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Abstract
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One of the institutions that play an important role in fi nancing the agricultural sector is Agricultural Bank. Since there is still 
no specifi c model for optimal allocation of Agricultural Bank credits in Iran, this research seeks to provide an optimal model 
for allocation of credits using multi-criteria linear programming based on Analytic Hierarchy Process (AHP) and fuzzy logic, 
considering the risk and uncertainty conditions. The study period is related to the data of Agricultural Bank between 2011 and 
2015. Using Cochran’s Formula, the sample size has been calculated 39 people out of the statistical population including all 
bank experts in Mazandaran province. Results show that the current model of credit allocation in Agricultural Bank is not opti-
mal so that the fi rst prioritization of credit allocation should belong to agricultural industries and agricultural services followed 
by farming, livestock, non-agricultural sector, horticulture, poultry, fi shery, natural resources and machinery respectively.

Key words: optimal allocation; agricultural bank credits; multi-criteria linear programming; analytic hierarchy 
process; risk and uncertainty

*E-mail: yaser.feizabadi@qaemiau.ac.ir (*corresponding author), m.akbarian34@yahoo.com

Introduction

Achieving development and improving the quality of life 
are the ideals that have occupied the human mind. Develop-
ment will be realized when an optimal use is made of all of 
the production factors, facilities and resources of the coun-
try (Ghadermarzi, 2015). Economic growth is considered an 
important goal of any economy which cannot be achieved 
without capital, which in turn arises from savings, and man-
aging this fl ow is thus of particular importance. With that in 
mind, managing the savings and using them in productive 
investments are among the main tasks of the banking sys-
tem. Since the past decades, the manufacturing sector has 
been facing the lack of liquidity, while the economy has been 
facing the increased liquidity and infl ation. Non-optimal al-
location of credits for the fi nancing of the production proj-
ects and the diversion of the resources towards unproduc-
tive and transaction sectors during the recent decades and 

particularly in recent years have not only made the national 
production encounter a severe crisis, but also brought about 
a sharp increase in the amount of the bank arrears and cre-
ated serious doubt in the effectiveness and legitimacy of the 
banking system (Bagheri Pormehr & Taheri, 2014). As one 
of the most important economic pillars of any society, banks 
have the task of collecting short-term and medium-term sav-
ings of the community and allocating them as optimally as 
possible. If the economic system of a society is likened to 
the human body, the banking system may be likened to the 
circulatory system. This system collects the required funds 
and redistributes them using the signs that it receives from 
different sectors of the economy. These signs in a society’s 
economic organization include each sector’s obtaining prof-
its and effi ciency while complying with other legal rules and 
regulations in the society (Naghshineh et al., 2013).

Agriculture is of great importance as one of the major 
production activities in most countries, especially in devel-
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oping countries (Mir Ahmadi and Torkamani, 2010). The 
agricultural sector is of great importance in Iran’s economy 
for such reasons as supplying the community’s food, income 
generation, production of the raw materials needed for other 
sectors, facilitating widespread employment, creating bal-
ance in the labor and capital markets, the existence of the 
natural and comparative advantages of the country in the 
production of certain agricultural products, the lack of need 
for highly complex technology and specialties, little need 
for foreign investment and the short time of investment re-
turn on investment (Akbari and Sharif, 2006). Agricultural 
development has different components, each of which has 
particular importance. One of these components is the return 
on investment in this sector (Taghiloo and Abdollahi, 2013). 
Considering the importance of the agricultural sector and the 
attempts made by the authorities to mechanize and improve 
the effi ciency and productivity of this sector on the one hand, 
and considering the fact that most of the people working 
in this area have low-level income on the other hand, it is 
particularly important to allocate bank credits to this sector 
optimally so as to support the people working in this area 
since the total credits granted to the applicants in this sec-
tor are considerably limited despite the large number of ap-
plicants and sub-sectors that apply for these credits.  Since 
currently there is no specifi c model for the optimal allocation 
of credits in Agriculture Bank of Mazandaran Province, the 
present research seeks to provide a model for the optimal 
allocation and distribution of credits among different agri-
cultural sectors, so that the credit distribution system of this 
bank may be optimized by considering the limitations faced 
by the bank and the conditions of uncertainty, and by using 
multi-criteria linear programming based on Analytic Hierar-
chy Process (AHP) and fuzzy logic.

