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Abstract. Rice is a strategic commodity in the food chain for the people and governments.
It is a fundamental food for many societies. Moreover, producing rice can provide a reliable
source of revenue if proper supply chain management is coordinated by farmer countries.
The rice supply chain includes diverse elements such as farms, rice mills, distribution
centers, and markets. This study examines the important factors that play a signi�cant
role in the rice supply chain. A bi-objective mathematical model is formulated to minimize
total costs as an economic goal and minimize soil erosion and its destruction due to the
consumed water for rice cultivation as an environmental goal. To verify the viability of the
proposed model, a case study of the rice supply chain with limited producer farms has been
investigated. Moreover, some parameters such as annual precipitation in production areas
along with other factors are presented under several scenarios. Furthermore, an extended
goal programming approach and stochastic programming are utilized to solve the proposed
model. Finally, the sensitivity analyses of the important parameters have been performed.

© 2023 Sharif University of Technology. All rights reserved.

1. Introduction

Agriculture is one of the most important sectors of
the economy in every country that plays a signi�cant
role in its political, economic, and social independence.
The lack of a comprehensive information system and
a functional model in the supply chain of agricultural
products has made this sector of the country's economy,
despite potential talent, ine�ective [1]. Considering
the importance of the agricultural sector in society,
providing a share of 13% of the society's food demand
increases the need for an integrated supply chain
study in the agricultural sector [2]. Moreover, 10%
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of the share of raw materials required by the food
industry, 11% of the agricultural sector in the gross
national product, 22% of the share of employment
in the country, and 23% non-oil exports proves the
importance of this matter. Sustainable agriculture is
a system that improves the quality of the environment
and natural resources through proper management and
use of resources to meet human food needs [3]. Rice is
one of the most consumed products in the commodity
market, and its strategic role in the economy of the
countries and the intense involvement of environmental
agents for its cultivation have made it an important
commodity. It is imperative to pay attention to the
type of supply and distribution as well as the proper
design of the supply chain for the countries that have
this product. The rice supply chain is a part of the
agricultural supply chain that evaluates its life cycle
and economic aspects, as well. The proposed model
employed in this study seeks to answer the following
questions:
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� What is the amount of optimal unhusked rice pro-
duction in terms of costs, demand, and environmen-
tal factors in each producer region?

� How much rice should be produced to meet the
demand of the country?

� How much rice is directly delivered to the market
and how much is distributed through distribution
centers?

� What is the actual demand of the country to import
rice?

� How much water should be used to produce rice to
minimize environmental damage?

� What is the optimal number of farms needed for rice
cultivation?

For this purpose, a bi-objective linear mathematical
model with the economic and environmental objectives
is designed for the rice supply chain that analyzes
the responses with an extended goal programming
approach. Moreover, a case study is carried out on rice
supply with four main producers and an examination
of rice imports to meet demand and current costs in
the rice chain. Furthermore, the used resources and
the environmental damage due to water consumption
for rice cultivation in this chain are considered. Be-
sides, some parameters such as annual precipitation
in production areas along with other factors are pre-
sented under several scenarios. Also, an extended goal
programming approach and stochastic programming
are utilized to solve the proposed model. Finally, the
sensitivity analyses of the important parameters have
been performed.

In the next section, a review of studies in the
�eld of the agricultural supply chain is investigated.
Section 3 presents the proposed mathematical model.
Section 4 describes the solution method. In Section 5,
a description of the proposed case study and sensitivity
analyses of the key parameters of the model are
provided. Section 6 considers the managerial insights
of the research.

2. Literature review

The supply chain involves coordinating and integrating
key activities that start from the purchase of raw
materials to the distribution of �nal products to cus-
tomers [4,5]. The agricultural supply chain is one of
the most important areas that has been considered
in recent years and a signi�cant improvement in its
optimization is reported [6]. Agriculture includes a
wide range of problems such as cultivations, gardening,
tree planting, and vegetable planting along with live-
stock management issues [7]. Nowadays, agriculture
management is essential from two perspectives: re-
sponding to the growing demand of today's society and

balancing production and harvest. Besides, responding
to the needs of the current community may endanger
the needs of the future community [8]. The main
components of the agricultural and rice supply chain
are listed below [9]:

1. Production and storage of agricultural products;
2. Processing of products in rice mills;
3. Distribution of agricultural products from the rice

mill to wholesalers or distribution centers;
4. Delivery of �nal products to customers.

Operations research attempts to solve agricultural
management problems that were empirically and tradi-
tionally entrusted with verbal judgments [10,11]. Simi-
larly, uncertainty in the supply chain or particular parts
of it, as one of the key elements of this chain, is raised
as an important issue to consider and this consideration
brings the problem closer to reality. Uncertainty is one
of the most important factors in the agricultural supply
chain, which can be related to production volume,
weather conditions, soil quality and seasonal factors,
and availability of resources and capital [12].

Various sectors of agriculture include manage-
ment, tactics, and operations that have been modeled
by operational research techniques since 1940. How-
ever, the concept of uncertainty over the past two
decades shows that it is helpful to explore operations
to solve its problems [13{15]. Appropriate modeling
for utilizing incomplete data is made possible using
various uncertainty techniques. These techniques are
used to deal with uncertain data such as stochastic
programming, robust programming, and simulation-
based programming. Meanwhile, the food industry is
highly attentive to uncertainty among all the agricul-
tural supply chain sectors [16]. One of the earliest
researches on the supply chain of agricultural products
was proposed by Sorensen and Gilheany [17]. In their
research, several factors such as type of transporta-
tion and sugarcane harvesting strategy under various
atmospheric conditions and rainfall were considered.
Arnaout and Maatouk [18] proposed a study on harvest
planning and their mathematical model was an attempt
to minimize the costs of transportation, harvesting, and
construction of a processing location. Gorton et al. [19]
studied the environmental factors in the agricultural
sector. They investigated fresh vegetables and fruits
and examined important factors such as government
policy on production or non-production and the mag-
nitude impact of agricultural production on environ-
mental resources. Badrul et al. [20] examined the
water consumption in a Canadian region and measured
its impact on barley crop growth. Moreover, they
considered the e�ect of water during crop cultivation
and the extent of damage to the soil, and the use
of energy sources to extract water from underground
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aquifers is considered as its main goals. In this research,
the annual rainfall and other water requirements for
barley cultivation are predicted under uncertainty.

