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Abstract 

In this paper, the optimal interest rate on bank deposits is calculated according to monetary policy in Iranian banking system. The 

interest rate on deposits is determined by using the Game theory and a Stackelberg Game approach. The Game leader is Central Bank 

of Islamic Republic of Iran, while the followers include three banks called A, B, and C. The leader of the Game regulates its monetary 

policies in the form of 3 scenarios and the variables of "legal deposit award rate", "legal deposit ratio", and "rate of bank commission 

received" from the followers- banking system. The follower players also determine the "interest rate on deposits" based on the strategy 

of the leader player. The overall results of this study indicated that in this Stackelberg Game, the optimal scenario of Central Bank 

involves "reducing the rate of commissions received" from the banking system and "increasing the legal deposit award rate" under 

conditions where the coefficient of the importance of the components of the utility function (social welfare) of this bank and the 

coefficient for facilities paid by this bank to the government, companies, banks, and governmental institutes are complete (equal to 

1), and that the scenario of changing the percentage (ratio) of the legal deposit is not optimal. Meanwhile, optimal scenario of the 

follower players was reducing the interest rate on deposits in 2016. Also, the players of this Game will be more profitable than their 

current situation if they choose Stackelberg's Game. 

 

Keywords: Stackelberg Game, Monetary policies, Interest rate on deposits, Iranian banking System. 

 
1. Introduction 
The development of different financial and non-bank 

financial institutes (NBFIs) has caused intense competition 

in Iranian banking system (Reza-Gharehbagh et al., 2020). 

Accordingly, the interest rate pricing on deposits may 

create short-term and long-term competitive advantages by 

fostering profitability and customer satisfaction. Pricing 

the banking interest rate on deposits has various direct and 

indirect effects on economic indicators. This rate is often 

defined and relied upon the government's monetary and 

fiscal policies. Meanwhile, the critical point is that there is 

always a controversy among the economists of the country 

about reducing the interest rate on banking deposits on the 

inflation rate and the precedence and antecedence of these 

two indicators. According to the investment theory, the 

proponents believe that as the interest rate on banking 

deposits decreases, both investment and national 

production grow. Upon gradual reduction of inflation, the 
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grounds for employment are provided. In other words, they 

believe that high interest rate on banking facilities leads to 

increased investment costs and higher finished price of the 

commodities, thus reduce the competitive power of 

national products.  

On the other hand, the opponents argue that by the 

reduction of the banking interest rate on deposits, when the 

country is in absolute inflation conditions, the banking 

resources are guided towards nonproductive and non-

generative activities, thus setting the ground for increasing 

inflation and unemployment (Rubio, 2016). 

Accordingly, “monetary and fiscal policies” are among the 

most critical government intervention forms for the macro 

economy. “Fiscal policy" refers to a policy based on which 

the government tries to achieve specific economic goals 

through different means such as changing the 

governmental costs and taxes. Indeed, "monetary policy" is



Memarpour et al. 

30  

a policy by which Central Bank desires to achieve a 

specific economic goal through changing the structure and 

level of the "interest rate", changing and controlling the 

money volume, or other conditions of offering credit and 

financial facilities. 

Hence, the monetary policy proceeds through changing the 

money volume, altering the growth of the money volume 

and interest rate, or offering financial facilities. The 

initiative of changing the money volume is mostly in the 

hands of "Central Bank". This bank changes the money 

volume by applying monetary policies such as altering the 

legal deposit ratio of banks, changing the rediscount rate, 

opening market operations, and determining the minimum 

and/or maximum interest rate plus commission received 

from the banks. 

The legal deposit ratio is one of the indirect means of 

monetary policy for Central Bank. Banks have to keep a 

share of their debts- the sums received from people known 

as a deposit- in Central Bank. Indeed, the Central Bank 

receives this deposit to fulfill people's security, control 

liquidity and inflation, and support the banks when facing 

possible bankruptcy or needing blocked liquidity. C-Legal 

deposit award: the legal sum of the banks invested in 

Central Bank receive a low interest rate by Central Bank, 

called legal deposit award, since the deposit kept Central 

Bank should be based on the debt and practically no 

investment occurs by the banks in this area, the interest rate 

paid to legal reserves or deposits is always controversial 

worldwide). D- rediscount rate: it is the interest rate set by 

Central Bank discounts and long-term documents- 

promissory notes and bills of exchange- of commercial 

banks, based on loans given to the banks, E-Quantitative 

and qualitative control of credits: this refers to determining 

and regulating the credits into proper production route to 

apply the guidance policy of the government, F-

Participation in open market operations: by adopting this 

policy, Central Bank can affect the supply and demand of 

money and hence economic activity through purchasing or 

selling open market securities, determining the minimum 

and maximum interest rate, commission received, and bank 

payments. 

