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Abstract

Urban retail markets are state-owned retail markets that were recently established in Iran to increase the welfare
of consumers and producers. To achieve this goal and expand its presence in the Iranian retail sector, it is essential
to gain a comprehensive understanding of consumer behavior within these markets. This study examines the
various socio-economic factors influencing consumers' decisions in the retail market by using the C4.5 algorithm.
The data were collected using a random sampling method through a survey of 189 consumers, focusing on the
population of Mashhad, Iran, during 2019-2020. Results revealed that awareness of available discounts
significantly drives consumer choices in urban retail markets. Despite existing discounts, awareness among
consumers remains low, suggesting a need to review promotional strategies within the marketing mix. The study
also identifies previous purchases from urban markets, household income, and education as influential factors.
Findings offer valuable insights for policymakers, market strategists, and stakeholders seeking to enhance the
effectiveness of local retail markets in Iran. By leveraging insights into consumer behavior and market dynamics,
these markets can thrive, benefiting Iran's retail sector and overall economy. Following the study,
recommendations such as enhanced promotional campaigns, education-oriented strategies, loyalty programs,
collaborations with local producers, and inclusive marketing policies was made aim to improve access for all
consumers to urban retail markets.
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Introduction

By identifying the critical factors that
influence  buyers' purchasing behaviors,
marketers can craft strategies that align with
these determinants, thereby securing their
competitive edge in the market (Shamsher,
2016). Consumer behavior has remained a focal
point in the discourse on retail marketing and
decision-making for more than 70 years (Rahim
etal., 2021; Tian et al., 2021).

Understanding consumer behavior involves
delving into the psychological, social, and
cultural factors that influence how individuals
make purchasing decisions. Initially emerging
as a specialized sub-discipline  within
marketing, the study of consumer behavior has
consistently shown that purchasing decisions
are influenced by a complex interplay of
sociological and  psychological  factors
(Applebaum, 1951; Dominici et al., 2021,
Donoghue et al, 2021). Furthermore,
contemporary research in this field views
consumer behavior as an interdisciplinary
social science, integrating insights from
psychology, sociology, anthropology,
ethnography, marketing, and economics,
particularly behavioral economics (Razu &
Roy, 2019).

In recent years, Iran's retail industry has
undergone a dramatic transformation, marked
by the growing prominence of organized retail.
This shift has brought profound changes within
the sector (Shamsher, 2016; Gauri et al., 2021).
These changes include the proliferation of
shopping malls, supermarkets, and
hypermarkets, which have altered traditional
shopping patterns and consumer expectations.
The rise of organized retail in Iran has been
accompanied by an increase in consumer access
to a wider variety of products and brands, more
competitive pricing, and enhanced shopping
experiences. This evolution has necessitated
that retailers in Iran and similar markets pay
closer attention to consumer behavior to remain
competitive.

Iran's retail sector has evolved into an
oligopoly, dominated by a few corporations

operating chains of hypermarkets that supply
most grocery products (Jofreh, 2013). Recently,
state-operated urban retail markets have entered
the Iranian market. State-owned retail markets
were common in many countries, such as
China, where urban consumers were limited to
shopping at state-run establishments until 1978
(Veeck & Veeck, 2000). Although these
markets are often criticized for inefficiencies
(Hingley et al., 2009), they must improve their
performance to compete in a competitive
environment.

The establishment of state-operated urban
retail markets in Iran aims to ensure a direct and
timely supply of fruits, vegetables, meat,
poultry, fish, detergents, and sanitizers in the
domestic market; support consumer rights;
establish suitable and effective pricing;
organize and regulate food markets; and
facilitate the preparation and distribution of
products by creating a direct connection
between producers and consumers (Golriz Ziaie
et al., 2015). Considering these factors,
promoting shopping in these markets enhances
consumer welfare. Increasing the market share
of urban markets can also lead to greater profits
for producers, as these markets provide a
platform for producers to sell their goods and
reduce marketing margins (Thakur et al., 2023).
In this regard, marketers of urban retail markets
must gain comprehensive knowledge about the
factors that determine consumers' choice of
retail market and how to influence their
purchasing decisions (Liyanage et al., 2020;
Thakur et al., 2023).

By understanding consumer preferences,
behaviors, and the socio-economic variables
that impact shopping habits, marketers can
develop strategies that attract more customers
to these markets. Several studies have looked
for factors that influence consumers' choice of
retail markets. For instance, Laine (2014) and
Bhatti et al. (2015) identified that a store's
product selection, previous experience, and
location are crucial factors affecting consumers'
retail market choices. Zulgarnain et al. (2015)
examined factors influencing consumers'
choice of retail stores, focusing particularly on
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grocery stores. Pandey & Kaur (2018)
conducted a study comparing retail marketing
between rural and urban regions. Their findings
underscored that urban as well as rural retail
markets need to be addressed separately by any
retail marketer because both regions offer
several opportunities. Rasheed et al. (2018)
found that if the store atmosphere is neat, the
point of purchase display is attractive,
promotional activities are influencing and
payment facilities are provided then these will
promote more impulse buying. Nguyen (2019)
identified four factors influencing supermarket
choice that includes location, perception of
prices and products, employee attitudes, and
references. Manuere (2023) investigated factors
affecting customers’ choice of supermarkets for
grocery shopping in Chinhoyi town. The results
of the study revealed that the location of the
supermarket, children’s play areas and parking
areas are likely to influence the customers’
choice of a supermarket.

The previous studies primarily focus on
global contexts, overlooking specific insights
crucial for the Iranian market. This gap hinders
the development of customized strategies that
align with local consumer preferences and
socioeconomic dynamics. Moreover, the
profound influence of culture on consumer
behavior means that findings from other studies
may not be applicable to Iran. This underscores
the critical need for localized research to fill this
gap and guide effective marketing strategies.
The current study addresses these challenges by
examining how socioeconomic variables
impact consumer purchasing decisions in
Iranian urban retail markets. Through the
innovative application of machine learning
algorithms for consumer classification, the
study introduces a unique analytical framework
tailored to predict and understand consumer
behavior within Iranian urban retail markets.
This approach aims not only to uncover the
most influential socioeconomic factors shaping
consumer choices but also to equip marketers
with practical insights to enhance their ability
to attract buyers to urban retail markets. In
doing so, the study contributes to advancing our
understanding of consumer behavior in a

culturally specific context and introduces a
novel method for consumer classification that
can be adapted for similar studies.

Materials and Methods

Data Mining

Data mining is the investigation and
examination of large amounts of data to find
significant patterns and rules (Berry & Linoff,
2000). It tries to discover potentially useful,
interesting, and previously unknown patterns
from a large collection of data (Ram, 2022).
Classification is one of the main goals
associated with data mining. It is the
characteristic knowledge that displays the
shared properties of the same type of items and
the shared characteristics of differences
between different items (Vindigni et al., 2022).
It aims to retrieve rules from the database. The
most popular multidimensional classification
technique is decision tree (Moitra et al., 2021;
Quinlan, 2014), which is used in this survey.

Decision Tree

Decision trees (DT) are powerful tools that
have been widely used to build classification
models (Kotsiantis, 2013; Ooi et al., 2017). The
algorithm created by a DT can be turned into
multiple IF-THEN rules that display the

relationship between output and input traits. A

DT is made up of one root node, a few internal

nodes, and numerous leaf nodes. The DT begins

with the root node. The internal nodes join the
leaf and root nodes. Each leaf node is equipped
with a class label. The routes leading from the
root node to the leaf nodes show the
classification rules (Dev & Eden, 2019; Meng
et al., 2020). The advantages of using DT
compared with other methods are (Kotu &

Deshpande, 2018; Nisbet et al., 2018):

e DT is more accurate compared with other
data mining methods.

e It can be used for a wide range of data
types, including continuous and discrete
data.

e Compared with other classification
methods, it requires less time.

e Extracted rules are simple to understand
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and interpret.

Commonly utilized DT algorithms include
the CART, Iterative Dichotomizer (ID3), and
C4.5 algorithms (Barh, 2020). All the
classification methods have a similar structure,
to create a high-quality tree with a low error
rate. Most of them use top-down greedy search
to traverse the possible spaces of a DT.
However, the majority of them have different
branching and branch-cutting techniques (Han
et al., 2022). Developed by Quinlan (1996),
C4.5isan improved version of ID3 that uses the
information gain ratio as the standard for
selecting attributes rather than information
gain. Like the CART algorithm, C4.5 considers
each node as recursive and chooses the optimal
part. This trend will continue until there are no
optimal parts left. There are two main
advantages associated with the C4.5 algorithm.
First, it can handle continuous attributes better
than the CART algorithm (not limited to binary
attributes); second, the overfitting issue that
exists with the ID3 technigue can be resolved
using the C4.5 approach (Zaki & Meira, 2020;
Sun et al., 2007). The process of forming a
decision tree and selecting an attribute is
described below (Sugumaran &
Ramachandran, 2007; Kumar et al., 2014):

1- A collection of available features is the
input of the algorithm, and DT is the output
of it.

2- Leaf nodes of the DT represent the class
labels, and other nodes represent classified
classes.

3- The tree's branches stand in for each
predictive value of the feature node they
originate from.

4- Starting at the tree's root and proceeding
through it until one reaches a leaf node
(which offers a categorization of the
instance), the DT can be used to categorize
feature vectors.

5- Using the right estimation criteria, one can
choose the most beneficial feature for
classification at each decision node in the
DT. The ideas of entropy reduction and
information  gain—discussed in  the
following subsection—are applied in the
criteria used to determine the optimal

feature.

In the C4.5 algorithm, the decision tree is
built from top to bottom. This technique uses
information gain to determine which attribute
should be utilized to categorize the current
subset of data. Then, to choose the best
alternative for the next node, the same process
takes place for the data of each branch (Cherfi
et al, 2018). ‘Information gain’ is the
anticipated loss of entropy owing to portioning
the samples according to a specific attribute,
while ‘Entropy’ describes the impurity of an
arbitrary collection of examples. Increasing
information lessens uncertainty. Entropies of
the initial system and the system after
information is added, are compared in
information gain. Information gain (S, A) of a
feature A relative to a collection of examples S
is defined by the following formula (Reddy &
Chittineni, 2021; Lintang et al., 2022):

Gain(S,A)

= Entropy(S) 1)

|Sv|
— z v € Value(A) — Entropy (S,

Where Values (A) refers to the collection of
all potential values for A attribute, and
corresponding Sy designates the subset of S for
which feature A has value v. S stands for the
original collection's entropy in the equation
above, and A is the expected value of entropy.
The entropies belonging to each subset Sv are
added together to get the expected entropy
denoted by the word A. Gain (S,A) is the
expected depletion in entropy as a result of the
known value of attribute A. Entropy is:
Entropy(S) = Xi-; —pilog, p; )

Where Pj is the proportion of S belonging to
class ‘i’ (Kumar et al., 2014). The present study
used the J48 algorithm (equal to the C4.5
algorithm in WEKA software) for learning the
decision tree.

Goodness-of-fit of decision-tree models
The performance of the decision tree can be
measured by indexes below:
True Positive Rate
False Positive Rate
Precision
Recall
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e Famount

The True Positive Rate (TPR) criterion, also
called the Hit Rate, is the ratio of buyers who
are correctly classified in each group and is
calculated as follows:

TP Rate =

Number of consumers correctly classified

3
Total number of consumers ( )

False Positive Rate represents the ratio of
buyers who are classified incorrectly by DT and
is calculated as follows:

FP Rate =

Number of consumers incorrectly classified

4
Total number of consumers ( )

The measures of Precision and Recall are
also calculated with the following formulas:

Precision =

TP rate _ (5)
Trraterrpras  Recall = TPrate

The index that combines FPR and TPR is the
harmonic mean of Precision and Recall and is
calculated as below (Walkinshaw, 2013):

F — Measure =
2XPrecisionXRecall (6)

Precision+Recall o
Cohen's kappa (x) statistic is a chance-

corrected method for measuring agreement
(rather than association) among raters. It
answers the question of: What percentage of
values not expected to be in agreement (by
chance) are in agreement? The formula of
Kappa is:
k _ fO - fE (7)
N —fr

Where fo is the relative observed agreement
among raters, fe is the hypothetical probability
of chance agreement, and N is the total number
of observations (Cohen, 1960). The Kappa
result can be interpreted as follows: values < 0
denote no agreement, 0.01-0.20 indicate no to
slight agreement, 0.21-0.40 indicate fair
agreement, 0.41- 0.60 indicate the moderate
agreement, 0.61-0.80 indicate substantial
agreement and 0.81-1.00 denote almost perfect
agreement (McHugh, 2012).

Data

Examining urban retail markets in Mashhad
is particularly significant due to the city's dual
role as a major hub for both domestic residents

and international tourists. With millions of
visitors annually, Mashhad's retail sector
experiences unique dynamics influenced by
diverse consumer behaviors shaped by cultural,
social, and economic factors specific to the
region. In this context, a questionnaire was
designed to identify and understand the socio-
economic factors that impact consumers'
choices in retail markets. Initially, pertinent
literature was reviewed to select the most
relevant socio-economic variables affecting
consumer behavior. Following this, the
questionnaire was refined through focus group
discussions to comprehensively capture the
nuances of these factors in Mashhad's retail
markets. By conducting a pre-study, the sample
size was determined, and necessary tests to
ensure its validity and reliability were
performed. In this regard, 30 questionnaires
were filled out. It should be noted that the data
were collected in 2019-v-v. . The results of this

sample showed that the variance of the studied
attribute, which was calculated based on the
probability of each of the dependent variable
groups, is equal to 0.238. The current study
employed a simple random sampling method to
ensure equal opportunity for every individual in
the studied population to be selected and to
prevent bias in sample selection. Furthermore,
the sample size of 189 observations was
determined based on Equation 10.

AS ©)
=4
When Z is the amount of normal variable
with 1—« confidence level (in the present
study 95% confidence level is considered), d
is the margin of error and §,° stands for the

variance of the studied attribute. Prior to
conducting the survey, the Ferdowsi University
of Mashhad granted ethics approval. All the
participants in the survey were informed
regarding the aim of this study and were asked
to answer in an honest manner. They were
assured regarding the confidentiality of their
response, the survey's scientific intent, and their
privacy. All the participants were responsible
for the shopping in their families and were older
than 18 years old.
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Result and Discussion

Descriptive statistics
To discover effective parameters and factors

affecting the selection of urban retail markets
by consumers, this study used the C4.5
algorithm. Table 1 shows the variables used in
this study.

Table 1- Description of variables in the study

Variables Explanation
Priority in purchase (decision variable) purchase from other shops=1; purchase from urban market=2
Gender Female=0; Male=1
Age Less than 40=1; More than 40=2
Job Housekeeper, Unemployed, Retired=1; Self-employed=2; Employment in
public and private sector jobs=3
Education Less than university education =1; University education=2

Distance from urban market
Previous purchase from urban Markets
Existence of discounts and awareness of that in
the urban markets

Household income per month

Near=1; Far=2
No=0; Yes=1

No=0; Yes=1

Less than 357 dollars =1; Between 357 and 655 dollars = 2; More than 655

dollars = 3

According to Table 1, effective socio-
economic variables in the selection of urban
retail markets include gender, age, job,
education, distance from the urban markets,
previous purchases from the urban markets,
awareness of the discounts in the urban
markets, and household income.

Fig. 1 provides an overall illustration of the

Gender
162

Distance

sample. It is made up of nine different figures,
each of which belongs to a different variable.
On the left side of each picture are those who
coded with the least number (0 or 1), and on the
right side are those with higher codes. Those
with blue colors have prioritized purchasing
from other markets over urban markets.

Education

Discount
140,

OL. Purchase
2

Figure 1- The relation between the independent variables and the purchasing from the urban markets or other shop
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Table 2- Descriptive analysis of variables

Variable Decision group variable Group Percentage
1 0 77.4
1 22.6
0 66.7
Gender 2 1 333
0 73.1
Total 1 26.9
1 1 62.9
2 371
1 59.5
Age 2 2 405
1 61.5
Total 5 385
1 53.2
1 2 21.0
3 25.8
1 40.5
Job 2 2 21.4
3 38.1
1 48.1
Total 2 21.2
3 30.8
1 1 72.6
2 27.4
. 1 57.1
Education 2 5 429
1 66.3
Total 5 337
1 1 11.3
2 88.7
5 1 21.4
Distance from urban markets 2 78.6
1 15.4
Total 5 846
1 0 75.8
1 24.2
Previous purchases from urban markets 2 (1) 288
0 65.4
Total 1 346
1 0 80.6
1 19.4
. . . 0 47.6
Discount and being aware of it 2 1 524
0 67.3
Total 1 327
1 1 371
2 2 46.8
3 3 16.1
1 1 16.7
Household Income Per Month 2 2 42.9
3 3 40.5
1 28.8
Total 2 452
3 26.0
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Fig. 1 and Table 2 provide a detailed
demographic overview of the sample. The
study shows a predominant representation of
female participants, particularly among
shoppers from other markets compared to those
from urban markets. Previous research in Iran
has consistently observed a higher participation
rate among women, a trend that is accentuated
in this study. Awareness of discounts offered at
urban markets is notably low, with a significant
disparity between those who prioritize
shopping elsewhere and others. A substantial
portion of respondents had never made
purchases from urban markets, indicating a
potential barrier to market engagement.
Interestingly, a large majority of participants
perceive urban markets as distant from their

residences, reflecting a common sentiment
regardless of shopping preferences.

The results of the C4.5 algorithm

Using the C4.5 algorithm, the general
behavior of consumers in their market selection
is first investigated, and then the behavior of
each consumer group is examined. Before
analyzing the decision tree's algorithm in Fig. 1,
it is required to investigate classification
accuracy using various goodness of fit tests.
Table 3 shows that the fitted tree in Table 1 has
satisfactory classification accuracy, properly
classifying more than 87 percent of first-group
buyers, 83 percent of second-group buyers, and
86 percent of all purchasers.

Table 3- The general classification of consumers based on purchase priority from different markets using the C4.5 algorithm

Number of
observations

Results of decision tree C4.5 algorithm classification

Consumers Priority: purchase from Priority: purchase from the
other shops urban markets
Priority: purchase from other shops 124 108 16
(Group 1) 87.10% 12.91%
Priority: purchase from the urban 84 14 0
markets of the city (Group 2) 16.67% 83.33%
Percentage of total C(_)rrect classified 85.58
observation
Kappa Statistic 0.702
Accuracy statistics based on class TP rate FP rate Precision Recall B;Is::;d
Group 1 0.871 0.167 0.885 0.871 0.878
Group 2 0.833 0.129 0.814 0.833 0.824
Total 0.856 0.151 0.856 0.856 0.856

As shown in Fig. 1, the most effective socio-
economic variable on buyers' choices is their
awareness of the discounts in the urban
markets, and after that, gender and household
income are in the following order. The next
degrees of significance are given to the factors
of distance from the market, previous purchases
from urban markets, and age.

In the DT with the C4.5 algorithm, the first
number of each leaf node?® represents consumer
priority in choosing the market. It takes 1 if the

1- Each decision tree has two kinds of nodes: internal
nodes and leaf nodes. Each internal node or non-leaf node
is illustrated by an attribute in a way that represents a
"test" on an attribute, and there are branches equal to the

consumers prefer buying from other markets,
and it takes 2 if they prefer buying from the
urban markets. The first number in parentheses
in each leaf node represents how much data
exists in the represented sample, and the second
number illustrates the number of errors in the
classification of buyers.

According to the classification that has been
done based on the C4.5 algorithm of the DT,
around 40% of buyers are women who were not
aware of the urban markets’ price discounts,

number of possible answers, and each of them shows the
outcome of a test. Each leaf node also represents a class
or group of answers.
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were far from the urban markets, and had never
purchased from these markets. These buyers

.‘m

will purchase from shops near their place of
residence.

@ m »o @

@ @

o

@-@-
@

Figure 2- C4.5 algorithm of buyers’ general behavior in choosing among different markets

According to Fig. 2, another group that
makes up a high proportion of buyers is middle-
income men who are unaware of discounts in
the urban markets. In this group, those who
work as employees choose the urban markets,
while those with self-employed jobs choose
other shops. Buyers who have an average
income level and are aware of the discount in
the urban markets do not buy from these
markets if they do not have experience buying
from them. However if they do have the
experience, purchasing or not purchasing from
the urban markets depends on other variables,
such as job, gender, education, and age, which
are explained in Fig. 1. Greenacre & Akbar
(2019); Daoudi & Develi (2022) also stated that
age and income play a significant role in
influencing consumer buying behavior. The
noteworthy point about this tree is how the
middle-income group, as opposed to the low-
income and high-income groups, follows a
more complicated algorithm from all the
branches that lead to household income.
Planners and policymakers of urban
marketplaces should consider this since this

group makes up the majority of the population.
Therefore, it is crucial to take additional factors
such as age, gender, occupation, and education
into account for the middle-income group.
Investigating this tree also illustrates that
people with a higher level of awareness
regarding discounts are more likely to purchase
from these markets. For a better understanding
of consumer behavior, this behavior is
discussed in different groups based on gender,
education, and distance. Fig. 3 and 4 represent
male and female consumers’ behavior,
respectively, and Table 4 represents the
information accuracy of the DT represented in
that figure. As shown in Table 4, the DT could
accurately  classify = female  consumers’
purchasing patterns in 87 percent of cases,
while male consumers’ purchasing patterns
were correctly classified in 86 percent of cases.
Kol & Levy (2023); Chen et al. (2022);
Savaskan & Cat1 (2021) stated that female
customers are more interested in discounted
products and gender difference affects the
purchasing pattern. Furthermore,
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Table 4- Consumer classification based on gender and purchase priority using the C4.5 algorithm

Results of decision tree C4.5 algorithm classification

Number of — - —— -
Consumers observations Priority: purchasing from other Priority: purchasing from urban
markets markets of city
Female Male Female Male Female Male
Priority: 88 24 8 4
purchasing from 9% 28
other shops 91.67% 85.71% 8.33% 14.28%
(Group 1)
Priority: 12 4 44 24
purchasing from
urban rc‘}‘:‘;kem of 56 28 21.42% 14.28% 78.57% 85.71%
(Group 2)
Female Male
Percentage of total
correct classified 86.84% 85.71%
observation
Kappa Statistic 0.715 0.714
Accuracy statistic TP rate FP rate Precision Recall B:‘_':::rzd
based on class Female Male Female Male  Female Male Female Male Female Male

Group 1 0.917 0.857 0.214 0.143
Group 2 0.786 0.857 0.083 0.143
Total 0.868 0.857 0.166 0.143

0.880 0.857 0.917 0.857 0.898 0.857
0.846 0.857 0.786 0.857 0.815 0.857
0.868 0.857 0.868 0.857 0.867 0.857

The DT from the analysis of female
consumer behavior is shown in Fig. 3. It
demonstrates that for this group of consumers,
awareness of the discounts is the most
significant factor, and then the variables of
distance from the urban markets and education
are on the second level of effectiveness. The
third most effective variable in influencing
consumers’ choices is income and previous
purchases from the urban markets. In the case
of the behavior analysis of male consumers,
Fig. 4 illustrates that the job is the most
significant variable, followed by income and
previous purchases from the urban markets.
Age, distance from the urban markets, and
discount awareness are on the third level of
effectiveness. Gomes (2018) emphasizes that
education level, gender, and occupation

profoundly impact individuals' shopping
behavior patterns, playing pivotal roles in
shaping consumer preferences, decision-

making processes, and shopping habits across
diverse demographic groups. Furthermore,
Taylor et al. (2019) and Chandrakala et al.
(2023) highlighted that discounts are a

significant  factor influencing consumer
purchasing behavior. Sostar & Ristanovi¢
(2023) highlight that age, gender, and
employment status are influential factors in
shaping consumer behavior.

According to Fig. 3, if women are aware of
the discount offered by the urban markets and
have a high level of education, they purchase
from the urban markets, but if they have a low
level of education and a medium level of
income, they will purchase from an alternative
market. If planners want to draw in more
consumers, they should take into account the
significant impact of discount awareness on
women's purchasing habits. Female consumers
will not purchase from urban markets if they do
not know about the discount, the distance
between their place of residence and these
markets is far, and they have not previously
purchased from these markets. Planners must
adopt and carry out remedial policies to address
this problem.
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Figure 3- C4.5 algorithm of female buyers’ buying behavior in choosing between different alternatives of market

= 1 = 2 =3

_ | .

1(6.02.0)

=2

/N

2 (12.0/4.0) 2(2.0)

Figure 4- C4.5 algorithm of male buyers’ buying behavior in choosing between different market alternatives

Regarding male consumers, Fig. 4 illustrates
that those who are self-employed and have not
previously shopped at urban markets tend to
prefer other shops. However, employed men
purchase from urban markets in two scenarios:

first, if they have a high income and are aware
of market discounts; and second, if they have a
moderate income and reside near urban
markets. Interestingly, they also shop at urban
markets when they live far away, possess a high
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level of education, and are unaware of market
discounts. In line with these findings, Roy et al.
(2021) suggested that local retailers' spot
discounts could enhance market potential and
influence  consumer  preferences toward
purchasing. Table 5 discusses the behavior of
consumers with and without university degrees.

It indicates that the C4.5 algorithm of the DT
could effectively classify consumers based on
socioeconomic factors and simulate consumer
behavior in two groups, including those with
and without a university degree, to a great
extent. Fig. 5 and 6 display the classification's
outcomes.

Table 5- Consumer classification based on education and purchase priority using the C4.5 algorithm

Number of Results of decision tree C4.5 algorithm classification
Consumers observations priority: purchase from other shops priority: purchase from urban markets
High! Low High Low High Low
priority: purchase from 26 86 6 4
other shops 32 90 0 0 0 o
(Group 1) 81.25% 95.56% 18.75% 4.44%
priority: purchase from 4 12 32 36
urban markets 36 48 0 0 0 0
(Group 2) 11.11% 25.00% 88.89% 75.00%
High Low
Percentage of total
correct classified 85.71% 88.41%
observation
Kappa Statistic 0.714 0.734
Accuracy statistics based TP rate FP rate Precision Recall BFaEI:Cnochd
on class High Low High Low High Low High Low High Low
Group 1 0.824 0956  0.111  0.250 0.875 0.878 0.824 0956 0.848 0.915
Group 2 0.889 0.750  0.176  0.044 0.842 0.900 0.889  0.750 0.865 0.818
Total 0.857 0.884 0.145 0.179 0.858 0.885 0.857  0.884 0.857 0.881
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Figure 5- C4.5 algorithm of buyers’ behavior in choosing different alternatives of the market who do not have a
university degree

1- High means people with university degree and low means people with low degree
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Figure 6- C4.5 algorithm of buyers’ behavior in choosing different alternatives of the market who have a university degree

As it is shown in Fig. 5 and 6, the awareness
of the urban market's discount is the most
important  component  that  influences
consumers' choice among market options in
both groups with and without a university
degree.