In recent years, an agricultural supply chain has
faced di�erent and con
icting objectives that request
the chain to be more sustainable. Sustainable supply
chain management seeks a strategic integration of eco-
nomic, environmental, and social considerations. This
approach helps managers design survival strategies and
achieve the success of the organization on a long-term
horizon. This may provide a comprehensive perspec-
tive for the supply chain process and include technolo-
gies such as delivery, cost, control, and inventory [21].
Sepehri and Sazvar [22] provided a study on supply
chain sustainability. In this regard, they examined
a mathematical model for deteriorating and seasonal
products to balance environmental, economic, and
social criteria. Jafari et al. [23] studied a sustainable
supply chain model in the textile industry. One of the
most important goals has been to consider minimizing
the negative e�ects of wasteful extraction of groundwa-
ter use in the industry. Reidsma et al. [24] performed
a comprehensive review of the articles on the sustain-
ability of agricultural supply chains. By adapting to
their work, it can be found that among the three goals
presented in the sustainable agricultural supply chain,
the role of the economic target is greater than those of
the environmental and social goals. Correspondingly,
among the economic goals, the largest share is associ-
ated with costs minimization and pro�t maximization.
Usually, some repetitious factors such as product sales
prices, transportation costs, and maintenance costs are
involved. Furthermore, the number of used resources
and the amount of water produced and consumed
under uncertain conditions are more frequent among
the objectives of the environmental impact. Stochastic
programming is the most adopted technique in facing
uncertainty. Mohammadi et al. [25] presented a model
with three objectives: to maximize pro�ts, minimize
environmental impacts, and maximize social bene�ts.
The "-constraint and path-formulation methods were
adopted for handling the multi-objective and stochastic
nature of the problem. Sazvar et al. [26] examined a
sustainable supply chain problem for the product that
is made with several production methods. The three
optimized aspects of the sustainable supply chain con-
sist of minimizing costs and environmental degradation
and maximizing the consumer health levels. Mogale et
al. [27] examined a bi-objective supply chain model for
harvesting agricultural products in India. In the model,
the objective is to minimize costs and carbon dioxide
emission. The meta-heuristic algorithms are used to
solve the model.

Yamchi et al. [28] presented a bi-level model in
the agricultural supply chain. The levels of this model
are the optimization of the work
ow at all levels and

sustainability in the supply chain. This sustainability
includes goals such as minimizing carbon dioxide emis-
sions and costs as well as maximizing responsiveness.
Deterministic data was used in the mentioned work.
Motevalli-Taher et al. [29] provided a sustainable sup-
ply chain for wheat and its products. In the research,
such goals as minimizing network costs and water
consumption and maximizing job opportunities were
mentioned. Jia et al. [30] provided a tri-objective model
that included minimizing environmental, economic and
energy risks. The application of this model has been
demonstrated by a case study in the Persian Gulf
countries.

2.1. Innovations and research gaps
Seriously, a very limited number of works done in the
�eld of the agricultural supply chain addressed the issue
of soil loss due to adverse water use. As is known,
the soil is one of the most important components
of agriculture. At the same time, unfortunately,
researchers consider it as a permanent member of their
work, and we rarely see this issue. In the present
work, minimizing the environmental impact function
can be interpreted in two ways. Frequently performed
functions in agricultural chains often examined eco-
nomic characteristics, which is also addressed in the
present work. The �rst case is the minimization or,
in other words, optimization of water consumption,
which can be achieved in two ways. In the second case,
following the mentioned minimization, the amount of
damage to the soil was minimized. This importance is
implicitly extracted from this model. A brief review
of the recent studies in the �eld of the agricultural
supply chain is performed to show the novelty of the
current research. As shown in Table 1, each research
is presented separately by various criteria such as
objectives, data, and solution methods. In terms of
objectives, it is clear that most of the studies have
focused on the economic dimension of the supply chain
as maximizing pro�ts or minimizing costs. The second
important objective in this chain is to investigate the
environmental impacts of pollution, resource or waste
utilization, irrigation, and other in
uential factors. As
indicated in Table 1, the proposed rice study chain
includes two important objective functions that consist
of minimizing costs and water consumption in farms.
The main reported costs are listed as transportation
costs, plant costs, import costs, and agricultural costs.

Water used for rice cultivation is considered
as surface water and rainfall, which has not been
reported in previous works, to the best of our
knowledge. Within diverse products of the food
chain, rice production is studied in the current case
study, which has not been addressed in previous
researches. Moreover, the proposed model is solved by
an extended goal programming approach. Stochastic
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Table 1. A brief review of related researches.

Researcher Type of
problem

Objective function Case
study

Data
Solution
approach

Type Description

Chen et al. [35] Harvest
planning

SO # Costs | Uncertain Heuristic

Etemadnia
et al. [36]

Fruit
planning

BO
" Pro�t,
# Environmental impacts

Fruits and
vegetables

Deterministic Mixed-integer
linear programming

Hajikhani
et al. [37]

Urban-Agri MO
# Costs,
# Delay,
" Covering

| Uncertain
Fuzzy logic,
weighted sum,
meta-heuristics

Catal�a
et al. [38]

Fruit
planning

BO
" Production,
# Environmental impacts

Fruit Uncertain
An innovative
method using
integer programming

Mart��n
et al. [39]

Harvest
planning

MO
# Costs,
" Production,

choosing the location
Wheat Deterministic "-constraint

Gomes
et al. [40]

Foodstu�s BO
" Pro�t,
# Environmental impacts

| Deterministic Mixed-integer linear
programming

Soto-silva
et al. [41]

Fruit
planning

BO
" Pro�t,
# Environmental e�ects

Apple Deterministic Heuristic

Tian
et al. [42]

Harvest
planning

MO
" Pro�t,
" Production,
# Environmental impacts

Wheat Uncertain Weighted sum

Cheraghalipour
et al. [43]

Citrus BO # Costs,
" Accountability

Orange Deterministic Goal programming,
"-constraint

Ch�avez
et al. [44]

Citrus MO
" NPV,
# Environmental impacts
" Social impacts

Co�ee Deterministic "-constraint

Allaoui
et al. [45]

Food MO
# Social implication,
# Environmental impact,
# Costs

| Deterministic Heuristic

Bergendahl
et al. [46]

Food and
water

SO # Environmental impacts | Deterministic Mathematical
programming

Cheraghalipour
et al. [47]

Harvest
planning

BP # Farm costs,
# Factory costs

Rice Deterministic Meta-heuristics

Lin et al. [48] Food and
ecosystem

SO # Environmental impacts | Uncertain Goal programming

Note: SO: Single Objective; BO: Bi-Objective; MO: Multi-Objective; BP: Bi-level Programming; #: Minimizing; ": Maximizing.



340 M.J. Kazemi et al./Scientia Iranica, Transactions E: Industrial Engineering 30 (2023) 336{355

Table 1. A brief review of related researches (continued).

