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 Typically, drainage water has lower quality compared with irrigation water. To 

minimize the short-term and long-term detrimental effects of drainage water on the 

environment, plant products, soil fertility and water quality , attention to management 

issues in projects and watershed  is important. Hence, the aim of present study was to 

prioritize and assess influencing factors in prioritizing the preference of drainage water 
management specialist using fuzzy AHP. In this study water conservation, Drainage 

water reuse, drainage water disposal and drainage water purification were reviewed. 

The model includes the steps of problem definition, calculation, and ranking of 
drainage water management options and fuzzy hierarchical structure of it that include 

three targets, the main criteria and sub criteria. In order to select the criteria, sub criteria 

and factors and determine the relative importance of each of them, researchers and 
experts' opinions, as well as summarizing the results of the questionnaire were used. In 

the next step, by using Chang's extent analysis, various water management options 

based on criteria and sub criteria and selected factors were evaluated. The results show 
that water conservation is   paramount option in the management of drainage water. 

Among sub criteria water resource protection is the most important. The second priority 

is to reuse water. Among its sub criteria wildlife and wetland with 0.260 Weight is most 
important. Sequential useof drainage water with 0.248 weight is the second priority. 

 

 
© 2015 AENSI Publisher All rights reserved. 
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INTRODUCTION 

 

In the past decade, major changes in water management in arid and semi-arid areas have emerged. 

Previously, focus was on Design and management of irrigation systems and subsurface drainage to fix 

shortcomings. A result of the previous design was High deep percolation losses which led to high draining. 

Selecting depth of drains in the past caused the large distances between the drainage pipe and save the costs. 

These systems are to reduce Cumulative salt in the root zone, causing the low quality water flow into 

groundwater (Chang et al 2014). 

After the World Summit in 1992, the International Committee on Irrigation and Drainage focused his full 

attention on the management of drainage water. So not only need for drainage as Critical Supplements for 

irrigation development in arid and semiarid areas was emphasized , but also simultaneously emphasis was 

placed on the conservation and reuse of fresh water resources in concept of Integrated Resource Management .  

For the present drainage system, a number of available options of drainage water management for achieve 

the goals of development is available. These options can be divided into four major groups "water conservation, 

reuse of drainage water, the disposal of drainage water and drainage water treatment". Each of these options has 

certain potential effects on Hydrology and Water Quality of region. Thus, planners, decision makers and 

engineers for choosing among different options and to assess the impact and contribution of each for achieving 

the development goals, need certain framework. Furthermore, in order to achieve a superior selection from value 

ofeffectofdistinctiveoptions,technicalexpertise’s opinion and guidelines for each of the options are needed. 

Analytical hierarchy process (AHP), multi-attribute utility theory, outranking theory and goal programming 

are among the most common used multi-criteria methods. AHP is broadly applied in preference analysis of 

complex and multi-attribute issues (Varis 1989). By its flexibility in setting the objectives, AHP can 

proportionate the qualitative and quantitative decision attributes (Kangas 1993). According to Alphonce (1997), 

AHP can eliminate certain decision problems in agriculture.  
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Although AHP has great potential in the evaluation of multi criteria options, but is not able to impose on 

existing Uncertainties in paired comparisons and their effect in the selection process (Hajeeh MA 2010). 

Therefore, in recent years, using of Multi-criteria decision-making methods has been expanded. Fuzzy multi-

criteria decision making methods are combined of fuzzy logic and multi-criteria decision processes (Chang DY 

1996). Chang in 1992 provided a very simple way to expansion of AHP to fuzzy space. The numbers used in 

this procedure are fuzzy triangular numbers. This method is based on the arithmetic mean, expert’sopinionand

Saaty’s normalization method (Chang DY 1196). 

From conducted researches with fuzzy AHP in irrigation systems and water resources can be mentioned the 

fuzzy hierarchical model for the assessment of global water partnership (GWP) Irrigation and Drainage 

Networks  .Montazar and Zadbagher (2010) developed an analytical hierarchy model for assessing the Global 

Water Productivity (GWP) status of irrigation networks. For this purpose 14 criteria, affecting water 

productivity, and 14 major modern irrigation networks of Iran are analyzed. Dez and Saveh irrigation networks, 

with the relative weights of 0.112 and 0.045, show the highest and lowest GWP, respectively. The results 

obtained by AHP model are in good agreement with the results determined from the field survey.  