In the group of consumers without university
degrees, the second most essential criterion for
both consumers with and without awareness of
urban markets’ discounts is their income. They
are less likely to purchase from the urban
markets if they are unaware of discounts and
have low incomes. This is also true for
consumers with a medium level of income who
live far from the urban markets. Finally, since
the distance from the urban markets is one of
the important factors influencing consumer
behavior, planners in this area can affect
consumers' choices by selecting the right site.

Fig. 7, illustrates socio-economic variables
that are effective on the behavior of consumers
at a far and close distance from the urban
markets. Prior to that, Table 6 provides
information regarding different statistics that
must be used to assess the accuracy of fitted
trees. The DT correctly classified 82% of the
consumers. Accuracy statistics based on class

also illustrate the appropriate accuracy of the
represented DT. Zulgarnain et al. (2015) also

identified distance as a critical factor
influencing consumers' choice of retail stores
for grocery shopping. Terano et al. (2015),
Yildirim et al. (2015) stated that significant
differences in customer preferences based on
age, gender, and education level.

As shown in Fig. 7 and 8, the consumer’s
decision to shop at the urban markets first
depends on the discount offered at these
markets and the consumers’ awareness of that.
One of the most crucial paths that planners
should take into account is the path of women
who are not aware of urban markets’ discounts,
live far away from the urban markets, and have
never made purchases there before. These
characteristics have prevented these individuals
from choosing the urban markets over other
markets. However, males living a far distance
from the urban markets with a medium level of
income who are not aware of discounts will buy
from the urban markets if they have university
degrees; otherwise, they will purchase from
other shops. Therefore, the implementation of a
specific marketing strategy for these groups can
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lead to an increase in their purchases from these

markets.

Table 6-Consumer classification based on distance from the urban markets and purchase priority using C4.5 algorithm

Number of

Results of decision tree C4.5 algorithm classification

Priority: purchase from urban

Consumers observations Priority: purchase from other shops
markets
Close Far Close Far Close Far
Priority: purchase from 12 98 2 12
other markets 14 110
0, 0, 0, 0,

(Group 1) 85.71% 89.09% 14.28% 10.90%
Priority: purchase from 4 18 14 48
urban ma”z‘)ets (Group 18 66 22.23% 27.27% 77.77% 72.73%

Close Far
Percentage of total
correct classified 81.25% 82.95%
observation
Kappa Statistic 0.625 0.630

Accuracy statistic based TP rate FP rate Precision Recall Blf_ Isg‘;rid

on class Close Far Close Far Close Far Close Far Close Far

Group 1 0.857 0.891 0.222 0.273  0.750 0.845 0.857 0.891  0.800 0.867

Group 2 0.778 0.727 0.143 0.109 0.875 0.800 0.778 0.727 0.824 0.762

Total 0.813 0.830 0.178 0.211  0.820 0.828 0.813 0.830 0.813 0.828
:0’--"_'_,-—"_ “-\_‘_\:I
/ “——___‘_‘R
Income
. 0/ T / \‘\
/ \\
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Figure 7- C4.5 algorithm of buyers’ behavior with far distance from urban markets
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Another considerable point about the
distance from the urban markets is the fact that
for those with a close distance from the urban
markets, their choice between the urban
markets and other shops only depends on age.
Those who are less than 40 years old prefer
urban markets, while others do not. Makgosa &
Sangodoyin (2017) highlighted age as a critical
determinant of consumers' store preferences.
They categorized younger shoppers as
recreational quality seekers and older shoppers
as novelty—quality seekers.

Conclusion and Recommendation

This study used the C4.5 algorithm, one of
the most accurate decision tree algorithms, to
survey consumers and model their decision
processes. In accordance with previous studies,
this study demonstrates that C4.5 is a helpful
tool for creating a hierarchical decision support
model. It provides a simple schematic diagram
of the consumers’ decision-making process.
This approach allows for the statistical testing
of model validation. This enables the model's
reliability to be taken into account. This study's
decision tree has acceptable reliability. The
findings highlight that consumer behavior is
predominantly influenced by awareness of
discounts, aligning closely with Alsini et al.'s
(2023) findings on the impact of promotional
campaigns on grocery shopping in Saudi
Arabia. Discounts play a significant role in
retail dynamics by boosting sales and
enhancing customer satisfaction but also
present challenges such as reduced profit
margins and increased price sensitivity. Less
than a third of consumers are aware of available
discounts, suggesting deficiencies in current
marketing strategies and the need for
reassessment. Hecht et al. (2020) emphasized
the importance of regularly reviewing
marketing tactics to inform consumers about
discounts effectively. In addition, Noor (2020)
emphasized the significant impact of discounts
on consumer buying behavior. Biiyiikdag et al.
(2020) also investigated the varying effects of
discounts on men and women, highlighting that
gender differences can influence how

consumers respond to promotional offers.

The study also revealed that the majority of
consumers in these markets have advanced
degrees, likely due to policies targeting
educated individuals or a lack of advertising
that has inadvertently attracted this
demographic. Conversely, those with lower
education levels are less inclined to shop at
these markets, likely due to factors such as
income disparity, limited exposure to
marketing, and less familiarity with urban retail
markets. Hanaysha (2018) confirms that
income is a key factor influencing purchase
decisions. Kumar (2018) emphasized that
comprehensive product offerings, convenience,
and parking facilities contribute to the
preference for urban retail markets. Current
policies favoring high-income consumers
highlight the need for equitable policy reviews
to broaden market accessibility. Customer
retention strategies, such as periodic discounts
or conditional sales, can significantly influence
subsequent consumer behavior and retention. In
conclusion, this study provides valuable
insights into consumer behavior within urban
retail markets but acknowledges its limitations.
Future research should explore comprehensive
datasets, additional socio-demographic
variables, and the long-term impact of
marketing interventions. Based on these
findings, the following suggestions are

presented for policy-making and
implementation:
1. Enhanced Promotional Campaigns:

Enhanced promotional campaigns can
effectively utilize social media and online
advertising to raise awareness about
ongoing discounts and special offers.

2. Education-oriented strategies: Collaborate
with community centers and educational
institutions to host workshops informing
consumers about the benefits of urban
retail markets. Furthermore, simplify
access to discount details and product
offerings through user-friendly apps or
strategically placed informative brochures
across the city.

3. Loyalty Programs: Introduce a loyalty
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program that offers points or discounts to
repeat customers, along with exclusive
promotions, to attract more consumers to
enroll and actively engage in the market.

Collaborations with Local Producers:
Strengthen  partnerships  with  local
producers to ensure a consistent supply of

income families to enhance affordability.
Additionally, collaborate with community
leaders and organizations to gain insights
into the preferences of lower-income and
less-educated  consumers. Use this
feedback to inform and adjust marketing
and operational strategies accordingly.

high-quality products. Highlight these
partnerships in marketing campaigns to
emphasize the support for local businesses
and fresh, local produce.

Inclusive Marketing Policies: Implement
pricing strategies that cater to diverse
income levels. Consider introducing tiered
pricing or discount days tailored for low-

By adopting these strategies, urban retail
markets in Mashhad can enhance their appeal,
attract a more diverse consumer base, and
ensure sustainable growth. These efforts will
not only boost consumer welfare but also
support local producers and contribute to the
overall economic development of the city.
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Abstract

In contemporary marketing, maintaining and enhancing customer loyalty toward a company's products or
services has become a primary focus. Among the factors influencing customer loyalty is ethical marketing, a field
of applied ethics related to the principles governing behavior, advertising, and regulation in marketing. Over the
past two decades, ethical consumerism has grown in importance due to increasing social and environmental
concerns. This study examines the impact of ethical components on Customer Lifetime Value (CLV) for dairy
product consumers in Tehran in 2023. A total of 710 questionnaires were completed, and the GWRFM method
was employed to extract the necessary information for calculating CLV. The results revealed a high frequency of
clusters with low lifetime value. In the subsequent phase, multinomial logit regression was utilized to analyze the
effect of ethical components on CLV, highlighting the significant positive impact of adherence to industry
regulations and acceptance of social responsibility. Therefore, it is recommended that stakeholders in the dairy
industry assure customers of their compliance with regulations and social responsibility to elevate them to higher-
value clusters and foster loyalty. By respecting ethical norms, a substantial portion of consumers of cheese, yogurt,
and ayran products may transition toward becoming valuable customers in this sector.
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Introduction

Customer loyalty is defined as a preference
for a brand over others, accompanied by a
psychological commitment. In today’s hyper-
competitive environment, organization cannot
succeed without addressing customer needs and
desires and ensuring their satisfaction.
Research indicates that perceived customer
value significantly influences customer
satisfaction, loyalty, and the successful sale of
goods or services, often more than the
characteristics of the goods themselves (Zehir,
& Narcikara, 2016). Customer loyalty has
gained special importance, particularly in the
service sector, due to competitive pressures.
Scholars define customer loyalty as favorable
attitudes toward services/products and a
commitment to their purchase or use (Shiri et
al., 2017). Increased loyalty can stabilize
revenue streams and enhance profitability over
time. Without customer loyalty, even the best
business models falter. Organizations strive to
continuously meet customer expectations and
cultivate long-term relationships. Loyalty
reflects a favorable attitude toward a business,
leading to repeat purchases (Niazian, 2018).
Ethical marketing is known as a factor that can
enhance customer loyalty, which pertains to the
ethical  principles  governing  behavior,
advertising, and regulation in marketing. To
sustainably attract buyers, companies must
instill confidence in the honesty and correctness
of their product advertisements. This concept
has been widely discussed in management and
marketing literature (Jandaghi et al., 2017).

Research on ethical judgment indicates that
moral feelings significantly drive cognitive
reasoning processes before conscious ethical
reasoning occurs (Haidt, 2007; Greene & Haidlt,
2002). Neuroimaging studies confirm that
specific brain areas related to emotional
feelings activate in response to ethical
dilemmas (Moll et al., 2005; Moll et al., 2002).
Ethical consumerism has become increasingly
significant over the last two decades due to
social and environmental issues (Adams, 2002).
More consumers are integrating ethical
considerations into their purchasing decisions,

such as opting for environmentally labeled
products or avoiding ethically questionable
items. Various studies demonstrate that
responsible corporate behavior positively
affects brand reputation, employer image,
investor access, and competitive positioning
(Chang, 2011). Many retailers are now offering
ethical products under private labels (Willer, &
Lernoud, 2016). Pecoraro et al. (2014) describe
ethical consumption as a behavioral pattern
prompting consumers to reconsider their
everyday choices from an ethical standpoint.
Crane & Matten (2010) define ethical
consumption as the deliberate choice to engage
in certain consumption practices based on
personal ethical beliefs and values. Shaw et al.
(2016) view ethical consumption as embodying
care, responsibility, and commitment, including
consumers' willingness to pay extra for
sustainable products (Tsarenko et al., 2013).

In the context of consumers and retailing,
terms like ethical, conscious, environmentally
friendly, green consumption, and slow
consumption are often used interchangeably.
Green consumption relates consumerism to its
environmental effects (Glim et al., 2013).
Organic food consumption, often associated
with health awareness, is another ethical
consumption pattern (Rana & Paul, 2017).

Among the methods for measuring and
profiling customer loyalty, the Customer
Lifetime Value (CLV) method is noteworthy
for identifying the most valuable customers and
calculating customer value (Kumar et al., 2009;
Fader, 2012). CLV plays a vital role in
customer retention and long-term relationships,
key goals of CRM (Haenlein, 2017). Each
customer is an asset with unique preferences,
and companies compete for their attention.
Customers vary in needs, expectations, and
behaviors, necessitating tailored management
approaches (Monalisa, 2018). Marketing's
customer-centered focus drives organizations
to understand the real value of customers. Some
researchers argue that CLV is the most effective
variable for measuring customer value.
However, CLV's meaning varies across
industries and is influenced by the types of
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services and products offered. The CLV
method connects the value provided by the
company to the customer and the value the
customer contributes to the company over their
relationship (Buttle & Maklan, 2016). Most
studies in the literature have utilized CLV for
segmentation  (Yoseph et al, 2019;
Akhondzadeh et al.,, 2014), resulting in
segments reflecting only customer value (e.g.,
high profit, low profit) without detailing
specific industry characteristics (Mosaddegh et
al., 2021). The primary goal and application of
CLV is customer segmentation (Abens &
Parcheta, 2016).

This study focuses on calculating the
customer lifetime value as a representation of
customer loyalty to dairy products and the
relationship  between CLV and ethical
components. To calculate CLV and segment
dairy product consumers, the K-means
clustering method and WRFM method were
employed, and multinomial logit regression
used to measure the impact of ethical
components on clustering.

Methodology

The CLV-based segmentation model allows
a company to identify the most profitable
customer groups, understand their common
characteristics, and focus more on them. This
process is based on current value, potential
value, and loyalty while also considering
generated profit share and potential profit.
However, these factors can only be calculated if
the customer has a long-term relationship with
the business entity (Abens & Parcheta, 2016).

According to Gupta et al., 2006; Estrella-
Ramon et al., 2013; Jasek et al., 2018 and Jasek
et al.,, 2019, there are two approaches for
analyzing CLV components: the deterministic
approach and the stochastic approach (a
combination of six different modeling
methods). The deterministic approach uses
equations in which all criteria are directly
incorporated into the simplified CLV
calculation. One of the representatives of this
approach is the RFM model (Recency,
Frequency, Monetary). The RFM analysis
model, which is one of the most powerful and

simplest CLV models for customer loyalty, was
proposed by Hughes (1994). Customer loyalty
IS an appropriate feature for customer
segmentation. Customers’ past purchasing
behavior can indicate their level of loyalty
(Chang & Tsai, 2011). The RFM model
measures when, how often, and how much a
customer has purchased (Winer, 2001). This
model, using three features-recency (the time
since the last purchase), frequency (the number
of purchases in a given time period), and
monetary value (the amount spent in the last
period)—distinguishes important customers
from a dataset (Monalisa et al., 2019). RFM
analysis is used to calculate a score for each
customer (Yeh et al., 2009). In more complex
scenarios, weights are used to assign more or
less importance to the RFM variables
(Kasperova, 2020).

In this study, RFM variables are used as
inputs for other models. Given that
segmentation based on products is one of the
objectives of this study, the model used to
calculate customer lifetime value is the Group
WRFM model. This model extracts the values
of the three variables R, F, and M for each of
the products that customers have purchased so
far. To do this, products must first be grouped,
and then customer transactions must be
considered separately for each group of
products to calculate WRFM values for each
purchased product category. Using this model,
a precise sales strategy can be developed to
better meet market needs. Therefore, customer
segmentation is based on purchased products.
After extracting the model variables, they were
scaled to calculate each customer’s score. Since
the range of variables differs based on their
nature and to prevent larger values from
dominating the analysis, a normalization
process must be conducted. This ensures that
the data are comparable on a uniform scale. In
this stage, the min-max approach is used.

Next, the weight of each parameter must be
determined for ranking and clustering
customers. In this study, the Analytic Hierarchy
Process (AHP) and expert opinions are
employed for weighting the indicators, while
the Expert Choice software is used to determine
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parameter weights. In the following stage,
customers are ranked based on their Customer
Lifetime Value (CLV) using the following
relationships (Kasperova, 2020).

CLVci = (NRMilkci X WR) + (1)
(NFMilkci X WF) + (NMMilkci X
wM)

CLVci = (NFCheeseci X WF) + (2)
(NRCheeseci X WR)
+(NMCheeseci X WM)

CLVci = (NFYogurtci X WF) + 3)
(NRYogurtci XWR) +
(NMYogurtci XWM)

CLVci = (NFAyranci X WF) + 4)
(NRAyranci XWR) + (NM Ayranci
XWM)

In the relationship described above, NRMilk
denotes the normalized value of RNMilk within
cluster ci, while WR represents the weight of
parameter R. Other parameters are defined in a
similar manner.

Since loyalty is a multi-level variable based
on the categorization of customer lifetime
value, the multinomial logit model can be used
to evaluate the impact of each ethical factor on
loyalty. This approach relies on the assumption
that the levels are independent and that
excluding one level when selecting individuals
for the chosen loyalty categories does not lead
to any changes (Long, 1997). For the purposes
of this study, the multinomial logit model was
applied to examine the effect of ethical factors
on customer lifetime value, which was
categorized into five levels: very high, high,
medium, low, and very low. In the multinomial
logit model, one category of the dependent
variable is selected as the reference class. In
other words, the probability of selecting one
category of the dependent variable relative to
the reference class is evaluated (Ben-Akiva &
Lerman, 1985). The general structure of the
multinomial logit model is expressed by the
following equation:

, M=0,1,2, )

The observed dependent variable consists of
four loyalty groups for consumer iii. wiw_iwi

represents the vector of explanatory variables,
and om\alpha mam is a vector of model
coefficients. mmm denotes each consumer
group. The first step in estimating multinomial
logit models is to designate one group from the
dependent variable categories as the reference
group, so that the probability of selecting the
other groups relative to it can be measured.
Given that logit models are discrete choice
models, the estimation process utilizes the
logarithm of the likelihood function:

(6)

n the model estimated in this study, the
dependent variable consists of customer value
clusters, calculated using equations 1 to 4
(divided into five categories: very high-value
customers, high-value customers, medium-
value customers, low-value customers, and
very low-value customers). The explanatory
variables include the three ethical components
previously mentioned. In this model, the
coefficients are not directly interpreted because
the change in probability resulting from an
increase in an independent variable depends not
only on its own value but also on the values of
other variables. Since this probability change is
not constant, the coefficients themselves are not
directly meaningful. Instead, only the sign of
the coefficient is interpreted, as it indicates the
direction of the probability change. After
estimating the model, the Relative Risk Ratio
(RRR) criterion is calculated to determine the
impact of each explanatory variable on the
dependent variable groups (willingness to
purchase more). This criterion measures how
the probability of selecting the comparison
group, relative to the probability of selecting the
reference group, changes with a change in the
explanatory variable (Long, 1997).

To assess the goodness-of-fit of the
multinomial logit model, several tests and
criteria are used, including pseudo-R2R"2R2
statistics. These statistics do not have an
interpretation equivalent to the regular
R2R"2R2, and it can only be stated that the
value increases with the power of model fit
(Greene, 2011). In the multinomial logit model,
to examine the effect of independent variables
on the dependent variable, two tests-Likelihood
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Ratio (LR) and Wald-are used for each of the
independent variables in the model (Isengildina
& Hudson, 2001).

To test the Independence of Irrelevant
Alternatives (I1A) assumption, the Hausman
test is recommended. To test the assumption of

independence of irrelevant alternatives, the
Hausman test is recommended (Hausman &
McFadden, 1984).

The population under study in this research
consists of consumers of dairy products (milk,
cheese, yogurt, and ayran) in Tehran, Iran. A
sample size of 620 questionnaires was initially
determined. An electronic version of the
questionnaire was created, and the link was
distributed to residents of Tehran. In addition to
the online completion of the questionnaire, in-
person interviews were also conducted.
Ultimately, to ensure the reliability of the data
and minimize errors, 710 valid questionnaires
were included for analysis after excluding

55.92%

incomplete responses. To gather insights from
both consumers and experts (specialists in the
private dairy industry), a combination of
accessible random sampling and snowball
sampling methods was employed.

Results and Discussion

The demographic characteristics of the
studied individuals are illustrated in Fig. 1 and
2. As shown in the charts, 55.9% of consumers
are women, while 44.1% are men. The
respondents have an average age of 35, ranging
from 18 to 60 years. The highest percentage
belongs to individuals with a bachelor's degree
(approximately 46.9%), whereas the lowest
percentage corresponds to those with a doctoral
degree or higher. Regarding employment
status, about 41% of consumers are employed,
while the unemployed group has the lowest
representation at 4.2%.

44.08%

M male
M female

Figure 1- The percentage of Gender frequency

10%
23%

40%

27% M 20-30 year
M 30-40 year
M 40-50 year

M 50-60 year

Figure 2- The percentage of age frequency

In the initial step of calculating Customer
Lifetime Value (CLV), the RFM model
parameters, derived from 710 completed
questionnaires, were  normalized and
subsequently categorized into five clusters
using the K-Means clustering method. The

optimal number of clusters was determined
using the Dunn index, based on the clustering
results analyzed with SPSS Statistics 25. The
average values of the R, F, and M parameters
for each dairy product within each cluster are
presented in Table 1.
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Table 1- Member clustering results based on RFM parameters for each product

Milk Cheese Yogurt Ayran
(Cluster) —¢ F M R F M R F M R F M
1 1 0206 0931 1 0 0 0165 031 0945 0853 0043 0210
2 0158 0052 0781 019 0 0 0733 0107 0878 0881 0.035 0.815
3 0317 1 1 0239 0102 0857 0092 0053 079 0306 0.002 0.174
4 0092 1 098 0147 1 1 0375 0077 0869 0981 1  0.16
5 0173 0287 0949 1 0103 0869 0119 0099 0951 0530 4  0.206

Source: Researcher's Calculations

To determine the weight of each parameter,
a similar approach was used by consulting ten
experts from the private dairy industry. The
weights were calculated using the AHP method
and analyzed with Expert Choice software, with
the results presented in Table 2. The total sum
of the weights equals one, and the AHP

consistency index was found to be 0.02.

Next, Equations 1 to 4 were applied to
calculate the CLV score for each cluster using
the WRFM method. The CLV values and the
corresponding rankings for each cluster are
presented in Table 3.

Table 2- RFM model parameter weights
R F M Parameter
0.11 0.245 0.645 Weight
Source: Researcher's Calculations

Table 3- CLV calculation results and cluster ranking for each product

Milk Cheese Yogurt Ayran
Cluste Ran Status of Ran Status of Ran Status of Ran Status of
r CLV K indicator CLV K indicator CLV K indicator CLV K indicator
S S S S
0.76 0.70 0.58
1 . 3 Wy o1 4 11 - 11 PR 1
0.53 0.67 0.66
2 > 5 002 5 L s 2 1l s 3 1
0.92 0.60 0.53 0.21
3 n "1 . 3 L1 , | 5 1l s 5 1l
0.90 0.89
4 089 2 111 s 1 My 062 4 11 .2 M
0.70 0.69 0.65 1.34
5 , 4 MnL Ty 2 1l L3 (RS SRR 11

Source: Researcher's Calculations

In analyzing the indicator status, the average
value of each RFM model parameter for each
product within each cluster was compared to
the overall average across the dataset. This
comparison highlights how each cluster's
parameter values deviate from the general
trend. If a parameter's average value in a cluster
exceeds the overall average, it is marked with
an upward arrow (1) to indicate a favorable
status, whereas a lower-than-average value is
denoted by a downward arrow () to reflect an
unfavorable status.

The frequency and distribution of customers
across Customer Lifetime Value (CLV)
categories are presented in Fig. 3 for milk, Fig.

4 for cheese, Fig. 5 for yogurt, and Fig. 6 for
Ayran. The results indicate that the proportion
of customers with very high and high loyalty is
relatively low. For milk, yogurt, and Ayran, the
highest frequency percentages correspond to
very low and low loyalty levels, respectively. In
contrast, for cheese, the majority of customers
are classified within the medium loyalty cluster.

To examine the impact of ethical
consumption factors on customer loyalty and
their distribution across customer lifetime value
clusters, a multinomial logit model was
employed. The ethical consumption factors
were selected based on prior research in ethics,
marketing, and consumer behavior, as these
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aspects are expected to influence customer
placement within different lifetime value
clusters. These factors include the brand’s
compliance  with  industry  regulations,
adherence to ethical norms, and customer
preference for brands that demonstrate social
responsibility. Each of these components was
measured on a five-point Likert scale, where a
score of 5 represents "strongly agree” and 1
signifies "strongly disagree."”

Fig. 7, 8, and 9 show the frequency
distribution of responses for each ethical factor,
respectively, indicating that customers place
significant importance on ethical

1%

56%

considerations. However, the extent to which
these factors influence purchasing decisions, as
well as their impact on loyalty and customer
lifetime value, remains an open question that
will be further explored through multinomial
logit analysis. The first step in estimating the
multinomial logit model is to designate one of
the groups as the base group, enabling the
calculation of the probability of selecting other
groups relative to this reference category.
Typically, the group with the highest frequency
is chosen as the base group. The results of the
multinomial logit model for each product are
presented separately below.

® low loyalty

customers
M moderate loyalty
35% o T
customers
m very low loyalty

customers
® |oyal customers

2%

6% # Highly loyal

customers

Figure 3- Percentage frequency of customer lifetime value clusters (Milk)
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4.51%‘
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customers
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customers

M loyal customers

7544191%?]} loyal

customers

Figure 4- Percentage frequency of customer lifetime value clusters (cheese)
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4.51%
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customers
M moderate loyalty

customers
M very low loyalty

customers
M |oyal customers

m Highly loyal
customers

Figure 5- Percentage frequency of customer lifetime value clusters (ayran)
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12.19%

3.86% ‘

15.44%

3.86%

64.65%

M low loyalty
customers

M moderate loyalty
customers

M very low loyalty

customers
M loyal customers

® Highly loyal
customers

Figure 6- Percentage frequency of customer lifetime value clusters (yogurt)

2%, 4%
16%

54%

24% M strongly agree

M agree
M Indifferent
M disagree

M strongly disagree

Figure 7- The frequency percentage of items in the second component
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Figure 8- The frequency percentage of items in the first component
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29%

43%
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Magree

M Indifferent
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Figure 9- Frequency percentage of items in the third component

Product: Milk

In this study, the fourth cluster, consisting of
individuals with low customer lifetime value,
was designated as the base group for
segmenting customers of the milk product. To
ensure the optimal and accurate classification of
the dependent variable groups, the Wald test
was conducted, with the results presented in
Table 4. The statistical analysis of pairwise

comparisons between the first and third clusters
showed no significant differences, meaning the
null  hypothesis could not be rejected.
Consequently, the first cluster was merged with
the second, while the third cluster was
combined with the fourth. After repeating the
test, all pairwise comparisons Yyielded
significant results, confirming that the three
customer lifetime value clusters should remain
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distinct and should not be merged into a single

group.

Table 4- Parent test results for combining loyalty levels (milk)

Clusters _ Wald Test
Stat  Probe
Very high & high loyalty people with medium & low loyalty 27.325 0.00

People with very low loyalty to people with medium and low loyalty 18.291  0.00
People with very high and high loyalty with people with very low loyalty 27.954  0.00

Researcher's Calculations

The generalized Hausman test was
employed to evaluate the independence of
irrelevant alternatives within the model, with
the results presented in Table 5. According to
this Table, the statistical values for all groups
are insignificant, indicating that the null

hypothesis regarding the independence of
irrelevant alternatives cannot be rejected.
Therefore, it can be concluded that the groups
are independent of one another, and use of the
multinomial logit model for this analysis is
appropriate and will not pose any issues.