Based on all these explanations, after reviewing the studies 

on monetary policy and macroeconomic indicators and 

monetary policy tools and monetary policies in the form of 

Game theory in different countries, the rest of this paper is 

structured as follows. Section 2 presents the methodology 

of the study.  The variables and indicators of the research 

are introduced in Section 3. The data are analyzed in 

Section 4. Finally, last section concludes the paper and 

offers some recommendations regarding the research 

subject. 

 

2. Literature review 
The Literature review is presented in two parts. The first 

part is devoted to the studies related to monetary policies 

and tools and the relationship between these policies and 

macroeconomic indicators. The second part addresses the 

studies conducted on Game theory and monetary policies.     

  

Khanizad & Montazer, (2018) indicated that the profit of 

the banks is higher with coalition Game than acting alone 

in the market, and it would continue with the increasing 

demand and the presence of more banks. Mahmoudinia et 

al. (2018) found that the value of social welfare was higher 

when the government and Central Bank behaved in the 

framework of cooperative than non-cooperative Game. In 

their study, Mahmoudinia et al. (2016) concluded that in 

Stackelberg Game between the government and Central 

Bank, in the cooperative Game between the government 

and Central Bank, more profit will be given to the players 

and more welfare will be given to the society. Engwerda et 

al., (2016) addressed how monetary and fiscal policies 

stabilize government debt levels by using Game theory in 

Iran. 

Memarpour et al., (2021) studied the monetary policies of 

Central Bank to determine the interest rate on deposits in 

the interaction with Iranian banking system in the form of 

Stackelberg (leader- follower) and Nash equilibrium 

(competitive) games. They concluded that in the studied 

year (2019), the strategy of the players of this Game 

including the leader and followers has been mostly Nash 

(more competitive) rather than cooperative and If the 

players of this game had chosen cooperative strategy, they 

would have achieved greater profit. 

 

2.1. Research Gap/Contribution  
As seen in previous studies, various studies have been 

conducted on the importance and necessity of monetary 

policy and the relationship between monetary policy and 

economic variables (both micro and macro). In most of 

these researches, correlation and regression methods have 

been used. Also, the most important monetary policy tool 

in previous studies is the interest rate or interest rate on 

deposits. But, none of the previous studies has examined 

monetary policy and its tools as a game by the presence of 

Central Bank and the banking network. In fact, except for 

the study of Memarpour et al., (2021) in which the Game 

of determining the interest rate on deposits between Central 

Bank and the banking network has been examined in two 

ways called leader-follower and competitive, and selected 

the optimal game, not modelled this game. On the other 

hand, in the above study, the current and real situation of 

the banking network players has not been examined in 

determining the interest rate on deposits. But, in the present 

study, the leader-follower scenario is compared with the 

real and current state of the system and selected optimal 

approach.  

 

 

3. Material and methods 
Game theory and dynamic decision process are considered 

as the methods used in this study. The Game in question is 

a leader-follower Game (Stackleberg) consisting of a 

leading player and three follower players. So, a 

"quantitative method" is used to develop the model and 

solve it.  Quantitative research  methods  seek  to  test   a 

scientific hypothesis in a statistical sample/population. 
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Table1. The interest rate on deposits across Iranian banking system in 2010-2017 

The interest rate of timed deposits within 2010-2017  )%(  
Bank name No. 

