0000
0.2000
0.4000
0.6000
0.8000

Final weight 



301                                                                        Reza Ershadi et al., 2014 

Advances in Environmental Biology, 8(16) Special 2014, Pages: 289-301 

 
[8] McCartney, M., Y.A. Ibrahim, Y. Sileshi and S. Awulachew, 2009. Application of the Water Evaluation 

and Planning (WEAP) model to simulate current and future water demand in the Blue Nile. Proceedings of 

the Intermediate Results Dissemination Workshop, February 5-6, 2009, Addis Ababa, Ethiopia, pp: 78-88. 

[9] Rasul, H.A. and M.K. Askar, 2010. Integrated water resources management for Alana valley in Kurdistan 

region-Iraq.http://www.weap21.org/Downloads/IWRM_for_Alana_Valley.pdf 

[10] Mehta, V., O. Aslam, L. Dale, N. Miller and D. Purkey, 2010. Scenario-based water resources planning for 

utilities in the Lake Victoria region. Proceedings of the American Geophysical Union Fall Meeting, 

December 13-17, 2010, San Francisco, CA., USA. 

[11] Mounir, Z.M., C.M. Maand I. Amadou, 2011. Application of Water Evaluation and Planning (WEAP): A 

model to assess future water demands in the Niger River (In Niger Republic).Mod. Applied Sci., 5: 38-49. 

[12] Comair, G.F., P. Gupta, C. Ingenloff, G. Shin and D.C. McKinney, 2012. Water resources management in 

the Jordan River basin.Water Environ. J. 

[13] Hamlat, A., M. Errih and A. Guidoum, 2013.Simulation of water resources management scenarios in 

Western Algeria watersheds using WEAP model. Arabian J. Geosci.,6: 2225-2236. 

[14] Wu, G., L. Li, S. Ahmad, X. Chen and X. Pan, 2013. A dynamic model for vulnerability assessment of 

regional water resources in arid areas: A case study of Bayingolin, China. Water Resour. Manage., 27: 

3085-3101. 

[15] Nikolic, V.V., S.P. Simonovic and D.B. Milicevic, 2013. Analytical support for integrated water resources 

management: A new method for addressing spatial and temporal variability.Water Resour. Manage., 27: 

401-417. 

[16] Sidiropoulos, P., N. Mylopoulos and A. Loukas, 2013. Optimal management of an overexploited aquifer 

under climate change: The Lake Karla case.Water Resour. Manage., 27: 1635-1649. 

[17] Abu-Sharar, T., E. Al-Karablieh and M. Haddadin, 2012. Role of virtual water in optimizing water 

resources management in Jordan. Water Resour. Manage., 26: 3977-3993. 

[18] Muhaisen, M., 2004.Hierarchical approach for integrated water resources planning and management in the 

Gaza strip.Master’s Thesis, The Islamic University of Gaza, Palastine. 

[19] Assimacopoulos, D., E. Feinermann and J.M. Berland, 2004. Water management methodologies for water 

deficient regions in Southern Europe. 

http://environ.chemeng.ntua.gr/wsm/Uploads/Deliverables/ThirdYear/Deliverable_21_3.pdf 

[20] Abrishamchi, A., A. Ebrahimian, M. Tajrishi and A. Marino, 2005. Case study: Application of multicriteria 

decision making to urban water supply. J. Water Resour. Plann. Manage., 131: 326-335. 

[21] Chowdhury, R.K. and R. Rahman, 2008. Multicriteria decision analysis in water resources management: 

The <I>Malnichara</I> channel improvement.Int. J. Environ. Sci. Technol., 5: 195-204. 

[22] Li, C., 2009. Water resources renewability assessment based on TOPSIS.Proceeding of the International 

Conference on Artificial Intelligence and Computational Intelligence, 1(7-8): 582-587. 

[23] Wang, Z.H. and B. Li, 2010. Multiple-attribute hierarchy group decision-making on regional water 

resources planning scheme. Proceedings of the International Conference on Electrical and Control 

Engineering, June 25-27, 2010, Wuhan, China, pp: 4717-4720. 

[24] Xu, J.X., H. Fan and X.T. Hu, 2012. The model combined entropy weight with improved TOPSIS and its 

application in groundwater resources carrying capacity evaluation.China Rural Water Hydropower, 2: 30-

33, 37 http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZNSD201202011.htm  

[25] Saneifard, R. et al. 2011. A Novel Approach For Selecting Environment Watershed Map With Fuzzy 

Operations, Research Journal of Fisheries and Hydrobiology, 6(3): 121-126. 

[26] Murali, K. et al., 2013. Analysis of Societal Value Dynamics (SVD) of Groundwater Utilization in South 

Taluk of Coimbatore District, Tamilnadu, India, Journal of Applied Sciences Research, 9(4): 2455-2462. 

[27] Labadie, J.W., D.G. Fontane, J.H.Lee and I.H. Ko, 2007. Decision support system for adaptive river basin 

management: Application to the Geum river basin, Korea.Water Int., 32: 397-414. 

[28] Shourian, M., S.J. Mousavi, M.B. Menhaj and E. Jabbari, 2008. Neural-network-based simulation-

optimization model for water allocation planning at basin scale.J. Hydroinform.,10: 331-343. 
 

 

 

http://environ.chemeng.ntua.gr/wsm/Uploads/Deliverables/ThirdYear/Deliverable_21_3.pdf
http://caod.oriprobe.com/journals/zgncslsd/%e4%b8%ad%e5%9b%bd%e5%86%9c%e6%9d%91%e6%b0%b4%e5%88%a9%e6%b0%b4%e7%94%b5.htm
http://caod.oriprobe.com/journals/zgncslsd/%e4%b8%ad%e5%9b%bd%e5%86%9c%e6%9d%91%e6%b0%b4%e5%88%a9%e6%b0%b4%e7%94%b5.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZNSD201202011.htm