Researcher Type of
problem

Objective function Case
study

Data
Solution
approach

Type Description

Ch�aves
et al. [49]

Harvest
planning

MO

# Costs,
# Environmental

impacts,
" Social impact

Sugarcane Uncertain Stochastic optimization

Roghanian [50] Citrus MO

# Costs,
# Environmental

impacts,
" Responsiveness

Orange Deterministic
"-constraint,
meta-heuristics

Seyyed Jifroudi
et al. [51]

Harvest
planning

MO " Total pro�t Rice Deterministic Linear programming

Hosseini-Motlagh
et al. [52]

Harvest
planning

MO

# Total cost,
# non-resiliency,
# Impacts of social

responsibility

Wheat Uncertain
Stochastic
fuzzy-robust
programming

Biuki
et al. [53]

Perishable
products

MO

# Total cost,
# Environmental

impacts,
" Social

sustainability

| Uncertain Meta-heuristics

Jabarzadeh
et al. [54]

Perishable
products

MO

# Total cost,
# Carbon dioxide

emissions,
" Demands'

responsiveness

| Deterministic
LP-Metric and
weighted Tchebyche�

Mehrbanfar
et al. [55]

Harvest
planning

MO

" Employment,

# Greenhouse gas
emissions,

# Total costs

| Uncertain
Augmented
"-constraint

Sahebjamnia
et al. [56]

Citrus MO # Costs, " Pro�ts | Deterministic Meta-heuristic

Present research
Harvest
planning

BO
# Total costs,
# environmental

impacts

Rice Uncertain
Extended goal programming,
stochastic programming

Note: SO: Single Objective; BO: Bi-Objective; MO: Multi-Objective; BP: Bi-level Programming; #: Minimizing; ": Maximizing.
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programming is utilized to cope with uncertain data
in the environmental impact function.

3. Problem de�nition

In this section, the problem and proposed mathemati-
cal model are described. The schematic of the proposed
chain is shown in Figure 1. Economic issues form an
integral part of a supply chain. Calculating pro�ts
or costs in a chain has always been a concern for
researchers. The economics of a project in the current
context of developing societies is crucial. Among the
results of this work, the optimal production rate is
determined. With this explanation in the present work,
the main purpose of the model is to minimize the
total costs of the rice supply chain. In the �eld of
agriculture as well as industrial activities, attention
should be paid to its environmental impact. Unfortu-
nately, this issue has not received much attention in our
country so far. Agricultural activities can have many
destructive e�ects on the environment. Air pollution
due to agricultural activities, soil pollution, surface
and groundwater, and change in soil properties are
among the destructive e�ects of the environment due
to agricultural activities. Besides, the minimization
of water used for crop cultivation and the amount of
environmental damage caused by it has been consid-
ered.

The proposed rice supply chain includes farms,
rice mills, distribution centers, import centers, and
markets. Several factors such as transportation cost,
the production cost of the rice mill, production volume,
and consumer demand a�ect this chain. Usually,
the agricultural supply chain is checked in terms of

economic objective, and decision-makers in the supply
chain o�er the economic justi�cation. On the other
hand, other considerations such as environmental im-
pacts, waste levels, and optimal use of biomass are
raised. In the present problem, six levels have been
considered for designing the rice supply chain. In
countries that have climatic and weather conditions for
rice production, the number of producing regions plays
a signi�cant role in rice production. All processing
centers are placed in the producer area and satis�ed
rice mills orders. Rice mills transfer �nal products
to distribution centers and after packing them, these
packages can be distributed to the retailers in mar-
kets. Moreover, import centers are supported by other
countries that play an important role in providing a
signi�cant part of the community demand. These
centers can be prioritized in terms of quality and type
of rice as well as the analysis of import costs. Imported
rice is �rst transferred to some distribution centers
and then, sent to the �nal market. Unhusked rice is
a product that has been taken from farms and then,
rice mills changed it to white rice as the main product
of the chain. The market as the �nal part of the
chain is a retailer and its demand is proportional to
the population of each market region. The demand for
markets is provided directly from rice mills and through
distribution centers.

3.1. Mathematical model
As discussed in the previous section, the proposed
mathematical model is composed of two linear ob-
jective functions and attempt to minimize costs and
environmental impacts. The following is a description
of its components:

Figure 1. The schematic of the proposed model.
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Indices:
i Index of farm i = (1; � � � ; I)
j Index of rice mill j = (1; � � � ; J)
k Index of distribution centers

k = (1; � � � ;K)
s Index of rice import centers

s = (1; � � � ; S)
n Index of rice market n = (1; � � � ; N)
q Index of by-product q = (1; � � � ; Q)

Parameters:
c1ij The transportation cost of unhusked

rice from farm i to rice mill j

c2jk The transportation cost of rice from
rice mill j to distribution center k

c3jn The transportation cost of rice from
rice mill j to market n

c4jq The transportation cost of by-product
q from rice mill j to the market

c5sk The transportation cost of rice from
import center s to distribution center k

c6kn The transportation cost of rice from
distribution center k to market n

pj The processing cost in rice mill j
�i The producing cost of rice on the farm

i
� Maximum allowed demand ratio to

import
!s The import cost of rice from import

center s
vk The capacity of distribution center k
dj The processing capacity of rice mill j
� Rice processing coe�cient
�q The coe�cient of processing by-

product q obtained from the unhusked
rice

demn The rice demand in market n
dem0q The market demand for by-product q


n Direct purchases coe�cient of rice in
the market n

cfei Amount of damage to the environment
on the farm i

sui The maximum level of cultivating rice
on the farm i in a hectare

�i Production ratio of unhusked rice per
hectare in farm i

Cwbi The available water coe�cient of
irrigation in farm i (m3 per hectare)

Cwgi The available water coe�cient of
rainfall in farm i (m3 per hectare)

Decision variables:
Suri Under cultivation area of farm i

(hectare)
Xij Quantity of transferred unhusked rice

from farm i to rice mill j
Yjk Quantity of transferred rice from rice

mill j to distribution center k
Zsk Quantity of import rice from import

center s to distribution center k
Wkn Quantity of transferred rice from

distribution center k to market n
Y 0jn Quantity of transferred rice from rice

mill j to market n
Y 00jq Quantity of transferred by-product

q from rice mill j to the consumer
market

Cwric Quantity of total used water in farm i
Wgi Quantity of provided water by rainfall

in farm i (m3)
Wbi Quantity of provided water by

irrigation in farm i (m3)

Objective functions:
min costs =X

i

X
j

Xij � c1ij ; (1-1)

+
X
j

X
k

Yjk � c2jk; (1-2)

+
X
j

X
n

Y 0jn � c3jn; (1-3)