Table 5- The results of the generalized Hausman test for the assumption of independence of unrelated options (11A) (milk)

clusters

Stat Probe

people with Very high & high loyalty  -0.792  1.00
people with medium and low loyalty  -6.523  1.00
people with very low loyalty -10.007 1.00

The goodness of fit for the regression model
is presented in Table 6, where the likelihood
ratio of the estimated model is reported as
82.805. Given the significance level of 0.00,

this result is statistically significant. Therefore,
the overall significance of the likelihood ratio
test confirms the appropriateness of the
regression model.

Table 6- Good fit criteria of the multinomial logit model (milk)

Statistics Statistics value Statistics Statistics value
LR -657.304 Pseudo R2 0.078
LR-prob 0 Cragg & Uhler’s R2 0.128
LR(6) 82.805 AIC 1354.608
McFadden’s Adj R2 0.033 BIC -4.056

Researcher's Calculations

The results of estimating the multinomial
logit model using the maximum likelihood
method to assess the impact of the specified
explanatory variables on customer loyalty for
the milk product (measured by the CLV score)
are presented in Table 7. It is important to note
that the estimated coefficients indicate only the
magnitude and direction of their effect on the
odds ratio. The relative odds ratio represents the
change in the odds of belonging to a specific
group compared to the base group in response
to variations in the explanatory variables.

The importance individuals place on
adhering to ethical norms has a significant
negative effect on the likelihood of being
classified in the high and very high customer

lifetime value clusters compared to the base
cluster (very low customer lifetime value),
reducing the odds of inclusion in this group by
67.0%. In contrast, the emphasis on social
responsibility has a significant positive impact,
increasing the likelihood of being categorized
in the high and very high customer lifetime
value clusters by 396.0% relative to the base
cluster. Additionally, individuals who prioritize
compliance with industry regulations exhibit a
significant negative effect on the likelihood of
being classified in the medium customer
lifetime value cluster compared to the base
cluster, decreasing the odds of inclusion in this
group by 62.0%.



Journal of Agricultural Economics and Development Vol. 38, No. 4, Winter 2025 YA«

Table 7- Estimation results of multinomial logit model (milk)

Standard P- Relative
Category Variable Name Coefficient - Risk
deviation  Value Ratio
Adherence of the brand to the rules of its
Clusterl field of activity -0.315 0.199 0.114 0.729
People with a very high & high Respect for ethical norms by the brand -0.390 0.229 0.089 0.676
level of loyalty preferably a brand with social 137 1.001 0 3.96
responsibility
Adherence of the brand to the rules of its
Clusterv2 fiield of activity -0.473 0.119 0 0.622
People with an average level of Respect for ethical norms by the brand 0.217 0.142 0.127 1.242
loyalty preferably a brand with social -4.049 0.432 0.694 0951

responsibility

Researcher's Calculations

Product: Cheese

For the customer group associated with the
cheese product, the third cluster, representing
individuals with medium customer lifetime
value, was designated as the base group. The
Wald test results for pairwise comparisons

significant. Consequently, the first and second
clusters were merged, as well as the fourth and
fifth clusters. The test was then repeated, with
the results presented in Table 8. The findings
indicate that the customer lifetime value
clusters remain statistically distinct and should
not be combined.

among all clusters were not statistically
Table 8- Parent test results for combining loyalty levels (cheese)
Clusters Wald Test
Stat  Probe

Very high & high loyalty people with medium loyalty people 47.01 0.00

People with very low loyalty & low with people with medium loyalty 24.974 0.00

People with very high & high loyalty versus people with very low & low loyalty  40.372 0.00

Researcher's Calculations
The generalized Hausman test was be concluded that the loyalty levels are

employed to evaluate the independence of
irrelevant alternatives within the model, with
the results presented in Table 9. The statistical
values of the test for each group in the model
are not statistically significant. Therefore, it can

independent of one another, confirming the
appropriateness of the multinomial logit model
for this analysis.

Table 9- The results of the generalized Hausman test for the assumption of independence of unrelated options (I11A) (cheese)

Clusters

Very high & high loyalty people
People with medium loyalty
people with very low & low loyalty

Stat Probe
-6.829 1.000
-645.415 1.000
0.868 0.929

Researcher's Calculations

The goodness of fit for the regression model
is presented in Table 10, where the likelihood
ratio of the estimated model is reported as
121.65. Given a significance level of less than
1%, this result is statistically significant.

Therefore, based on the overall likelihood ratio
test, the regression model is considered
statistically valid and appropriate for analysis.

Table 10- Good fit criteria of the multinomial logit model (cheese)

Statistics Statistics value

Statistics Statistics value

LR -260.283

Pseudo R2 0.189
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LR-prob 0
LR(6) 121.65
McFadden’s Adj R2 0.152

Cragg & Uhler’s R2 0.265
AlC 544.566
BIC -82.275

Researcher's Calculations

The results of estimating the multinomial
logit model using the maximum likelihood
method to assess the impact of the specified
explanatory variables on customer loyalty for
the cheese product are presented in Table 11.
The findings indicate that individuals who
prioritize compliance with industry regulations
have a significant negative effect on the
likelihood of being categorized in the second
cluster compared to the base cluster, reducing
the probability of inclusion in this group by
0.10%. Furthermore, the importance placed on
social responsibility has a significant positive
impact on the likelihood of being classified in
the high and very high customer lifetime value
clusters relative to the base cluster (medium

customer lifetime value), increasing the
probability of inclusion in this group by 5.49%.

Additionally, adherence to ethical norms has
a dual effect: it significantly reduces the
likelihood of belonging to the high and very
high customer lifetime value clusters while
significantly increasing the likelihood of being
placed in the very low and low customer
lifetime wvalue clusters. Specifically, it
decreases the probability of inclusion in the
high and very high customer lifetime value
clusters by 0.51% and increases the probability
of being in the very low and low customer
lifetime value clusters by 21.22% compared to
the base cluster.

Table 11- Estimation results of multinomial logit model (cheese)

Standard P- Relative
Category Variable Name Coefficient L Risk
deviation  Value Ratio
Adherence of the brand to the rules of its
Clusterl field of activity 0.179 0.188 0.341 0.835
People with a very high & high Respect for ethical norms by the brand -0.668 0.196 0.001 0.512
level of loyalty preferably a brapd_ \_Nlth social 1.704 0.25 0.00 5.498
responsibility
Adherence of the brand to the rules of its
Cluster 2 field of activity -2:240 0438 000 0.106
people with very low & low Respect for ethical norms by the brand 3.055 1.109 0.006 21.221
loyalty preferably a brand with social -0.745 0.728 0306 0.474

responsibility

Researcher's Calculations

Product: Yogurt

In this study, the fifth cluster of the
dependent variable, representing individuals
with very low customer lifetime value, was
designated as the base group for the yogurt
product customer segment. To ensure the
optimal and accurate classification of the
dependent variable groups, the Wald test was
employed, and the results are presented in Table
12. The statistical values for the pairwise
comparisons among all clusters were found to
be significant. As a result, the null hypothesis,

which suggested that the groups could be
combined, was rejected. Therefore, the model,
with the five distinct levels of the dependent

variable, is considered to fit the data
appropriately.
The generalized Hausman test was

conducted to evaluate the independence of
irrelevant alternatives within the model, with
the results presented in Table 13. The statistical
values for each group in the model were found
to be insignificant, confirming the suitability of
the multinomial logit model for this analysis.

Table 12- Parent test results for combining loyalty levels (Yogurt)

Wald Test

Category Stat

Probe

Wald Test

Category Sta Probe
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People with very high loyalty with

people with high loyalty a2.221 0.00
People with very high loyalty versus
people with moderate loyalty 35274 0.00
High-loyalty people versus low-loyalty
people 20.858 0.00
People with very high loyalty versus 40522 0.00
people with very low loyalty ' '
People with high loyalty versus people 32951 0.00

with medium loyalty

High-loyalty people versus low-

27.181 0.000
loyalty people
People W|t_h high loyalty versus 29.439 0.000
people with very low loyalty
People with mo_derate loyalty 41721 0.000
versus people with low loyalty
People Wlth. moderate loyalty and 9.991 0019
people with very low loyalty
People with low loyalty versus 27 386 0.000

people with very low loyalty

Researcher's Calculations

Table 13- The results of the generalized Hausman test for the assumption of independence of unrelated options (11A)

(Yogurt)
Clusters Stat Probe
People with very high loyalty -0.669 1.00
People with high loyalty -2.949 1.00
People with moderate loyalty 0.978 1.00
people with low loyalty 2.961 0.94
people with very low loyalty 11.785 0.16

Researcher's Calculations

The goodness of fit for the regression model
is presented in Table 14, where the likelihood
ratio of the estimated model is 110.03. Given
the significance level of less than 1%, this result

is statistically significant. Therefore, the
regression model is considered significant
overall.

Table 14- Good fit criteria of the multinomial logit model (Yogurt)

Statistics Statistics value Statistics Statistics value
LR -916.406 Pseudo R2 0.056
LR-prob 0 Cragg & Uhler’s R2 0.154
LR(12) 110.03 AIC 1872.778
McFadden’s Adj R2 0.036 BIC -31.25

Researcher's Calculations

The results of estimating the multinomial
logit model using the maximum likelihood
method to assess the impact of the specified
explanatory variables on customer loyalty for
the yogurt product are presented in Table 15.
Individuals who prioritize compliance with
industry regulations have a significant positive
effect on the likelihood of being classified in the
second cluster compared to the base cluster (the
very low customer lifetime value cluster),
increasing the probability of inclusion in this
group by 3.92%.

The importance of accepting social
responsibility positively impacts the likelihood
of being placed in the clusters of individuals
with high, medium, and low customer lifetime
value compared to the base cluster.
Specifically, the likelihood increases by 1.77%

for the first cluster (high customer lifetime
value) and by 1.56% for the second cluster
(medium customer lifetime value), while it
decreases by 0.41% for the fourth cluster (low
customer lifetime value). Adherence to ethical
norms significantly reduces the likelihood of
being placed in the very high and high customer
lifetime value clusters relative to the base
cluster, while increasing the likelihood of being
classified in the low customer lifetime value
cluster. Specifically, it reduces the probability
of inclusion in the high customer lifetime value
cluster by 0.42% compared to the base cluster
and increases the likelihood of being in the low
customer lifetime value cluster by 2.10%
compared to the base cluster.

Table 15- Estimation results of multinomial logit model (Yogurt)
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Standard P- Relative
Category Variable Name Coefficient e Risk
deviation Value Ratio
Adherencg of_the brand_to_ the rules of 0.152 0.165 0356 0.858
Clusterl its field _of activity
. . Respect for ethical norms by the
People with a very high brand -0.315 0.199 0.114 0.729
level of loyalty . .
Preferably a brapo_l \_Nlth social 0.321 0.187 0,001 177
responsibility
Adherence_e of_the brand_to_ the rules of 1367 0.305 0.00 3.925
Cluster 2 its field pf activity
- - Respect for ethical norms by the
People with a high level brand -0.845 0.296 0.004 0.429
of loyalty . .
Preferably a bra_nd_ \_Nlth social 045 0.174 0.01 1,569
responsibility
Adherencg of'the brand'to_ the rules of -0.134 0.149 0366 0.873
Cluster 3 its field pf activity
People with an average Respect for eg‘r'(::c'j norms by the -0.008 0.174 0961  0.991
level of loyalty . .
Preferably a bra_no_l \_Nlth social -0.019 0.282 0.066 0.981
responsibility
Adherencg of_the brand_to_ the rules of -0.132 0.166 0.427 0.875
Cluster 4 its field pf activity
People with low level of ~ Respectfor Etbhrlacl’?cli norms by the 0.742 0.221 0001 2102
loyalty . .
Preferably a brand with social -0.886 0.177 0.00 0.412

responsibility

Researcher's Calculations

Product: Ayran (Yogurt Drink)

In this study, the fourth cluster of the
dependent variable, representing individuals
with low customer lifetime value, was
designated as the base group for the ayran
product customer segment. To ensure the
optimal and accurate classification of the
dependent variable groups, the Wald test was
conducted, and the results are presented in

Table 16. The statistical values for the pairwise
comparisons among the clusters were not all
found to be significant. As a result, the first
cluster was merged with the second cluster, and
upon re-testing, all statistical values became
significant. Consequently, the null hypothesis
of combining the groups was rejected,
confirming that the model, with the four distinct
levels of the dependent variable, is appropriate.

Table 16- Parent test results for combining loyalty levels (Ayran)

Wald Test
Cluster Stat Probe
Very high and high loyalty people with medium loyalty people 16.687 0.001
People with very high loyalty a:g;j/:&gh loyalty with people with low 10.969 0012
People with very high and hlglg;gl);;lty with people with very low 9.498 0023
People with moderate loyalty versus people with low loyalty 20.405 0.00
People with moderate loyalty and people with very low loyalty 54.573 0.00
People with low loyalty versus people with very low loyalty 54.274 0.00

Researcher's Calculations

The results of the Hausman test are
presented in Table 17. According to the table,
the statistical values for all groups are found to
be statistically insignificant, meaning the null
hypothesis of the independence of irrelevant

alternatives is not rejected. Therefore, it can be
concluded that the groups are independent, and
the use of the multinomial logit model for this
analysis is appropriate and will not present any
issues.
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Table 17- The results of the generalized Hausman test for the assumption of independence of unrelated options (I11A)(Ayran)

Cluster Stat Probe
People with very high and high loyalty -5.406 1.00
People with average loyalty -2.213 1.00
People with low loyalty 2.061 0.865
People with very low loyalty 1.788 0.987

Researcher's Calculations

The goodness of fit for the regression model
is reported in Table 18, where the likelihood
ratio of the estimated model is 113.83. Given
the significance level of less than 1%, this result

is statistically significant. Therefore, the
regression model is considered significant
overall.

Table 18- Good fit criteria of the multinomial logit model (Ayran)

Statistics Statistics value Statistics Statistics value
LR -466.650 Pseudo R2 0.108
LR-prob 0 Cragg & Uhler’s R2 0.192
LR(9) 113.837 AlC 965.3
McFadden’s Adj R2 0.078 BIC -54.776

Researcher's Calculations

Table 19- Estimation results of multinomial logit model (Ayran)

. - Standard P- Re"?‘“"e
Category Variable Name Coefficient deviation  Value FI?;;I(()
Adherence of the brand to the rules of its
Cluster 1 field of activity -0.422 0.561 0.452 1.525
(People with a very high & high Respect for ethical norms by the brand 0.698 0.668 0.296 2.011
level of loyalty) Preferably a bra_nq \_Nlth social 0.705 0517 0.65 2024
responsibility
Adherence of the brand to the rules of its
Cluster 2 field of activity 1.297 0.303 0.00 3.661
(People with an average level of Respect for ethical norms by the brand -0.990 0.283 0.00 0.371
loyalty) Preferably a brapd_ \_Nlth social -0.284 0.271 0295 0752
responsibility
Adherence of the brand to the rules of its
Cluster 3 field of activity -1.01 0.172 0.00 0.36
(People with a very low level of Respect for ethical norms by the brand 0.489 0.193 0.012 1.63
loyalty) Preferably a brand with social -0.65 0.182 0.00 0508

responsibility

Researcher's Calculations

The results of estimating the multinomial
logit model using the maximum likelihood
method to examine the impact of the specified
explanatory variables on customer loyalty for
the ayran product are presented in Table 19.
The importance of accepting  social
responsibility has a significant positive impact
on the likelihood of being classified in the very
low customer lifetime value cluster compared
to the base cluster (low customer lifetime
value), increasing the probability of inclusion in
this group by 2.22%. Additionally, it has a
significant negative effect on the likelihood of

being placed in the fifth cluster, reducing the
probability of inclusion in this cluster by
0.50%.

Adherence to ethical norms negatively
impacts the likelihood of being classified in the
medium customer lifetime value cluster, while
positively influencing the likelihood of being
categorized in the very low customer lifetime
value cluster compared to the base cluster.
Specifically, it decreases the probability of
inclusion in the medium customer lifetime
value cluster by 0.37% and increases the
probability of inclusion in the very low
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customer lifetime value cluster by 1.63%.

Individuals who prioritize compliance with
industry regulations have a significant positive
effect on the likelihood of being placed in the
third cluster compared to the base cluster,
increasing the likelihood of being in this group
by 3.66%. Furthermore, the significance of this
factor has a notable negative impact on the
likelihood of being classified in the very low
customer lifetime value cluster compared to the
base cluster, decreasing the probability of
inclusion in this group by 0.36%.

Recommendations

Based on the results obtained from 710
completed questionnaires from dairy product
consumers in  Tehran, customers were
segmented into five clusters after standardizing
the RFM model parameters and calculating the
Dunn statistic. Using the Analytical Hierarchy
Process (AHP) method and expert opinions in
the field, the weights of the parameters were
determined, revealing that the amount of money
spent per purchase holds the highest
significance among the parameters.
Subsequently, Customer Lifetime Value (CLV)
was calculated using customer data and the
weights derived from the WRFM model, and
clusters were ranked based on the computed
CLV scores. The highest frequency percentages
were found in clusters with low CLV for milk,
very low CLV for yogurt, and medium CLV for
cheese.

It is important to note that this survey
focused on corporate dairy products and
reputable brands in the dairy industry,
excluding consumers of traditional dairy
products. One possible reason for the frequency
of low-CLV clusters could be the exclusion of
traditional dairy product purchases from the
sample. Respondents indicated that they
purchase traditional dairy products for some
family members while preferring industrial
dairy products for others.

To assess the impact of ethical components
on CLV and customer segmentation, a
multinomial logistic regression model was
employed. The findings for each component are
detailed below:

e Compliance with Industry Regulations:
This factor was not statistically significant
for any of the examined products (milk,
cheese, yogurt, and Ayran) in any cluster.
However, significant results indicate that
in higher-CLV clusters, compliance with
industry regulations has a strong positive
impact, increasing the likelihood of
placement in these clusters compared to the
base cluster. Conversely, in lower-CLV
clusters, compliance with industry
regulations has a significant negative
effect, reducing the probability of
placement in these clusters, as shown by
the Relative Risk Ratio (RRR) statistic.

e Respect for Ethical Norms: This factor was
also not statistically significant for any of
the products across the clusters. However,
in contrast to compliance with industry
regulations, respect for ethical norms had a
significant positive impact on placement in
low-CLV  clusters, increasing the
probability of customers falling into these
segments. Conversely, for high-CLV
clusters, this factor had a negative effect,
reducing the likelihood of placement in
these clusters compared to the base group.
Customers in low-CLV categories value
this component, which may ultimately
facilitate their transition into higher-CLV
categories.

e Social Responsibility of the Brand: Similar
to compliance with industry regulations,
this factor had a strong positive impact on
high-CLV  clusters, increasing the
probability of customers being categorized
in these segments. Conversely, in low-
CLV clusters, this factor showed a
significant negative effect, reducing the
likelihood of placement in these clusters, as
indicated by the RRR statistic.

Product-Specific Findings
Based on the final calculated effects and the
estimated logistic regression models, the
impact of ethical components on different dairy
products is as follows:
e Ayran:  Compliance  with  industry
regulations and social responsibility both
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increase the likelihood of placement in a
higher-CLV cluster, whereas respect for
ethical norms is associated with placement
in lower-CLV clusters.

e Cheese: The order of influence is as follows:
social responsibility, respect for ethical
norms, and compliance with industry
regulations. Emphasizing ethical norms
increases placement in lower-CLV clusters.

e Yogurt: The order of influence is:
compliance with industry regulations,
respect for ethical norms, and social
responsibility. As observed with other
products, prioritizing ethical norms results in
placement in lower-CLV clusters.

e Milk: The impact of ethical components
differs from that of other dairy products. In
this case, prioritizing compliance with
industry regulations leads to placement in
lower-CLV  clusters,  while  social
responsibility is associated with placement
in higher-CLV clusters.

Managerial Implications

Dairy industry stakeholders can enhance
customer loyalty and facilitate transitions to
higher-CLV  clusters by  demonstrating
commitment to industry regulations and social
responsibility. If brands take proactive
measures to respect ethical norms, some
consumers of cheese, yogurt, and Ayran may
respond positively and shift towards higher-
value customer segments. This is particularly
crucial given that a significant proportion of
consumers for these products currently belong
to low-CLV clusters.

The findings suggest that loyal, high-CLV
customers in the dairy industry place
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Abstract

Iran Mercantile Exchange is striving to become a regional hub for price discovery of essential commodities
and raw materials, providing producers with financial instruments and risk management tools. This study
investigates the optimal hedge ratio in future and commodity deposit receipts (spot) contracts for Round Fandoghi
pistachios. Using the BEKK-VAR-TARCH model, the impact of seasonal and daily volatility on returns and hedge
ratios was assessed over the period from 19 October 2018 to 18 January 2022. The results showed that volatility
on specific days of the week and during different seasons affect speculative and investment decisions in the
commaodity exchange. Particularly, sharp volatility during certain periods can lead to significant changes in returns
and hedge ratios. These findings suggest that investors should update their investment strategies based on seasonal
and daily volatilities. Additionally, the importance of utilizing financial instruments suited to market conditions
for managing existing risks was confirmed. Ultimately, investors, speculators, and policymakers in the commodity
exchange are advised to pay special attention to temporal changes and existing volatilities when composing their
investment portfolios and adjusting hedge strategies. Furthermore, the use of futures contracts and derivative
instruments is recommended as risk management approaches. This study contributes to a better understanding of
volatility behavior and offers strategies for improved risk management in the Round Fandoghi pistachio market.
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Introduction

The primary priority of Iran Mercantile
Exchange (IME) is focus on becoming a
regional price reference for essential
commodities and intermediary raw materials
(Iran Mercantile Exchange, 2024). IME serves
as a principal venue for hedging price volatility
risks. Risk hedging enables a production unit to
control the costs of the raw materials needed for
manufacturing. A hedge is an investment aimed
at reducing the risk posed by unfavorable price
changes of an asset (Geman, 2005). Typically,
hedging encompasses taking a compensatory or
reverse position against the guaranteed
position. By utilizing this strategy, a producer
can more effectively manage product pricing
(Geman, 2005). Common hedging techniques
involve taking a compensatory position in
derivatives contracts associated with the current
position. Another form of hedging can occur
through diversification. The need for hedging
arises when a producer lacks control over the
pricing of raw materials or finished products.
The capacity to decide on the level of risk one
is willing to accept or transfer via commodity
exchanges is known as comprehensive risk
tolerance (Iran Mercantile Exchange, 2024). In
essence, hedging incurs costs, and a complete
hedge eliminates all risks in a position or
investment portfolio (Geman, 2005).

Hedging risks in agricultural products
through the creation of a diversified portfolio
has received limited promotion and attention.
IME offers various hedging instruments. The
exchange uses futures contracts and commodity
deposits (spot contracts) to manage price
volatility. Futures contracts and Commaodity
Deposit Receipts (CDRs) are two essential
financial instruments in commodity and
derivative markets, designed to manage risk
and facilitate investment. A futures contract is
a legally binding agreement between a buyer
and a seller to trade a commodity at a
predetermined price on a specified future date.
These contracts are particularly useful for
managing price risks, benefiting farmers,
investors, and other market participants.
Settlement and delivery of the commodity take
place upon the contract's expiration.

Conversely, a commodity deposit certificate
represents ownership of goods stored in
approved warehouses, and these receipts are
traded on the IME. Commaodity deposit receipts
allow for immediate settlement without
requiring physical delivery, with prices
determined by the commodity’s current market
value, making them an efficient tool for spot
transactions. Due to their instant settlement,
market-based pricing, and ability to transfer
ownership  without  physical  delivery,
commodity deposit receipts can serve as
effective proxies for spot market transactions.
They facilitate fast settlement and ownership
transfer based on actual market conditions,
reducing the risks associated with storage and
delivery. This feature positions commodity
deposit receipts as a viable alternative to spot
market trading and plays a key role in
optimizing inventory management and
investment in physical goods (Iran Mercantile
Exchange, 2024).

Pistachio is one of the two main agricultural
products traded on the IME; however, during
October 19, 2018, to January 18, 2022, the
traded value of this product declined from
approximately 865 billion Rials to around 19
billion Rials, while the trading volume dropped
from about 984 tons to just 3.4 tons (lran
Mercantile Exchange, 2024). In 2008 and 20009,
100 tons of pistachios produced by Sirjan
Agricultural Company were offered. However,
in 2016, about 30 tons of pistachios were
traded, and during the same year, Kashiri
Kolaei & Hosseini Yekani (2016) showed that
despite no change in overall pistachio exports,
demand for pistachios would increase in
Khorasan Razavi, Yazd, and Semnan provinces
of Iran, while provinces such as Fars, Qom, and
Qazvin would lose market share. During the
review period, only Round Fandoghi pistachios
were traded on the IME, though other varieties
such as Akbari pistachios saw minimal trade
(Iran Mercantile Exchange, 2024). It is also
noteworthy that due to frost damage in Kerman
in 2021, round pistachio production
significantly declined (Pakdaman et al., 2023),
though it is likely that pistachios will return to
the IME within a year once orchards recover



Sadafi Abkenar et al., Risk Analysis of Round Fandoghi Pistachio Contracts in the Iran 395

from frost damage (Tajabadipour & Afarasteh,
2022). On the other hand, considering the large
number of pistachio producers and the
generally competitive production conditions,
producers wish to see pistachio trading remain
active on the IME to facilitate price discovery.
However, in terms of exports, where the market
is near-monopolistic, this preference does not
exist. Given that pistachio is one of the most
important agricultural products in Iran, the
findings of this study could be used to inform
future transactions for re-entering Round
Fandoghi pistachios to the IME.

Various studies have shown that price
volatility and hedge effectiveness vary across
agricultural and energy commodity markets.
GARCH, ARIMA, and neural networks have
been widely used for price analysis and
forecasting, with factors such as wholesale
prices, risk-free interest rates, and government
policies having significant impacts.
Additionally, combining futures contracts with
insurance and using hedge indices like BDI and
CRBI can improve hedge efficiency. Moreover,
the relationship between crude oil and
agricultural commodity prices turned positive
after 2006, with market liquidity reductions
leading to collective price shocks. However,
there is still a gap in the knowledge regarding
risk analysis of the pistachio commaodity in the
IME, highlighting the need for further research
in this area.

To support IME’s objectives of promoting
transparency and competition in the market,
this study seeks to assess the risks faced by
pistachio producers. For this purpose, we
examined the risk hedging for Round Fandoghi
pistachios using two instruments, i.e. futures
contracts and investment deposits, by analyzing
daily data from October 19, 2018, to January
18, 2022.This investigation answered the
question of how the optimal portfolio between
the two contracts has evolved throughout the
study period.

Literature Review

Extensive studies have been conducted on
the risk and price volatility of agricultural
products in the commodity exchanges of Iran

and the world. This section reviews several
recent studies over the past decade.