Srdjevic and Medeiros (2008) introduced a fuzzy AHP methodology for solving fully structured decision 

problems with criteria, sub-criteria and alternatives. The introduced methodology was applied for the evaluation 

of water management plans in part of the Paraguacu River Basin in Brazil. 

In other research, irrigation networks by Montazar et al (2013) are investigated. four  irrigation  projects is  

applied in this  research  and the  results  is showed  that  the  managerial  criterion  has  the  greatest  impact  on  

the  assessment  process. The  technical,  social,  economical,  and  environmental  criteria  rank  next  in  

effectiveness,  respectively. Hence,  in  order  to  improve  irrigation  system  performance,  all  rehabilitation  

tasks  should  focus  more  on the  managerial  issues. 

Fuzzy hierarchy process is applied to improve irrigation project. The results is showed that irrigation 

professionals give the first priority to water delivery services project-wide and they consider that irrigation 

hardware of primary canals is more important than that of secondary canals(Okada et al 2008).  

Since achieving a superior choice among the effect of distinctive options, needs technical expertise and 

Instructions for each of the options. The aim of this study is to propose an appropriate priority for various 

metrics of agricultural drainage water Management Using hierarchical fuzzy model. 

 

MATERIALS AND METHODS 

 

The purpose of this study is to identify and set priorities infrastructures of agricultural drainage water 

Management with fuzzy AHP approach. Based on algorithm research, first, Determining criteria Priority, and 

infrastructures of agricultural drainage water management will be discussed. For setting priorities in agricultural 

drainage water management AHP technique with fuzzy approach is used. Analysis of data was performed in 

Excel software environment and Coding was done in Visual Basic. 
 

Table 1: Main indices of the standards 

Symbol The main criteria The following criteria Symbol 

C1 Water conservation Source Reduction S11 

shallow water table management  S12 

Groundwater Management S13 

Fallow land S14 

C2 Reuse of drainage waters The use in saline land S21 

Wildlife and Wetlands S22 

Agriculture S23 

Sequential Use S24 

Saline soil amendment S25 

C3 Disposal of drainage water Rivers S31 

Evaporation ponds S32 

Oceans and salt lakes S33 

Deep Grouting  S34 

C4 Treatment of drainage water Physical - chemical S41 Sedimentation 

uptake 

Ion Exchange 

Reverse Osmosis 

Sequestration 

Biological S42 Algal  

Rehabilitation  oxidation 

Plant uptake 

Evaporation 

Artificial wetlands 

 

To determine the priority of the performance factors technique of fuzzy analytic hierarchy process (FAHP) 

is applied. The analysis is as follows : 
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1- Paired comparisons on the main criteria based on the purpose and determine weight of main criteria  

2-  Paired comparison on sub criteria of each criterion, and determining the weight of each sub criteria 

cluster  

3- Weight of sub criteria multiplied by the weight of relevant criteria to determine the final weight of sub 

criteria 
 

The first step of this study was to Set Priorities of criteria and sub criteria of agricultural drainage water 

Management. Basic infrastructures for the management of agricultural drainage waters in this study include 

water conservation, reuse of drainage, effluent disposal and effluent treatment. For each of these criteria, indices 

have been considered. So in total 24 the sub criteria have been chosen. Also criteria and sub criteria in table 1 

are named with a numeric index in order to track and study easily. Pattern of network of the relationship 

between variables is presented in Figure 1. 
 

 
Fig. 1: Pattern of network of the relationship between variables 

 

Paired comparison of elements has been done by Saaty's 1-9 Scale. Saaty's 1-9 Scale was presented by 

Thomas L. saaty theoretician of the Analytic Hierarchy Process (AHP). Also in this study, fuzzy approach was 

used to quantify the values. Therefore, the fuzzy domain has been used (table 2). 