+
X
j

X
q

Y 00jq � c4jq; (1-4)

+
X
k

X
n

Wkn � c5sk; (1-5)

+
X
s

X
k

zsk � c6kn; (1-6)

+
X
i

X
j

Xij � �i; (1-7)

+
X
i

X
j

Xij � pj ; (1-8)

+
X
s

X
k

zsk � !s; (1-9)

min environmental impacts =
X
i

[cfei � Cwri]: (2)

Eq. (1-1) represents the cost of transferring the un-
husked rice from farms to rice mills. Eq. (1-2) indicates
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the transportation cost of rice from rice mills to
distribution centers. Eq. (1-3) indicates the cost of
transporting rice after packaging in distribution centers
to the markets. Eq. (1-4) shows the cost of transporting
by-products from rice mills to the relevant market.
Eq. (1-5) shows the transportation cost of rice from
the import centers to the distribution centers. Eq. (1-6)
shows the transportation cost of rice from distribution
centers to markets. Eq. (1-7) represents the production
cost in farms (including manure, poison, equipment
purchase, and manpower costs). Eq. (1-8) represents
the rice mill costs for converting and processing rice.
Eq. (1-9) shows the cost of importing rice (including
rice purchases, shipping costs, and customs fees) from
import centers.

The second objective function addresses the envi-
ronmental impacts of used water on rice cultivation in
farms. The environmental damage factor can be stated
as the rate of destruction of agricultural farms due to
water consumption. Part of the surface water entering
the earth, due to the environmental damage factor,
causes erosion of farms within a year. This coe�cient
is directly related to the climate and the type of soil
cover in each area. cfei indicates that every m3 of used
water eliminates several m3 of agricultural �rms over a
period of one year.

Eq. (2) indicates the soil damage due to water
consumption. Water in each area exists on the surface
and in irrigation. Surface water is caused by the rainfall
while irrigation water is originated from aquifers and
underground. These are used for one-year rice cultiva-
tion, and the use of these types of water leads to the
erosion and destruction of the surface layer and part of
the soil. The coe�cient of soil loss in the farms depends
on the genus and type of coverage.

Constraints:

�
X
i

Xij =
X
k

Yjk +
X
n

Y 0jn 8 j; (3)

X
j

Yjk +
X
s

Zsk =
X
n

Wkn 8 k; (4)

X
q

�q + � = 1; (5)

X
i

Xij � �q = Y 00jq 8 j; q; (6)

X
j

Y 00jq � dem0q 8 q; (7)

X
k

Wkn +
X
j

Y 0jn � demn 8 n; (8)

X
j

Xij � �i � Suri 8 i; (9)

X
i

Xij � dj 8 j; (10)

X
j

Yjk +
X
s

Zsk � vk 8 k; (11)

X
j

Y 0jn � demn � 
n 8 n; (12)

X
s

X
k

Zsk � � �X
n

demn; (13)

Suri � sui 8 i; (14)

Cwri = Wgi +Wbi 8 i; (15)

Wgi = Cwgi � Suri 8 i; (16)

Wbi = Cwbi � Suri 8 i; (17)

Suri;Xij ; Yjk; Zsk;Wkn; Y 0jn; Y 00jq; Cwri;

Wgi;Wbi � 0 8 i; j; s; k; n; q: (18)

According to Eq. (3), the quantity of obtained rice from
the rice mill should be equal to the quantity of rice
that is sent directly to markets and distribution centers,
meaning that there is no waste along the supply chain.
Eq. (4) is balance equality, which states that the
quantity of rice shipped from the distribution center to
the market should be equal to the quantity of produced
rice and imported rice. Eq. (5) shows a balance relation
for the conversion coe�cients of all products obtained
from the unhusked rice, and their summation is equal
to one. It represents that there is no distraction in
the rice mill. The following constraints are related to
the production of by-products, including crushed rice
and rice bran that are produced at the rice mill with
their conversion coe�cients. Eq. (6) refers to the by-
product from a rice mill that is sent directly to the by-
products markets. Constraint (7) guarantees that the
by-product produced in rice mills should be more than
the by-product market demand. Constraint (8) re
ects
the balance between rice demand and supply. Con-
straint (9) shows the maximum permitted cultivable
amount in farms. Constraint (10) represents that the
quantity of transferred unhusked rice from farms to
rice mills is less than, or equal to, the rice mill's
capacity. Constraint (11) re
ects the limited capacity
of distribution centers. Constraint (12) implies the
demand transmitted directly from the rice mill to
the market. This coe�cient can be di�erent in each
production region. Eq. (13) indicates that import
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centers are allowed to supply the maximum part of
total demand.

Eq. (14) shows that in each production area
(farms), rice production requires a limited space with
suitable conditions for cultivation. It is always less than
the amount of free and available space.

Constraints (15) to (17) are related to environ-
mental impacts. The total amount of water used for
rice cultivation comes from two sources: the amount
of ground water and water generated by precipitation.
Wgi represents the amount of precipitation water
consumed during an agricultural period in the farms
that can be used as surface water, and Wbi indicates
the amount of irrigation water in farms that can be
considered as a signi�cant part of the water consump-
tion. It includes surface water and irrigation water as
illustrated in Eq. (15). Eq. (16) shows the amount of
water generated by precipitation which is controlled
in each region based on a correlated factor with the
area under cultivation. Eq. (17) controls the amount
of needed groundwater for cultivation according to the
speci�c coe�cient, which is related to the available
level for cultivation.

4. Solution approach

In this section, the applied solution approach to solving
the proposed model is described. To deal with uncer-
tainty, stochastic programming is used under di�erent
scenarios. Correspondingly, to solve the proposed
bi-objective mathematical model, an extended goal
programming method is applied.

4.1. Stochastic programming
In most real optimization problems, estimated pa-
rameters are not accurate and dependent on di�erent
conditions. Meanwhile, the collection of accurate
information depends on human judgment and this issue
is very di�cult or is not practical [31]. Stochastic
programming is one of the most considered approaches
that provides a framework for modeling optimization
problem, which is not deterministic. Generally, de-
terministic optimization problems are formulated with
deterministic and de�nite parameters, but real-world
problems usually include some unknown and uncertain
information. The purpose of stochastic programming is
to take an optimal decision on problems with uncertain
and random parameters [32].

A sample space, e.g., 
, is described for uncertain
parameters. It is composed of scenarios. Each scenario
may occur with an estimated probability. Thus, 
 is
de�ned as a set of speci�c scenarios in the model below:

f!1; !2; � � � ; !sg :
The probabilities associated with this set will be listed
as the following constraints:

p(!k) � 0; (19)

sX
k=1

p(!k) = 1: (20)

4.1.1. Equivalent certain model
Water consumed for rice cultivation is provided from
two sources: surface water and irrigation water. An-
nual rainfall and groundwater levels are di�cult to
predict. In this situation, the uncertainty in the model
causes instability in the data for analysis. To cope
with uncertainty, a stochastic programming method is
employed. A de�nitive equivalent model is given in this
subsection.

