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ABSTRACT 
 

In this research, the Analytic Hierarchy Process (AHP) and Analytic Network Process 
(ANP) were used to assess four different water productivity indicators of an irrigation 
network in Iran. To compare these indicators, seven criteria were selected and the 
indicators were weighted in both AHP and ANP models, using Super Decision 8.5 
software. By using Delphi method and triangular fuzzy numbers, these models were 
transferred to Fuzzy AHP and Fuzzy ANP in order to distinguish and compare the 
pros and cons of AHP, ANP, FAHP and FANP. Comparing AHP and ANP models, the 
latter appeared to be a more robust model in multi criteria decision making. Physical 
economical water productivity and Total factor productivity have been concluded to be 
the most suitable water productivity factors and yield, while climate and water price 
were the most important factors affecting water productivity. 
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1. INTRODUCTION 
 

Irrigation water management has different aspects, the most important being the 
water productivity (Gorantiwar and Smout, 2005).The water productivity is defined as 
the quantity of the crop product divided by the quantity of the consumed water (Kijne 
et al., 2003). According to Bastiaanssen et al. (2000), de Fraiture et al., (2010), Zwart 
et al., (2010, a and b) and Karimi et al., (2012), productivity is an important indicator 
which must be measured in planning, simulation and operation phases of irrigation 
network designing process. In Addition to covering different phases, it has economic 
and physical sides which make it more applicable in different types of analysis.  
 
The concept of sustainable agriculture is strongly related to the multifunctional role, 
either explicitly or implicitly, recognized to the primary sector (Lopez et al., 2008).  
 
There have been many management practices undergone in this line, one of which is 
irrigation and drainage networks assessment. Since there are many different 
parameters which must be considered in this matter, the performance evaluation of 
possible management scenarios of irrigation and drainage network is a multi-criterion 
problem (Serdjevic & Medeiros, 2008).  
 
In assessing the various interests of participating groups in a decision process it is 
necessary to clearly identify the overall goal and the hierarchically structured sets of 
criteria and sub-criteria that should be used in evaluating management scenarios as 
the decision alternatives (Serdjevic & Medeiros, 2008). 
 
When assessing the performance and value to society of particular agricultural 
systems, the multifunctional nature of agriculture requires a multi-criteria approach. 
Amongst others, these include economic, environmental, social, cultural and technical 
criteria. Like other complex multi-criteria analyses, this evaluation of agricultural 
systems is characterized by the existence of not only many, but often conflicting 
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criteria, multiple stakeholders and decision-makers who have competing interests, 
lack of information and a consideration of the high risks involved (Lopez et al., 2008). 
 
Karimi (2006) applied AHP model for selecting an appropriate irrigation method. 
Recommendations are made for future use of decision tools to improve extension 
programs and farmers decision-making process. 
 
Lopez et al. (2008) and Wang et al. (2011) used AHP in order to compare different 
olive farming systems and irrigation treatments. Okada et al. (2008, a and b), applied 
AHP to irrigation project improvement in a two part research article; Chavez et al. 
(2012), used AHP method to assess criteria and farming activities for tobacco 
diversification; Cay and Uyan (2013), evaluated reallocation criteria in land 
consolidation studies using the Analytic Hierarchy Process. In all of these researches, 
the AHP Method was proven to be a powerful management and decision making tool, 
though further researches were suggested.  
 
Although AHP is a powerful and applicable management tool, some researches 
showed that a more robust instrument is needed in order to achieve reliable results in 
multi-criteria problems. In this research, Analytic Network Process was used in order 
to understand the differences between AHP and ANP and their pros and cons. In 
addition to ANP model, Fuzzy Numbering was used as a numbering logic to detect 
the accuracy of each of which.  
   
The main objective of this research is to find out the best factor to assess water 
productivity in the study area. In addition to that, the factors which have greatest 
effect on the water productivity can also be recognized. Also, AHP, ANP, FAHP and 
FANP as multi criteria decision making tools were compared.   
 