Kavoosi Kalashami & Kavoosi Kalashami
(2017) utilized the Generalized Autoregressive
Conditional  Heteroskedasticity (GARCH)
model to analyze the price variance of rice in
wholesale and retail markets from April 1999 to
March 2014. Their results indicated a positive
effect of wholesale rice prices on price variance
fluctuations. Baghestani et al. (2016) analyzed
and forecasted monthly and weekly data for
soybean meal from October 2004 to March
2013 using the Group Method of Data Handling
(GMDH) neural network and Autoregressive
Integrated Moving Average (ARIMA). They
found that the GMDH method provided
superior results. Ghazali et al. (2016) conducted
a comparison of agricultural products with
other commodities traded on the Iran
Mercantile Exchange (IME) by collecting
questionnaires from 145 commodity trading
experts and estimating structural equations.
Their findings revealed that three major
factors—governmental (weak incentive and tax
policies) and structural (product
standardization issues and perishability)—Ilead
to the failure of agricultural products in the
IME.

Mohammadi et al. (2016) compared the
barley market using daily data from October
2007 to October 2011 with the Vector
Autoregressive (VAR) and GARCH models.
Their results showed that the price volatility of
barley in the IME was higher than in the
Chicago  Mercantile  Exchange (CME),
indicating the relatively lower efficiency of the
IME. Ahangari et al. (2017) employed
numerical taxonomy and weighted taxonomy
methods for 10 agricultural products in 2013 to
rank the products that could be traded in the
IME. Their results highlighted those factors like
importance coefficient and continuity of supply
are critical success factors. Based on their
findings, rice, corn, wheat, and tea were
identified as the most important agricultural
products for trading in the IME. However, by
the time of writing this article, only pistachios
and saffron remained traded in the IME, with
pistachio trading in decline. Pishbahar et al.
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(2018) analyzed weekly soybean meal and corn
grain prices from April 2013 to August 2016 for
Asian option contracts using the Binomial Tree
Method. Their results showed that increases in
asset prices, price volatility, and risk-free
interest rates led to higher call option prices.
Conversely, a shorter time to maturity reduced
the value of the option.

Amjadi et al. (2017) calculated hedge ratios
and hedge effectiveness for corn, soybean,
wheat, and cotton in the Wall Street commaodity
exchange using monthly data from 2014. They
demonstrated that corn price risk decreased by
26%, and soybeans had 88% higher hedge
efficiency compared to corn. Borzabadi
Farahani et al. (2021) estimated the optimal
static hedge ratio of the gold coin market
against saffron futures contracts using daily
data from June 2018 to October 2019 with
copula functions and wavelet decomposition.
Their results indicated the ability of saffron
futures contracts to hedge gold coin spot
contracts in the medium and long term.
Miremadi et al. (2021) examined the efficiency
of saffron futures contracts daily from
December 2018 to December 2019 using the
Vector Error Correction Model (VECM). Their
findings showed a short- and long-term
relationship between futures prices to spot
prices.

Haj Seyed Javadi & Heydari (2022)
forecasted daily data for saffron futures
contracts from May 2019 to May 2020 in the
IME using a hybrid model comprising
nonlinear genetic algorithms, deep neural
networks, random forests, support vector
machines, and Monte Carlo simulations. Li
(2012) wused the Generalized Dynamic
Conditional Correlation (GDCC) model, Time-
Varying Transition Probabilities (TVTP), and
the Markov Regime-Switching VECM (MRS-
VECM) to obtain the optimal hedge ratio for
natural gas futures and spot contracts from
November 1994 to June 2009. Li (2012)
concluded that varying the hedge ratio based on
variance produced better results than a fixed
ratio for strategic hedge planning. Alausa
(2014), in his doctoral dissertation, used weekly
data from 1977 to December 26, 2012, for

wheat, corn, crude oil, heating oil, gold, silver,
S&P500, and British and Canadian currencies.
He employed Markov Switching VECM-MSM,
Conditional and Unconditional Value-at-Risk
(VaR), and ARX-MSM models to analyze
extreme co-movements in commodity prices.
His findings indicated that extreme price co-
movements are more prevalent during volatile
periods.

Moumouni (2016) estimated Monte Carlo
Markov Chains and equilibrium modeling
using monthly data from January 1990 to
August 2015 for eight agricultural products. His
results showed that static hedge strategies for
rotating processes increased the risks of
splitting risk between near and far futures
contracts and inter-commodity hedging. He
proposed that combining futures contracts with
insurance would enhance hedge efficiency.
Zhang & Chuan (2006) studied simultaneous
price movements of oil, silver, gold, corn, and
live cattle from January 2005 to December
2013 using co-integration analysis and the
Granger causality test. They found that when
market liquidity decreases, prices of these
commodities decline collectively, leading to
price shocks and increased inflation volatility.
Yahya et al. (2019) examined temporal and
frequency correlations between agricultural
products and crude oil from July 1986 to June
2016 using wavelet transformation. Their
method, which included the Maximum Overlap
Discrete Wavelet Transform (MODWT), DCC-
Student-t copula, and ARMA-EGARCH,
demonstrated correlations between variables
and facilitated long-term strategic planning.
They also designed investment portfolios and
calculated hedge ratios to minimize and manage
investment risks.

Zhao et al. (2019) estimated the optimal
hedge for daily crude oil data from December
2009 to October 2016 using the Fractionally
Integrated GARCH-Extreme Value Theory—
Copula-VaR (FIGARCH-EVT—Copula—-VaR)
approach. Their integrated method provided
dynamic analysis of indicators such as mean
returns, return variance, mean-to-variance ratio,
and hedge efficiency. Shen (2020) studied the
risk effects of COVID-19 on agricultural
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product prices in 2020. He analyzed weekly
data from 2010 to 2020 for corn, soybean,
wheat, and live cattle futures contracts using the
BEKK-MGARCH model. Shen’s findings
showed a positive relationship between past
variance and current price changes for index
traders of corn and live cattle. Han et al. (2020)
explored the variance correlation between
energy (oil and gas) and agricultural products
(corn, soybean, and wheat), the US Dollar
Index (USDX), the Baltic Dry Index (BDI), and
the Commaodity Research Bureau Index (CRBI)
from January 1995 to March 2017 using the
VARMA-BEKK-MGARCH model. Their
results indicated that the BDI, CRBI, and
USDX are suitable hedge indicators under
extreme conditions. Singhal & Biswal (2021)
used the MRS-VAR model to estimate the
optimal hedge ratio and determine the dynamic
commodity portfolio for agricultural, energy,
and metal commodities over the weekly period
from January 2005 to December 2013. Their
results showed the presence of organizational
changes across all assets, indicating their
behavioral ~ dependence  on  economic
conditions.

Rezitis et al. (2024) combined the Markov
Switching model, four-variable VAR, DCC,
and BEKK-GARCH models to estimate the
impact of macroeconomic shocks (e.g.,
COVID-19) on energy (oil and gas) and
agricultural (corn and soybean) products using
daily data from July 1996 to November 2020.
Their results showed that energy commodities
and shock indicators could be powerful tools
for hedging agricultural products. Schneider &
Tavin (2024) analyzed seasonal effects on
hedge strategies for agricultural products such
as corn, cotton, soybean, sugar, and wheat using
daily data from 2007 to 2019, gathered from
USDA and FAO. Their GARCH and Stochastic
Volatility (SV) models demonstrated the
significant impact of price volatility on hedging
strategies. They emphasized the importance of
selecting an appropriate GARCH model to
improve hedge ratios and stressed the influence
of seasonal price fluctuations on market
behavior.

Materials and Methods

To determine an optimal dynamic portfolio
strategy for hedging risk related to Round
Fandoghi pistachios in the Iran Mercantile
Exchange (IME) from the perspective of both
suppliers and consumers, the theory of optimal
portfolio selection, first introduced by
Markowitz (1952), is employed. This theory
illustrates portfolio selection as a trade-off
between risk and return, with two primary
scenarios: (1) maximizing the return or wealth
of the trader at an acceptable level of risk, and
(2) minimizing risk for a given level of
expected return or wealth. For hedging a
commaodity contract, the optimal hedge ratio (b)
is derived between two types of contracts:
futures contracts and commodity deposit
receipts. Generally, a commodity portfolio
consists of multiple commodities, meaning this
study seeks to determine the optimal percentage
allocation to each of these contracts.

To reduce price risk, the hedger must take
futures positions to maximize the reduction of
price volatility in the cash market (Edwards &
Ma, 1992). If the hedge ratio is not accurately
estimated, the likelihood of effective hedging
diminishes, as hedgers cannot determine the
number of futures contracts needed (Chance,
1989). A precise estimation of the hedge ratio
helps investors minimize basis risk and apply
appropriate hedging strategies and techniques,
such as managing trading risk from financial
obligations, operational risk from currency
fluctuations, and the risk of foreign currency
assets. Hence, estimating the optimal hedge
ratio is crucial.

The hedge ratio (h) is derived from the ratio
of futures positions (Q) to cash positions (Q.)
as per Equation (1):

h=L (1)

Where Q is the number of futures contracts
required for hedging, and Q. represents the
number of cash contracts whose risk must be
hedged, assuming Q. remains constant. By
using the relationship Q@ = hQ., the number of
futures contracts needed for optimal hedging
can be calculated (Chen et al., 2003).

There are various methods to estimate the
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hedge ratio. Depending on different objective
functions, optimal hedge ratios can be
determined through different approaches, such
as Minimum Variance (MV), Mean-Variance,
Maximum Expected Utility, Generalized Gini
Mean (MEG), and Generalized Semivariance
(GSV). The MV method, proposed by Johnson
(1960), aims to reduce portfolio risk by
minimizing the variance of the hedged
commodity portfolio. However, the MV
method has been criticized for neglecting
expected return as a factor in the portfolio. The
mean-variance strategy was suggested to
account for both expected return and risk
(variance) in hedging a commodity portfolio.
Although this strategy avoids the drawbacks of
the MV method, it requires the maximization of
expected utility, which in turn necessitates
calculating a quadratic utility function with a
jointly normal distribution, making this method
computationally complex. The MEG and GSV
methods are proposed to obtain hedge ratios
consistent with the concept of stochastic
dominance. MEG is not restricted by specific
assumptions regarding probability distributions
for utility functions and returns (Chen et al.,
2003).

Assuming that cash and futures prices do not
move in perfect parallel, the simplest way to
measure their relationship and construct a
properly hedged commodity portfolio is to
execute a “linear regression” as shown in
Equation (2):

P.=a+bP+e 2

Where F, is the spot price, and Pf is the
future price. To minimize the hedger’s potential
risk, the hedge ratio is estimated through the
regression in Equation (2) and calculated using
Equation (3):

AP,
b = ap, (3)

The cash price moves in proportion to the
futures price by a factor of b. When b = 1, the
cash price and futures price move exactly in the
same direction and magnitude. The net value of
the futures positions perfectly offsets changes
in the cash market price. This one-to-one

scenario is known as “perfect hedging” or
“naive hedging,” though futures and cash prices

may not always fluctuate proportionately. A
“perfect hedge” 1is generally impractical,
especially for cross-hedging (Chance, 1989;
Siegel & Siegel, 1990).

Regression estimations on price changes
(AP.,AP;), percentage price changes (AP./

PC,APf/Pf), and logarithmic differences

(log(Pc,t/Pc,t—l ): log(Pf,t/Pf,t_1 )) have been
proposed in various studies to estimate the
optimal hedge ratio. The suitability of price-
level regression in financial and commodity
markets is a debated topic. Siegel & Siegel
(1990) argued that price-level regression only
captures hedging motivation and downplays
speculative incentives. While statistically,
price-level regression indicates a high
correlation between futures and cash prices, it
does not account for correlations between price
changes, violating the assumptions of OLS.
Additionally, time-series data often exhibit
autocorrelation and heteroscedasticity in error
terms, complicating price-level regression.
Myers & Thompson (1989) suggested price-
level regression is inappropriate, while price
change regression provides better estimates for
commodities like corn, soybeans, and wheat.
Witt et al. (1987) defended the price-level
model, arguing it is suitable for hedging
predictions, and no clear evidence suggests that
price change or percentage change regressions
are superior. Ultimately, Siegel & Siegel (1990)
generalized that percentage price change
regression is more appropriate for financial
futures contracts, while price change regression
suits commodity futures contracts. Many
researchers prefer logarithmic difference
regression, as it better captures the non-linear
relationship between futures and cash prices
(Ameur et al., 2022; Choudhry, 2009).

This study employs the Mean-Variance
(MV) method, where price risk is minimized by
reducing the variance of commodity portfolio
returns. The return on a hedged commodity
portfolio is calculated using Equation (4):

Ty =Ter — Br-aTre 4)

Where S,_; is the hedge ratio, and r, and
17+ represent the log-returns of the pistachio
certificate market and pistachio futures market
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between times t and t — 1, calculated as
logP.; — logP.;—1 and logPs; — logPs;—q ,
respectively.

The expected return and the variance of the
hedging effectiveness of the commodity
portfolio are calculated in equations (5) and (6),
respectively.

E(r), = E(Tc,t) - ﬁt—1E(Tf,t) (5)
var(ry) = var(r,,) + 4 var(rs,) —

2Bt COV(rC,t: rf,t) (6)
Where  cov(r..,7:.) represents  the

covariance between the returns of the Round
Fandoghi  pistachio commodity deposit
certificate market and the Round Fandoghi
pistachio futures market. In equation (5),
assuming f;—-; =0 and minimizing the
variance, equation (7) yields the hedge ratio.

_cov(reery)
ﬁt—l - Var(rf,t) (7)

The optimal hedge ratio is dependent on the
logarithm of the futures contract return and the
correlation between the futures contract and the
commodity deposit. This ratio is always less
than 1, as the volatility of futures contracts is
generally higher than that of commodity deposit
contracts (Choudhry, 2003).

The Hylleberg et al. (1990) method is
utilized for testing seasonal unit roots. This
method is one of the key approaches for
assessing seasonal unit roots in time series data,
particularly suitable for periodic data such as
daily, weekly, seasonal, or monthly datasets. In
this study, given the daily data that excludes
Fridays, the Hylleberg model is defined as a 6-
period equation (8):

Neye =p + moL(L+ L+ L2+ B+ L+ L)y, +Q+ I, ¢ Asyey + €
p=a+pt + X3_,v; D (8)
Q= [nl‘lcos (2?“) + 1, ,sin (2?71)] Vi + [nzllcos (%“ ) + T, ,Sin (%ﬂ)] Vi + [113,1cos (%ﬂ) + T3 ,8in (%ﬂ)] Vi

Where u is a linear combination of
observable variables such as the intercept (a),
trend (t), and seasonal dummy variables (D; for
all j=1,2,3,45), and L* is the k -th lag
operator. Additionally, Q includes variables
that indicate seasonal unit root effects at
frequencies 2m/6, 4m/6, and 6m/6. The term
moL (1 + L' + L? + L3 + L* + L®)y, represents
the seasonal pattern determined within the data.
Essentially, it filters the data by aggregating
values at various seasonal lags. The term Ay,
denotes the seasonal difference of the 6-period
time series, calculated as (1 — L)y, .
Furthermore, the term  XP . ¢; Agy,
represents lags of the dependent variable, with
the number of lags (p) depending on the white
noise condition of the error term (e;) (Castro et
al., 2012). In this study, the selection of the
number of autoregressive lags is determined
using a “Top-Down” approach; that is, the
maximum possible lags for the testing pattern
are chosen, which presumably white out the
results of the error term, followed by the
reduction of lags and reiteration of the test until
the results deviate from white noise upon the
reduction of lags. Therefore, the optimal lag is
the one that exceeds the maximum lack of white

noise in the error term by one unit. It is
noteworthy that to prevent overfitting risks, the
study also considers other criteria such as the
Akaike Information Criterion (AIC) and the
Bayesian Information Criterion (BIC) as
auxiliary metrics to balance model complexity
with data fit (Enders, 2014).

Bivariate  Generalized  Autoregressive
Conditional  Heteroskedasticity (GARCH)
models are employed in econometrics for the
simultaneous modeling and analysis of the
volatility of two-time series. These models are
derived from the generalization of univariate
GARCH models, capturing the
interrelationships between the volatilities of
two-time  series.  Specifically, univariate
GARCH models are designed to model the
volatility of a single time series such that the
volatility of a dependent variable can change
over time and is contingent upon its past values.
Conversely, in the bivariate GARCH model,
this concept is extended to two-time series,
encompassing the joint behavior of both series,
including their volatilities and correlations. In
essence, this model consists of three
parameters: conditional variance, conditional
covariance, and structural correlation. The
application of bivariate GARCH models is
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common in financial economics for analyzing
asset return co-movements, risk assessment, or
modeling the joint behavior of time series
(Choudhry, 2009).

Among the models mentioned in the
previous section, the bivariate GARCH-VAR
and BEKK-VAR models are utilized for
analyzing and modeling the volatilities and
dynamic relationships between multiple time
series, as these models demonstrated the
highest consistency and maximum likelihood
with the examined data compared to other
selected models. Vector Autoregressive (VAR)
models are employed to capture linear
dependencies among multiple time series
(Sims, 1980). In the context of GARCH-VAR,
VAR is used to model the relationships between
the time series, while GARCH investigates the
dynamic relationships of the model's volatility.
Meanwhile, the BEKK-VAR model integrates
the BEKK approach, which provides a systemic
view of estimating GARCH models, with VAR
models. This model captures the dependencies
between the time series using VAR while
simultaneously examining correlations and
dynamic volatilities through the BEKK
specifications (Asai, 2015). Furthermore, the
Threshold GARCH (TARCH) model can be
appended to the aforementioned model,
examining the effects of negative and positive
shocks on volatility. The TARCH model
expands the standard GARCH framework by
incorporating different effects for negative and
positive shocks (Zhao et al., 2019).

Bivariate GARCH-VAR: This approach
combines the VAR model to capture the
relationships between the series with a bivariate
GARCH model to consider the conditional
volatilities and correlations between the series.
This model is useful when there is a need to
model the joint behavior of multiple time series
with time-varying volatilities.

The mean and error GARCH model for the
returns of the Round Fandoghi pistachio
commodity deposit market (r, ) and the Round
Fandoghi pistachio futures market (7.) are

calculated as equation (9).
{rc,t = Ut e {ec,t = OctZct
Tre = Uc T+ €rt €rt = OftZft

{Zc,t ~ N;;q(0,1) )
Zst ~ Ni14(0,1)

Where g; , represents the standard deviation
(volatility) of contract i and z;, are standard
normal variables (Vi = c, f).

The conditional variance-covariance matrix
H, is expressed in equation (10):

6%, ©
H, = l cet czf,tl (10)
Ocrt  Offt

The conditional variances and covariances in
the bivariate GARCH model are typically
modeled using a GARCH process. A Bivariate
GARCH (1,1) is estimated through the
following set of equations (11):

Ot = Vec + accecz,t—l + Bccaczc,t—l
Offc = Vrr + Apref o1 + BrrOfr e
Ocrt =Yef T Acreer-1€re-1 + BefOcre—1
1)

Where y;; are the intercept values, a;; are
the lag coefficients of the error term from the
mean model, and f;; are the lag coefficients of
the variance-covariance. Using the estimated
values for the conditional variance of the log
price difference of the futures contract H;, and
the conditional covariance between the log
price difference of the futures contract and the
log price difference of the commodity deposit
ﬁcf, the hedge ratio between the two contracts
can be derived using equation (12):

B = Hcr/Hps (12)

Considering that the estimated conditional
variance-covariance matrix is time-dependent,
the computational risk hedge ratio obtained
from this method is also time-dependent.

The BEKK-GARCH model is one of the
variants of the bivariate GARCH models used
to model conditional volatilities and
covariances between two-time series. This
model was developed by Baba, Engle, Kraft, &
Kroner (1990), with the name BEKK derived
from the initials of their last names (Engle &
Kroner, 1995). The conditional mean and
conditional variance-covariance equations for
this model are also estimated using equations
(9) and (11), and the optimal hedge ratio is
obtained from equation (12). The only
difference from the bivariate GARCH model
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lies in the computation of the variance-
covariance matrix H,, which is obtained as
follows in equation (13):

H =T'T+Ae,_je,_ A+ BH,_,B (13)

Where H, is the 2 x 2 variance-covariance
matrix at time t, e,_, is the lag of the error
components, I' is a lower triangular matrix, A
represents lagged shock effects, and B
represents lagged variance and variance-
covariance effects. In other words, the matrices
', A, and B are the parameter matrices of the
variance-covariance model, estimated using
equation (11).

The mean and error model of the Vector
Autoregressive (VAR) model is computed as
shown in equation (14):

T N 4 14 ﬁcc,i Bc i Tet—

(r;tt) - (0!;) + 1i=1 (ﬁfc,i ﬁf;,i) (T;i—ll) +
(;D::EtzHﬁba~NmJ) (14)
Where the conditional variance-covariance

matrix H, for the GARCH-VAR model is also
obtained using equations (10) and (11), while

for the BEKK-VAR model, this matrix is
computed using equation (13).

To incorporate threshold effects (TARCH)
into either of the aforementioned models, the
diagonal matrix ® can be added to equation
(13). This matrix adjusts the volatility model in
such a way that the impact of negative shocks
(e.g., a decrease in Round Fandoghi pistachio
prices) on future volatility may not be
equivalent to the impact of positive shocks.
This aspect is particularly relevant in financial
markets, as negative returns may induce greater
variations in volatility compared to positive
returns of the same magnitude. Consequently,
equation (15) can be used to compute the
variance-covariance matrix. H; for the bivariate
model:

H,=T'T+Ae_1e,_ 1A+
O(E—1E%)(EES%)'0' + B'H, ;B (15)

Additionally, it is noteworthy that equation
(15) can be reformulated for the bivariate model
in this study as shown in equation (16):

O'czc,t =Yee T+ agcecz,t—l + eczcecz,t—le:,g—l + ﬁczco'czc,t—l
2 _ 2 2 2 .2 0 2 2
Offe = Vir + afrefe s + 05r€lr1€5t1 + Bfrofri 1 (16)

Ocft = Yef © Qcppceor—16fe-1t Hcceffec,t—le;?—lef,t—le/f,?—l + ﬁccﬂffo-cft—l

Kroner and Ng (1998) argued that it is
possible to achieve minimal risk for a
commodity portfolio using a multivariate
GARCH model under the assumption that the
expected return ratio for each asset is zero.
Equation (17) is utilized to calculate the
commodity portfolio of two contracts: the
Round Fandoghi pistachio commodity deposit
(c) and Round Fandoghi pistachio futures (f).
Here, w.s . denotes the weight of product ¢ in
the combination of products c and f, with the
weight of product f equal t0 1 —wgs;. Ocft
represents the conditional covariance of
products ¢ and f, while g2, and afzf,t are the

variances of products ¢ and f, respectively.
This commaodity portfolio is frequently utilized
by investment managers for optimal portfolio
selection, and this study employs this portfolio
to analyze the selection of an appropriate
product mix to mitigate trading risks and
resource exposure (Zhao et al., 2019).

0 WCf,t <0

szff,t—ffcf,t
aczc‘t—ZUCf,ﬁa}%fI
1 WCf,t >1
This paper examines the price risk hedging
of two contracts: Round Fandoghi pistachio
futures and commodity deposit (spot) from
October 19, 2018, to January 18, 2022.

Wese = 0 < were < 1(17)

Results and Discussion

Table 1 presents the results of the seasonal
unit root test for daily data of pistachio
contracts. This test examines the existence of
unit roots at seasonal and non-seasonal
frequencies, specifically employing the HEGY
method (Hylleberg et al., 1990). In this table,
frequency O represents the non-seasonal trend,
indicating the presence of a unit root in the time
series. The frequencies 27/6 and 10m/6 refer to
seasonal patterns with two or multiple cycles,
while frequencies 4m/6 and 8n/6 correspond to
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specific seasonal fluctuations that may occur
over shorter or longer periods. Frequency n\pin
denotes semiannual fluctuations.

For the return on the commodity deposit
contract at frequency 0, the test statistic is -2.70,
which is significant at the 10% level. This result
suggests that the non-seasonal trend in the
commodity deposit return is somewhat stable,
with a possible unit root presence in this series.
At frequencies 2m/6 and 10m/6, the test statistic
is 2.68, which is significant at the 1% level,
indicating strong and stable seasonal
fluctuations at these frequencies. At
frequencies 4m/6 and 8m/6, the test statistic is
3.33, also significant at the 1% level, showing
strong seasonal fluctuations at these
frequencies. At frequency n\pim, the test
statistic is -2.24, which is not interpretable at
any significance level, indicating weak
semiannual fluctuations in the commodity
deposit return. Additionally, for all seasonal
frequencies, the test statistic is 3.49, significant
at the 1% level, indicating strong and stable
seasonal fluctuations across all seasonal
frequencies. Finally, for all frequencies, the test
statistic is 4.24, which is significant at the 5%
level, showing that when all frequencies are
considered, the time series fluctuations are
generally stable.

The existence of a seasonal unit root in
products such as pistachios is due to their
natural growth and harvest cycles. Pistachio
trees flower in spring, fruit growth occurs in
summer, and they are harvested in late summer
to early fall. This natural cycle makes pistachio
supply highly season-dependent. On the other
hand, pistachio demand can also be seasonal,
increasing around specific occasions, such as
Nowruz and other festive seasons. Thus, both
pistachio supply and demand follow seasonal
patterns, impacting market prices and
fluctuations (Rezaei et al., 2021).

For the futures contract return, the test
statistic at frequency 0 is -2.96, which is

significant at the 5% level, indicating a unit root
in the non-seasonal trend of the futures return.
At frequencies 2n/6 and 107/6, the test statistic
is 5.06, significant at the 1% level, reflecting
very strong seasonal fluctuations at these
frequencies. At frequencies 4n/6 and 8n/6, the
test statistic is 4.14, significant at the 1% level,
indicating very strong seasonal fluctuations. At
frequency m, the test statistic is -2.41, which is
not interpretable at any significance level,
showing weak semiannual fluctuations in the
future return. For all seasonal frequencies, the
test statistic is 4.91, significant at the 1% level,
denoting strong and stable seasonal
fluctuations, and finally, for all frequencies, the
test statistic is 5.56, significant at the 1% level,
indicating stable fluctuations in the futures
return time series.

In summary, both time series (commodity
deposit contract return and futures contract
return) exhibit significant seasonal and non-
seasonal fluctuations, but the intensity of these
fluctuations is higher in futures returns. For
both series, seasonal fluctuations are much
stronger than non-seasonal ones, yet
semiannual fluctuations (frequency m) are weak
in both series. Overall, seasonal fluctuations are
a key factor in analyzing time series returns on
contracts, and these fluctuations are stronger in
futures contracts compared to commodity
deposits.