2017 2016 2015 2014 2013 2012 2011 2010 

14.14 15.30 16.64 16.05 13.65 12.8 2 2.1 A 1 

13.55 15.70 15.63 15.20 10.97 11.68 9.94 10.67 B 2 

19 16.38 17.66 16.47 14.87 11.61 8.05 7.53 C 3 

Table2. Descriptions of the symbols of modeling the pricing Game of the interest rate on deposits across the Iranian 

banking system 

Notations Definitions 

ii Interest rate on the deposits absorbed by the ith bank 

ij Interest rate on the deposits absorbed by the competitor bank 

ri Interest rate on the facilities offered by ith bank 

Δi=ri-ii 
Margin of interest rate on banking deposits (the difference between the interest rate on facilities and the 

interest rate on deposits). It should be positive. 

r´i Interest rate on the investments by ith bank 

Xi Deposits of ith bank or the entire capital collected from the society by ith bank 

αβ 
Legal deposit rate in Central Bank (annual) (based on article 14 of the monetary and banking 

law (0.1 ≤ αβ ≤ 0.3) 

Z = αB*Xi Entire legal reserve/deposit in Central Bank 

k Facility coefficient (0.6≤ k ≤ 0.7) 

Si=k* Xi 
Percentage of the entire capital (resources) collected from society (Xi) offered by the banks as facilities 

(loan) to the society 

Fi= Xi-αBXi-Si 
Level of free resources (all the resources subtracted from legal deposit subtracted from facilities paid 

subtracted from the cash (funds) and ATM 

rB Legal deposit award rate of Central Bank 

Xe Level of overdraft from Central Bank resources or reserves (borrowing) 

rp 
Type of penalty for an overdraft from the reserves of Central Bank (borrowing) paid by each bank to 

Central Bank in case of the physical resources (rp=0.34) 

U(B) Central Bank utility 

y0 Revenues of the government, including (oil sales, taxes, selling bonds, etc.) 

y1 = Z + y0 
Level of facilities paid by Central Bank to the government, state companies, as well as governmental 

institutes, and banks 

tB Rate of commissions received by Central Bank from the followers (banking system) 

Ri Revenues of ith bank 

Ci Costs of ith bank 

βi Coefficient (line slope) of the deposits absorbed by each bank 

ai Intercept (constant value) of the deposits absorbed by each bank 

ɣj Coefficient (line slope) of the deposits absorbed by the competitor bank(s) 

πi Profit of ith bank obtained through subtracting the costs from the bank revenues 

Ω 
Coefficient of the importance of the components of the utility function (social welfare) of Central Bank 

including social and economic sectors (0< Ω ≤ 1) 

ΦB 
Facilities coefficient paid by Central Bank to the government, state companies, as well as governmental 

institutes and banks (0< φB ≤ 1) 

This is done by investigating a model based on concepts 

and their relationship in a statistical sample. The model 

components (i.e., concepts) should be measured with 

suitable measures that are relevant, complete, and 

straightforward. 

 

 
4. Results  
The study population  

The Game of pricing the interest rate of deposits across 

Iranian banking system includes three main players as 

follows: 

1. Central Bank of Islamic Republic of Iran (the Game 

leader) 

2. Private bank C (follower player) 

3. Bank C's competitors in the banking network include 

banks A and B (follower players) 

 

Table1 reports the interest rate on deposits across Iranian 

banking system based on the financial statements of these 

banks in 2010-2017. 

Table2 provides the specifications of indices and symbols 

of the modelling of the pricing game of the interest rate on 

deposits across Iranian banking system.



Memarpour et al. 

32  

4.1. Data analysis 

In this section, the data are analyzed and the research model 

is introduced. Accordingly, the Game of pricing the interest 

rate on banking deposits between the leader player (Central 

Bank in Islamic Republic of Iran) and selected followers 

(banks A, B, and C) is examined. This Game is modeled as 

three scenarios: the tools and variables of the Game leader 

according to the research literature, including "legal 

deposit award rate", "legal deposit ratio", and 

"commissions received" by Central Bank from the follower 

banks. The tools and variables of the follower players 

include "the interest rate on banking deposits". To 

determine the relationship between the interest rate on 

deposits and the deposits absorbed in the follower banks, 

Minitab software has been used based on the data volume 

in the financial statements of the banks during 2010–2017. 

Accordingly, in each of the scenarios, using MATLAB 

software and over a specified period during the year 2016, 

both values of the follower players' variable (interest rate 

on deposits) and the objective functions of the two players  

are described while determining the value of the leader 

player variable. 