Literature and background research
Several studies have been conducted in recent years on 

the topic of allocation of bank credits using ranking methods 
including AHP, Fuzzy AHP, TOPSIS, Numerical Taxonomy, 
etc. Here we review the results of some studies closer to the 
methodology used in our research. 

Mohammadnejad et al. (2015) conducted a study to an-
alyze the relationship between bank credits and economic 
growth and to account for the most appropriate model of 
economic growth for Iran. The results of the estimation us-
ing the selected models revealed that the granted credits of 
production have the greatest effect on the non-oil sector and 
that the agricultural sector is of high signifi cance in the non-
oil sector. That’s why it is suggested that the planning system 
in the banking and macro levels should be modifi ed in such 
a way that the fl ow of credits can be directed towards the 

non-oil sector (and particularly to the agricultural sector). 
Their results confi rmed the Hasanov & Huseynov’s fi ndings 
in Azerbaijan (2013) which showed that bank credits have a 
positive impact on non-oil tradable sectors output both in the 
long- and short-run.

Makian et al. (2010) carried out a study in which they in-
vestigated the optimality of the granted bank credits by Teh-
ran Agriculture Bank based on risk and fuzzy logic in Iran.

Mandic et al. (2014) ranked Serbian banks in terms of 
indexes such as stock, resources, current assets, cash, net in-
terest income etc. and fi nally concluded that Banca Intesa 
had the highest score and the best ranking among the banks 
of this country using fuzzy AHP and TOPSIS methods.

Che et al. (2010) studied fi nancial enterprises in Taiwan 
to choose the important index in loaning evaluation using 
Fuzzy Analytic Hierarchy Process (FAHP) and to establish 
one complete and effi cient loaning decision-making module 
with its weights and Data Envelopment Analysis (DEA). A 
large number of fi rms were simultaneously evaluated based 
on multiple criteria and a decision for granting loans was 
made in the evaluation process. In addition, a practical study 
demonstrated the effectiveness of the solution proposed by 
their methodology.

Regarding the direct relationship between bank credits 
and economic growth, we can also mention some studies 
particularly those conducted recently by Caporale and Helmi 
(2016), Kork Maz (2015) and Olowofeso et al. (in Nigeria) 
(2015). 

Research Method

Research method and modeling
The current study aims identifying the optimal model 

of allocation of Agricultural Bank credits to applicants in 
various economic sub-sectors of the agricultural sector in 
Mazandaran Province. For this purpose, the most impor-
tant and infl uential indexes in the optimal and infl uential 
distribution of bank credits (some of which are qualita-
tive and some are quantitative) are fi rst determined with 
the help of a questionnaire and via interviews with the ex-
perts of the credit sector of Agricultural Bank of Mazanda-
ran Province,  and the weights and the degree of priority 
of each one of the alternatives (applicants of the credits 
in the sub-sectors of agriculture) were determined at the 
next stage using Expert Choice Software and with the help 
of the Analytic Hierarchy Process (AHP), which is one of 
the best and most accurate multi-criteria decision-making 
methods (Ghodsipour, 2005). These weights actually repre-
sent the coeffi cients of objective function in the mathemati-
cal programming model of this research. After the weights 
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and the degree of priority of each one of the sub-sectors 
are determined, the monetary and foreign exchange cred-
its of the bank to each one of the various sub-sectors of 
agriculture should be optimally allocated. Like any other 
enterprise, the banking system also encounters many limi-
tations during this process. These limitations are indeed 
the limitations of the mathematical programming model of 
this research (fi nancial constraints, managerial constraints, 
legal constraints, etc.). The effects of the fl uctuations and 
uncertainty conditions on the decisions made by the bank 
managers and economic experts are very important in real-
world situations, especially in the fi nancial and banking 
affairs and activities. Therefore, we can apply fuzzy logic 
in the right-hand parameters of the mathematical program-
ming model, and thus involve the range of fl uctuations and 
changes made in the total inventory of each limitation in 
the model results (Callahan, 2003). For this purpose, we 
can calculate the amounts of these fl uctuations and enter 
them in the linear programming model of this research by 
help of fuzzy logic by referring to the statistical data of 
the previous fi nancial period (2011-2015) collected by the 
Iranian Center for Statistics and Information of Agriculture 
Bank. The decision variables of the model used in this re-
search, which are indeed the unknown parameters, repre-
sent the credits that should be paid to each one of the vari-
ous agricultural sub-sectors by the bank, so that the bank 
gains the greatest utility despite the limitations ahead. The 
amounts of credits granted to each of the sectors are dis-
played with the variables X1 to X10 respectively as can be 
seen in Table 1.