Table 2 provides the regression coefficients
and results for the returns on the commodity
deposit contract (r5,) and the futures contract
(17,¢)- The intercept in both equations is 0.01,
with an insignificant standard error, indicating
a lack of statistical significance. This suggests
that the dependent variables, on average, do not
exhibit significant changes in the absence of
other effects.
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Table 1- Results of the seasonal unit root test for 6 periods using the HEGY method (Hylleberg et al., 1990) for daily data of
Round Fandoghi pistachio contracts

Seasonal and Non- Seasonal

. Returns
frequencies

Commodity Depositary Receipt Future

Critical values in Significance
Returns Levels

Test Statistic Test Statistic 1% 5% 10%

Frequency 0 -2.70* -2.96** -3.43 -2.85 -2.56

Frequency 2m/6 and 101/6 2.68*** 5.06*** 2.68 1.17 0.74

Frequency 47 /6 and 87 /6 3.33%** 4.14%** 2.68 1.17 0.74

Frequency n -2.24 -2.41 -3.43 -2.85 -2.56

All seasonal frequencies 3.49%** 4.91%*** 3.15 2.07 1.68

All frequencies 4.24** 5.56%** 4.4 3 2.44
Akaike info criterion -4.12 -4.95
Schwarz criterion -2.64 -4.12

*,** and *** indicate significance at the levels of 90, 95, and 99 percent, respectively.

The coefficient of the previous period’s
return on the commodity deposit contract
(75,¢—1) for the commodity deposit return itself
is negative and significant at the 99% level (-
0.10, with a standard error of 0.035). This result
implies that an increase in the commodity
deposit return in the prior period leads to a
reduction in the current period's return.
However, this coefficient is not significant for
the futures contract return.

The coefficient of the previous period’s
futures contract return ( 75., ) for the
commodity deposit return is positive and highly
significant at the 99% level (0.19, with a
standard error of 0.036), indicating a strong
positive effect. This coefficient is not
significant for the current period's future return.
The coefficient of r¢,._, for the commodity
deposit return is positive and significant at the
90% level (0.07, with a standard error of 0.036),
indicating that the futures contract return from
two periods ago has a weak positive effect on
the commodity deposit return. However, this
coefficient is not significant for the future
return.

The coefficient of 7 ,_3 for the commodity
deposit return is positive and significant at the
95% level (0.09, with a standard error of 0.034).
This suggests that the futures return three
periods ago had a positive impact on the
commodity deposit return. For the future return,
this coefficient is not significant.

The coefficients of 75,4, 775, and 756
for both the commodity deposit and futures
returns are generally not significant, indicating
that returns from four, five, and six periods ago

have minimal or no meaningful impact on the
current returns.

The t-statistic of the error term is significant
at the 99% level (4.00, with a standard error of
0.528), showing the significance of the
disturbance parameters and supporting the use
of the Student's t-distribution for this data. The
Akaike, Schwartz, and Hannan-Quinn criteria
values are lower compared to competing
models, indicating a good model fit.
Specifically, the Akaike index is -10.54, and the
Schwartz index is -10.37, highlighting that the
model is relatively simple and explains the data
effectively.

Table 3 continues the results from Table 2,
showing significant and positive intercepts for
both the commodity deposit and futures
contract returns. This indicates that volatility
persists in the data even in the absence of
external shocks. The shock coefficients for both
variables are significantly positive and high
(0.28 for commodity deposit returns and 0.66
for futures returns), implying that shocks
introduced into the system have a substantial
impact on the volatility of both return types.

The threshold coefficient for the commodity
deposit return is significant and positive (0.29
with a standard error of 0.087), suggesting that
higher-than-threshold volatility has a stronger
influence on future volatility. However, the
threshold coefficient for the futures return is not
significant, potentially indicating that volatility
effects in this case are less dependent on a
specific threshold.
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Table 2- Results of the bivariate vector autoregressive generalized autoregressive conditional heteroskedasticity model with
threshold effects (BEKK-VAR-TARCH)
Commodity Depositary Receipt Returns

Future Returns

Variable Coefficient (Std. Error) Coefficient (Std. Error)
Intercept 0.01(0) 0.01(0.001)
Tst-1 -0.10(0.035)*** 0.02(0.016)
TFeo1 0.19(0.036)*** 0.03(0.039)
ez 0.07(0.036)* 0.05(0.039)
Tri—3 0.09(0.034)** -0.01(0.036)
Trr-a 0.06(0.036) 0.01(0.034)
Trios 0.06(0.035) 0.04(0.033)
Tri—6 0.05(0.036) -0.03(0.03)
t-student of error distribution 4.00(0.528)***
Log-likelihood 3598.91
Avg. log-likelihood 2.65
Akaike info criterion -10.54
Schwarz criterion -10.37
Hannan-Quinn criterion. -10.47

The symbols *, **, and *** indicate significance at the levels of 90, 95, and 99 percent, respectively.

The lagged variance coefficients for both the
commodity deposit and futures returns are
highly significant and substantial (0.96 and
0.84, respectively). These coefficients
demonstrate that past volatility significantly
impacts current volatility, with persistence in
volatility over time through an autoregressive
process.

The BEKK-VAR-TARCH model
effectively captures the interplay of volatilities
between the commodity deposit and futures
contracts, showing that these two variables
exert significant mutual influence on each

other. The significant impacts of shocks and
variance lag on both variables underscore the
stability and transmission of volatility within
these markets.

These findings emphasize the importance of
closely monitoring past shocks and volatility in
financial markets, as these factors notably
influence  future market behavior. By
accounting for threshold effects, the BEKK-
VAR-TARCH model provides a more precise
representation of the complex market
dynamics.

Table 3- Results of the variance model of the bivariate vector autoregressive generalized autoregressive conditional
heteroskedasticity model with threshold effects (BEKK-VAR-TARCH)

Commodity Depositary Receipt Returns

Future Returns Covariance of Returns

Parameter Coefficient (Std. Error) Coefficient (Std. Error) Coefficient (Std. Error)
Intercept 0.01(0.001) 0.01(0.001)*** 0.01(0.001)
Shock Effect 0.28(0.047)*** 0.66(0.063)***
Threshold 0.29(0.087)*** 0.17(0.185)
Variance Lag Effect 0.96(0.011)*** 0.84(0.018)***

The symbols *, **, and *** indicate significance at the levels of 90, 95, and 99 percent, respectively.

Table 4 summarizes the trend of the optimal
ratio for integrating commodity deposit
contracts of Round Fandoghi pistachios with
futures contracts. This optimal ratio represents
the share of commodity deposit contracts within
a two-asset portfolio that includes both
commodity deposit and futures contracts. The
table presents the average ratio values across
different days of the week and seasons, along
with their standard errors.

In spring, for the month (April), the share of
commodity deposit contracts at the start of the
week (Saturday) is 0.55, increasing to 0.73 by
midweek, and then decreasing to 0.60 by the
week’s end. This notable increase on Tuesdays
and Wednesdays indicates a midweek
preference for commodity deposit contracts. In
May, the share remains consistently high,
ranging from 0.78 to 0.84, reflecting a strong
preference for commodity deposit contracts,
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with these values being statistically significant.
In June, the share stabilizes between 0.64 and
0.75, indicating a consistent preference for
commodity deposit contracts during this month.

In summer, (July) shares for commodity
deposit contracts lower, ranging from 0.45 to
0.57, suggesting a reduced preference, with
these values generally lacking statistical
significance. In August, the share rises slightly
to a range of 0.52 to 0.69, possibly due to
market volatility or seasonal demand changes.
September marks the beginning of the pistachio
harvest season, with ratios higher between 0.67
and 0.76, indicating increased demand for
commodity deposit contracts as summer
concludes.

During autumn, (October) relatively high
shares ranging from 0.66 to 0.76 develops, with
most values statistically significant, which may
reflect a growing preference for commodity
deposit contracts. In November, the share
remains elevated, ranging from 0.60 to 0.69,
indicating stable demand. December records
the highest values, between 0.72 and 0.77,
representing peak demand for commodity
deposit contracts, further supported by
statistical significance.

In winter, the ratios in January, fluctuate
between 0.55 and 0.68, likely due to seasonal or
market fluctuations. In February, the ratios are
very high, ranging from 0.79 to 0.86, with all
values statistically significant, indicating this as
the peak period for commodity deposit
contracts. Ratios decrease in March, ranging
from 0.54 to 0.67, possibly due to seasonal
factors or the approaching fiscal year-end.

Overall, the results from Table 4
demonstrate that seasonal fluctuations result in
a higher optimal share of commodity deposit
contracts during spring and winter, while there
is a noticeable decrease in summer. These
seasonal changes likely stem from varying
market demand across seasons. The statistically
significant values observed on many days
reinforce the reliability of these findings,

making them crucial for optimizing investment
portfolios. Additionally, the optimal ratio
fluctuates  across  different  weekdays,
potentially due to daily factors such as market
news or shifts in investor expectations.

This analysis empowers investors to make
informed  decisions  regarding  portfolio
allocations, capitalizing on seasonal and daily
market fluctuations. By leveraging insights on
changes in the optimal ratios for Round
Fandoghi  pistachio commodity deposit
contracts, investors can enhance their risk
management and  portfolio composition
strategies. Observable shifts in these ratios,
particularly the increases during spring and
winter, highlight heightened demand during
these periods, presenting profit opportunities.
Furthermore, daily patterns, such as midweek
increases, allow investors to adjust their
strategies dynamically.

In summary, the significant seasonal
variations and changes in the optimal ratios
equip investors to capitalize on unique seasonal
opportunities and make more accurate market
forecasts. This builds investor confidence and
facilitates data-driven decision-making based
on robust statistical results.

Conclusion

In this study, the optimal hedge ratio for
Round Fandoghi pistachio commodity deposit
receipts and futures contracts were examined.
Results from the BEKK-VAR-TARCH model
demonstrated that daily and seasonal volatilities
significantly influence returns and hedge ratios.
Notably, substantial fluctuations were observed
on specific days and within particular periods,
affecting speculative and investment decisions
in the commodity exchange market. These
findings underscore the importance of choosing
strategies that align with market conditions and
accurately timing market entry to optimize
profitability.



406  Journal of Agricultural Economics & Development Vol. 38, No. 4, Winter 2025

Table 4- Summary of the trend changes in the optimal ratio of commodity deposit contracts for Round Fandoghi pistachios in
the combination of commodity deposit and futures contracts
The average share of

The average share of

Season Mouth Week day commodity deposit contracts Mouth commodity deposit contracts
from Portfolio (Std. Error)  Season from Portfolio (Std. Error)
Saturday 0.55 (0.108) 0.73 (0.104) **
Sunday 0.65 (0.092) * 0.76 (0.088) **
. Monday 0.71 (0.087) ** 0.69 (0.122) *
April Tuesday 0.73 (0.081) ** October 0.67 (0.113) *
Wednesday 0.73 (0.089) ** 0.66 (0.082) **
Thursday 0.60 (0.111) * 0.72 (0.088) **
Saturday 0.83 (0.034) *** 0.64 (0.095) *
Sunday 0.82 (0.047) *** 0.63 (0.095) *
Spring May Monday 0.78 (0.062) *** Fall 0.69 (0.105) *
Tuesday 0.83 (0.046) *** Novemmber 0.67 (0.096) *
Wednesday 0.82 (0.046) *** 0.60 (0.088) *
Thursday 0.84 (0.038) *** 0.64 (0.092) *
Saturday 0.64 (0.104) * 0.72 (0.077) **
Sunday 0.72 (0.106)* 0.73 (0.080)**
une Monday 0.75 (0.104)** Decermber 0.74 (0.073)**
Tuesday 0.66 (0.116)* 0.72 (0.075)**
Wednesday 0.72 (0.112)* 0.77 (0.066)***
Thursday 0.64 (0.103)* 0.76 (0.071)**
Saturday 0.55 (0.151) 0.62 (0.103)*
Sunday 0.48 (0.144) 0.56 (0.065)**
uly Monday 0.45 (0.161) January 0.62 (0.077)**
Tuesday 0.49 (0.152) 0.66 (0.103)*
Wednesday 0.55 (0.151) 0.68 (0.115)*
Thursday 0.57 (0.144) 0.55 (0.124)
Saturday 0.65 (0.107)* 0.79 (0.075)***
Sunday 0.68 (0.098)* 0.79 (0.068)***
Monday 0.69 (0.098)** 0.84 (0.054)***
Summer  August 1 ocday 0.66 (0.104)* Winer T ebruray 0.86 (0.052)***
Wednesday 0.52 (0.110) 0.79 (0.069)***
Thursday 0.53 (0.106) 0.81 (0.066)***
Saturday 0.67 (0.109)* 0.65 (0.129)
Sunday 0.72 (0.095)** 0.64 (0.132)
Monday 0.70 (0.097)** 0.67 (0.115)*
September . esday 0.72 (0.109)* March 0.66 (0.123)*
Wednesday 0.76 (0.110)* 0.58 (0.156)
Thursday 0.70 (0.121)* 0.54 (0.141)

The symbols *, **, and *** indicate significance at the levels of 90, 95, and 99 percent, respectively.

The results suggest that utilizing volatility
models, especially during unstable market
conditions, consistently enhances investment
decision-making and mitigates potential risks.
Similar findings have been reported in
international financial markets regarding the
impact of seasonal and daily volatilities on
hedge ratios, highlighting the market volatility
as a global phenomenon warranting special
consideration in various countries.

Based on the present study’s findings, it is
recommended that investors and market
participants leverage financial instruments,

such as futures contracts and commodity
deposit receipts, to manage existing risks and
incorporate seasonal volatilities and specific
weekdays into their investment strategies.
Additionally, offering educational programs
and creating information platforms to increase
investor awareness of market behavior and
volatility can improve decision-making and
market efficiency. These initiatives can bolster
investments and reduce risks associated with
market fluctuations.

Several policy recommendations to enhance
the performance of the Round Fandoghi
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pistachio market and improve decision-making
efficiency for speculators and investors in the
commodity exchange market for the Round
Fandoghi pistachio are as follows:

volatilities on contract returns, the
development and promotion of hedging
tools, like futures and other derivatives, can
help investors better manage risks arising

1. Strengthening and Managing Seasonal from fluctuations. This is especially crucial
Volatilities: Given the importance of during periods of high market volatility.
seasonal volatilities in both time series Incorporating Seasonal and Daily Patterns
(commodity deposit contract returns and in Portfolio Composition: The results
futures  contract  returns), it s indicate that the optimal ratio for
recommended that policymakers and commodity deposit contracts varies across
market participants conduct a more different  seasons and  weekdays.
detailed analysis of these volatilities and Policymakers and investors should be
plan to address unusual seasonal mindful of these changes and, at
fluctuations. These plans could include appropriate times, adjust their portfolio
launching derivative financial instruments, composition based on a detailed analysis of
such as options or futures contracts, that aid seasonal and daily changes. This strategy
in managing volatility risks. aids in risk reduction and vyield

2. Supporting Hedging Tools: Considering enhancement.
the significant impact of shocks and past
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Abstract

The agricultural sector in developing countries plays an important role in promoting national development and
rational policy making and strategic planning to advance the sustainable development of this sector are of main
concerns of the relevant institutional actors. In this regard, the current research was conducted with the aim of
identifying scenarios of sustainable agricultural development in the catchment area of Zayandeh River in Isfahan
province. The present research was applied, of descriptive-survey type. The statistical population was experts
related to agricultural development in the province. To collect data, library sources, questionnaires and interviews
were used. Delphi method and interviews with elites and executives were used to identify the primary components
and drivers effective on the sustainable development of agriculture in the Zayandeh River watershed of Isfahan
province. The snowball technique was used to select the experts. Finally, 8 key drivers were identified and
separated in order to explain the research variables in a strategic format. Based on this, in the section related to the
expression of research priorities in two direct and indirect modes, these 8 key factors have been repeated in
different priorities. Questionnaires were distributed among 25 experts. In this study, five plausible scenarios were
identified for forecasting the future of sustainable agricultural development by considering potential outcomes
based on key factors and their similarities or differences across the categories of favorable, static, and critical
scenarios. Based on their total scores, which range from 85 to 109, two scenarios were identified as the most likely:
one favorable scenario and one critical scenario.
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Introduction

The agricultural sector in developing
countries plays an important role in promoting
national development and rational policy
making and strategic planning to advance the
sustainable development of this sector is one of
the main concerns of the relevant institutional
actors. The agricultural sector accounts for 7%
of the gross national product, 14% of
employment and providing food for more than
80% of the people in the society therefore, it
plays an important role in the country's
economy (Bahrami & Asadi, 2020). On one
hand, the complexity of human-driven changes,
variable environmental factors, and the
unpredictability of the global economy
impacting  agricultural  activities  pose
significant challenges. On the other hand, the
strategic importance of food security and
poverty reduction further intensifies the
difficulties in achieving sustainable agricultural
development. The growing trend of
globalization of agricultural trade and extensive
competition in this field, which has transformed
the framework of market equilibrium, all
components of the agricultural industry
undergo fundamental and structural changes.
The impact of environmental factors and
climate change has already led to fundamental
shifts in agriculture, and in the near future, it is
certain to have the most destructive effects on
agricultural activities. Considering the link of
the listed components in the future,
policymakers and practitioners in the field of
agriculture, despite their lack of preparation,
will face increasing and unpredictable
challenges (Sharifzadeh & Hosseini, 2009).
Therefore, it is necessary that the developed
strategies to deal with these issues are based on
comprehensive and optimal analysis which
examines the main dimensions of agriculture
and food sector in an integrated way. These
patterns should create a tool for integrated and
dynamic planning which can enable transparent
cross-sectoral analyzes of policy effects and
enable exploration of their long-term
implications for social, economic, and
environmental development (Fakari et al.,

2020). Due to the ever-increasing changes and
transformations, relying on traditional planning
methods is no longer the answer, and the heavy
shadow of uncertainties and the emergence of
discontinuous and surprising events change the
situation in such a way that planning seems
difficult. The lack of ability to predict the future
as well as the complications caused by the
changes have caused the emerging knowledge
of foresight to enter the activities of planning
and predicting developments (Zali & Atriyan,
2016). During this period, planners have
adopted various approaches to address future
challenges, depending on the time and location
conditions, typically based on the analysis of
past trends and the continuation of the current
situation. However, today, the science of
futurology has transformed scattered and
fragmented studies on future planning into a
well-established field with solid principles and
foundations. Its role, in addition to analyzing
past trends, is to explore, invent, and evaluate
possible, probable, and desirable futures (Zali
& Atriyan, 2016).

In agriculture, considering the future is
essential for ensuring the strengthening and
stability of the sector. A key and fundamental
aspect of foresight studies in agriculture is the
stability and growth of agricultural production,
which ~ should be accompanied by
improvements in product quality. Additionally,
serious attention must be given to creating a
suitable platform for fostering sustainable
agriculture in the country. Undoubtedly,
planners and policy makers in the agricultural
sector can use foresight to draw future
prospects for the sustainable development of
the agricultural sector and in this way, realize
the capacity of directiveness expected from
strategic policies in advancing the agricultural
sector in accordance with situational
considerations, national priorities and global
developments. Accordingly, various
researchers and international organizations,
such as the FAO, have utilized foresight to
shape future perspectives for the agricultural
sector and related areas, including food security
(Sharifzadeh & Hosseini, 2009). Futurism has a
long history, with the United States and Japan
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being among the pioneers in using this tool.
However, in the last decade, nearly all countries
worldwide have adopted it (Karamatzadeh,
2006). In Iran, some researchers have analyzed
the future and designed scenarios in different
fields. In other countries, studies have been
done in the field of agricultural future research
or agricultural research (Akrami et al., 2021).
An analysis of scientific sources reveals a
strong need for extensive research in the field
of future studies within the agricultural sector
of the country. Below, some of the limited
studies that have been conducted in this area are
highlighted.

Jashari & Morad (2018) in research entitled
"Development of macro-strategies for the
development of the agricultural sector of Sistan
and Baluchistan province", investigated the
agricultural situation of this province with a
future research approach. The authors
identified the driving forces affecting the
development and progress of agriculture and
animal husbandry in the province and then they
introduced five main drivers in the agricultural
sector and five drivers in the livestock sector
and tried to analyze the scenarios using the
scenario method and then, in the form of each
scenario, according to the upstream documents
and previous studies, for the agricultural
development of the province, they have
expressed strategies such as the promotion of
specialized and applied knowledge and the
empowerment of human resources, the
continuation of government investment, etc.

Fakari et al. (2020), in their research titled
"Future Research of Iran's Wheat," examined
the status of wheat up to the year 1420. Using
the GBN scenario writing method with
Scenario Wizard and Mic Mac software, and
consulting a group of experts from universities,
research centers, and managers of the country's
wheat project in 2019, they explored the future
of wheat research in the country. From eighteen
possible scenarios, three were selected:
"Forward to the Future" (the first scenario),
"Never Changing” (the second scenario), and
"Going Back to History" (the third scenario).
These evaluations provided different future
scenarios to help policymakers develop better

planning strategies for the future of wheat
production. Bagheri et al. (2020), in their article
on the future research of the Agricultural
Engineering and Technical Research Institute
in 1404, focused on examining alternative
futures for the institute as an active, knowledge-
based research organization in agricultural
technology. The GBN method was used to
design the scenarios. Initially, the trends
influencing the institute's research activities
were identified, followed by the key
uncertainties. After developing the scenario
matrix, three scenarios were created: the
"Traditional Future," the "Difficult Future," and
the "Desirable Future." Asadi et al. (2021), in
their research titled "Forecasting the Future of
Australia's ~ Digital ~ Agriculture:  Using
Innovative Thinking to Predict the Impact of
Research and Development Under Different
Scenarios," explored the future of agriculture in
Australia, focusing on the role of digital
technology and its social and ethical
implications. The study developed four
scenarios to predict the future of agriculture in
Australia. The findings indicate that these
scenarios highlight potential changes in farm
business models, decision-making processes,
stakeholder involvement, and the inequalities
introduced by new technologies, as well as
other components of the food value chain.
Gutzler et al. (2015), in their study of
agricultural land use changes, assessed the
sustainable and integrated effects of
agricultural intensification scenarios in the
federal state of Brandenburg, Germany, for the
year 2025. The results of the research indicate
that, in the comprehensive evaluation,
agricultural intensification scenarios have a
sustainable effect at the regional level.
However, this intensification is accompanied
by negative environmental and socio-economic
impacts. Ajilore et al. (2018) explored the
future of agricultural research and innovation in
Africa. Using collaborative methods and
examining the current and past agricultural
situation, they proposed four possible future
scenarios for agricultural research. The results
of the scenario analysis indicated that African
agriculture is evolving due to innovations. The
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purpose of examining these scenarios with the
involvement of stakeholders was to help the
new generation of scientists, researchers,
promoters, and innovators in the agricultural
sector develop the necessary capacity for
dialogue and strategic thinking regarding the
future. Makal et al. (2017), in their study titled
"Problems and Challenges of Agricultural
Development (Case Study: Farmers of West
Bengal),” highlighted several issues faced by
agriculture in West Bengal, including problems
with agricultural and rural infrastructure such as
irrigation, soil, land, capital, labor, product
storage, modern agricultural inputs, the
environment, production, production costs, and
price fluctuations. Similarly, a study by Nsikak
& Kesit (2015) in Nigeria found that the
challenges in the country’s agricultural sector
include climate change, outdated farming
methods, weak infrastructure, and insufficient
government support for research and
development in agricultural technologies,
which hinder production growth. Additionally,
Nematollahi et al. (2016) analyzed the
necessary measures for the environmental
development of the agricultural sector in
Jianshan using the SWOT method, concluding
that the development of agriculture in the
region is progressing well and that an
aggressive  strategy is the dominant
development approach. Among the study's
recommendations were eliminating the need for
animal husbandry development, creating the
necessary infrastructure  for large-scale
agriculture, and establishing new farms.
Bradfield et al. (2016), in their analysis of
Pakistan's agricultural sector using the SWOT
method, concluded that despite the sector's
importance due to its significant share in the
country's gross domestic product (GDP) and the
available capabilities, agricultural development
in Pakistan faces serious weaknesses and
threats. The research suggests government
intervention to increase productivity, provide
farmer training, and offer loans to small
farmers. Goldstein et al. (2012) published a
report on the project "Investment Scenarios for
the US Hawaii Region,” aimed at assisting in
the design of a land use map for the northern

Ohio coastal region, with a focus on the
agricultural sector. The project identified key
development variables and, using the Delphi
method and consultative workshops with
regional stakeholders, formulated possible
scenarios for the Hawaii region. Their research
found that the key influential variables for the
future use of the area were the land irrigation
system and the future land sales strategy.
Gavetti & Menon (2016) conducted a major
project on the future of food and agriculture,
using scenario writing methods. They identified
the sector's most important challenges,
including regulating demand and supply for
agricultural products, addressing food system
instability, ending hunger, and preserving
biodiversity and ecosystem stability while
feeding the global population. After identifying
these challenges, they pinpointed the key
factors to address them and suggested tools for
better policymaking for the future. Abdollahi et
al. (2020), in their research titled "Analysis of
the Key Drivers of the Development of the
Poultry Industry Using a Forward-Looking
Approach,” identified three key drivers for the
development of the poultry industry. These
include macroeconomic and commercial
policies aligned with the development and
formation of a market based on innovation, an
educational system focused on fostering a
culture of innovation, and access to loans and
financial resources. Takallo et al. (2020)
discussed the future development of human
resources in the agricultural sector in the rural
areas of the central part of Malair city. The
research identified 24 key factors in human
resource development. Among these, the most
significant drivers for future development were
integrated management of rural development,
sustainable employment, advanced technology,
the elimination of discrimination between
urban and rural areas, and the expansion of
production cooperatives. Based on these
factors, the study proposed three groups of
scenarios for the future of human resources in
the agricultural sector of rural areas. Bagheri et
al. (2020) investigated the future research of the
Agricultural  Engineering and  Technical
Research Institute for the horizon of 1404. The
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results showed that self-sufficiency in the
production of basic products, the impact of
product quality and health indicators on pricing,
the contribution of the research budget to
national gross production, and the adoption of
new technologies by users were the most
influential drivers. Additionally, the study
identified 9 economic drivers, 10 policy and
planning-related factors, 7 science and
technology drivers, 6 environmental factors, 3
cultural-social factors, and 5 human resource
leadership factors. The political and planning
agents, along with the economic agent, were
identified as having the most significant
influence on the future of the institution. In their
research, Beheshti et al. (2020) studied and
investigated water resource management
scenarios using a future-research approach in
Tabriz city. According to the results, 15 key
factors were identified as influencing the state
of water resources in Tabriz. Among the most
important and influential factors in water
resource management were climate change,
water quality, the economic productivity of
water, investment in the supply sector,
consumption and water infrastructure, as well
as changes in precipitation and cropping
patterns. Ghoochani et al. (2019) conducted
research entitled "Macro-Inspection of Drivers
of Water Resources Management in the
Agricultural Sector of Iran." The study
identified four main drivers that are highly
effective and important in the field of
agricultural water management. These drivers
include: 1) institution building in the field of
agricultural water management, 2) the
establishment of an integrated management
system for water resources in catchment areas,
3) the management of the country's water
resource conflicts, and 4) the volume delivery
capacity of agricultural water.