Index:
c Index of scenario c = (1; 2; 3)

Parameters:
Cwbic The available water coe�cient of

irrigation in farm i under scenario c
(m3 per hectare)

Cwgic The available water coe�cient of
rainfall in farm i under scenario c (m3

per hectare)
pc The probability of occurrence of

scenario c
Decision variables:
Cwric Quantity of total used water in farm i

under scenario c
Wgic Quantity of provided water by rainfall

in farm i under scenario c
Wbic Quantity of provided water by

irrigation in farm i under scenario c

Objective functions:
The �rst objective function does not change; however,
the second is updated as follows:

min environment impacts =
X
c

X
i

pc

� [cfei � Cwric]: (21)

Constraints:
Subject to Constraints (3) to (14) and:

Cwric = Wgic +Wbic 8 i; c; (22)

Wgic = Cwgic � Suri 8 i; c; (23)

Wbic = Cwbic � Suri 8 i; c; (24)

Suri; Xij ; Yjk; Zsk;Wkn; Y 0jn; Y 00jq; Cwric;

Wgic;Wbic � 0 8 i; j; s; k; n; q; c: (25)

4.2. The extended goal programming method
Here, an extended goal programming method is utilized
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to transform the proposed bi-objective model into a
single-objective model. This method was introduced
by Romero in 2003 [33] as an attempt to balance
the di�erent goal levels in each objective function
considering a parametric survey. The general form of
the proposed model is as follows:

min �=��+ (1� �)

( qX
i=1

�
uini
bi

+
vipi
bi

�)
; (26)

s.t.
uini
bi

+
vipi
bi
� � i = 1; � � � ; q; (27)

fi(x) + ni � pi = bi i = 1; � � � ; q; (28)

x 2 F; ni; pi � 0 i = 1; � � � ; q; (29)

where the above model has q objectives and x decision
variables and bi is the expected value of the objective
function. The decision variables ni and pi determine
the positive and negative values of the ith objective
function, respectively. The maximum weighted devi-
ation from the unwanted deviations is shown by �.
Correspondingly, two weight parameters ui and vi are
related to di�erent levels of the objective function and
seek to minimize the positive and negative deviations
from the ith objective function. Furthermore, � is
a parameter that controls the relative importance of
performance and competence in the model.

The extended goal programming model provides
the best combination of optimization, balancing, and
satisfaction with the diversion of the main objectives as
well as the single decision-making [34]. The satisfaction
of optimization is achieved by minimizing the total
weight of the deviations. The balance of the model
is obtained by guaranteeing the maximum deviation in
the �rst part of Eq. (26). Moreover, the balance be-
tween optimization and achievement can be controlled
at each level through the parameter �, which can fully
emphasize optimization by setting (� = 0) and focus
on achieving goals by setting (� = 1).

4.2.1. Proposed goal programming model
According to the explanation, the extended goal pro-
gramming model is formulated as follows:

min � = ��+ (1� �)
��

u1n1

b1
+
v1p1

b1

�
+
�
u2n2

b2
+
v2p2

b2

��
; (30)

u1n1

b1
+
v2p2

b2
� �; (31)

u1n1

b1
+
v2p2

b2
� �; (32)

f1(x) + n1 � p1 = b1; (33)

f2(x) + n2 � p2 = b2; (34)

n1; p1; n2; p2 � 0: (35)

Subject to Constraints (3) to (14) and (22) to (25).

5. Case study

In this section, a real case study is carried out to
validate the proposed model in the rice supply chain.
First, the model parameters related to the case study
are reported. Then, the model �ndings and recommen-
dations are given and �nally, the sensitivity analyses
are performed on the key parameters and the results
are expressed.

5.1. Assumptions
The following assumptions are considered in modeling
the case study:

� The number of farms and rice mills is equivalent.
In each producer area (farm), there is a rice mill.
Shifting between these rice mills is allowed;

� The distance between each plant and farm is �xed.
Because in each rice producer area, a farm and a
rice mill are considered; thus, the distance between
them is assumed constant;

� The transportation vehicles for rice and unhusked
rice are the same, and the cost of carrying rice and
unhusked rice is known;

� The processing costs of rice mills to produce white
rice and by-products are the same, because all of
them are processed in one place and all are unhusked
rice products;

� The performance of rice mills in terms of the
coe�cient of converting unhusked rice into rice and
the production of by-products is �xed for all regions;

� The amount of import is limited and it responds to
a ratio of the demand;

� Four options for importing rice are given and only
two distribution centers are considered;

� Water consumption for rice cultivation is calculated
in m3 per ton for each hectare;

� Surface water is the metric used to calculate the
damage to the environment.

5.2. Case description
In this research, a bi-objective model for the rice supply
chain with economic and environmental purposes is
designed to meet the needs of the Iranian people.
In this country, 17 provinces out of 31 produce rice,
and about 2.5 million tons of white rice is produced
annually. However, four important farms with the
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highest share in supplying rice have been considered:
Mazandaran, Gilan, Khuzestan, and Golestan. Here,
four farms, four rice mills, six distribution centers, four
import centers, two by-products, and 32 market areas
are considered in this case study. In this research,
water supply for rice cultivation is carried out in two
ways: rainwater and irrigation water. Three scenarios
for water supply are considered as follows:

� Good scenario: The best weather conditions in
terms of rainfall and less use of irrigation water
resources;

� Medium scenario: Good weather conditions in
terms of rainfall and balanced use of irrigation water
resources;

� Bad scenario: Inappropriate weather conditions in
terms of rainfall and excessive use of irrigation water
resources.

After the harvesting stage of the unhusked rice from
farms, it is transferred to rice mills in the same produc-
tion area. In the processing stage of unhusked rice, the
rice mill turns into the rice and two by-products (rice
bran and broken rice). A given portion of white rice
will be sent to the distribution center for packaging and
distribution in the market. In this case, six distribution

centers are considered. In Mazandaran, Gilan, and
Tehran, three, one, and two distribution centers are
located, respectively. In the designed model, rice
markets are retailers in all regions of the country
(equivalent to the number of provinces). The retailer
of each province receives rice from two sources. It can
be transferred directly from rice mills and distribution
centers, as well.