2. METHODS 
 

In this research, Takestan irrigation and drainage network was chosen to find out the 
best Water Productivity factor. To achieve this, The Super Decision Software Version 
2.0.8 was used to build Analytic Hierarchy Model and Analytic Network Model. In 
order to build the model structure, one object has been defined as The Goal which is 
finding the best Water productivity Factor. Also, seven factors have been defined as 
The Criteria, which are Crop Water Requirement, Water Price, Water Quality, 
Irrigated Area, Climate, Yield and Yield Price. In addition to the criteria, four factors 
have been used as The Alternatives which are Physical Water Productivity, 
Economical Water Productivity, Physical – Economical Water Productivity and Total 
Factor Productivity. Regarding the selection of criteria and alternative factors, 
economical and physical conditions have been considered. The reason why only 
seven criteria have been chosen is that using more than seven criteria will confront 
the results with sever inconsistency and inaccuracy (Saaty, 2003). 
 
After building up the model structure, each alternative was compared with the other, 
one by one, based on each criterion. In ANP model, in addition to comparing 
alternatives with respect to the criteria, the criteria have been compared with respect 
to the alternatives. Selecting the best weights in independent and dependent factors 
which include those in AHP and ANP respectively, an expert survey has been used. 
The results of AHP and ANP have been produced based on the average weights 
which have been considered by 35 Experts. 
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Figure 1. The tree diagram of criteria and alternatives 
 
In order to transfer these results to fuzzy decision making, the fuzzy logic must be 
used in weighting process. One of the most common and useful methods in fuzzy 
selection of data is Delphi method. This method can be executed in three main steps:  
 
Step 1: Gathering the expert survey data based on triangular fuzzy numbers: 

                    (As
i , Bs

i , Cs
i )  i = 1,2,3, … , n                   (1) 

In this equation, A is the least, B is the most possible, C is the highest value, s is the 
number of times the survey has been gathered and (i) is the number of professionals.  

 

Step 2: In each time that the survey is being filled by experts, a sheaf of answers is 
being formed the average of which is: 

                  (A1
m , B1

m, C1
m)                                         (2) 

In this equation, m is the mean of the n members who have participated and 1 means 
the first time that the survey has been filled. Then the difference from the average of 
each sheaf can be calculated for each member: 

                 (A1
m − A1

i , B1
m − B1

i , C1
m − C1

i )                 (3) 

Step 3: The difference calculated in equation 3, can be positive, negative or zero. The 
results concluded from this equation will be reused by each professional member to 
adjust their previous point of view: 

              (A2
i , B2

i , C2
i )   i = 1,2,3, … , n                        (4)  

 
Step 4: This cycle can be continued so that the difference from average becomes 
consistent. In order to gather the fuzzy results, the same survey results were used 
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and the calculations were repeated for 10 times. Then the results were used as input 
data for AHP and ANP models so that they can be transferred to fuzzy. 
 

3. RESULTS AND DISCUSSION 
 

The overall synthesized priorities for the alternatives for AHP and ANP models are 
shown in tables 1 and 2 respectively. The Normals column represents the results in 
the form of priorities. The Ideals column is obtained from the Normals column by 
dividing each of its entries by the largest value in the column. 
 

Table 1. AHP overall synthesized priorities for the alternatives 

 

Alternatives Ideals Normals 

Physical Water Productivity 0.89 0.27 

Economical Water Productivity 0.85 0.25 

Physical-Economical Water 
productivity 

1.00 0.30 

Total Factor Productivity 0.56 0.17 

 

As it can be seen in table 1, Physical Economical Water Productivity with 30.19 % 
weight is the most suitable productivity factor to assess the studied irrigation network 
performance. 
 