 
Table 2: linguistic variables scale and triangular fuzzy numbers, Lee et al, 2008 

value comparison of elements i , j fuzzy numbers Defuzzy numbers 

l m u l m u 

1 Equally Preferred 1 1 1 1 1 1 

2 Intermediate 1 2 3 0.333 0.5 1 

3 moderately Preferred 2 3 4 0.25 0.333 0.5 

4 Intermediate 3 4 5 0.2 0.25 0.333 

5 Strongly Preferred 4 5 6 0.166 0.2 0.25 

6 Intermediate 5 6 7 0.142 0.16 0.2 

7 very Strongly Preferred 6 7 8 0.125 0.142 0.166 

8 Intermediate 7 8 9 0.111 0.125 0.142 

9 Extremely Preferred 9 9 9 0.111 0.111 0.111 

 

For mentioned analysis in first step the main criteria were compared in pairs based on goal. Paired 

comparison is very simple and all the elements of each cluster must be mutually compared. So if there is n 

elements in a cluster  comparisons will be made. Because there are four criteria so numbers of made 

comparisons is : 

                                                                                                                                          (1)  

 

After forming matrix the paired comparisons, Eigenvector is calculated. First of all fuzzy summation of 

each row is calculated . 

 
Then fuzzy summation of the preferences column set is calculated as : 

(3)  
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For normalize preferences for each criterion, the total value must be divided by the sum of all preferences 

(elements of columns). Since values are fuzzy therefore, the fuzzy summation of each row multiplies by inverse 

of the sum. Inverse of the summation is calculated as: 

F1 
-1

 = (1/u1, 1/m1, 1/l1)                                                                                                                                (4)  

 
Each of the obtained values of fuzzy weights and normalized are related to the main criteria.  For 

defuzzification of obtained Values there are a variety of methods. One of the methods used for the 

defuzzification is calculation of degree of preference, and also Crisp number. In this study, Preference degrees 

are calculated. 

 

Calculation of Degree of Preference: 

Calculation of degree of preference (Possibility Degree) P is a fuzzy number fuzzy number that is larger 

than k . 

Pi;i=1,2,…,k  

V(Pi ≥ Pk) 

V(Pi ≥ Pk) 

  

V(C1>Pk)=1.000; V(C2>Pk)=0.682; V(C3>Pk)=0.462; V(C4>Pk)=0.056; V(P5>Pk)=0.043 

Ifitisassumedthatd'(Ci)=minV(Pi≥Pkthentheweightvectorfollowsas: 

W'=(d'(C1)…d'(Cn)) 

It calculated weights are defuzzification but should be normal . 

To determine the final priority of water management by FAHP techniques weights of the main criteria (W1) 

and the weight of indices based on each criterion (W2) must be available. The results of sub criteria comparison 

their corresponding weights forms make up matrix W2. To determine the final priority of indexes with AHP 

technique, Indices weight based on each criterion (W2) must multiply by the weight of the main criteria (W1). 

Each of these matrices is calculated in the previous steps. With inserting CRISP values in superdecision 

software, by using this software the final priority of indices are calculated. 

 

RESULTS AND DISCUSSION 

 

Paired comparison has been done by team approach of ten experts. Expert’s opinion was quantified by

fuzzy scale. Gathering the views of experts was done Saaty's 1-9 Scale. By fuzzy mean the views of experts, 

paired comparison matrix is shown in Table 3. 

 
Table 3: paired comparison matrix of the main criteria 

 C1 C2 C3 C4 

C1 (1, 1, 1) (2.12, 2.59, 3.05) (3.61, 4.34, 5.02) (2.68, 3.21, 3.79) 

C2 (0.33, 0.39, 0.47) (1, 1, 1) (3.91, 4.63, 5.3) (2.25, 2.78, 3.33) 

C3 (0.2, 0.23, 0.28) (0.19, 0.22, 0.26) (1, 1, 1) (1.11, 1.23, 1.35) 

C4 (0.26, 0.31, 0.37) (0.3, 0.36, 0.45) (0.74, 0.81, 0.9) (1, 1, 1) 

 

The final weight for each option which in fact calculated from linear combination of options, criteria and 

sub criteria is shown in Figure 2. 

 

 
 

Fig. 2: Graphical display of importance of performance criteria based on goal 
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Accordingly, Eigen vector of preference of criteria is W1. 