Finally, we can determine the optimal amount of credits as-
signed to each sector using WinQsb Software. The fuzzy linear 
programming model of the present research is shown in Equa-
tion (1), where wj represents the degree of priority of the j-th sub-
sector of the credits and is determined using AHP method. Xj 
represents the amount of the credit that should be allocated by 
the bank to the j-th sub-sector, b~i represents the total fl oating in-
ventory of the i-th source which is available to the bank and also 
is a fuzzy number and  represents the amount needed from the 
i-th source for credit allocation to the j-th sub-sector.

Max z = ∑n
j=1 wjxj

s.t:
∑n

j=1 aijxj(≤=≥)bi, ∀i . 1 ≤ i ≤ m   b~i = [bi, bi + pi] (1)
xj ≥ 0, ∀j . 1 ≤ j ≤ n

The membership function of the fuzzy number b~i has 
been given in Equation (2):

                  1
            bi + pi – t            t < biμb~i = {––––––––    bi < t < bi + pi (2)
                  pi                             t > bi + pi
                 0
As the right – hand values of the programming model (1) 

are fuzzy, the answer to that question is also variable, which 
leads to fuzziness of the objective function. This is done by 
calculating zu (z for the upper limit of the range of parameters) 
and zi (z for the lower limit of the range of parameters) and 
Equation (1) is changed into the solvable Equation (3) using 
the rules of fuzzy logic, in which λ represents the risk and 
uncertainty parameter and is determined by solving the model.

                        n                   n
Max(Min[μb~1(∑a1jxj), μb~2 (∑a2jxj), ...,                        j=1                 j=1

        n                  n
μb~m(∑amjxj), μz~ (∑cjxj)])   (3)
        j=1               j=1

                      n                   n
λ = Min[μb~1(∑a1jxj), μb~2 (∑a2jxj), ...,                      j=1                j=1

         n                 n
μb~m(∑amjxj), μz~ (∑cjxj)])   
        j=1               j=1

                   n     
λ(zu – zl) – (∑cjxj) ≤ –zl

                   j=1  
             n     
λ pi + (∑aijxj) ≤ bi + pi, ∀i . 1 ≤ i ≤ m
           j=1  
xj, λ ≥ 0, ∀j . 1 ≤ j ≤ n

Study population and sample size 
The study population includes all experts and managers 

working in the credit-allocation sector of Agriculture Bank 

Table 1
The decision variables

Variable Credits paid for SectorUnitVariableCredits paid for SectorUnit
X1FarmingBillion RialsX2HorticultureBillion Rials1

X3LivestockBillion RialsX4PoultryBillion Rials
X5FisheriesBillion RialsX6Natural ResourcesBillion Rials
X7Agricultural MachineryBillion RialsX8Agricultural ServicesBillion Rials
X9Agricultural IndustriesBillion RialsX10 Non-AgriculturalBillion Rials

11$≈ 39500 Rials (Jan 2017)
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in Mazandaran Province. A cluster and simple random sam-
pling method has been used in this study. The sample size 
was determined as 43 experts using Cochran’s Formula.