5.3. Parameters setting
This section studies the data collected on the various
components of the rice supply chain. This chain
includes four production regions with a limited rice
cultivation capacity. The farm data, in each region,
are given in Table 2. The climatic type of each region
determines the rate of water requested for irrigation of
each agricultural farms. Water provided from irrigation
is the sum of underground and surface water from
rainfall and snowfall. In Table 3, the environmental
parameters related to the second objective function are
given. In each production area, a plant is considered
with a speci�c processing capacity and production
cost according to the production capacity of the rice
production. Table 4 represents the processing capacity
and cost of rice mills. Moreover, distribution centers
have a limited capacity, as given in Table 5. The costs

Table 2. Farms availability in each region.

Farm
Mazandaran Gilan Khuzestan Golestan

Maximum level of cultivation (hectare) 291,666 234,000 100,000 163,000
Unhusked rice production factor (ton per hectare) 4.8 5 4 4.3
Production cost for unhusked rice (1,000 tomans per ton) 110 100 120 115

Table 3. Environmental impacts and its parameters.

Scenario Farm
Mazandaran Gilan Khuzestan Golestan

Coe�cients of irrigation water
1 0.48 0.32 0.52 0.39
2 0.52 0.38 0.7 0.5
3 0.59 0.45 0.79 0.6

Coe�cients of water from rainfall
1 0.4 0.54 0.22 0.31
2 0.48 0.62 0.3 0.4
3 0.56 0.7 0.4 0.47

Environmental damage factor 0.006 0.006 0.05 0.01

Table 4. Rice mills information.

Rice mill
Mazandaran Gilan Khuzestan Golestan

The processing cost of unhusked rice (1,000 tomans per ton) 300 305 315 310
Processing capacity of rice mill (1,000 tons) 1,500 1,400 700 950
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of imported rice from each import center are composed
of shipping costs from rice mills, customs fees, and
rice-buying costs. Table 6 gives the imported rice
information.

According to the Rice Research Center, per
capita, rice consumption is 36 kg per person. The
annual demand for each region has been calculated
based on the population residing in this region in the
latest o�cial census. For example, the population
of Mazandaran province in 2018 was 3,280,000; thus,
yearly rice demand in Mazandaran can be quanti�ed
as 3; 280; 000 � 36 = 118; 080; 000 kg. Table 7 shows
the rice demand which is directly generated from each
market. For example, this coe�cient in Mazandaran,
Qazvin, and South Khorasan provinces is 0.6, 0.45, and
0.2, respectively. This value for the main producer
regions is higher, and the lower amount is assigned to
non-producers.

In the proposed model, transportation costs for
transferring rice to di�erent chain levels are considered.
To calculate transportation costs, the Google Map
Guide is employed to determine the proper route with
the closest distance between the provinces. Only
one type of vehicle is used to transfer rice within
the chain and the transportation cost is estimated at
1,000 Tomans per ton per kilometer.

As mentioned above, in addition to the main
product (white rice), two by-products (rice bran and
broken rice) are also produced at rice mills, which are
directly transported to their respective market. Table 8
gives the required data related to by-products.

5.4. Results and discussion
The proposed bi-objective model has been coded in
LINGO 09 software. The goal programming approach
is applied to handle the bi-objective model. In this

Table 5. The capacity of distribution centers.

Distribution center
1 2 3 4 5 6

Capacity (ton) 320,000 300,000 200,000 350,000 200,000 190,000

Table 6. Import center information.

Import center
1 2 3 4

Import centers' capacity (ton) 600,000 250,000 100,000 100,000
The cost of importing rice (toman per ton) 2,200 2,280 1,440 1,080

Table 7. Direct purchasing ratio and market demand.

Market Direct purchase
coe�cient

Demand
(ton)

Market Direct purchase
coe�cient

Demand
(ton)

Mazandaran 0.6 118,080 Tehran 0.25 477,612
Gilan 0.6 90,000 Alborz 0.18 97,632
Ardabil 0.2 45,720 Qazvin 0.42 45,828
East Azerbaijan 0.4 140,724 Zanjan 0.38 38,052
West Azerbaijan 0.18 117,540 Hamadan 0.2 62,568
Kurdistan 0.2 57,708 Lorestan 0.42 63,360
Kermanshah 0.4 70,272 Chaharmahal and Bakhtiari 0.42 34,092
Ilam 0.41 20,880 Kohgiluyeh and Boyer-Ahmad 0.38 25,668
Khuzestan 0.6 169,560 Fars 0.45 174,636
Bushehr 0.2 41,868 Kerman 0.2 113,904
Hormozgan 0.2 63,936 Yazd 0.2 40,968
Sistan and Baluchestan 0.35 99,900 Isfahan 0.41 184,320
South Khorasan 0.2 27,648 Markazi 0.18 51,444
Razavi Khorasan 0.2 231,624 Qom 0.2 46,512
North Khorasan 0.38 31,068 Semnan 0.18 25,272
Golestan 0.6 67,248
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Table 8. By-products Information.

Rice mill By-product
Rice bran Broken rice

Transportation cost (1,000 tomans per ton)

Mazandaran 20 20
Gilan 20 20
Khuzestan 20 20
Golestan 20 20

Demand (ton) 250,000 100,000
Production factor (per ton) 0.3 0.1

Table 9. Calculated objective function values.

Objective
function Z1

Objective
function Z2

Goal programming
method

Objective function values Z1 4,579,278,000 15,423,440,000 5,290,869,000
Objective function values Z2 9.6 4 4.62
Production percentage 76% 63% 68.2%
Import percentage 24% 37% 31.8%
Deviation from Z1 0 236% 15%
Deviation from Z2 139% 0 15%

model, the parameters u and v are determined to
control the deviations of the objective functions and
then, the model is performed. The value of u and v for
the economic objective function is set to 0.35.

In Table 9, objective function values are given
in three di�erent modes as well as the number of
deviations from the goal answer. In the �rst case,
each of the objective functions is executed separately,
in which the answer is considered as the goal value (bi).
Moreover, production and import ratios are given for
each objective function.

According to Figure 2, the model recommends
that the amount of produced unhusked rice be equal
to the maximum production capacity of rice on all
farms except Khuzestan. Due to the lack of water
as well as the e�ect of the environmental objective
on rice cultivation, production in Khuzestan province
is not justi�ed. The model recommends more import
quantities to supply. Interestingly, based on the coun-

Figure 2. Amount of produced unhusked rice.

try's water-saving policies, rice cultivation is prohibited
in Khuzestan province in the current and coming
agricultural years. Similarly, unhusked rice, rice, and
by-products are not produced in this province.

Figure 3 shows the amount of rice sent to dis-
tribution centers from rice mills. It is noticeable that
the fourth and sixth distribution centers received zero
rice from rice mills. Besides, Table 10 indicates the
amount of rice received at distribution centers from
import centers.