 
According to obtained eigenvector water conservation with normal weight of 0.444 has the highest priority. 

Reuse of effluent with normal weight of 0.35  is the second priority; effluent disposal with normal weight of 

0.106 is the third and eventually last priority is effluent treatment. Inconsistency rate over comparisons is 0.059 

which is smaller than 0/1 and therefore regarding to comparisons the disposal of drainage water can considered 

as the first option among the criteria. Among the research which done in the field of water conservation 

conducted experiments by Hanson and may (2004) can be pointed out. Experiments were conducted in three 

tomato farms under subsurface drip irrigation and sprinkler irrigation with saline water and shallow groundwater 

conditions has been performed. Results have shown that subsurface drip irrigation compared to sprinkler 

irrigation under conditions of salinity and shallow groundwater is largely beneficial for reduce of produce of 

drain water. 

In the second step of the FAHP technique related sub criteria of each class are compared. 

 

-Sub criteria of water conservation priority: 
Sub criteria of water conservation are Source Reduction, shallow water table management and fallow land. 

Fuzzyvaluesofmeanofexpert’sopiniontopriorityofwaterconservationsubcriteriaarepresentedinTable4. 

Due to the use of four indices of water conservation, six paired comparisons have been made. 
 

Table 4 :  Setting Priority of Water conservation sub criteria 

 S11   S12 S13 S14 

S11 (1, 1, 1) (1.18, 1.51, 1.88) (1.82, 2.33, 2.84) (1.93, 2.37, 2.93) 

S12 (0.53, 0.66, 0.85) (1, 1, 1) (0.63, 0.87, 1.22) (1.59, 2.04, 2.5) 

S13 (0.35, 0.43, 0.55) (0.82, 1.15, 1.59) (1, 1, 1) (1.5, 1.97, 2.5) 

S14 (0.34, 0.42, 0.52) (0.4, 0.49, 0.63) (0.4, 0.51, 0.66) (1, 1, 1) 

 

Each of obtained value fuzzy weight and normalized in Table 4, are related to the main criteria. For 

defuzzification of values calculations of preference degree were used. 

According to table 6 Eigen vector of water conservation criteria priority is WC1. 

 
According to obtained eigenvector source reduction with0.383 weight has the highest priority. Water table 

management and the management of the shallow groundwater with the same weight of 0.244 are central 

priorities. Finally, fallow land is the last priority. Inconsistency rate is obtained 0.02, which is smaller than 0.1. 

Thus, comparisons are trusted. The conventional approach to subsurface drain design was to install the drain 

laterals as deep as was practical which would result in the biggest spacing and minimize the installation cost. 

These depths of installation were also thought to be needed to reduce salinity accumulation in the root zone by 

upward flow from saline groundwater (Ayars et al(1993)). This study shows that resource reduction is an 

important factor in Drainage Flow reduction. 

 

 

0.444 
0.350 
0.106 
0.099 

W1= 

0.383 
0.244 
0.244 
0.129 

WC1= 
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Fig. 3: Priority of sub criteria of water conservation 

 

-Priority of sub criteria of reuse of drainage waters: 

Reuse of drainage water for irrigation is known as a viable means of reducing the amount of saline-sodic 

spent water that will finally need treatment or disposal in the western San Joaquin Valley (SJVDP (1990)). 

Sub criteria of reuse of drainage include using in saline land, wildlife and wetlands, agriculture, sequential 

use of drainage and soil amendment. Figure 4 shows related priorities of each sub criteria of drainage reuse. 

According to eigenvector of setting priority wildlife and wetland with Weight of 0.260 is the most important. A 

criterion of sequential use of drainage with weight of 0.248 is the second priority. Saline soil amendment with 

weight of 0.213 is the central priority. Agricultural index with weight of 0.124 is the last priority. Inconsistency 

rate is obtained 08/0 which is smaller than 0.1. Therefore, using of conducted comparisons of drainage reuse in 

the process of decision making is permitted. In a research presented by Ayars and Sope (2014) Drainage water 

from irrigated areas with fresh water and sensitive plants field, were used for halophytes .The results shows that 

the sequential use of drainage water is a temporary solution for replacing with Disposal of drainage water until a 

stable system can be developed. Díaz et al (2013). With the use of six halophyte species use drainage water in 

growing they concluded that drainage water can be used to produce these species for producing livestock forage, 

but their use is not recommended for long-term because level of sodium, chlorine, Boron, selenium and nitrate 

in leaf tissue of halophytes is dangerously and critically collected. 