               N×z2
a/2

×P×(P – 1)
n = ––––––––––––––––––––––– = 
       ε2×(N – 1) + z2

a/2
×P×(P – 1)

                  43×(1.96×1.96)×0.5×0.5
= ––––––––––––––––––––––––––––––––––––– = 
   (0.05×00.05)×(43 – 1) + (1.96×1.96)×0.5×0.5
= 38.7 ≈ 39 (4)

Specifi cation of the model
The following points need to be considered for the math-

ematical programming modeling:

Understanding the purpose of the problem
The aim of this research is to develop the best model for 

optimal distribution of the credits of Agriculture Bank among 
different subsectors of agriculture, taking into account the 
constraints facing the managers and fi nancial planners of the 
bank in order to achieve the highest level of utility for the bank 
using fuzzy linear programming multi-criteria technique: 

Max z = α1x1 + α2x2 + α3x3 + α4x4 + α5x5 + 
             + α6x6 + α7x7 + α8x8 + α9x9 + α10x10  (5)

In this equation, xis represent the decision variables from 
Table 1 and αis represent the objective function coeffi cients 
obtained by determining the priority of the decision variables 
from the results of the questionnaire.

Identifying the Decision Indexes of the problem
The investigations as well as the consultations with the ex-

perienced managers and experts of Agriculture Bank showed 
that the most important decision indexes that should be con-
sidered by this bank for allocation of credits to the sub-sectors 
of the agricultural sector are determined as follow:  

1. The customers’ degree of validity and return of debts 
(guaranteeing the return of the sum of principal and interest 
by the applicant.),

2. Duration of the return of principal and interest,
3. The Bankers’ degree of expertise in providing different 

types of credits to each sub-   sector of agriculture,
4. The credits’ profi tability degree for the bank in each 

one of the agricultural sub-sectors,
5. The number of applicants, or simply, the customers’ 

desire or tendency to take credits in each one of the agricul-
tural sub-sectors,

6. Imposing legal restrictions on banks by the Central Bank,
7. The risk level of granting credits to each agricultural 

sub-sector,

8. The need for foreign exchange credits,
9. The approach and policies adopted by the bank manag-

ers regarding credit allocation.
These indicators are displayed arbitrarily from T1 to T9.

Understanding the alternatives of the problem
The decision alternatives in this study represent each one 

of the agricultural sub-sectors applying for credits from Ag-
riculture Bank. The careful analysis and consultations with 
experts of Agriculture Bank showed that the majority of cus-
tomers and applicants of credits from this bank belong to the 
economic sub-sectors of the agricultural sector, including: 1. 
Farming, 2. Livestock, 3. Poultry, 4. Natural Resources (ex-
ploitation of forests and rangelands), 5. Horticulture, 6. Fish-
eries and Aquaculture (breeding fi sh and hunting shrimp), 7. 
Agricultural Services (channeling and mechanized irrigation, 
etc.), 8. Machinery and agricultural implements, 9. Industries 
dependent on the agricultural sector (handicrafts and carpet 
weaving industry, food industries, processing industries etc.) 
and 10. Activities not related to the agricultural sector.

These sectors which are in fact the decision-making alter-
natives are displayed arbitrarily from C1 to C10 respectively.

Recognizing the limits of the problem, formulating and 
determining their technical coeffi cients

– Limitation in the total credits (Rial and Dollar) that 
can be granted by the bank  

The interviews conducted with the Bank experts and a re-
view of the data and statistics of the bank during the previous 
fi scal years (2011-2015) revealed that one of the major con-
straints faced by the bank is the limitation of the total cred-
its including the monetary (Rial) and the foreign exchange 
(Dollar) credits that can be granted by the bank to each one 
of the applicants in various sub-sectors of agriculture.

In order to include these limitations in solving the de-
cision-making problem, we can observe the algebraic form 
of these limitations for the monetary (Rial) and foreign ex-
change (Dollar) credits in Equations (6) and (7) respectively.