Jashari & Moradi (2019) developed a
scenario and strategy for the agricultural
sector's development by identifying key drivers
in the rural areas of Sistan and Baluchistan
province. Among these drivers, the most
influential include: improving agricultural
knowledge, managing water resources
effectively, financing agricultural projects,

developing transformation industries in
agriculture, and enhancing  marketing
knowledge for agricultural products. Nikanfar
& Naseri (2019), in their research titled "Future
Study of Energy Efficiency in Wheat
Production on the Eastern Margin of Lake
Urmia,” concluded that from an energy
perspective, the conservation tillage system is
preferred over conventional tillage for wheat
production. However, in many cases, the
statistical difference in energy parameters
between the two systems was not significant.
The study suggests that proper implementation
of conservation tillage with the right tools and
equipment can improve energy parameters in
wheat production. The Research Center of
Majlis (2018) also examined the future of
agriculture in Iran, finding that agricultural
production is unlikely to meet the growing
demand in the future. Over the past decade, the
average annual growth rate of agricultural
production has been 2.63%, while demand for
agricultural products has grown at an average
rate of 4.13% annually. Sadeghi & Khanzadeh
(2019) analyzed the strategic development of
agriculture in the Urmia Lake catchment area
using the SWOT method and the QSPM matrix.
The research showed that the primary strategy
for the region's agricultural development is a
defensive strategy, with the top priorities for
implementing sustainable development
programs being: managing water consumption
in  agriculture, developing agricultural
mechanization, integrating agricultural lands,
and improving the literacy and awareness of
human resources working in agriculture.
Sustainable agriculture is seen as the key
solution to the crisis. Ahmad & Enayatollah
(2013) in their study titled "Challenges of
Agricultural Development in Iran" identified
several key challenges facing agriculture in the
country, including: limited access to water,
declining water levels in the Caspian Sea, the
conversion of agricultural land for non-
agricultural ~ purposes, land  shortages,
insufficient government support, organizational
inefficiencies, increasing water salinity, the
influence of political issues on decision-
making, unplanned land use systems, lack of
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advanced technological infrastructure, and
unfavorable social and economic conditions.
Eghbali  (2020) examined the water
governance system in the Zayandeh River basin
to promote sustainability of water resources.
The research highlighted that the most
influential factors in the water governance
system included the Supreme Water Council
and the subordinate organizations of the
Ministry of Energy. Key legal challenges
identified were unclear ownership rights, the
non-participation of stakeholders in water
legislation and management, and weaknesses in
existing laws. Enteshari & Safavi (2019)
investigated the administrative-institutional
system of water management in the Zayandeh-
Rood watershed using a qualitative grounded
theory method. They identified factors such as
incomplete and inaccurate information,
differing understandings of issues, ineffective
meetings, conflicts of interest, lack of
coordination between organizations, potential
corruption, and weak supervision as
contributing to the ineffectiveness of the current
administrative structure. Hatami & Noorbakhsh
(2019) focused on the semantic reconstruction
of the water crisis in the eastern region of
Isfahan based on contextual theory. They
extracted the core category of "mismanagement
of water" and found that, according to farmers,
the current water crisis was directly related to
mismanagement. This mismanagement has
manifested itself in governance practices that
exclude social stakeholders. Mahmoodi &
Karimi (2015) conducted a case study of
agricultural land use changes in the Zayandeh
River basin in Isfahan province. Their research
showed an increasing trend in the conversion of
agricultural land to residential land, with the
area of residential land growing from 14,000
hectares to 39,000 hectares over the study
period. This change has had significant effects
on the components of sustainable development,
which can be categorized into environmental,
economic, social, and agricultural impacts.
Given the limited research in the field of
agriculture with a future research approach, the
studies emphasize the potential benefits of
future research in identifying key factors and

guiding planning for agriculture. With proper
planning and a focus on the future, these studies
can significantly contribute to sustainable
agricultural development. The present research
aims to identify scenarios for sustainable
agricultural development in the Zayandeh River
catchment area in Isfahan province.

Research Method

The current research is applied in nature and
employs a descriptive-survey methodology, as
it describes and interprets existing conditions,
relationships, common ideas, and ongoing
processes. In terms of data type, this research is
both quantitative and qualitative. The statistical
population for this study includes: 1) managers
and entrepreneurs in the agricultural sector
within the Zayandeh River watershed in Isfahan
province, 2) academic researchers and
professors involved in the agricultural sector in
the same region, and 3) policymakers and
managers engaged in the planning and
policymaking  process for  agricultural
development in the Zayandeh River watershed.
Participants were selected using a non-
probability snowball sampling method. Data
were collected using a combination of library
resources, researcher-developed
questionnaires, and interviews. Qualitative data
were gathered through open-ended
questionnaires and interviews with experts, as
well as document analysis. Quantitative data
were compiled numerically and obtained
through the weighting of Delphi questionnaires.
To identify the factors affecting agricultural
development, five experts were interviewed. To
validate these factors, the identified variables
were then presented to 25 experts in the form of
a researcher-made questionnaire to assess the
importance of each factor. To ensure the
validity of the research instruments, form-
content validity was employed. The
questionnaire, along with the research
questions, was shared with several experts,
including the supervisor, who were asked to
evaluate its suitability for measuring the
research variables.

Reliability was assessed using Cronbach's
alpha and the composite reliability coefficient
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to check the internal consistency of the
questionnaire. Given that the Cronbach's alpha
value for the variables was 0.944, the reliability
of the instrument was confirmed. A matrix with
dimensions of 8x8 was used for the scenario
planning part of sustainable agricultural
development using the results of interviews
with experts and a Delphi questionnaire and
was given to the experts of the agricultural
sector. In the following, in order to enter these
elements into the Scenario Wizard software
environment, the related subcategories of each
were defined with their own unique statuses in
the software environment. Then, by expressing
the possible states for each of these factors, the
matrix of cross-effect analysis was formed and
the statistical sample was asked to rate them
according to the effect of one factor on other
related factors from -3 to +3 in the framework
of the formed matrix. (-3: Strongly negative
effect; -2. Relatively negative effect; -1:
Limited and weak negative effect; 0: Neutral
effect; +1: Weak positive effect; +2: Moderate
positive effect; +3: Strong positive effect).

The scenario wizard software does not
emphasize that the scenarios are selected from
different ranges and they are designed only
based on negative and positive relationships.
Scenario planning is still a more or less new
method that has been developed in various
ways. Diversity of thought in the field of
scenario planning is a kind of capital because it
has led to a diverse set of interpretations in
scenario programming. In fact, scenarios,
Jammayeh and Shah Bayt are futuristic
activities that draw alternative images of
believable futures in the field in question. A
scenario is a narrative with possible outcomes
and effective links that connect the future state
with the present; while also describing key
decisions, events and consequences throughout
her narrative (Nematollahi, et al, 2016). In fact,
the scenario describes a situation in the future
and a path that takes us from the present to this
future; therefore, the process of planning with
the help of scenario or scenario planning helps
us to understand the bigger space of the future.

It should be noted that Zayandeh Rood

catchment is the second catchment of the
Central Plateau, which is coded with number
42. This basin is located in the middle part of
the central plateau, its area is 41550 square
kilometers. There are 21 study areas in this
watershed, 17 of which are (Kupa Segzi,
Barkhar Isfahan, Morche Khort, Alavijah and
Dehgh, Mimeh, Najaf Abad, Karon, Mehyar
Shamli, Lanjan, Chadegan, Boyin-Miandasht,
Chehlkhaneh, Daran- Domain, Shahreza, South
Mehyar, Esfandaran, Gavkhoni Lagoon) under
the management of Isfahan Regional Water
Company and three units (Chalgerd - Qala
Shahrokh, Yanchashme and Ben - Saman)
under the coverage and supervision of the
Regional Water Company of Chahar Mahal and
Bakhtiari Province and another unit (Izdkhas) is
under the supervision of Fars Regional Water
Company. About 87.7% of the catchment area
of Zayandeh River is located in Isfahan
province, which is of considerable importance
for consumption in the agricultural and drinking
sectors of Isfahan province, in such a way that
between the years 2015-2015, water from the
Zayandeh Rood basin was used to irrigate
331,220 hectares of agricultural land. And the
amount of exploitation of underground water
resources for consumption in the agricultural
sector between 1399-1400 has been reported as
3200 million cubic meters. Also, the amount of
exploitation of surface water resources for
consumption in the agricultural sector between
2018-2019 was reported to be 1.544 million
cubic meters. Therefore, careful planning to
manage water consumption in Zayandeh Rood
basin is inevitable.

Findings and Discussion

Descriptive findings showed that in terms of
education, the majority of them (12 people) had
a master's degree and in terms of gender, 100%
of them were men, and in terms of history of
participation in policy-making activities, the
majority of the respondents did not participate.
Also, the majority of the respondents did not
have teaching experience at the university
(Table 1).
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Table 1- Demographic characteristics of experts

History of participation in University

policy activities lecturer Gender Education Total number of
No Yes No  Yes Woman Man PhD Zi?)'ecﬁ expert  'espondents people
14 11 16 9 0 25 8 12 5 25

As stated earlier in the research method
section, an 8x8 matrix was extracted through
interviews with experts and was given to the
experts of the agricultural sector. The results of
the expertise index show that the experts have
more than 50% expertise in all the questions
raised and they have high knowledge about the
subject. Also, the desirability index shows that
there is a lot of desirability regarding one of the
two situations raised in the questionnaire
questions and in this regard, agriculture in a
controlled environment with -0.68% has the
highest percentage and changing the country's
education system with -0.43% has the lowest
level of favorability. The consensus index also
indicates the level of uncertainty associated
with each option. It shows that the development
of new programs in the entrepreneurship sector,
changes to the country’s education system, and
strengthening land use laws exhibit the highest

levels of uncertainty. Among the issues raised,
changing the cultivation pattern and focusing
on the production of low-water-demanding
crops emerges as the most crucial factor for the
sustainable development of the agricultural
sector in the future (Table 2).

In order to enter these elements into the
Scenario Wizard software environment, these 8
factors were defined with their unique status in
the software environment. Then, by expressing
the possible states for each of these factors, the
matrix of cross-effect analysis was formed and
the statistical sample was asked to rate them
according to the effect of one factor on other
related factors from -3 to +3 in the framework
of the formed matrix. In Table 3, drivers and
possible influencing modes of sustainable
agricultural development in Zayandeh River
watershed of Isfahan province are presented.

Table 2- The results of experts' answers to Delphi questionnaire questions

Row Question E>_<pertise Degirability Co_nsensus Significance
index index index index
1 Farming in open space or controlled 73.61 -0.68 -0.44 84.25
Strengthening the current cultivation pattern
2 or changing the cultivation pattern and 68.85 -0.65 -0.68 85.61
production of low water-demanding crops
3 Direct governrr.ie.nt riJIe or popular 69.69 051 0.49 73.32
participation
4 Traditional agriculture or smart agriculture 65.6 -0.61 0.68 77.84
Strengthening current consumption
5 management or modifying consumption 62.7 -0.59 -0.58 78.82
pattern
Development of current actions in the
6 entrepreneurship sector or development of 70.13 -0.65 -0.28 74.75
new programs in the entrepreneurship sector
7 Strengthening thg education system of the 65.15 -0.43 018 71.98
country or changing the education system
8 Removing agricultural land use rules or 7531 -0.53 013 76.62

strengthening the rules
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Table 3- The main factors and possible situations facing the sustainable development of agriculture in the
catchment area of Zayandeh River in Isfahan province

Acronym Possible situation Degreq 9f The main influencing factors
desirability
Al Elimination and reduction of government support Critical - . A
U - : Government support and financial facilities
A2 Maintaining and continuing the current trend Static - - .
. - in the agricultural entrepreneurship sector
A3 Increasing government support Desirable
Lack of development of low water-demanding -
F1 L Critical
products such as medicinal plants, saffron and saffron
Maintaining the current situation of using low water- Development of low water-demanding
F2 demanding products such as medicinal plants, saffron Static products such as medicinal plants, saffron
and saffron and saffron
F3 Development_ o_f low water-demanding products such Desirable
as medicinal plants, saffron and saffron
B1 Lack of agrlcultural development in controlled Critical
environments such as greenhouses
B2 Continuing the current trend of farming in controlled Static Development of agriculture in controlled
environments such as greenhouses environments such as greenhouses
B3 Increasing the_development of agriculture in controlled Desirable
environments such as greenhouses
Ul Reducing the economic productivity of water Critical
U2 Continuation of the current trend of economic water Static Increasing the economic productivity of
efficiency water
(UK} Increasing the economic productivity of water Desirable
S
s1 Deterioration of water management between industry Critical
and agriculture sectors
Contlnl{atlon of the current process of water _ Proper management of water consumption
S2 consumption management between industry and Static between industry and aariculture sectors
agriculture sector ry g
s3 Improving water consumption management between Desirable
industry and agriculture sectors
L
L1 Reduction of employment in the agricultural sector Critical
L2 Continuing the current trend of employment in the Static Development of employment fields in the
agricultural sector agricultural sector
L3 Increasing employment in the agricultural sector Desirable
H
H1 Reduction in the production of export products Critical
H2 Continuing the curre;rgtc;ﬁrg?s of producing export Static Development of export products
H3 Increasing the production of export products Desirable
G
G1 Worsening management of cropping pattern Critical
G2 Continuing the current trend of cropping pattern Static Proper management of cropping pattern
management
G3 Improving the management of the cultivation pattern Desirable

Finally, according to the effect of one factor

on other related factors, 5 believable scenarios
were identified by considering possible
situations resulting from key factors and their
commonalities or differences in the categories
of favorable, static and critical scenarios (Table
4).

The percentages and number of scenarios in
Table 5 show the distribution of different
situations.  Specifically, critical situations
account for 20 scenarios, static situations
(maintaining the current state and continuing
the existing trend) for 12 scenarios, and
favorable situations for 8  scenarios,
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representing the highest to lowest amounts,
respectively. In other words, 50% of the
scenarios are related to critical situations, 30%

to static situations, and nearly 20% to favorable
situations, as explained below.

Table 4- The status of each of the factors according to optimal to critical status

The
fifth The fourth The third The second The first scenarios/
scenari scenario scenario scenario scenario Agents
0
Desirab Static/Contin Static/Continuati Government financial support and
e uation of Undesirable on of current Undesirable facilities in the field of agricultural
current trend trend entrepreneurship
. Static/Contin Static/Continuati .
Desirab . . . Development of areas to increase
uation of Undesirable on of current Undesirable . .
le employment in the agricultural sector
current trend trend
. Static/Contin ~ Static/Continuati  Static/Continuati  Static/Continuati .
Desirab . Development of low water-demanding
uation of on of current on of current on of current
le products
current trend trend trend trend
. Static/Contin  Static/Continuati . .
Desirab uation of on of current Undesirable Undesirable Agrlcu_ltural development in controlled
le environment such as greenhouses
current trend trend
Desirab Undesirable Undesirable Undesirable Undesirable Correct management of water consumption
le between industry and agriculture sectors
. Static/Contin  Static/Continuati . . .
Deférab uation of on of current Undesirable Undesirable Increasing the ecc\)l\rllgfgllc productivity of
current trend trend
Deférab Undesirable Undesirable Undesirable Undesirable Development of export products
Deférab Undesirable Undesirable Undesirable Undesirable Correct manag%rgﬁg:nof the cultivation

Table 5- Number and percentage of situations

Percentage Number  Status
20 8 Desirable
30 12 Static
50 20 Critical
100 40 Total

Favorable scenarios

According to favorable, static and critical
situations; Scenario number 5 is a favorable
scenario. In this scenario, all states of agents are
favorable. In total, these scenarios have 8
favorable situations, which are shown in Table
6.

Static scenarios

According to favorable, static and critical
situations; Scenario number 4 is a static
scenario. In this scenario, there are 5 static
states, 3 unfavorable states, which are shown in
Table 7.

Table 6- Characteristics of desirable scenarios

General features

Number of scenarios Category

Increasing government support

The trend of increasing employment in the agricultural sector
The process of increasing agriculture in a controlled environment
Improving water consumption management between industry and agriculture sectors
The increasing trend of producing low water-demanding products
Increasing the economic productivity of water
Increasing the production of export products
Improvement of cultivation pattern management

Fifth Desirable
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Table 7- Characteristics of static scenarios

General features Numbe!‘ of Category
scenarios
Maintaining and continuing the current process of government support and financial facilities in
the agricultural entrepreneurship Continuing the current trend of employment in the agricultural
sector
Maintaining and continuing the current trend of cultivating low water-demanding crops such as
saffron
Maintaining and continuing the current trend of agriculture in controlled environments .
Fourth Static

Deterioration of water consumption management between industry and agriculture sectors
Maintaining and continuing the current trend of economic water efficiency
Reducing the cultivation of export products
Worsening of proper management of cropping pattern

Critical Scenarios

According to favorable, static and critical
situations; Scenarios number 1 to 3 are critical
scenarios. From the total of 24 situations in
these scenarios; 17 critical situations 7
situations have a static situation and maintain
the existing situation, which is shown in Table

8.

Based on the results of Table 9, the fifth
scenario with 8 favorable assumptions (100
percent) is the most favorable situation and the
first scenario with 7 critical assumptions (87.5
percent) is the most unfavorable situation for
the catchment area.

Table 8- Characteristics of critical scenarios

Number of

neral f r i
General features scenarios

Category

Removal and reduction of government support
Deterioration of water supply and consumption
Continuing the current trend of government support and facilities in the agricultural
entrepreneurship sector
Continuing the current trend of employment in the agricultural sector
Continuation of the current trend of cultivation of low water-demanding crops
The decreasing trend of growing crops in a controlled environment First to third Critical
Deterioration of proper management of water use between agriculture and industry (unfavorable(
Continuation of the process of economic efficiency of water
The trend of reducing the cultivation of export crops
Worsening of proper management of cropping pattern

Table 9- Coefficients, number and percentage of each situation separately for each scenario based on the triple

spectrum
The
Adverse Status nurcr)lfber
Critical situations situatio  coefficien
statuses
ns ts
separate .
ly scenari
Percenta  Maximu The The 0
Percenta Idea .
ge of m extent of e of | desire Desirabl
critical critical critical geor d 3- 1 3 critical static
e . o desirabili  scor e
condition conditio  conditio t o amou
S ns ns y nt
87/5 -24 -21 0 24 0 2_1 1 0 7 1 0 1
62/5 24 15 0 2 o B30 s 3 0 2
62/5 24 15 0 24 o 30 s 3 0
37/5 -24 -9 0 24 0 9 5 0 3 5 0 4
0 -24 0 100 24 24 0 0 Z 0 0 8 5
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Table 10- Possible scenarios of sustainable agricultural development

The fifth scenario

The first scenario

scenarios/
Agents

Increasing government support

Increasing employment in the
agricultural sector
Increasing the cultivation of low water-
demanding crops
Increasing cultivation in controlled
environments
Improving water consumption
management between industry and
agriculture sectors
Increasing the economic productivity

Removal and reduction of government
support

Reduction of employment in the
agricultural sector
Continuation of the current trend of
growing low water-demanding crops
Reduction of cultivation in controlled
environments
Deterioration of water consumption
management between industry and
agriculture sectors
Reducing the economic productivity of

Government financial support and
facilities in the field of agricultural
entrepreneurship
Development of employment fields in the
agricultural sector
Development of cultivation of low water-
demanding crops
Agricultural development in a controlled
environment
Correct management of water
consumption between industry and
agriculture sectors
Increasing the economic productivity of

of water water water
Increasing the production of export Reducing the production of export Development of export products
products products
Improvement of cultivation pattern Deterioration of management of Correct management of the cultivation
management cultivation pattern pattern

Identify Possible Scenarios

Among the 5 believable scenarios and
software outputs and according to their total
impact score, which are between 85 and 109; 2
scenarios are the most likely scenarios. These
scenarios have a total effect score of 87 to 109,
of which 1 is favorable and 1 is critical. Which
is shown in Table 10.

Conclusions and Suggestions

The complexity of human changes and
variables, coupled with the unpredictable
nature of environmental and global economic
factors affecting agricultural activities, presents
significant  challenges  for  sustainable
agricultural development. On one hand, the
strategic importance of food security and
combating poverty is critical, while on the
other, the continuous and rapid changes make
traditional planning methods inadequate. The
increasing uncertainties and the emergence of
unexpected events have created a situation
where planning has become increasingly
difficult. Therefore, it is necessary that the
developed strategies to face these issues are
based on comprehensive and optimal analysis
which examines the main dimensions of
agriculture and food sector in an integrated
way. Therefore, this research was conducted
with the aim of developing possible scenarios
of sustainable agricultural development in the

Zayandeh River watershed in Isfahan province.
The results of Delphi analysis showed that
experts in agriculture in controlled environment
have the highest percentage of favorability with
-0.68%. Since sustainable production is the
most important task in agriculture Therefore, in
sustainable production, agricultural products
needed by the society should be produced to the
extent that the relative advantage of each
province allows and the biggest obstacle in this
path is the water problem. Given that
agriculture faces numerous challenges such as
climate change, fluctuating agricultural product
markets, and political decisions, it is crucial to
develop a strategic plan to stabilize some of
these variables while optimizing production
based on others. One approach to achieving this
is through farming in controlled environments,
such as greenhouses, which allow for better
control of factors like water consumption,
ultimately increasing production. Additionally,
among the various issues raised, changing
cultivation patterns to focus on low-water-
demanding crops is considered the most
important for the sustainable development of
the agricultural sector in the future. Since
agriculture is the largest consumer of water,
improving water consumption management and
enhancing efficiency in this sector can
significantly reduce water usage. One of the
methods that improves the management of
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water consumption and ultimately increases the
efficiency of water consumption, drought risk
management of agriculture in dry areas and
determining the optimal pattern of low water
intensive cultivation. Research was conducted
by Joolaei (2004) in the field of investigating
cultivation patterns, the results indicate that the
implementation and design of the optimal
cultivation model in the form of a specific
program has been used in many countries of the
world and with its help, many problems of crop
and garden production have been solved and to
determine the optimal pattern of cultivation in
each region, micro and macro goals should be
considered.

The findings of the scenario wizard analysis
showed that there are 5 believable scenarios
based on the effect of one factor on other related
factors. Finally, among the 5 believable
scenarios and the outputs of the software and
according to the total score of their effects, 2
scenarios are the most probable scenarios that
among them, 1 favorable scenario and 1 critical
scenario. Therefore, according to these results,
supporting the agricultural sector for various
reasons, including creating employment and
booming production in the former and latter
industries, establishing food security, the
essentiality of some agricultural products in the
community's food basket, rural development
and maintaining the structure of the rural
population and preventing migration to cities,
preservation and sustainability of the
environment, contribution to national security
and independence of the country, creation of
added value and increase of national income
through non-oil exports, the requirements of
relative and structural advantage of production
and self-sufficiency and raising the income of
farmers are accepted. Therefore, in all
developed and developing countries, producers
support the agricultural sector in various ways.
Hatberg (2000) who studied the effects of
Sweden's support policies in agricultural
development concluded that due to the
effectiveness of these policies, political reforms
should also be carried out and in order to meet
the needs of farmers, financial resources should
be available to them.

There are various tools to support the
agricultural sector, the use of each of which has
different effects on the agricultural sector and
other economic sectors. In general, agricultural
policy in Iran can be divided into three
categories: pricing policy, institutional support,
and other support. One of the important policies
in the economy that is carried out in most
countries is to support the producer or
consumer through the payment of subsidies.
Statistics also show that only 12% of Iran's area
is under cultivation, more than 90% of the
consumed water is allocated to the agricultural
sector, and part of it is wasted. Meanwhile, the
average efficiency of water consumption in the
agricultural sector in Iran is 40% lower than the
average of the world standard. Therefore, due
to the limited and fixed amount of renewable
water, the competition between drinking,
agricultural and industrial water users on the
one hand and the competition at the catchment
level on the other hand can intensify in the
future or cause new challenges. On the other
hand, water pollution has spread and during
periods of drought and uneven distribution of
rainfall on the ground and destructive works,
flowing water caused by floods has created
conditions that if water resources are not
managed and their quality and quantity should
not be considered it may cause unpredictable
tensions for countries. Therefore, in order to
prevent this crisis, the first step is to create a
correct and rational culture of water
consumption and improve it through the
formulation of optimal water consumption,
planning and implementation of water
consumption management plans in agriculture
and modification of tariffs for high
consumption subscribers and implementation
of incentive plans such as correct subsidies in
the direction of developing modern irrigation
plans. New technology and applying new
methods can help us in this goal of providing
enough water but it will not be able to be
together forever. The best solutions to promote
the culture of correct and optimal water
consumption in the agricultural sector require a
correct and reliable cultural infrastructure and
culture building in the agricultural society. In
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this context, both government and non-
government sectors, which include farmers and
specialists in this sector, must be aware of their
duties and act and have continuous
communication and coordination in the
development of agriculture and especially
water and just like in the field of crop
cultivation, land preparation plans are made in
this section, the national study of water
resources and the balance of the region should
be compiled and implemented that this is not
possible without promoting and educating and
informing farmers by the government and the
relevant ministry of research and education and
creating a culture to save agricultural water
consumption is not possible only by a ministry
or government body and there is a need for
national and coherent determination on the part
of all governmental and non-governmental
institutions. Due to the large consumption of
water in the agricultural sector, water demand
management, especially the management of
exploitation and improvement of the economic
efficiency of water and considering the water
input as an economic and valuable commodity,
is of special importance in the country.
Economists to solve the problem of food
production from limited water resources and
prevent excessive import of agricultural
products, they recommend increasing the
physical productivity  and  economic
productivity of water (Heydari, 2013). In
developing countries, improving agricultural
water productivity is considered one of the most
important basic solutions. Finally, according to
the results obtained from the research, the
following suggestions can be made.