 

 
 

Fig. 4: Priority of sub criteria of drainage water reuse 

 

-Priority of sub criteria drainage water: 

In this study criterion of drainage water disposal consist of four sub criteria of river, evaporation ponds, 

oceans, salt lakes and grouting into soil. According eigenvector prioritization and Figure 5, it is clear that the 

index of oceans and salt lakes with weight of 0.341  is the most important. Evaporation ponds with weight of 

0.327 are the central priority and the rivers with weight of 0.134 is the last priority. Inconsistency rate is 

obtained about 0.018 so obtained judgments are consistent and using of them in selection process, is permitted.  

 

 
 

Fig. 5: Priority of sub criterion of drainage water disposal 
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 -Priority of sub criterion of drainage water treatment: 

In this study, criterion of drainage water treatment consists of two sub criteria Physical - chemical and 

biological. The fuzzified values of expert opinion mean for determining the priority of sub criteria of drainage 

water treatment is presented in Figure 6. It is clear that, the physical – chemical index with weight of 0.605has 

higher priority than the biological index. Also, because there are only two sub criteria and a comparison 

inconsistency rate is zero. 
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Fig. 6: Priority of sub criterion of drainage water treatment 

 

Sub criterion of Physical - chemical is composed of five sub indices. These indices include sedimentation, 

adsorption, ion exchange, reverse osmosis, precipitation. Also the sub criterion of biological is composed of five 

sub indices Rehabilitation / oxidation, uptake plant, evaporation, artificial wetlands. According to calculations 

the final weight of these indices are shown in Figures7  and 8. As it seen in Figure 7, among the options for 

physical – chemical treatment uptake with weight of 0.282 has the highest priority. After that reverse osmosis 

with weight of 0.221 is selected as the next appropriate option. Sequestration, with weight about 0.136 is the 

next priority which is chosen the last option in sub criterion of water drainage treatment. Prioritizing of sub 

criteria related to Physical - chemical treatment presented in Figure 8. As it can be seen the use of plants and 

special algae for water drainage treatment should be the first priority of biological treatment. The weight of this 

criterion is obtained0.282. Other sub criteria Rehabilitation, evaporation and artificial wetlands are next 

priorities respectively. 

  

 
 

Fig. 7: Priority of sub criteria of physical - chemical treatment of drainage disposal 
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Fig. 8: Priority of sub criteria of biological treatment of drainage disposal (C 4 ) 
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The results of calculation and the weights of indices are given in Figure 9. As the graph in Figure 9 shows 

source reduction with final weight of 0.17  options is the best option. However, the other options such as 

drainage management which is consist of shallow water table management, underground water management, 

wildlife and wetlands, sequential use of drainage water, saline soil amendment, physical - chemical treatment, 

fallow land, use in saline soil lands, agricultural, biological treatment, evaporation ponds, rivers, oceans and 

lakes, salts and grouting deep into the soil are 2 to 16  priorities. 
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Fig. 9: The final priority of criteria based on FAHP technique 

 

Conclusions:  
The present study reviews and prioritizes influencing factors on water drainage management expert’s

preference using fuzzy AHP. Examined options in this study include water conservation, reuse of drainage 

water, drainage water disposal and drainage water treatment.  

The results show that water conservation is the most important option in the drainage water management. 

Among sub criteria water conservation, source reduction are the highest priority. Among main criteria of 

drainage water management the second priority place on reuse of water. Among its sub criteria wildlife and 

wetland criteria, with weight of 0.260 is the most important. Sequential use of drainage water criterion of with 

weight of 0.248 is the second priority . 

Treatment and disposal of drainage water management are the third and fourth priorities respectively.  

Among disposal of drainage water sub criteria, draining into oceans and salt lakes are the best options. Physical 

– chemical index among drainage water treatment options with weight of 0.605 has higher priority than the 

biological index. 
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