10        
∑xj ≤ (RC~) (6)
j=1         
10               ~
∑afxcjxj ≤ (FXC) (7)
j=1         
Equation (6) shows that the total monetary credits in the 

agricultural sub-sectors can at most be RC~ billion Rials. In 
this equation, RC~ represents the total monetary (Rial) and 
foreign exchange (Dollar) credits transferable by Agriculture 
Bank, the value of which is shown in the equation in the 
fuzzy and volatile form in order to show the infl uence of the 
risk conditions.  
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On the other hand, Equation (7) shows the sum of foreign 
exchange credits that can be transferred by the bank to the 
applicants in the economic sub-sectors, where afxcj repsre-
sents  the technical coeffi cient of the equation and the aver-
age foreign exchange credits (in billion dollars) per each one 
billion Rials of the monetary credits received by the credit 
applicants in the j-th economic sub-sector, and its value is 
calculated by dividing the average foreign exchange credits 
granted to each one of the sub-sectors by the average mon-
etary credits granted to that sub-sector between 2011 and                                           ~
2015. Also in Equation (7), (FXC) represents the total num-
ber of foreign currency credits that can be transferred to the 
credit applicants in the fuzzy form. A review of the statistics 
and data of Agriculture Bank in Mazandaran Province dur-
ing the research period showed that unfortunately this bank 
has had no specifi c activity in foreign exchange credit pay-
ment. That's why Equation (7) is not included in the model 
and is considered zero.

– The legal constraints imposed by the Board of Direc-
tors of Agriculture Bank

Agriculture Bank considers the total credits granted to 
the farming, horticulture and agricultural machinery sectors 
equal to the sum of the credits granted to the livestock, poul-
try and fi sheries sectors. It also considers the total credits 
granted to the farming, horticulture, livestock, poultry, fi sh-
eries and natural resources sectors at most equal to the to-
tal amount of credits granted to the agricultural machinery, 
agricultural services and agricultural industries sectors. Fur-
thermore, it also assumes that the total credits transferred to 
the livestock sector should at least be equal to the total cred-
its granted to poultry and fi sheries sectors, and that the total 
credits granted to agricultural industries should at least be 
equal to the total credits granted to the agricultural machin-
ery and agricultural services sectors (Makian et al., 2010).

x1 + x2 + x7 – x3 – x4 – x5 = 0
x1 + x2 + x3 + x4 + x5 + x6 – x7 – x8 – x9 ≤ 0 (8)
x3 – x4 – x5 ≥ 0
x7 + x8 – x9 ≤ 0

– The legal restrictions imposed by the Central Bank 
Specialized banks can allocate up to 10 percent of their 

total credits to the sectors out of their specialties.
x10 ≤ 0.1RC~  (9)

– The market and customer restrictions
A review of the statistics and data of the total amount of 

credits transferred to each sector during the research period 
indicated that the minimum amount of credits transferred to 
each sector has not been less than 2% of the total credits 

that can be transferred per year. A look at the performance 
of Agriculture Bank during the past years shows that this 
bank should be open to various credit customers due to the 
existing conditions of the credit market and the diversity of 
customers applying for loans for various agricultural sub-
sectors. A simple mathematical calculation shows that the 
minimum transferred credits arising from the market and a 
customer restriction on each sector is 2%.

xi ≥ 0.02RC~, ∀i, 1 ≤ i ≤ 10 (10)

– The credits’ non-negativity constraint
 Since the amount of credits transferred to each sector is at 

least zero, the decision variables cannot take negative values.
xi ≥ 0, ∀i, 1 ≤ i ≤ 10 (11)

Modeling the problem
Considering the importance of the agriculture sector in 

Iran’s economy and the need to grant credits and fi nancial as-
sistance to the producers in this sector, the present research 
seeks to determine the optimal allocation of bank credits to 
each of sub-sectors of agriculture. Therefore, it is necessary 
and inevitable to consider the combined effect of several in-
dicators in the decision-making process, the constraints ahead 
of the bank in credit allocation, the uncertainty issue and the 
existing volatility in the volume of the granted credits. This 
is why we have used fuzzy multi-criteria linear programming 
technique in this research in order to include all these param-
eters and to adopt an optimal and sound decision.