Figure 4 shows the production rate of by-products
in each rice mill. Information about the second ob-
jective function, including the amount of water used,
is given in Table 11. To better understand the en-
vironmental impacts, Figure 5 shows the impact of
di�erent types of water on agricultural land under
di�erent scenarios. As shown in the previous tables, the
amount of production in Khuzestan province is zero;

Figure 3. The amount of rice sent from rice mills to
distribution centers.
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Table 10. The amount of rice sent from imported centers to distribution centers (Ton).

Import center Distribution center
1 2 3 4 5 6

1 0 0 0 350,000 60,000 190,000
2 17,334 76,309 0 0 20,000 0
3 0 0 0 0 100,000 0
4 100,000 0 0 0 0 0

Table 11. E�ects of the environment on the �elds (m2/m3*year).

Variables Scenario Farm
Mazandaran Gilan Khuzestan Golestan

Coe�cients of irrigation water
1 116.66 72.54 0 113.95
2 157.5 112.32 0 65.116
3 64.166 145.08 0 76.511

Coe�cients of water from rainfall
1 140 91.26 0 73.255
2 93.33 121.68 0 128.604
3 151.66 88.92 0 97.674

Environmental damage factor
1 256.666 163.8 0 187.209
2 250.833 234 0 193.72
3 215.833 234 0 174.186

Figure 4. By-products produced in rice mills.

Figure 5. E�ects of environmental impact on agricultural
�elds in di�erent scenarios.

therefore, the amount of environmental e�ects has not
been considered.

5.5. Sensitivity analyses
In this section, three sensitivity analyses on the model
parameters are discussed. First, the magnitude of the

input data from the required water coe�cient includ-
ing water from irrigation and rainfall on the model
decisions is discussed. Three scenarios are considered
in the original model for one farming year and the
climate condition. Drought and water-rich years for
agriculture are two natural states with certain di�erent
coe�cients. Table 3 shows the di�erent coe�cients of
agricultural irrigation sources conditions. As indicated
by the coe�cients, there is a need for allocating a
certain amount of water to rice cultivation, and these
needs are satis�ed in two ways. If rainfall is low, the use
of groundwater is increased, and vice versa. Table 12
shows the model solutions for di�erent scenarios. As is
given in Table 12, the deviation of the objective func-
tion in the bad scenario is a negative number, which
indicates a decrease in environmental damage due to
less rainfall and more resource use. Better annual
precipitation leads to better rice production. Upon
enhancing precipitation scenarios, rice production also
increases. In the third scenario (good), one can see that
73% of rice demand is produced in the country farms
and the import level is reduced. Moreover, production
in Khuzestan province is planned only in good weather
conditions. This issue is shown in Table 12. To
understand this issue better, Figure 6 shows the pro-
duction done in provinces in di�erent scenarios with the
stochastic method and as it is known, Mazandaran and
Gilan provinces have the highest rice production with
1,400,000 and 1,170,000 tons, respectively. Figure 7
shows the ratio of rice production and import in dif-
ferent scenarios and stochastic programming approach.
In stochastic programming, the amount of production
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Table 12. Sensitivity analysis of each scenario.

Production
ratio

Import
ratio

Z1 Z2

Deviation
from

The amount of unhusked
rice production

b1 b2 Mazandaran Gilan Khuzestan Golestan

First scenario (bad) 63% 37% 5,582,437,000 3.8 30% {5% 1,400,000 1,170,000 0 449,446

Second scenario (medium) 69% 31% 5,290,869,000 4.62 15% 15% 1,400,000 1,170,000 36,991 700,000

Third scenario (good) 73% 27% 5,274,191,000 5.37 15% 38% 1,400,000 1,170,000 228,700 700,000

Stochastic method 68% 32% 5,290,869,000 4.61 15% 15% 1,400,000 1,170,000 0 689,063

Figure 6. Rice production in each province in di�erent
scenarios and stochastic method.

Figure 7. The ratio of demand-supply by import and
production in each scenario.

is exactly equal to the average of the scenarios, but
this value varies in the case of di�erent numbers of
imports. As is known, the amount of production is
directly related to the weather conditions of that year
(rainfall). Stochastic planning has shown that lack of

production in Khuzestan province is not economical at
all due to the use of excessive resources.

The next sensitivity analysis is carried out on the
signi�cance of the objective functions in the model.
The �rst objective function seeks to minimize the total
costs while the second one attempts to minimize the
environmental impacts. According to the state of the
country in terms of climate, as well as governmental
policies, the importance of functions can change. As
stated in the previous sections, the �rst objective
function is weighted at 0.7 and the second objective
function is 0.3. However, in Table 13, di�erent states
of importance degree for the objective functions are
given. This signi�cance degree is determined using
the goal programming method, and the same u and
v of the intended purpose of the goal programming are
expanded.

As shown in Table 13, the economic and environ-
mental dimension of the model has a direct impact on
the production and import volume to meet community
demand. Given that the economic aspect of the model
gains greater signi�cance, the scope of production
increases, which is due to high import costs. Whether
this amount be lower or not and the importance of envi-
ronmental impacts be added or not, the amount of pro-
duction is reduced due to the mentioned damage. For
example, in the �rst row of Table 13, the signi�cance
of the economic objective function is set at 90%, and
with this condition, the amount of internal production
reaches 72%, which results in excessive environmental
degradation, and the amount of the environmental

Table 13. Sensitivity analysis based on the importance of objective functions.
The importance

of functions
(u; v)

Production
percentage

Import
percentage

First
objective
function

(Z1)

Second
objective
function

(Z2)

Percentage
deviation from

The amount of unhusked
rice production

b1 b2 Mazandaran Gilan Khuzestan Golestan

(0.9, 0.1) 72% 28% 4,948,187,000 6.9 8% 72% 1,400,000 1,170,000 220,000 700,000

(0.8, 0.2) 70% 30% 5,105,846,000 5.84 11% 45% 1,400,000 1,170,000 53,000 700,000

(0.7, 0.3) 68% 32% 5,290,869,000 4.61 15% 15% 1,400,000 1,170,000 0 689,063

(0.6, 0.4) 68% 32% 5,290,869,000 4.61 15% 15% 1,400,000 1,170,000 0 689,063

(0.5, 0.5) 63% %37 5,592,069,000 4.005 22% 0 1,400,000 1,170,000 0 449,446

(0.4, 0.6) 64% 36% 5,592,064,000 4.005 22% 0 1,400,000 1,170,000 0 460,740

(0.3, 0.7) 64% 36% 5,592,064,000 4.005 22% 0 1,400,000 1,170,000 0 460,740

(0.2, 0.8) 64% 36% 5,592,064,000 4.005 22% 0 1,400,000 1,170,000 0 460,740
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Figure 8. The ratio of demand-supply by import and production according to the importance of objective functions.