Table 2. ANP overall synthesized priorities for the alternatives 
 

Alternatives Ideals Normals 

Physical Water productivity 0.80 0.26 

Economical Water Productivity 0.66 0.22 

Physical-Economical Water 
Productivity 

0.53 0.17 

Total Factor Productivity 1.00 0.33 

 
On the contrary with AHP results, ANP results in table 2 show that the Total Factor 
Productivity -which was the least preferable factor in AHP analysis- with 33.21 % 
weight, is the most preferable factor to assess the Irrigation network performance.  
 
The sensitivity analysis for water productivity factors with respect to the criteria and 
objectives in AHP and ANP models are shown in Tables 3 and 4, respectively. 
 

Table 3. Sensitivity analysis results for AHP model 
 

Alternatives 
With respect to 

CWR WPrice WQ IA C Y YP 

PWP 39.4% 34.9% 37.5% 37.5% 36.9% 39.9% 39.3% 

EWP 31.2% 38.9% 37.4% 30.7% 38.4% 37.7% 38.7% 

PEWP 40.5% 40.9% 37.9% 37% 38% 39.9% 41% 

TFP 28.1% 29.2% 29.5% 30.3% 28.9% 29.7% 27% 

 
As it can be seen in table 3, physical water productivity has the most sensitivity 
towards yield with 39.9%, economical water productivity which is most sensitive to 
water price with 38.9%, physical economical water productivity gets the highest effect 
from yield price with 41% and Irrigated area with 30.3% of effectiveness is the most 
important factor for total factor productivity calculation. 
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Table 4 shows that physical water productivity has the most sensitivity towards yield 
with 39.9%, economical water productivity is most sensitive to climate with 40.6%, 
physical economical water productivity gets the highest effect from yield with 32.2% 
and Yield with 47.1% of effectiveness is the most important factor for total factor 
productivity calculation. 
 

Table 4. Sensitivity analysis results for ANP model 
 

Alternatives 

With respect to 

CWR WPrice WQ IA C Y YP 

PWP 36.5% 39.4% 35.7% 36.2% 39.7% 39.9% 35.8% 

EWP 37.8% 29.8% 37.1% 35.9% 40.6% 39.5% 27.4% 

PEWP 29.5% 31.3% 27.6% 27.6% 30% 32.2% 26.1% 

TFP 41.8% 46.3% 41% 41.6% 42.5% 47.1% 42.4% 

 
The overall synthesized priorities for the alternatives for FAHP and FANP models are 
classified in Tables 5 and 6 respectively. 
 

Table 5. FAHP overall synthesized priorities for the alternatives 
 

Alternatives Ideals Normals 

Physical Water productivity 0.58 0.24 

Economical Water Productivity 0.57 0.23 

Physical-Economical Water Productivity 1.00 0.41 

Total Factor Productivity 0.22 0.09 

 
As it can be seen in table 5, Physical Economical Water Productivity with 41.88 % 
weight is the most suitable productivity factor to assess the studied irrigation network 
performance (as for FAHP). Considering the results concluded from AHP model, it is 
as clear as sunshine that fuzzy logic, has approved AHP results. Also, the percentage 
weight allocated to physical economical water productivity has been increased since 
for physical, economical and TFP factors it has been decreased.   
 

Table 6. FANP overall synthesized priorities for the alternatives 
 

Alternatives Ideals Normals 

Physical Water productivity 
0.81 0.26 

Economical Water Productivity 0.71 0.23 

Physical-Economical Water Productivity 0.54 0.17 

Total Factor Productivity 1.00 0.32 

 
On the contrary with FAHP results, FANP results in table 6 show that the Total Factor 
Productivity -which was the least preferable factor in AHP and FAHP analysis- with 
32.45 % weight, is the most preferable to assess the Irrigation network performance.  



2ndWorld Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.1.4.25 

 

 
6 

Tables 7 and 8 explain the sensitivity analysis for water productivity factors with 
respect to the criteria and objectives chosen in FAHP and FANP models respectively. 
 