 Investigations on the fi gures and data about the amounts 
of credits paid by Agriculture Bank during the research period 
showed that the least amount of granted credits was 8872.205 
billion Rials in 2011, whereas the largest amount was 15 
070.931 billion Rials in 2015. These fi gures will later be used as 
the pessimistic and optimistic values in fuzzy linear program-
ming multi-criteria model to obtain the optimal levels of grant-
ed credits to each subsector under uncertainty condition. The 
objective function to maximize the utility of the bank in credit 
allocation has been defi ned considering the problem restrictions 
in Equation (12). 

Max z = α1x1 + α2x2 + α3x3 + α4x4 + α5x5 + 
             + α6x6 + α7x7 + α8x8 + α9x9 + α10x10 
s.t:
RC~ = [8872.205, 15070.931] 
x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8 + x9 + x10 ≤ RC~

x10 ≤ 0.1RC~  (12)
xi ≥ 0.02RC~, ∀i, 1 ≤ i ≤ 10 
x1 + x2 + x7 – x3 – x4 – x5 = 0
x1 + x2 + x3 + x4 + x5 + x6 – x7 – x8 – x9 ≤ 0
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x3 – x4 – x5 ≥ 0
x7 + x8 – x9 ≤ 0
xi ≥ 0, ∀i, 1 ≤ i ≤ 10

Data and Empirical Results

Prioritization of the indexes of credit allocation to the 
sub-sectors of agriculture

 In order to determine the priority of credit allocation 
among different agricultural sub-sectors, we have used a group 
AHP method in which the priority of the indexes over one 
another and the priority of alternatives over indexes are calcu-
lated from the geometric mean of the experts’ viewpoints. The 
degree of importance and the priority of the indexes consid-
ered by experts of Agriculture Bank are as follow:

As shown in Table 2, “the customers’ degree of valid-
ity and return of debts” and “the need for foreign exchange 
credits” are the most and least important indexes respective-
ly from experts’ viewpoints.

Prioritization of the alternatives for credit allocation 
among sub-sectors of agriculture

According to the experts’ viewpoints and also the sum-
marized effects and results of the 9 above-mentioned index-
es, as shown in Figure 1, the fi rst alternative, i.e. farming 
sector receives the highest score whereas the tenth one, i.e. 
the non-agricultural sector, has the lowest priority in cred-
it allocation of Agriculture Bank. Horticulture, livestock, 
poultry, fi sheries, natural resources, agricultural machinery, 
agricultural services and agricultural industries sectors are 
ranked from second to ninth respectively in the priority of 
credit allocation of this bank.

By weighting the decision variables in diagram (1) and 
extracting the required information, the fi nal form of Equa-
tion (12) will be as follows:

Max z = 0.3108x1 + 0.2032x2 + 0.1663x3 + 0.1x4 + 
             + 0.0782x5 + 0.0497x6 + 0.0370x7 + 0.0238x8 +
              + 0.0172x9 + 0.0138x10 
s.t:
RC~ = [8872.205, 15070.931] 
x1 + x2 + x3 + x4 + x5 + x6 – x7 + x8 + x9 + x10 ≤ RC~

x10 ≤ 0.1RC~  (13)
xi ≥ 0.02RC~, ∀i, 1 ≤ i ≤ 10 
x1 + x2 + x7 – x3 – x4 – x5 = 0
x1 + x2 + x3 + x4 + x5 + x6 – x7 – x8 – x9 ≤ 0
x3 – x4 – x5 ≥ 0
x7 + x8 – x9 ≤ 0
xi ≥ 0, ∀i, 1 ≤ i ≤ 10

Solving above multi-criteria programming model in 
WinQsb software under two scenarios (pessimistic; the least 
amount of granted credit & optimistic; the largest amount 
of granted credit), optimal levels of credit allocation under 
pessimistic and optimistic circumstances (zl & zu) are deter-
mined. Then, zl & zu are placed in equation 3 in order to reach 
optimal level of credit allocation among different subsectors 
of agriculture under uncertainty condition. The results under 
three scenarios are shown in Table 3. The opportunity cost 