 

4.2.Introducing the scenarios of the leader player 
against the follower players 

Based on the review of the theoretical literature, Central 

Bank of the Islamic Republic of Iran and economic 

responsibilities and monetary policies also have social 

responsibilities and is in charge of creating "social welfare" 

across the country. Indeed, Central Bank has both 

economic and social responsibilities. Accordingly, as the 

leader of the Game of pricing the interest rates on deposits 

across Iranian banks through determining monetary 

policies, this bank can regulate and modify this rate using 

the following 3 variables. Also, the follower banks can 

determine this rate by considering the policies announced 

by Central Bank regarding the determination of the interest 

rate on deposits as well as indicators and financial 

leverages to equip and allocate their resources: 

 

A: legal deposit award rate 

B: legal deposit ratio 

C: commission rate received from the banks 

 
4.3.Introducing the objective functions of the 

leader and follower players  
To determine the optimal model of the leader-follower 

Game (Stackelberg) for pricing the interest rate on deposits 

between Central Bank and three selected banks firstly, the 

objective functions of both players are introduced: 

To determine the objective function of the three selected 

banks "A", "B", and "C" as the Game followers, the 

following variables are then introduced based on the 

symbols shown in Table 2: 

 

 Xi = ai + βi ii − ∑ ɣjijj≠i                                                (1) 

 

Z = ∑_(i = 1)^(i = n)▒Zi =αB*Xi                               (2) 

 

Ri = ri(Xi − Zi)Si + ri
´(Xi − Zi)(1 − Si) + αβXirB       (3) 

Ci = Xiii + tB(Xi − αβXi − Si) + rpXe                          (4) 

 

πi = Ri − Ci=(riSi − riSiαβ + ri
´ − ri

´Si − ri
´αβ +

ri
´αβSi + αβrB − ii − tB + αβtB)(ai + βiii − ∑ ɣjijj≠i ) +

tBSi − rPXe                                                                     (5) 

 

 ri Siβi - riSiβiαβ+βiri
´-ri

´βiSi-ri
´αββi+ ri

´αβSiβi +

αβrBβi − ai − 2βiii + ∑ ɣjij − βij≠i tB + αβtBβi = 0    (6) 
 

Based on the equation (6), the value of ii will be equal to 

equation (7): 
 
ii

=
riSiβi − riSiβiαβ + ri

´βi − ri
´βiSi − ri

´αββi + ri
´αβSiβi + αβrBβi − ai + ∑ ɣjij − βitB + αβtBβij≠i

2βi

 

                                                                                        (7) 

 

In order to determine the objective function of Central 

Bank as the leader of the game, in addition to equations (1) 

and (2) and considering the parameters presented in Table 

3, objective function of Central Bank as the leader of the 

Game is considered as equation (8): 

 

U(B) = (1 − Ω) [∑ Xi

n

i=1

+ y1]

+ Ω [∑ tB

n

i=1

(Xi − αβXi − Si)

+ ∑ rpXe

n

i=1

+ φBy1 − rB ∑ Zi

n

i=1

] 

 

 

 

 

(8) 

As seen in Table 3, by incorporating y1, Si, xi, and equation 

(2) into∑ Zi
n
i=1 , eventually, the utility function of the Game 

leader is changed into equation (9) as follows. (see 

equation 9)  

 

In the next stage, the equation (7) is incorporated into the 

equation (9), i.e., the leader equation, instead of variable ii 

(the variable of the follower player). In order to determine 

the policies of the leading player and examine the response 

of follower players, in three main scenarios of the monetary 

policy of the leading player, the values of variables of 

leader and follower players are calculated: 

 

first scenario: Applying the monetary policy considering 

the legal deposit award rate variable (rB): 

 

By incorporating Eq. (7) into Eq. (9), and by deriving from 

U (B) function in relation to the variability of the leading 

player, which in this scenario is the standard deposit award 

rate (rB), and by setting the resulting equation to zero, Eq. 

(10) can be obtained as follows. (see equation 10) 

 

Considering the equations (7) and (10), and assuming the 

values of αβ. tB, βi, ri, r’i, Si, ai, ɣj, Ω, φB during the year 

2016, in order to determine the values of the leader and 

follower variables including legal deposit award rate rB, the 

interest rate on deposits for the bank A (i1), the interest rate 

on deposits for the bank B (i2), and  the   interest   rate   on
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∑ ai