- Changing the traditional irrigation pattern
and developing the cultivation of low water-
demanding plants such as saffron, saffron and
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Abstract

The broiler chicken industry is a vital agricultural subsector in Kurdistan Province, Iran, with 716 production
units in the province and a 5% growth from 2019 to 2024. However, there is no study to evaluate the comparative
advantage indices or competitive capacity of broiler chicken production in Kurdistan Province. This study aims to
assess these factors using the Policy Analysis Matrix (PAM) for 2023. Findings indicate that Kurdistan Province
has a comparative advantage in broiler chicken production, as shown by the Domestic Resource Cost (DRC) ratio
and Social Benefit-Cost Ratio (SBCR), across all production capacities. The Nominal Protection Coefficient
(NPC) for the product reveals that the market price of live broiler chicken is lower than its shadow price, effectively
imposing indirect taxation on producers. Conversely, the NPC for inputs shows that input shadow prices exceed
market prices, suggesting indirect subsidies for poultry inputs. The Effective Protection Coefficient (EPC), which
combines these effects, indicates effective government support for the industry. Competitiveness indices suggest
that broiler chicken production in Kurdistan Province is viable both domestically and internationally. The findings
suggest that the broiler chicken industry of Kurdistan could compete in regional markets, particularly Iraqg market,
even without supportive policies in form of input subsidies, provided price suppression is eliminated and market-
based pricing is implemented. Thereby, this study suggested transitioning from interventionist policies to
establishing a transparent and competitive market infrastructure to ensure sustainable growth in broiler chicken
production.
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Introduction

Agriculture, as the primary sector
responsible for food security and raw inputs to
the industrial sector, holds a significant position
in development process. Development process
is discussed in framework of transformation
structure referring to diminishing share of
agriculture in employment and income in favor
of industrial and service sectors. In livelihood
farming, agricultural sector often accounts for a
larger share of employment and gross domestic
product (GDP).

Although theoretical economic perspectives
generally discourage public sector intervention
in the economy, the significant role of
agriculture in production and employment
within developing economies has consistently
led governments in these regions to prioritize
support for agricultural activities. In contrast,
developed economies, in alignment with the
World Trade Organization's (WTO) Agreement
on Agriculture (AOA), have transitioned
toward low-intervention strategies to enhance
the competitiveness of agricultural products.
This shift has influenced resource allocation
and technological advancements in agricultural
production, shaping production methods and
capital-labor ratios (Bowers, 1995).

According to official statistics from Central
Bank of Iran, the contribution of agricultural
sector to GDP was 10.42 percent in 2022, based
on constant prices from 2016 (Central Bank of
Iran, 2023). In Iran, the subsectors within
agriculture can facilitate entry into international
markets and reduce the economy's dependency
on oil exports. Among these, the poultry
industry is a significant subsector, as it meets a
substantial portion of the country's protein
requirements (Shahbazi & Javanbakht, 2019).

Chicken meat is particularly appealing due
to its increasing demand, shorter production
cycles, and quicker financial turnover (Moreki,
2011; Ezeh et al, 2012). The production of
chicken meat plays a vital role in agricultural
development in several ways. Firstly, its short
production cycle and rapid financial returns
make it a stable and quick source of income for
producers. Secondly, technical advantages,
such as favorable feed conversion ratios and

independence from climatic conditions, enable
continuous and stable production. Thirdly, the
speed of production and return on investment in
the poultry sector position it as a driving force
for agricultural development, contributing to
economic growth through job creation, protein
supply, and foreign exchange earnings. Hence,
the direct relationship between chicken meat
production and agricultural development is
undeniable (Benalywa et al., 2019).

Per capita chicken meat consumption in Iran
is higher than developing countries and the
global average due to factors such as the high
cost of substitute goods like red meat.
According to the World Population Review
(2024) statistics, per capita chicken meat
consumption in Iran was 24.31 kg in 2022,
which is higher than the global average of 16.9
kg, and also the average of chicken
consumption in developing countries, around
15 kg. This has driven the growth and
expansion of the poultry industry, establishing
chicken meat as a strategic product in the
national economy (Moslehi, 2020).

The chicken meat industry in Iran is heavily
reliant on imported feed inputs. Thus,
fluctuations in exchange rates, global prices, or
restrictions on imports significantly increase
production costs. This price hike, caused by
market imbalances, reduces the welfare of
producers and consumers and poses a Ssevere
threat to national food security (Mirzaei et al.,
2023). The Iranian government, aiming to
enhance the competitiveness and production of
chicken meat, has implemented policies such as
subsidies for imported poultry feed and
guaranteed purchase of chicken meat to
regulate the market, resulting in increased
production. Studies by the Poultry Support
Center of the Livestock Affairs Support
Company indicate that feed cost is responsible
to approximately 70% of the cost production of
chicken meat (Mashaiekhi & Hajizadeh Fallah,
2011). As most of these inputs are imported,
government interventions and a multi-tier
exchange rate system created asymmetry in the
transparency of the product’s real prices,
complicating the evaluation of its technical and
economic efficiency. Therefore, the Policy
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Analysis Matrix (PAM) serves as a suitable tool
for analyzing the overall impact of government
policies and assessing the relative advantages of
production. PAM is a highly effective tool for
assessing the  comparative  advantages,
competitiveness, and policy impact analysis
(Saptana et al., 2022). The Policy Analysis
Matrix is a dual-accounting technique that
succinctly  summarizes  the  budgetary
information of on-farm and off-farm activities
(Rahmani & Layani, 2023). By employing this
matrix, the market profitability and social
profitability of producing a specific product can
be measured. The difference between these two
profitability levels reveals the impact of various
policies on the production process. This
framework is built on a straightforward profit
relationship. This matrix also demonstrates the
outcomes of implemented policies, aiding in
optimizing production patterns to reduce
product costs.

Benalywa et al. (2019) used PAM to evaluate
the relative advantage of broiler production in
Malaysia and concluded the significant
influence of feed input prices. Pilusa et al. (2020)
examined South Africa’s poultry industry and
revealed the government’s supportive policies
towards producers and a comparative
advantage in chicken meat production in 2017.
Onyoni and Basil (2022) assessed the relative
competitiveness of livestock trade under the
African  Continental Free Trade Area
(AfCFTA) framework. Hasanvand et al. (2010)
analyzed the comparative advantage of
nomadic livestock farming in Lorestan
Province. Their findings supported the
establishment of cattle farming units in
Khorramabad. Mohammadi et al. (2019)
examined the relative advantages of grain
production in Pishva County, concluding that
greenhouse products, such as cucumbers and
bell peppers, hold regional and national export
potential.

According to the Kurdistan Agriculture
Organization, the agricultural output of
Kurdistan Province increased by 600,000 tons
in 2023. The number of broiler farms rose to
716 units, contributing significantly to meeting
the province’s protein requirements. Notably,

Iran ranked 13" globally in chicken meat
production in 2022, producing 2.1 million tons
(FAO, 2024). Given Iran’s strategic geographic
position for exporting agricultural and livestock
products, the necessity of planning and
adopting appropriate policies to manage
resource allocation and production based on
comparative advantage becomes increasingly
evident (Youzietal.,2022). Moreover, Kurdistan
Province produced 81,000 tons of chicken meat
in 2022, ranking 10th among Iran’s provinces
in chicken meat production. Additionally, it
holds the top position among western
provinces, highlighting its potential for
exporting chicken meat to Iraq due to shared
borders.

Given the significance of the topic,
numerous studies have focused on determining
comparative advantages. The concept of
comparative advantage was first introduced by
Bruno (1972), evaluating the textile industry in
Palestine. Various studies have also explored
the relative advantages of livestock products
domestically and internationally. For instance,
Beres and Mészaros (2011) analyzed the impact of
the Common Agricultural Policy (CAP) on
livestock production in four Central European
countries (V4). Their findings indicated that the
Czech Republic improved its comparative
advantage in cattle production, and Slovakia
did so in poultry production. However, Poland
and Slovakia experienced a decline in lamb
production.

The review of previous studies revealed
research focusing on determining the existence
of comparative advantages in favorable
regions. Despite Kurdistan’s significant
potential in chicken meat production and its
notable contribution to national output, no
comprehensive study with these objectives has
been conducted in this province. The goal of
this study is evaluation of the (i) comparative
advantage of broiler chicken production in
Kurdistan; and (ii) domestic and export
competitiveness of Kurdistan’s poultry sector.

Materials and Methods

Policy Analysis Matrix
The inputs utilized in the poultry industry
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were divided into two categories: (i) tradable
inputs, which include livestock production
inputs such as soybean meal, corn, barley,
various vaccines, feed additives, day-old
chicks, disinfectants, electricity, gas, and

tradable machinery; and (ii) domestic inputs,
which encompass capital, water, labor, and
certain non-tradable machinery. Table 1 is
structured the PAM format.

Table 1- A general format of Policy analysis matrix

Costs
Revenues ] o Profit
Tradeable inputs  Domestic inputs
Private (Market) Prices A B C D
Social (Shadow) Prices E F G H
Divergences J K L

Private profits, D, equal A minus B minus C.
Social profits, H, equal E minus F minus G.
Output transfers, I, equal A minus E. Input
transfers, J, equal B minus F. Factor transfers,
K, equal C minus G. Net transfers, L, equal D
minus H (also equal 1 minus J minus K). Using
the Policy Analysis Matrix, three groups of
indicators can be calculated, including
following indicators (Haji Rahimi, 2015, Elsedig
etal., 2015):

e Comparative Advantage Indicators: These
include Domestic Resource Cost (DRC)
and Social Cost-Benefit Ratio (SCB).

e Support Indicators: These include the
Nominal Protection Coefficient (NPC),
Nominal Protection Coefficient on Inputs
(NPCI), and  Effective  Protection
Coefficient (EPC).

e Competitiveness Indicators: These include
domestic competitiveness (CDC) and
export competitiveness indices (CEC).

G

DRC=—2— 1)
E-F

sce=C+E )
E
A

NPC = 2 3
: ©
B

NPCI = — 4
é @

epc - A-B )
E_F

coc = B+C ©6)

|
Source: Elsedig et al. (2015)

cec = B EC @)

The Domestic Resource Cost (DRC) reflects
the ratio of the shadow price of domestic inputs
to the difference between shadow revenues and
shadow costs of tradable inputs. If 0 < DRC <
1, it indicates the existence of a relative
advantage; otherwise, if the index is greater
than one or less than zero, it signals the absence
of a relative advantage.

The Social Cost-Benefit Ratio (SCB) is a
simpler index that is always positive. If the SCB
is less than one, it indicates a relative advantage
in producing the target product.

For the Nominal Protection Coefficient
(NPC), a value greater than one indicates
support for producers, such as indirect subsidies
provided by the government. Conversely, a
value less than one signifies indirect tax
burdens on producers.

The Nominal Protection Coefficient for
Input (NPCI) reflects the taxation or
subsidization of inputs. A value greater than
one indicates taxation on poultry inputs, while
a value less than one reflects subsidies provided
for such inputs.

The Effective Protection Coefficient (EPC)
combines the NPC and NPCI to represent the
net impact of government policies on inputs and
producer income. If the EPC is greater than one,
it signifies effective governmental support for
producers; if less than one, it indicates a lack of
support (Elsedig et al., 2015).

The Domestic Competitiveness Coefficient
(CDC) measures domestic cost
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competitiveness. A value greater than one
indicates that the product lacks domestic cost
competitiveness.  Similarly, the Export
Competitiveness Coefficient (CEC) evaluates
export cost competitiveness, where a value
greater than one indicates that the product lacks
export cost competitiveness (Elsedig et al., 2015)

Shadow Prices Calculation

Shadow prices reflect the economic value of
resources in a free and competitive market
without external interventions. Given the
challenges of ensuring competitive conditions
in broiler chicken production, global prices are
used as substitutes for shadow prices of output
and inputs. Shadow revenue was calculated by
the border price of broiler chicken as a net
importing product in Iran, i.e. CIF (Cost,
Insurance, and Freight). For tradable inputs,
most poultry inputs are imported; hence, their
shadow prices are the CIF prices plus the cost
of domestic transportation (Rahmani & Layani,
2023; Rezaee et al., 2010).

For non-tradable domestic inputs, such as
buildings, labor, and water, shadow prices are
calculated differently, often using the
opportunity cost of the inputs. In this study, the
approach proposed by Karaman et al. (2023) for
Turkey served as the basis for shadow cost
calculations due to its comprehensiveness and
credibility.

The shadow exchange rate required for
calculating the shadow price of the product and
tradable inputs was derived using the absolute
purchasing power parity (PPP) theory.
Specifically, the shadow exchange rate was
calculated by equation 8, as below (Beckmann
& Czudaj, 2013):

P
E=—L ®)

dg
In which, Py represents the price of one
ounce of gold in Rials, and Pqq represents the
price of one ounce of gold in dollars.

Data and Sampling

The statistical population of the study
consists of 716 broiler poultry farms in
Kurdistan Province, Iran. The sampling method
used is stratified random sampling, with the
classification criterion being the capacity of the
broiler chicken farms. In this method, an equal
number of samples are randomly selected from
each stratum based on the classification
criterion. Accordingly, a total of 132 broiler
poultry farms in Kurdistan Province were
examined in 2023. The required data were
collected through the completion of
questionnaires from poultry farms in selected
counties of Kurdistan Province, as well as
through interviews with experts from the
Kurdistan Provincial Agriculture Organization
and the Livestock Support Services Center.

Results and Discussion

The required inputs to produce one kilogram
of live broiler chicken meat in Kurdistan
province for the studied farms in 2023,
summarized in Table 2. As observed, producing
each kilogram of live broiler chicken in the
studied farms requires, on average, 1.9
kilograms of feed, 0.2 liters of fossil fuel, 2
kilowatt-hours of electricity, and 6 liters of
water. These metrics highlight the resource-
intensive nature of broiler production while
providing a quantitative basis for evaluating its
environmental and economic implications.

Table 2- Required inputs to produce one kilogram of live chicken meat

Feed (kg) Fuel (liter)

Electricity (kWh)

Water (liter)

1.9 0.2

2 6

Source: research findings

Table 3 shows the distribution of poultry
farms by capacity. The Table reveals a
distinctive pattern in the distribution of
capacities among the broiler farms in the
province. Most farms fall into two capacity

categories: 11,500-20,000 birds (43.9%) and
11,000 birds or fewer (21.1%), collectively
accounting for approximately 65% of all farms.
Farms with capacities of 20,500-30,000 birds
(25.1%) hold the next rank. Larger farms, with
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capacities of 30,500-40,000 birds, comprise
only 5.7%, while extra-large farms with
capacities exceeding 40,500 birds include 4.2%
of farms. The average capacity is 20,486 birds,

with a standard deviation of 10,289, indicating
considerable variation in the size and capacity
of farms, ranging from small family-run
operations to large industrial complexes.

Table 3- Frequency distribution of broiler farms in Kurdistan province based
on capacity, 2023

Classification of chicken farms

b . Frequency Valid Percent Cumulative Percent

ased on capacity

11000 pieces and less 151 21.1 211
11500-20000 pieces 314 43.9 64.9
20500-30000 pieces 180 25.1 90.1
30500-40000 pieces 41 5.7 95.8

40500 pieces and more 30 4.2 -

Sum 716 100 100

Source: research findings

Table 4 presents detailed data on the
production output and nominal income of
broiler farmers, categorized by flock size. The
income is derived from two primary sources:
the sale of live chickens and the sale of manure.
These revenue streams are integral to the
calculation of the Profitability and Margin
Analysis (PAM) for broiler farming operations.
The Table illustrates how farm capacity
influences production and revenue. For
instance, a farm with a capacity of 20,000 birds
yields an average of 52,640 kilograms of live

chicken per production cycle. At an average
market price of 58,500 Tomans (10 Rials) per
kilogram, this production generates a gQross
income of 3,079,440,000 Tomans (10 Rials).
Additionally, the sale of manure provides
supplementary income, further enhancing the
farm’s overall revenue. These figures highlight
the economic dynamics of broiler farming
across different flock sizes, offering valuable
insights for assessing profitability, resource
allocation, and scalability in this agricultural
sector.

Table 4- Production values of representative broiler farms in different capacities of Kurdistan province, 2023

Capacity Product type Price type Production (kg) Price (10 Rials) Revenue (10 Rials)
10 thousand pieces Chicken meat Market 26320 58500 1539720000
Shadow 26320 69000 1816080000
Animal manure Market 16000 1400 22400000
Shadow 16000 3200 51200000
Chicken meat Market 52640 58500 3079440000
20 thousand pieces Shadow 52640 69000 3632160000
Animal manure Market 30000 1400 42000000
Shadow 30000 3200 96000000
Chicken meat Market 78960 58500 4619160000
Shadow 78960 69000 5448240000
30 thousand pieces Market 45000 1400 63000000
Animal manure 45000 3200 144000000
Shadow
Chicken meat Market 105280 58500 6158880000
40 thousand pieces Shadow 105280 69000 7264320000
Animal manure Market 52000 1400 72800000
Shadow 52000 3200 166400000

The results of comparative advantage
indices presented in Table 5 indicate that the
Domestic Resource Cost (DRC) ratio is less

Source: Research findings

than one, signifying a comparative advantage in
chicken production in Kurdistan Province. In
other words, the actual cost of producing this
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product locally is lower than its import cost,
demonstrating the province's competitive
advantage. These results (Table 5) align with
those of Rahmani & Layani (2023), Beres &
Meészéros (2011), and Benalywa et al. (2019).

For a broiler farm with 10,000 birds, the
DRC ratio is 0.683, indicating that for every
unit of value-added in foreign exchange (e.g.,
$1 or equivalent), only 0.63 units of domestic
resources are consumed. This indicates that
domestic production is economically efficient
because the domestic cost of producing the
good is less than its potential value in
international markets.

Similarly, the Social Benefit-Cost (SCB)
ratio for a 10,000-bird farm is calculated at
0.922. This indicates that for every unit of
social benefit (e.g., $1 or equivalent) generated,
the associated social costs amount to 0.922

units. Consequently, the production of broiler
chickens in Kurdistan Province results in a net
social profit. This demonstrates that the
production activity generates more social
benefits than it incurs in social costs,
highlighting its social efficiency and overall
positive contribution to society.

When considering both the DRC and SCB
ratios, the most efficient scale of broiler
farming in Kurdistan Province is found to be
farms with a capacity of 20,000 birds. These
farms achieve a DRC value of 0.579 and an
SCB ratio of 0.881, indicating strong economic
and social efficiency. The lower DRC suggests
a comparative advantage in production, while
the SCB value underscores the significant net
social benefits provided by this scale of
operation.

Table 5- Comparative advantage indices in different capacities in broiler farms in Kurdistan province, 2023

10 thousand pieces

20 thousand pieces

30 thousand pieces 40 thousand pieces

Domestic Resource Cost (DRC) 0.683 0.579 0.692 0.837
Social Cost Benefit (SCB) 0.922 0.881 0.963 0.983
Source: research findings
Coefficient of Export Competitiveness Province is lower than its international market

(CEC) and Coefficient of Domestic
Competitiveness (CDC), are reported in Table6.

The Coefficient of Export Competitiveness
(CEC) is an economic indicator that measures
the competitiveness of a product or industry in
international markets. It evaluates the
relationship between domestic production costs
and international market prices. The ECI values
for farms with 10,000, 20,000, 30,000, and
40,000 birds are 0.714, 0.634, 0.715, and 0.778,
respectively, indicating that the domestic cost
of broiler chicken meat producing in Kurdistan

price.

On the other hand, the Coefficient of
Domestic Competitiveness (CDC) is an
economic indicator that measures how
efficiently a product can compete with imports
in the domestic market. It compares the
domestic cost of production to the price of
imported alternatives.

According CEC and CDC ratios, the most
efficient scale of broiler farming in Kurdistan
Province is also found to be farms with a
capacity of 20,000 birds.

Table 6- Indices of competitiveness in different capacities in broiler farms in Kurdistan province, 2033

10 thousand 20 thousand 30 thousand 40 thousand
pieces pieces pieces pieces
Coefficient of E?ggrct:)Competltlveness 0714 0634 0715 0778
Coefficient of Do(rP:eDsté(): Competitiveness 0853 0.755 0867 0.877

Source: research findings

Table 7 provides a comprehensive overview
of the policy impact indices. The Nominal
Protection Coefficient (NPC), which measures
the ratio of domestic market prices to shadow

(social) prices for outputs, reveals that broiler
chicken farms in Kurdistan Province operating
with flock sizes of 10,000, 20,000, 30,000, and
40,000 birds have NPC values of 0.824, 0.836,
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0.832, and 0.851, respectively. These values, all
below one, indicate that the domestic market
prices for chicken are lower than their
corresponding shadow prices. This disparity
suggests the existence of implicit taxation on
producers, as they are unable to capture the full
social value of their output in the market.

In contrast, the NPC values for production
inputs highlight a different dynamic. The
domestic costs of inputs are lower than their
global counterparts, primarily due to
government interventions such as foreign
exchange subsidies allocated to imported feed
ingredients. These policies have effectively
reduced the financial burden on producers,
thereby enhancing their cost competitiveness.

The Effective Protection Coefficient (EPC),

which integrates the effects of both output and
input price distortions, further elucidates the
overall impact of government policies. For
farms with 10,000, 20,000, 30,000, and 40,000
birds, the EPC values were calculated as 1.267,
1.369, 1.266, and 1.518, respectively. Since all
these values exceeded one, it can be concluded
that the combined effect of input subsidies and
implicit taxation on outputs results in a net
positive support for the poultry sector. The EPC
values not only underscore the significant role
of government policies in shaping the economic
landscape of poultry production but also
highlight the potential for targeted policy
adjustments to further optimize resource
allocation and enhance producer welfare.

Table 7- Policy impact indices in different capacities in broiler farms in Kurdistan province, 20323

10 thousand 20 thousand 30 thousand 40 thousand
pieces pieces pieces pieces
Nominal Protectlo(r;\I (;%e;ffluent for Output 0824 0836 0832 0851
Nominal Protectl(o’\rllpcligt)afflment for Input 0778 0875 0779 0776
Effective Protection Coefficient (EPC) 1.267 1.369 1.266 1.518

Source: research findings

Conclusion

This study aimed to estimate and analyze the
comparative advantages, policy impact indices,
and competitive capacity of broiler chicken
production in Kurdistan Province, Iran. To
achieve this, the Policy Analysis Matrix (PAM)
was employed to evaluate the state of broiler
farming across the province. The findings from
the indices of Domestic Resource Cost (DRC)
and Social Benefit-Cost (SBC) Ratio, as well as
the indices of internal and export
competitiveness, including the Coefficient of
Export Competitiveness (CEC) and the
Coefficient of Domestic Competitiveness
(CDC), indicated that broiler chicken
production in Kurdistan Province possesses
both comparative and competitive advantages.

The results of the policy impact analysis and
support indices revealed that although the
government has implemented a form of price
suppression policy by controlling product
prices in the domestic market, it has effectively

supported domestic production through policies
favoring imported inputs.  Specifically,
government interventions such as the allocation
of subsidized exchange rates for the importation
of key inputs, primarily soybean and corn, have
led to positive values for the Nominal
Protection Coefficient for inputs (NPCI).
Consequently, the overall impact of
government policies, as reflected in the
Effective Protection Coefficient (EPC), shows
that the subsidies for inputs outweigh the
implicit taxation on product prices through
price suppression. In summary, the government
has provided real and effective support for
broiler chicken production in Kurdistan
Province.

Based on this study results, it can be
concluded that the broiler chicken industry in
Kurdistan ~ Province  enjoys  significant
comparative and competitive advantages.
While  government interventions  have
contributed to the expansion of production, they
have also led to inefficiencies in the market by
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increasing the intensity of resource use,
particularly water, fuel, and electricity. These
inefficiencies have constrained the sector's
ability to adapt to market dynamics and achieve
environmental sustainability.

Thus, it can be argued that policy reforms
aimed at improving transparency and efficiency
in the broiler chicken market in Kurdistan
Province and across Iran would be beneficial.
Specifically, adopting a more flexible price
management system, gradually reducing
subsidies, and promoting technological
advancements could foster a more sustainable
and competitive broiler chicken industry. Such
reforms would enable the sector to meet
domestic demand and expand into export
markets. Through these measures, the broiler
chicken industry in Kurdistan could play a more
significant role in regional economic growth,
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Abstract

Groundwater is a vital resource for agriculture in arid regions which its over-extraction has led to significant
challenges of declining water levels and increased scarcity. This study addresses the urgent need for sustainable
groundwater management by employing an inclusive group decision-making approach involving diverse
stakeholders, with a focus on farmers. Overlooking the participation of farmers in the decision-making approach
led to ineffective policies. Utilizing Multi-Criteria Decision-Making (MCDM) methods, specifically the fuzzy
Shannon entropy and Fuzzy TOPSIS techniques, the research prioritizes strategies for reducing groundwater
consumption in the Safi-Abad region of North Khorasan, Iran. Qualitative data from stakeholder interviews
provided insights into the challenges and opportunities related to groundwater use, revealing two primary
strategies: (i) transitioning to low water-demand crops; and (ii) adopting modern irrigation systems. These
approaches not only promise significant reductions in water usage but also support sustainable agricultural
practices. The findings highlighted the importance of stakeholder collaboration in implementing effective water
management policies, ensuring responsible resource use, and securing long-term viability. This study served as a
model for future research, advocating for mixed methods integrating qualitative and quantitative analyses to inform
policy recommendations and improve water resource management.

Keywords: Agricultural water management, Decision-making, Farmers role, Stakeholder participation, Water
conservation strategies
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Introduction

Groundwater is a critical resource for
agricultural production, particularly in arid and
semi-arid regions where surface water is limited
(Noori et al., 2021; Priyan, 2021). However,
excessive and imbalanced groundwater
extraction has led to declining groundwater
levels, the drying up of wells, and exacerbated
water scarcity, particularly in the agricultural
sector (Noori et al., 2021).

Iran, located in an arid and semi-arid region,
faces significant challenges in water resource
management. Over the past decades, the per
capita renewable water availability has
drastically declined due to population growth,
climate change, and inefficient agricultural
practices (Madani, 2014; Ashraf et al., 2017).
Recent studies indicate that Iran’s renewable
water resources have decreased from
approximately 4,500 cubic meters per capita in
the 1970s to less than 1,600 cubic meters per
capita in recent years, pushing the country into
a state of water stress (Emerald Expert
Briefings, 2023). This alarming trend has
resulted in severe water scarcity, particularly in
agricultural regions where groundwater over-
extraction has become a critical issue (Noori et
al., 2021; Haghshenas Haghighi et al., 2024). A
notable example of this crisis in Iran is the Safi-
Abad plain in North Khorasan province, a dry
region characterized by an arid climate, limited
surface water resources, and heavy reliance on
groundwater for agriculture. The salinization of
the groundwater in this region is predominantly
intensified by over-extraction, making forms of
saline and brackish issues and the drying up of
wells. Given that agriculture is the primary
occupation in Safi-Abad and groundwater is the
main water source, it is imperative to develop
strategies to reduce groundwater extraction and
ensure  sustainable  water  management.
Addressing these challenges requires a holistic
approach to decision-making that considers the
economic, environmental, and social impacts of
water resource management (Meran et al.,
2021; Moltz et al., 2020).

In real-world agricultural water resource

decision-making,  multiple  stakeholders-
including farmers, local authorities, water
managers, and policymakers-play crucial roles.
Each stakeholder brings unique knowledge,
skills, and experiences that must be integrated
into the decision-making process (Permono &
Kurniati, 2024; Lee et al., 2022; Ahmadi et al.,
2020). Given the complexity of factors
influencing water consumption in agriculture, a
single decision-maker cannot adequately
address all aspects of the issue (Lee et al., 2022;
Nouri et al., 2023). Therefore, group decision-
making involving diverse stakeholders is
essential to achieve precise and reliable
outcomes (Khanzadi et al., 2009; Cai et al.,
2004).