Table 2
The degree of the priority of the indexes considered by experts of Agricultural Bank

T1 T2 T3 T4 T5 T6 T7 T8 T9

0.4223 0.2074 0.1141 0.0925 0.0632 0.0365 0.0245 0.0155 0.0203

  T1 >   T2 > T3 > T4 > T5 > T6  > T7  > T9 > T8

Fig. 1. The priority of credit allocation among different 
agricultural subsectors

C1 > C5 > C2 > C3 > C6 > C4 > C8 > C7 > C9 > C10
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of all activities is zero. To compare current and optimal pat-
terns, the current level of credit allocation is also presented.

A Comparison between current and optimal model of credit 
allocation of Agriculture Bank among different agricultural sub-
sectors in Mazandaran Province shows that the current model is 
by no means optimal and needs to be modifi ed (Figure 2).

As shown in Table 3 and Figure 2, agricultural industries, 
agricultural services, farming and livestock sectors have at-
tained the fi rst to fourth ranks in receiving bank credits fol-
lowed by  non-agricultural activities, horticulture, poultry, 

fi sheries, natural resources and machinery sectors respec-
tively. These results seem more realistic due to the effects 
of the limitations and considering the risk and uncertainty 
condition. In addition, except for farming sector which re-
ceives almost optimal credit level, the current allocation of 
resources to other sectors is far from their optimal level so 
that horticulture, poultry and agricultural machinary sectors 
receive more credit than their optimal levels while agricul-
tural industries and services receive less credit than what 
optimal model suggests considering uncertainty condition.

Table 3
The current and optimal pattern of bank credit allocation based on the minimum, maximum and uncertainty condi-
tions in the volume of credit (Billion Rials)

Optimal patternCurrent 
pattern

Decision variables
Opportunity 

cost
Uncertainty 
condition

Maximum 
(optimistic condition)

Minimum 
(pessimistic condition)

03189.72103089.54101818.80203315.60482X1

0202.7663301.4186177.44412109.93034X2

03189.72103089.54101818.80202260.63965X3

0202.7663301.4186177.44412411.34869X4

0202.7663301.4186177.4441452.12793X5

0202.7663301.4186177.4441301.41862X6

0202.7663301.4186177.4441753.54655X7

03392.48703390.96001996.24601205.7448X8

03595.25303692.37802173.6900904.25586X9

0788.5685301.4186177.44411356.38379X10

–= 0.9841λ1763.48701038.1590–The optimal value of 
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Fig. 2. Comparison between current and optimal model of credit allocation among different agricultural 
subsectors (in percent)
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Conclusion and Suggestions

The results of this research indicate that the credit sec-
tor of Agriculture Bank in Mazandaran Province has paid 
little attention to the agricultural industries and services 
in this province. The reason for this may lie in the general 
fact in developing countries that governments neglect agri-
cultural processing industries and in the absence of capital 
such sectors can’t progress due to lack of technology. That is 
why their agricultural economy mainly relies on the export 
of unprocessed crops rather than processed foods. It is thus 
recommended that these sectors receive further attention in 
order to reach higher utility. 

The wasting of credit resources in horticulture and poul-
try sectors is evident according to Figure 2 and this requires 
more attention from Agriculture Bank to prevent such diver-
sions.

Based on the results of this research, the experts of the 
credit sector of Agriculture Bank are recommended to op-
timally allocate 21.027 percent to farming, 1.337 percent to 
horticulture, 21.027 percent to livestock, 1.337 percent to 
poultry, 1.337 percent to fi sheries, 1.337 percent to machin-
ery, 22.364 percent to agricultural services, 23.7 percent to 
agricultural industries and 5.197 percent to the non-agricul-
tural sector, in which the opportunity cost of the bank could 
be zero in all activities. So, for example, the bank should 
decrease 14.67% and 12.67% of credits granted to the poul-
try and horticulture subsectors respectively and also increase 
17.7%  and 14.36 % of credits to the agricultural industries 
and services respectively so that it can move towards the op-
timal model.