n

i=1
+ ∑ βiii

n

i=1

− ∑ ∑ ɣjij

j≠i

n

i=1

+ αβ ∑ ai

n

i=1

+ αβ ∑ βiii

n

i=1

− αβ ∑ ∑ ɣjij

j≠i

n

i=1

− Ω ∑ ai

n

i=1

− Ω ∑ βiii

n

i=1

+ Ω ∑ ∑ ɣjij

j≠i

n

i=1

− Ωαβ ∑ ai

n

i=1

− Ωαβ ∑ βiii

n

i=1

+ Ωαβ ∑ ∑ ɣjij

j≠i

n

i=1

+ ΩtB ∑ ai

n

i=1

+ ΩtB ∑ βiii

n

i=1

− ΩtB ∑ ∑ ɣjij

j≠i

n

i=1

− ΩαβtB ∑ ai

n

i=1

− ΩαβtB ∑ βiii

n

i=1

+ ΩαβtB ∑ ∑ ɣjij

j≠i

n

i=1

− kΩtB ∑ ai

n

i=1

− kΩtB ∑ βiii

n

i=1

+ kΩtB ∑ ∑ ɣjij

j≠i

n

i=1

+ rpΩ ∑ Xe

n

i=1

+ ΩαβφB ∑ ai

n

i=1

+ ΩαβφB ∑ βiii

n

i=1

− ΩφBαβ ∑ ∑ ɣjij

j≠i

n

i=1

+ ΩφBy0 − ΩrBαβ ∑ ai

n

i=1

− ΩrBαβ ∑ βiii

n

i=1

+ ΩrBαβ ∑ ∑ ɣjij

j≠i

n

i=1

= (1 + αβ − Ω − Ωαβ + ΩtB − ΩαβtB − kΩtB + ΩαβφB − ΩrBαβ) (∑ ai

n

i=1

+ ∑ βiii − ∑ ∑ ɣjij

j≠i

n

i=1

n

i=1

) + ΩrP ∑ Xei

n

i=1

+ ΩφBY0 

 

 

 

 

 

 

 

 

 

 

 

 

          (9) 

ΩαβrB ∑ βi

n

i=1

=
1

2
∑ βi

n

i=1

+
αβ

2
∑ βi

n

i=1

−
Ω

2
∑ βi

n

i=1

−
Ω

2
αβ ∑ βi

n

i=1

−
kΩtB

2
∑ βi

n

i=1

+
ΩφB αβ

2
∑ βi

n

i=1

−
Ω

2
∑ ri

´

n

i=1

βi

+
Ωαβ

2
∑ riβi

n

i=1

−
Ω

2
∑ ai

n

i=1

+ ΩtB ∑ βi

n

i=1

− ΩαβtB ∑ βi

n

i=1

+
Ω

2
∑ ∑ ɣjij

j≠i

n

i=1

 

           (10) 

deposits for the bank C (i3), a system of 4 equations and 

four unknowns consisting of the equations of the leader 

(Central Bank) and three followers is developed. These 

equations have been solved using MATLAB software. 

(Table 3) presents the known values of the above system of 

equations during 2016, for all scenarios extracted based on 

the financial statements of the follower banks. (see table 3)  

 

Given the data in the above table, in order to determine the 

values of the objective function of the leader and follower 

players, different values are considered for the coefficient 

of the importance of the components of the function (social 

welfare) of Central Bank, including social and economic 

sectors, as well as the coefficient of facilities paid by 

Central Bank to the government companies, governmental 

institutions, and banks. After solving the system of 4 

equations and 4 unknowns consisting of the equations of 

the leader (Central Bank) and three followers using 

MATLAB software, the values obtained from a DEB 

model are incorporated into the equations (6) and (10). 

Table 4 present the results. (see table 4)  

 

 

Second scenario: Applying monetary policy while 

considering the legal deposit ratio α_β: 

 

At this stage, as the legal deposit ratio α_β is considered as 

the variable of the game leader. First, equation (9) is 

derived in relation to this variable, and then the result is set 

to zero. Next, instead of ii variable, the equation (7) is used. 

Finally, the equation (11) can be obtained as follows: 

[
1

2
∑ riSiβi

n

i=1

−
αβ

2
∑ riSiβi

n

i=1

+
1

2
∑ ri

´

n

i=1

βi

−
1

2
∑ ri

´Siβi

n

i=1

−
αβ

2
∑ ri

´

n

i=1

βi

+
αβ

2
∑ ri

´

n

i=1

Siβi

+
αβ

2
rB ∑ βi

n

i=1

+
1

2
∑ ai

n

i=1

−
tB

2
∑ βi

n

i=1

+
αβ

2
tB ∑ βi

n

i=1

−
1

2
∑ ∑ ɣjij

j≠i

n

i=1

](1 − Ω

− ΩtB + ΩφB − ΩrB) = 0 

 