Recognizing the importance of stakeholder
participation, this study examines group
decision-making processes among agricultural
stakeholders in the Safi-Abad region of North
Khorasan province, Iran. By integrating the
perspectives of farmers, policymakers, and
water managers, this research aims to identify
effective strategies for sustainable groundwater
management and contribute to the broader
discourse on water resource conservation in
arid regions.

The scarcity and inappropriate use of water
resources, particularly within the agricultural
sector, have prompted research to increasingly
focus on policies and strategies aimed at
reducing water consumption. Multi-Criteria
Decision-Making (MCDM) methods have
gained considerable importance in recent years
and are widely applied across various real-
world contexts (Kacprzak, 2019). In
agriculture, where multiple influential factors -
such as farmer income, production costs, and
water consumption levels - influence the
selection of effective strategies for reducing
water usage, a multi-criteria group decision-
making approach is essential for identifying
optimal solutions. This section provides a
review of the literature on the application of
MCDM in groundwater management (Table 1).
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Table 1- Related literature on the application of MCDM in groundwater management

Authors

The study region

Methodology

Purpose of the study

Pocco et al.
(2023)

Tork et al.
(2021)

Radmehr et
al. (2022)

Hamidifar et
al. (2023)

Xuan Thao &
Nhung (2019)
Ali & Khan
(2020)

Alamanos et
al. (2018)

Garali
& Garg
(2022)

Hadelan et al.
(2020)

Noori et al.
(2021)

Sheikhipoor et
al. (2018)

Pourmand et
al. (2020)

Yilmaz et al.
(2010)

Arid Zone Basin of
the Atacama Desert
(In South America),

Caplina basin.

Nekouabad area

located in the central

plateau of Iran

Iran

Iran
Vietnam

Pakistan

Greek, lake Karla
watershed

Purulia district, West

Bengal, India

Croatia

Gamasiab Basin in
Kermanshah
province, Iran

Shahrekord aquifer,
Iran

Varamin region, Iran

Gediz River Basin in

Turkey

Analytical Hierarchy Process (AHP) -
based GIS approach

AHP and COPRAS

Combining hierarchical analysis and the
fuzzy Technique for Order of Preference

by Similarity to Ideal Solution (TOPSIS).

Analytical hierarchy process (AHP),
Fuzzy-AHP, and technique for order

preference by similarity to ideal solution

(TOPSIS)
Fuzzy MCDM models

Fuzzy VIKOR method

Multi attribute utility theory (MAUT),
analytic hierarchy process (AHP),

elimination and choice expressing reality
(ELECTRE), and technique for order of
preference by similarity to ideal solution

(TOPSIS)

Multi-criteria decision making method for

water resource management problems

based on possibility measures under

generalized single valued non-linear
bipolar neutrosophic environment

Analytical hierarchy process (AHP),

Fuzzy ELECTRE 11l

Simple additive weighting (SAW) and
MTAHP, a hybrid of modified TOPSIS
and analytic hierarchy process models.

Interval type-2 fuzzy sets combined with

the TOPSIS model

Simple additive weighting (SAW),

compromise programming (CP) and

technique for order preference by

similarity to ideal solution (TOPSIS)

Determining potential sources of
groundwater using a Multi-Criteria

Decision-Making technique with remote

Sensors

Determining the effectiveness and rank
the scenarios for the modernization of
surface water distribution system in
reducing water withdrawal from the
aquifers
Proposes a new framework of strategic
planning with multi-criteria
decision-making to develop sustainable
water management alternatives for large
scale water resources systems

Examining the effective criteria for water
supply projects in rural areas

Selection of the best water reuse
application of the existing options
Evaluating the impact of climate change
on the agriculture sector

Evaluating water resource management
(WRM) strategies and selecting the most
appropriate among them

Defining the available water resources in
the agriculture field

Comparing and ranking three possible
locations for the construction of an
irrigation system in different parts of
Croatia
The main goal of the modified method is
to better manage uncertainties in the
evaluation process by considering both
quantitative and qualitative criteria
through group decision-making

Prioritizing groundwater management
scenarios from an aquifer.

optimizing the allocation of water and
reclaimed wastewater across domestic,
agricultural, and industrial sectors, and to
restore groundwater quantity and quality
developing a water resource management
model that facilitates indicator-based
decisions, with respect to environmental,
social and economic dimensions in a
multiple criteria perspective

In most reviewed studies, the role of farmers

as primary stakeholders in agricultural water
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consumption decisions has been overlooked,
leading to potential resistance during the
implementation of top-down policies. This gap
highlights the need for research that actively
involves diverse stakeholders, particularly
farmers, in decision-making processes aimed at
reducing water consumption. Multi-Criteria
Decision-Making (MCDM) methods,
especially when integrated with fuzzy models,
have proven effective in optimizing water
allocation, reducing costs, and promoting
sustainable water management practices. To
bridge these gaps, this study utilizes F-

Shannon’s entropy and F-TOPSIS methods to

support stakeholder-inclusive, region-specific
decision-making for sustainable groundwater
management in a drought-affected agricultural
region of Iran. The paper is structured as
follows: first, the case study and methodology
are introduced; second, the results of applying
F-Shannon’s entropy and F-TOPSIS are
presented; and finally, the findings and their
implications are discussed.

Materials and Methods
The Study Region

Figure 1- The geographical location of the study area in North Khorasan province, Iran
North Khorasan province, Iran
Safi-Abad rural district in North Khorasan province

The Safi-Abad plain, located in North
Khorasan province, Iran, is a critical arid region
characterized by limited precipitation, lack of
permanent rivers, and scarce high-quality
surface water resources. (Fig. 1). Groundwater
accounts for approximately 79% of the total
water consumption, with 90% used by the
agricultural  sector  (Esfarayen  Water
Landscape, 2021). Given that farmers are the
primary consumers of groundwater, their active
participation in decision-making is essential for
developing effective and acceptable water
conservation strategies. This study employs the
F-Shannon’s  entropy—F-TOPSIS  hybrid
approach to engage farmers as key

stakeholders, ensuring sustainable groundwater
use and enhancing the implementation of
conservation measures in the region.

F-Shannon’s Entropy -F- TOPSIS Hybrid
Approach

The decision-making process involves
identifying options and establishing criteria for
selecting optimal strategies. Multi-Criteria
Decision-Making (MCDM) techniques are
used to rank these options, especially when
multiple decision-makers (DMs) are involved
to account for diverse priorities and subjective
judgments (Kacprzak, 2020; Sadi-Nezhad &
Damghani, 2010).
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Fuzzy set theory, introduced by Zadeh
(1965), provides a framework for handling
ambiguity in evaluations. (Chen, 2000; Hatami-
Marbini & Kangi, 2017). Fuzzy Group
Decision-Making (FGDM) methods are
effective in water resource management,
particularly  when decision-makers  face
constraints such as limited time or incomplete
data (Kaya & Kahraman, 2010).

The Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS),
introduced by Hwang & Yoon (1981),
evaluates alternatives based on their distances
from the Positive Ideal Solution (PIS) and the
Negative Ideal Solution (NIS). Traditional
TOPSIS relies on precise data, which is often
unrealistic. To address this, fuzzy adaptations
of TOPSIS have been developed, enabling
decision-makers to  handle  ambiguity
effectively (Chen, 2000; Hatami-Marbini &
Kangi, 2017).

In MCDM, assigning weights to criteria is
critical for aligning decisions with objectives.
The fuzzy Shannon entropy method is
particularly useful for determining weights
when criteria are represented as fuzzy numbers,
capturing uncertainty effectively (Mohammadi
et al., 2020). In this study, we combined the
fuzzy Shannon entropy method with Fuzzy
TOPSIS to support group decision-making
among agricultural stakeholders, aiming to
reduce groundwater consumption.

The extended Fuzzy TOPSIS for GDM

In this study, we employed an extended
TOPSIS method based on fuzzy numbers to
address group decision-making challenges.
Unlike traditional approaches that aggregate
individual decision matrices into a collective
matrix using arithmetic or geometric means,
our method utilizes all individual decision data
without aggregation. This allows for a more
nuanced ranking of alternatives and the
identification of the optimal choice (Kacprzak,
2017). A key step in this method involves
transforming the decision matrices provided by
decision-makers (DMs) into matrices of
alternatives. Each alternative's matrix is formed
from assessments across all criteria as evaluated

by all DMs (Kacprzak, 2020). The positive
ideal solution (P1S) and negative ideal solution
(NIS) are defined as matrices of maximum and
minimum  assessments, respectively. The
distances of alternatives from the PIS and NIS
are calculated as distances between matrices,
and the coefficient of relative closeness to the
PIS is used to rank alternatives and select the
best option (Kacprzak, 2020).

In this section, the applied approach is
presented. Consider an MCDM problem for
group decision-making. Let (m = 2)
{A1,A,, ..., A} be adiscrete set of m feasible
alternatives, {C, C;, ..., C,} (n = 2) be a finite
set of criteria. w = (wywy, ....,w,) be the
vector of criteria weights, such that 0 < w; <
1

Let {DMyDM, ...,DM;}(k>=2) be a
group of decision-makers.

Each DM presents a decision matrix in the
following form:

c,Cc, L C,
A x5 X Looxg
k_ Aylxy X5, LooXg, @
X “MiMm M M ™ )
An[Xm Xmo L Xpg
where xlkf:(ax{‘,-'bx{‘j'cx{‘j'dx{;) is a

positive trapezoidal fuzzy number representing
the rating of alternative A (1 =12.--mM) ity

respect to criterion Ci =0 =1%2-2") provided
by decision-maker DM, (k =1,2,...K )

A very popular way of constructing the fuzzy

decision matrix X * is to use linguistic
variables to evaluate the ratings of alternatives
concerning various criteria (Kacprzak, 2017,
Hatami-Marbini & Kangi, 2017). Decision-
makers (DMs) rate alternatives using linguistic
expressions, which are then represented as
trapezoidal fuzzy numbers to capture fuzzy
judgments. Fig. 2 and Table 2 shows the fuzzy
numbers represent the linguistic variables.
These variables are used to characterize the
performance rating of each alternative for each
attribute (Hatami-Marbini & Kangi, 2017).
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0 1 2 3 4

6 7 8 9 10

Figure 2- Performance rating of Alternatives

Table 2- The linguistic variables for the ratings of the alternatives and their representation by FNs

Linguistic variable

Fuzzy number

Very poor (VP) 0,0,1,2)
Poor (P) 1,2,2,3)
Medium poor (MP) (2,3,4,5)
Fair (F) (4,5,5,6)
Medium good (MG) (5,6,7,8)
Good (G) (7,8,8,9)
Very good (VG) (8,9, 10, 10)

Next, in order to ensure comparability of

criteria, the fuzzy decision matrix X = is
normalized. The normalized fuzzy decision
matrix

C, C, L C,
A, Y1k1 Y1k2 L ylkn

Y K _ A, y;l ygz L yzlfn )
MIM M M M

AnlYm Yme L Y
is calculated using the following formulas:

k
Vij

a k b k C. k d k
( X X X X
) ) )
max;d_r max;d_x max;d_r max;d_k
3 X 3 X 3 X 3 X (3)
min;a_x min;a_x min;a_x min;a_
( i xjj i X i xjj i xij)

dx ' cx ' bx ' ax
Xij Xij Xij Xii

Using the wvector of criteria weights
W =W.Wo,.Wh) | the weighted normalized

fuzzy decision matrix is calculated for each
DM.

c, c, L C,
AfVE VE LoV ]
J kK _A [V Vyu L Vg (4)
MM M M M
AnlVii Vi, L Voo
Where
Vi =Wy =Wa, wibwie, wid 5

")

The matrices V¥ form the basis for the
construction of weighted normalized fuzzy
decision matrices for each alternativeA;.
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c, C, L cC,
DM, Vi, Vi, L v
i DM,|v2: vZ L v} (6
VR FVER VIR VIR VI D
DMk Vikl Vikz L Vil;
Matrices W* constitute the basis for the

ranking of the alternatives and the selection of
the best one using the fuzzy TOPSIS method.

The positive ideal solution A" is determined
as follows:

c,Cc, L C,
DM, |vi" v," L v
DM, V2 vE L vE ™

Where Vi =M@Vi and the negative
ideal solution A~ is determined as follows:

cC, C, L C,
1.

DM, |V, v, L v
_ DM, v v L vZ (8)

A M M M M M
DM, |vf- vk L v
k- - k
VT =min v
Where "} o

Next, the distances of each alternative A;
represented by matrix W' from PIS are
calculated as follows:

K n
= > d(k o) ©)
k=1j=1
And from NIS

izn: d(vu,v (20)

k=1 j=1

Using these distances, the relative closeness

coefficient RC; to PIS for each alternative A;
is calculated as follows:

di
RC; = m (11)

According to the descending values of RC;
all alternatives A; are rank ordered and the best
one is selected.

Fuzzy Shannon’s Entropy Method

In multi-criteria decision-making (MCDM),
decision-makers must assign weights to criteria
to reflect their relative importance. While these
weights may lack direct economic significance,
they are essential for modeling decision-
making preferences and structures (lzadikhah
& Salehi, 2014; Opricovic & Tzeng, 2004).

The evaluation of criteria often leads to
diverse opinions highlighting the need for a
systematic approach to weight assignment.
Weighting methods can be categorized into two
types: subjective and Objective methods.
Objective methods are particularly useful when
reliable subjective weights are difficult to
obtain. In this study, we employ the Shannon
entropy method, extended for imprecise data by
Hosseinzadeh Lotfi and Fallahnejad (2010), to
calculate criteria weights. This approach is
effective for handling interval and fuzzy data,
ensuring a robust and objective weighting
system (Jafarnejad et al., 2012).

The steps of fuzzy Shannon’s entropy are
explained as follows:

Step 1: Transforming Fuzzy Data into
Interval Data Using a-Level Sets

The o-level set of a fuzzy variable X;; is
defined as the set of elements that belong to the
fuzzy variable x;; with a membership of at least
al.e,

(%), = {fij € R | g, (%ij) 2 a} (12)

The a-level set can also be expressed in the
following interval form:

[(xu) (xu) ] (13)

[xl] 9 xlj
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max,zi]. xl-j

€ R | py;; (xi5) 2 a}]

Where 0 < a < 1. By setting different levels
of confidence, namely 1-o, fuzzy data are
transformed into different a-level sets {(fci f)a |

0 <a <1}, which are all intervals (Jafarnejad et
al., 2012).

Step 2: The Normalized Decision Matrix

Suppose A1, Az,..., Am are m possible
alternatives among which decision-makers
have to choose, C1, Ca,..., Cn are criteria with
which alternative performance is measured. Xij
is the rating of alternative Ai with respect to
criterion Cj, which is not known exactly; we
only know that Xjj € [Xi*, Xj“]. An MCDM
problem with interval data can be expressed in
matrix format as follows (lIzadikhah & Salehi,
2014):

(14)

C1 Cz Cn
Al [X%lrxijl] [X{‘Z'Xijz] [Xi‘n'xi]n]
AZ [Xélrxgl] [X§2'Xé}2] [Xén' Xgn]
Am (X7t Xina [Xinz) Xin] (X, Xinnl

Now we calculate the normalized decision
matrix as follows. The normalized values 7;;*
and n; jU are calculated as:

iyt = = xiZL o7 J (%)
T [t + xyY]
B
ﬁijU: m Xii U J
T [t + xsY ] (16)
i

This normalization is the norm L1 version of
the normalization method proposed by
Jahanshahloo et al. (2006). The interval

L .
normalized of

[711']' 9711'1'1]] is the

interval [Xl-jL 5Xl-jU] . The normalization
method mentioned above preserves the
property that the ranges of normalized interval

numbers belong to [0, 1].

Step 3: Calculation of the Concentration
Index for Each Criterion with Interval Data

This is accomplished by solving the
following two non-linear models:

L
E;

=min(—l( ))le] ln(xl] an

Subject to
= L = U
n;j < xij < Tlij

U
E;

=max(—l( ))qu ln(xl] (18)

Subject to
L < Xij < nl-jU

After some simple calculation, we have:

1 m
Ef = (- e Z ng’ In(ng) - (19)

& (20)
E' = (o) Z iyt In(nyt)

Therefore, we have Ef < E/

Step 4: The Amount of Dispersal for Each
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Criterion
df =1-E/ (21)
d}’ =1— E].L (22)

Therefore, we have djL < de
Step 5: Calculation of the Weights of
Criteria

dt
W= o 23)
ialdf +df]
df
w;¥ = (24)
b Ehldf +df]

Therefore, we w;* <w;" and the interval
weight of criterion Cj is [w;* , w;"] .

Selection of Participants

determining the selection of experts. However,
in previous studies, experts are generally
chosen based on two key criteria:
I. Subject-specific knowledge and industry
experience, and ii. The author’s professional
and personal connections, often utilizing
convenience sampling.

In this study, in-person interviews were
conducted with various stakeholder groups
from relevant  organizations, including:
Managers of the North Khorasan Agriculture
Organization, Staff from the North Khorasan
Regional Water Company, and Managers from
the  North  Khorasan  Department  of
Environment and Exemplary farmers. The
questionnaire, consisting primarily of open-
ended items, was designed to explore their
views and experiences regarding reducing
groundwater consumption in agriculture. A
total of 57 interviews were conducted (see

In  Multi-Criteria  Decision  Making Table 3)
(MCDM), there are no rigid rules for '
Table 3- Frequency of Stakeholder Participation
Participants Class Number of Participants

Managers and staff members of the Regional Water Company 2

Agriculture Organization Managers 3

Managers of Natural Resources and Environment Organization 2

Farmers 50

Total 57

Results insights from university professors, as well as

According to previous studies review,
upstream documents, expert opinions, and

the environmental conditions of the region, the
most significant strategies and criteria were
identified (see Table 4).

Table 4- Strategies and criterions

C: " Increasing income from cultivation"
C, "Reducing production costs"
Cs "Preventing the depletion of groundwater reserves"
Cy " Job creation in the agricultural sector"
Cs "Increasing retention in rural areas"

S C " Increasing crop yields "

§ C, " Preventing Drought Occurrence"

O (g "Groundwater quality (preventing water salinity)"
Co "Preventing land subsidence"
Cio " Enhancing soil quality"
Ci1 "Reducing energy consumption in water extraction"
(P "Preserving The Natural Ecosystem (Flora and Fauna)"

A Reducing a portion of the cultivated area in
L exchange for receiving cash subsidies.
214 Reducing groundwater extraction in exchange
A for cash subsidies.
= A Increasing Water Prices in Exchange for Higher
17 Crop Prices
E A Adopting Modern Irrigation Systems in Place
= of Traditional ones.
E 4 Prioritizing the cultivation of autumn crops to
£ 5 utilize rainfall in fall, winter, and spring.
< Reducing the cultivated area of high water-
Ag,  demanding crops and replacing them with low
water-demanding crops.
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The strategies for reducing groundwater
consumption were prioritized using the Multi-
Criteria Decision-Making (MCDM) model.
This approach was chosen due to its ability to
handle complex decision-making processes
involving multiple criteria and stakeholder
preferences. First, the relative importance of the
criteria was determined using the fuzzy
Shannon entropy method. This method was
particularly useful for addressing uncertainties
in stakeholder inputs and ensuring a robust
weighting process. By incorporating fuzzy
logic, the model effectively captures the
vagueness and subjectivity inherent in
stakeholder judgments, leading to more reliable
results. The results, summarized in Table 5
revealed that the criterion "Preventing Drought
Occurrence” (C,) had the highest weight,
indicating its critical importance in the
decision-making  process. This  finding
underscores the stakeholders' concern about the
long-term impacts of drought on agricultural
sustainability.

Next, the strategies were evaluated and
prioritized using the Fuzzy TOPSIS method.
This method was selected for its ability to
handle imprecise data and provide a clear
ranking of alternatives based on their proximity
to ideal solutions. The results, presented in
Table 6, identified the following ranking of
strategies:

1. Reducing the cultivated area of high water-
demanding crops and replacing them with
low water-demanding crops (Strategy 6).

2. Adopting modern irrigation systems in
place of traditional ones (Strategy 4).

3. Reducing groundwater extraction in
exchange for cash subsidies (Strategy 2).

4. Reducing a portion of the cultivated area in
exchange for receiving cash subsidies
(Strategy 5).

5. Prioritizing the cultivation of autumn crops
to utilize rainfall in fall, winter, and spring
(Strategy 3).

6. Increasing water prices in exchange for
higher crop prices (Strategy 1).

This prioritization, based on factors such as
water savings, economic impacts, and social

acceptability, provides a clear roadmap for
stakeholders to implement effective measures
for sustainable groundwater management. The
high ranking of crop replacement and modern
irrigation systems reflects their potential to
address both water scarcity and agricultural
productivity challenges. These strategies are
particularly relevant in regions where
groundwater depletion has reached critical
levels, threatening both food security and
environmental stability.

Conclusion and Discussion

This study highlights the urgent need for
innovative strategies to address groundwater
depletion in agriculture. The over-extraction of
groundwater, driven by population growth and
climate change, poses a significant threat to
food security and environmental sustainability.
Without immediate action, the continued
depletion of groundwater resources could lead
to irreversible ecological damage and severe
socio-economic consequences. The magnitude
of the challenge is compounded by increasing
frequency of droughts and the rising demand
for water due to expanding urban populations
and agricultural needs. By combining
stakeholder insights with MCDM techniques,
the research identified two key strategies:
transitioning to low water-demand crops and
adopting modern irrigation systems.

The top-ranked strategy, transitioning from
high water-demanding crops to low water-
demanding alternatives, aligns with global
evidence supporting this approach. For
instance, Boser et al. (2024) found that
switching to lower water-intensity crops in
California agriculture could reduce water
consumption by up to 93%. Similarly, Davis et
al. (2017) demonstrated that replacing existing
crops with more suitable alternatives in specific
areas of the U.S. could improve water resource
efficiency. While the overall water use
reduction from these crop replacements was
modest (about 5%), significant local water
savings were achieved, particularly in drought-
prone regions like California. These findings
highlight the potential of this strategy to
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significantly reduce water use, especially in
regions facing severe water scarcity. Moreover,
recent studies show that adopting such crop
strategies could potentially reduce farmers'
vulnerability to water price fluctuations and
ensure more stable agricultural productivity in
the long term.

In addition to reducing water consumption,
the adoption of low water-demand crops can
contribute to rural development by diversifying
income sources for farmers. In many regions,
reliance on a single high water-demand crop
has led to economic vulnerability due to price
fluctuations and water scarcity. By introducing
alternative crops, farmers can spread their risks
and tap into emerging markets for niche
products, such as organic or drought-resistant
varieties. This diversification can strengthen
local economies and improve livelihoods in
rural communities.

The second-ranked strategy, adopting
modern irrigation systems, has also proven
effective in reducing water waste. Modern
irrigation technologies, such as drip and
sprinkler systems, enable precise water
application, minimizing losses due to
evaporation and runoff. These systems are
particularly beneficial in arid and semi-arid
regions, where water resources are limited and
must be used efficiently. Studies such as Cebi
et al. (2023) reported water savings of 66—73%
when drip irrigation replaced traditional flood
irrigation in rice farming. Similarly, Tsakmakis
et al. (2017) and Leghari et al. (2024)
demonstrated that modern irrigation systems
not only conserve water but also improve crop
yields. These results underscore the importance
of investing in advanced irrigation technologies
to optimize water use in agriculture. In addition
to the water efficiency gains, studies have
shown that modern irrigation practices can also
lead to better uniformity in crop yields, further
improving farm productivity.

Modern irrigation systems also offer
opportunities for integrating renewable energy
sources, further enhancing their sustainability.
Solar-powered irrigation pumps, for example,
can provide a clean and cost-effective
alternative to conventional diesel-powered

systems. This combination of water-saving
technologies and renewable energy can reduce
greenhouse gas emissions and promote climate-
resilient agriculture. Moreover, the adoption of
smart irrigation systems equipped with sensors
and loT technology allows for real-time
monitoring and control, ensuring optimal water
use based on crop needs and weather
conditions. Such precision in water delivery
helps farmers respond more effectively to
fluctuating climate conditions, such as
prolonged dry spells or unseasonal rainfall.

These strategies not only reduce water
consumption but also enhance agricultural
productivity and economic outcomes. To
support their implementation, policymakers
should provide financial incentives, technical
training, and market access for low water-
demand crops. For example, subsidies for seeds
and equipment, as well as guaranteed purchase
agreements for low water-demand crops, can
encourage farmers to adopt these practices.
Additionally, investments in modern irrigation
infrastructure are essential to ensure sustainable
water management in the region. Governments
and  agricultural  organizations  should
collaborate to promote the widespread adoption
of these technologies through subsidies,
awareness campaigns, and capacity-building
programs. Public-private partnerships can play
a crucial role in scaling up these initiatives and
ensuring their long-term success.

To facilitate the transition to sustainable
agricultural practices, it is vital to address the
knowledge gap among farmers regarding new
technologies and crop management techniques.
Training programs, extension services, and
demonstration projects can help farmers
understand the benefits and operational aspects
of modern irrigation systems and low water-
demand crops. Collaborations with agricultural
research institutes and universities could also
accelerate the development and dissemination
of region-specific crop management strategies.
Furthermore,  fostering  farmer-to-farmer
learning networks can accelerate the diffusion
of best practices and innovations within the
agricultural community.

Future research should focus on evaluating
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the long-term impacts of these strategies and
exploring additional innovative practices to
further enhance water sustainability in
agriculture. For instance, integrating renewable
energy sources into irrigation systems or
developing drought-resistant crop varieties
could offer additional benefits. Rainwater
harvesting, on the other hand, can supplement
groundwater supplies during dry periods,
providing a buffer against water scarcity.

Another promising area for future research is
the development of integrated water resource
management  (IWRM)  frameworks that
consider  the interconnections  between
groundwater, surface water, and atmospheric
water. Such frameworks can help optimize
water allocation across different sectors,
including agriculture, industry, and domestic
use.

By embracing these enhancements, the

agricultural sector can contribute significantly
to sustainable water resource management,
ensuring food security in an increasingly
resource-constrained world. The findings of
this study provide a foundation for
policymakers, researchers, and practitioners to
develop and implement effective solutions for
groundwater conservation, ultimately
contributing to the resilience and sustainability
of agricultural systems globally. Ultimately, the
success of these strategies depends on the
collective efforts of all stakeholders, including
governments, farmers, researchers, and private
sector actors. Collaborative governance models
that prioritize participatory decision-making
and equitable benefit-sharing can foster trust
and cooperation among stakeholders, paving
the way for transformative change in water
management practices.
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