Table 7. Sensitivity analysis results for FAHP model 
 

Alternatives 
With respect to 

CWR WPrice WQ IA C Y YP 

PWP 31.4% 37.5% 35.7% 34.7% 34.9% 34.9% 38.2% 

EWP 39.1% 31.3% 37.7% 38.4% 38.6% 23.7% 31.6% 

PEWP 50.6% 51.6% 47.4% 48.7% 47.1% 48.1% 37% 

TFP 21.1 % 21.8% 21.4% 20.4% 21.6% 21.5% 7% 

  
It can be clearly seen in table 7 that physical water productivity has the most 
sensitivity towards yield price with 38.2%, economical water productivity is most 
sensitive to Crop water requirement with 39.1%, physical economical water 
productivity gets the highest effect from Water price with 51.6% and Water price with 
21.8% of effectiveness is the most important factor for total factor productivity 
calculation. 
 

Table 8. Sensitivity analysis results for FANP model 
 

Alternatives 
With respect to 

CWR WP WQ IA C Y YP 

PWP 36.4% 39.4% 34.2% 34.2% 42% 41% 36.4% 

EWP 38.4% 30.7% 36.8% 34.2% 43.5% 40.6% 28.6% 

PEWP 29.3% 31.4% 26.6% 25.9% 31.3% 32.6% 26.9% 

TFP 41.2% 45.8% 39.5% 38.9% 43.1% 47% 42.5% 

 
Table 8 shows that physical water productivity has the most sensitivity towards 
Climate with 42%, economical water productivity is most sensitive to Climate with 
43.5% and physical economical water productivity gets the highest effect from Yield 
with 32.6%, Yield with 47% of effectiveness is the most important factor for total factor 
productivity calculation. 
 
According to Bastiaanssen et al. (2000), de Fraiture et al. (2010), Zwart et al. (2010, a 
and b) and Karimi et al. (2012), it is proven that water productivity is an important 
multi-dimensional factor which must be measured accurately. As it can be seen in 
results, the physical economical water productivity factor is of major importance 
among other water productivity factors. 
 

4. CONCLUSIONS 
 
To shed more light on the results achieved from AHP, ANP, FAHP and FANP models, 
physical economical water productivity and total factor productivity are the most 
eligible factors for assessing water productivity. It shows that combining physical and 
economical aspects (as for AHP and FAHP) or considering the overall outputs and 
inputs (as for ANP and FANP) which also considers physical and economical aspects 
in a large scale, can lead to a better management results. 
 
As for alternatives (in AHP) water price and yield price have more importance that the 
others which conclude to the economical point of view of professionals. Being 
repeated for three times as the most important objective (in ANP), yield seem to have 
been grabbed more attention among others. In addition to yield, professionals are of 
the opinion that climate and water price have a huge effect on water productivity.  
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In FAHP, water price is the most important alternative among others from the 
professionals’ point of view. Crop water requirement and climate are in the next 
places. This means that the economical side of managerial ideas is heavier than the 
physical side. As for FANP, Climate and yield have been considered most important 
but the rule of water price has been considered.   
 
In an overall aspect, it can be said that AHP and ANP models are both applicable 
tools for multi criteria decision making. Since, AHP considers only the pair 
relationship between criteria and an alternative, its ability of decision making is 
weaker than ANP. The common factor between this two is that they both suggest the 
combination of economical and physical factors. The difference is that ANP suggests 
considering economic factors through physical ones. For example, when ANP results 
give the priority to TFP, yield, water price and climate, it means that the economical 
and physical factors must be considered in larger scales. Since the water price or the 
value or amount of yield may vary in different types of climates, the concept of 
economic crop can also be different from place to place or scale to scale. As for fuzzy 
logic in both models, there is no need to say that it makes the results precisely clear 
and accurate. In each and every model, the number of statistical surveys gathered, 
gives more accuracy to the results. Regarding to this matter, using FAHP and FANP 
can only give us the same results with a higher consistency degree. 
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