    (11) 

 

Assuming the values of αβ, tB, βi, ri, r’i, Si, ai, ɣj, Ω, φB  

during the year 2016, in order to determine the leader and 

follower variables, including the legal deposit ratio αβ, the 

interest rate on the bank A deposits i1, the interest rate on 

the bank B deposits i2, and the interest rate on the bank C 

deposits i3, a system of 4 equations and four unknowns 

consisted of the leader (Central Bank) three followers' 

equations is developed. Table 4 shows the known values of 

the above system of  the  equation  during  the  year  2016,
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Table3. Values and parameters related to the leader and follower players in the game of pricing the interest rate on 

banking deposits across the Iranian banking system in all scenarios 

Row 
Variables and their values 

Bank name tB Bα ai ɣi βi ri Si r´i K 

F
irst scen

ario
 

(r
B

:u
n

k
n
o

w
n

) 

Central 0.34 0.13 - - - - - - - 

A - - a1= -372398 
ɣ2= -1060186 

ɣ3= -5796847 
β1= -2227632 r1=0.17 S1=0.84 r´1=0.09 0.7 

B - - a2= -682676 
ɣ1= 3750709 

ɣ3= -9945455 
β2= 2797662 r2=0.26 S2=1 r´2=0.06 0.7 

C - - a3= -617058 
ɣ1= 3023411 

ɣ2= -2127548 
β3= 6285429 r3=0.18 S3=1.65 r´3=0.08 0.7 

S
eco

n
d

 S
cen

ario
 

(α
β :u

n
k

n
o

w
n

) 

Bank name tB 𝐫𝐁 ai ɣi βi ri Si r´i K 

Central 0.34 0.01 - - - - - - - 

A - - a1= -372398 
ɣ2= -1060186 

ɣ3= -5796847 
β1= -2227632 r1=0.17 S1=0.87 r´1=0.09 0.7 

B - - a2= -682676 
ɣ1= 3750709 

ɣ3= -9945455 
β2= 2797662 r2=0.26 S2=1 r´2=0.06 0.7 

C - - a3= -617058 
ɣ1= 3023411 

ɣ2= -2127548 
β3= 6285429 r3=0.18 S3=1.65 r´3=0.08 0.7 

T
h

ird
 scen

ario
 

(tB :u
n

k
n

o
w

n
) 

Bank name αβ 𝐫𝐁 ai ɣi βi ri Si r´i K 

Central 0.13 0.01 - - - - - - - 

A - - a1= -372398 
ɣ2= -1060186 

ɣ3= -5796847 
β1= -2227632 r1=0.17 S1=0.87 r´1=0.09 0.7 

B - - a2= -682676 
ɣ1= 3750709 

ɣ3= -9945455 
β2= 2797662 r2=0.26 S2=1 r´2=0.06 0.7 

C - - a3= -617058 
ɣ1= 3023411 

ɣ2= -2127548 
β3= 6285429 r3=0.18 S3=1.65 r´3=0.08 0.7 

which have been extracted based on the financial 

statements of the follower banks. According to Equation 

(11), in which the multiplication of the two statements is 

set to zero, we will have Equation (12): 

 

(1 − Ω − ΩtB + ΩφB − ΩrB)=0                                     (12) 

 

By embedding tB=0.34 and rB=0.01 from Table4 (second 

scenario) in the above statement, we will have Equation 

(13): 

 

Ω(1.35 − φB) = 1                                                          (13) 

 

Hence, based on the mentioned equation and considering 

the equations/constraints in (Table 3), the optimal 

(maximum) values for coefficients Ω and φB are as 

follows: 

 

Ω=1, φB = 0.35                                                                  (14) 

 

Hence in this scenario, the optimal value of the coefficient 

of the importance of the components of the utility function 

(social welfare) of the Central Bank, including the social 

and economic factors, is equal to 1. The coefficient of the 

facilities paid by the Central Bank to the government, state 

companies, and governmental institutes and banks is equal 

to 0.35. Indeed, in this state, the coefficient of the 

importance of the social welfare function of the control 

back is the maximum. Nevertheless, as the Game leader, 

Central Bank will have 35% ability to offer the facilities to 

the government, companies, governmental institutes, and 

banks. Considering the values of Table 4 (second scenario), 

and solving the system of 4 equations and 4 unknowns 

using MATLAB software, the values obtained are 

incorporated into the equations (5) and (10). Table 5 

presents the results. 