Figure 9. The amount of rice production in each province according to the importance of objective functions.

objective's diversion reaches about 72%. Whether this
amount be lower or not, the amount of diversion of
the environmental objective function has decreased.
Figure 8 illustrates the impact of the production and
import ratio that varies according to the importance
level of the environmental and economic objectives. As
mentioned in the previous sections, the provinces of
Gilan and Mazandaran have special climatic conditions
as well as the main rice production centers. Therefore,
the amount of production in Golestan and Khuzestan
provinces due to weather conditions is much weaker
than the previous two provinces and their production
is subject to variations considering the importance

of di�erent functions. For a better understanding,
Figure 9 shows that the production of these provinces
in any situation is the same as their maximum capacity.

Based on governmental policies, the third sensitiv-
ity analysis is related to the amount of imported rice
from foreign countries. About 40% of the country's
demand in normal conditions is imported, according
to the rice import regulations. This is the maximum
allowed import limit for rice. This parameter has a
straightforward relationship with the rice price and
production volume, as well. Table 14 demonstrates
seven di�erent amounts of allowed import limit for the
model. In case this value is decreasing, the amount of

Table 14. Sensitivity analysis on import volume.

Maximum
import

rate

Production
ratio

Import
ratio

Objective
function
Z1

Objective
function
Z2

Percentage
deviation

of b1

Percentage
deviation

of b2

The amount of unhusked
rice production

Mazandaran Gilan Khuzestan Golestan

45%
and more

68% 32% 5,290,869,000 4.61 15% 15% 1,400,000 1,170,000 0 689,063

40% 68% 32% 5,290,869,000 4.61 15% 15% 1,400,000 1,170,000 0 689,063

35% 69% 31% 5,105,846,000 5.84 12% 45% 1,400,000 1,170,000 36,991 700,000

30% 70% 30% 5,105,846,000 5.84 11% 45% 1,400,000 1,170,000 53,000 700,000

27% 73% 27% 4,867,175,000 7.46 6% 86% 1,400,000 1,170,000 228,700 700,000

25% 75% 25% 4,698,847,000 8.65 2.6% 116% 1,400,000 1,170,000 324,555 700,000

24% 76% 24% 4,621,691,000 9.25 0.9% 131% 1,400,000 1,170,000 372,482 700,000
23%

and less
Infeasible
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Figure 10. Percentage of demand-supply by import and
production with di�erent amounts of allowed import.

Figure 11. The amount of province production according
to di�erent import rates.

produced rice increases to meet the demand. Moreover,
import costs are reduced, which in turn reduces the
�rst objective function. On the other hand, the value
of the second objective function increases due to the
use of its internal capacity. Also, from this table, we
�nd that the permissible values are more than 45% for
the import rate; the number of products, costs, and
environmental e�ects are the same; and rates of less
than 23% make the model impossible. Figure 10 shows
the percentage of rice import and production to meet
the demand of the community according to the allowed
import volume. Figure 11 shows di�erent amounts
of rice production in di�erent provinces according to
the allowable import rate. For example, the lower the
import rate, the higher the production in Khuzestan
and Golestan provinces. Eventually, this amount
reaches 372,482 and 700,000 tons, respectively.

6. Managerial suggestions

The purpose of this article is to achieve the optimal
amount of rice production and supply to meet the
demand of people in the community while considering
the least environmental damage. Besides, the proposed
model can help managers make strategic decisions.
Studies have shown that Iran can establish itself as
one of the top rice producers in the world due to its
potential in the �eld of agriculture, both in terms of
climate and production technology. Due to population

growth and increased demand in the country, if this
issue is not given special attention, it can cause many
problems later. Negligence in this regard causes great
damage to the country and the people of the society.
In the following, some management suggestions are
presented to improve the agricultural supply chain,
especially rice cultivation in Iran:

1. Special attention to, besides government's support
for, the agricultural sector creates prosperity and,
more importantly, motivates farmers. This ensures
the higher quality of rice products;

2. Appropriate management solutions are considered
in cases when the country su�ers from acute
problems like war or death due to disease and
economic sanctions. Recently, with the spread
of Coronavirus, a major problem has emerged in
the agricultural sector. This means that in the
agricultural chain, we must always have a correct
forecast at disposal and, in some cases, even more
than the calculated amount of demand in the
country;

3. Accurate rice consumption per capita can be
achieved with the coordination of the provincial
governments in the country. By having the exact
coe�cient of rice consumption at hand, the real
demand can be determined and as a result, planning
can be done accordingly;

4. One of the factors that can reduce the damage
caused by environmental factors is the type of WA-
TERING systems. Optimal use of water resources
can increase the life of agricultural land and its
soil quality. The right decisions of managers and
training of farmers can be a useful way to achieve
this importance;

5. Unfortunately, one of the main reasons why Iranian
rice has not been introduced in the world remains
inadequate advertising or marketing. Participating
in international agricultural fairs can be one of the
best ways to promote this product;

6. Holding frequent meetings with farmers can be
mutually bene�cial. Examining existing problems
as well as articulating goals can be a good way to
increase productivity.

7. Conclusion

Rice is one of the most important crops that plays
a key role in providing the main food to more than
half of the people in the world. In addition to
its importance in the food chain, the countries that
produce this product can help improve their economic
growth, given its high consumption and being on the
main household shopping list. This research aimed
to design a rice supply chain under uncertainty. In
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this study, a mathematical bi-objective model was
applied to provide rice for the country. It included
both the environmental and economic impacts of this
chain. In the proposed model, uncertain conditions
were handled by stochastic programming and extended
goal programming. Moreover, our proposed case study
in Iran had four rice producers and the country's
demand for both production and imports was consid-
ered to validate the model viability. Each province
was considered a market district, whereas demand
was supplied in two ways directly from rice mills
with a speci�c coe�cient and distribution centers.
Distribution centers also supply rice from imported rice
mills and centers. According to the second objective
function of the problem, namely water shortages and
environmental impacts, Khuzestan is banned from rice
production within production regions. Furthermore,
the importance of each objective function is related to
rice production in the production area. Finally, several
suggestions for future research are listed as follows:

1. The model can be developed to consider new objec-
tives such as the utilization of resources and pro�ts;

2. Considering the rice export sector in the supply
chain, the produced rice can be exported to other
countries;

3. Demand is estimated according to the population in
each market. The demand scenario can make the
model more realistic;

4. Considering other uncertain programming methods
can extend a robust model.
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