The researchers are recommended to perform a similar 
study at the national or regional level in the country. More-
over, optimization of the model of credit allocation to each 
one of the agricultural subsectors can also be investigated 
separately. This study can be generalized to other economic 
sectors such as housing and industry and so on.

References 

Akbari, N. and M.Sharif, 2006. Agricultural Economics, Tehran, 
Allameh Tabatabai University Press (Persian).

Bagheri Pormehr, S and J. Taherpour, 2014. Pathology of Grant-
ing Bank Credits and its Consequences, Research Institute of 
Tadbir-e Eqtesad, pp. 1-2. (Persian).

Callahan, J.C., 2003. An introduction to fi nancial planning 
through Fuzzy linear programming. Cost and Management, 47 
(1): 7-12.

Caporale, G.M. and M.H. Helmi, 2016. Islamic banking credit 
and economic growth: Some empirical evidence. CESIFO 
Working Paper No. 5716 Category 7: Monetary Policy and In-
ternational Finance. 

Che, Z.H., H.S. Wang and C. Chih-Ling, 2010. A fuzzy AHP and 
DEA Approach for Making Bank Loan Decisions for Small and 
medium Enterprises in Taiwan. Elsevier, Expert Systems with 
Applications, 37, pp. 7189-7199.

Ghadermarzi, H., 2015. Strategic planning of employment devel-
opment in rural areas of Javanroud Township. Quarterly Jour-
nal of Space Economics and Rural Development, 11: 109-130 
(Persian).

Ghodsipour, H., 2005. Analytical Hierarchy Process (AHP), 
Amirkabir Industrial University Press (Persian).

Hasanov, F. and F. Huseynov, 2013. Bank credits and non-oil 
economic growth: Evidence from Azerbaijan. International 
Review of Economics & Finance, Elsevier, 27 (June): 597-610.

Kork Maz, S., 2015. Impact of bank credits on economic growth 
and infl ation. Journal of Applied Finance & Banking, 5(1): 57-
69.

Makian, S.N., A.R. Nasser Sadrabadi and A. Sarlak, 2010. De-
termining the Optimal Model of Bank Credit Allocation Us-
ing Fuzzy Logic and Considering the Conditions of Risk (Case 
Study: credits granted by Tehran Agriculture Bank). Journal of 
Economic Policy, 4 (Autumn and Winter): 57-79 (Persian).

Mandic, K., B. Delibasic, S. Knezevic and S. Benkovic, 2014. 
Analysis of the fi nancial parameters of Serbian banks through 
the application of the Fuzzy AHP and TOPSIS methods. Else-
vier, Science Direct, Economic Modelling, pp. 30-37.

Mir Ahmadi, M. and J. Torkamani, 2010. The effect of credits on 
the macro variables of the agricultural sector in Iran. Journal of 
Agricultural Economics Research, 2: 1-16 (Persian).

Mohammadnejad, N., M.H. Fatros, M.R. Ma’soumi, 2015. 
Analysis of the relationship between bank credits and economic 
growth. Bi-quarterly Journal of Monetary-Financial Economics, 
(Former Knowledge and Development), 22 (10): 1-21 (Persian).

Naghshineh, N., F. Hanifi , H.R. Kordlouei, 2013. Management 
of assets and bank debts by help of linear multi-objective 
programming with the econometric simulation, case study: X 
Bank. Journal of Financial Engineering and Management of 
Securities, 20: 95-117 (Persian).

Olowofeso, E.O., A.O. Adeleke and A.O. Udoji, 2015. Impact of 
private sector credit on economic growth in Nigeria. CBN Jour-
nal of Applied Statistics, 6 (2): 81-101.

Taghiloo, A.A. and A. Abdollahi, 2013. Development of agricul-
ture with an emphasis on the relationship between cities and 
villages, The case study of West Azarbaijan. Quarterly Journal 
of Space Economics and Rural Development, 2: 29-50.

Received October, 11, 2017; accepted for printing May, 21, 2018



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