 

Third scenario: Applying monetary policy while 

considering the commission's rates received from the 

banks (tB): 

 

At this stage, considering the variable of commission rates 

received by Central Bank from the banks (tB) as the leader 

variable of the game, firstly, the equation (9) is derived in 

relation to this variable, and the result is set equal to zero. 

Then, instead of ii variable, Relation (7) is used. Finally, 

the relation obtained can be obtained (equation (15)). 

 

Assuming the values of αβ, tB, βi, ri, r’i, Si, ai, ɣj, Ω, φB 

during the year 2016, in order to determine the variables of 

leader and player including the commission rates received 

by Central Bank from the banks tB, the interest rate on 

deposits for bank A (i1), the interest rate on deposits for 

bank B (i2), and the interest rate on deposits for bank C (i3), 

a system of 4 equations and 4 unknowns consisting of the 

leader (Central Bank) and three followers' equations is 

developed. Table 4 (third scenario) reports the known 

values of the above system during the year 2016, extracted 

based on the financial statements of the follower banks. 

three followers' equations is developed. Table 4 (third 

scenario) reports the  known  values  of  the  above  system
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            (15) 

    Table 4. Determining the variables and objective functions of the leader and follower players by applying the monetary 

policy through the legal deposit award variable 

Objective function 

values (billion Rials) 

Follower interest 

rate margin 

Δi 

Value of 

variable (%) 
Notations Variable φB Ω No. 

U(B)=1338821 - 4.11 rB 

Legal deposit award 

rate of the Central 

Bank 

0.5 0.5 

1 

π1 = -201213 0.5-Δ1= 67 i1 
Interest rate on bank 

A deposits 
2 

π2 = 423453 Δ2= 0.213 4.7 i2 
Interest rate on Bank 

B deposits 
3 

π3 = -11156 0.25- Δ3= 43 i3 
Interest rate on Bank 

C deposits 
4 

U(B)= 1458595 - 2.266 rB 

Legal deposit award 

rate of the Central 

Bank 

0.75 0.75 

5 

π1 = -41989 0.1- Δ1= 27.2 i1 
Interest rate on Bank 

A deposits 
6 

π2 = 16471 0.222 Δ2= 3.8 i2 
Interest rate on Bank 

B deposits 
7 

π3= 14591- 0.034- Δ3= 21.4 i3 
Interest rate on Bank 

C deposits 
8 

U(B)=2272239 - 1.81 rB 

Legal deposit award 

rate of the Central 

Bank 

1 1 

9 

π1 = -21181 0.004- Δ1= 17.4 i1 
Interest rate on Bank 

A deposits 
10 

π2 = -35407 Δ2= 0.224 3.6 i2 
Interest rate on Bank 

B deposits 
11 

π3 = -14164 Δ3= 0.019 16.1 i3 
Interest rate on Bank 

C deposits 
12 

U(B)= 1686342 - 3.92 rB 

Legal deposit award 

rate of the Central 

Bank 

0.45 1 

13 

π1= -649625 0.155- Δ1= 32.5 i1 
Interest rate on Bank 

A deposits 
14 

π2=-946910 0.001- Δ2= 27.1 i2 
Interest rate on Bank 

B deposits 
15 

π3=-606652 0.191- Δ3= 37.1 i3 
Interest rate on Bank 

C deposits 
16 

 

during the year 2016, extracted based on the financial 

statements of the follower banks. Based on the equation 

(14), as the multiplication of two terms is equal to zero, we 

will have the equation (16): 

 

           (Ω-Ωα_B-kΩ)=0                                                    (16)      

 

Considering the constraints in table3, the above statement 

is wrong. This is because the condition for this equation is 

the equality of Ω value to zero, or the quality of k value to 

0.87, where both of these values violate the constraints 
mentioned. Hence, this equation will be independent of Ω 

and φB values, and as with scenario 1, three states are 

considered for determining the values of the leader and 

follower variables and their objective functions. 

Accordingly, as shown in Table 4, after solving the system 

of 4 equations and four unknowns using MATLAB, the 

values obtained are incorporated into Equations (5) and 

(10) for three different states of Ω and φB. Table 6 presents 

the results. 
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Table 5. Determining the variables and objective functions of leader and follower players by applying the monetary policy 

through the variable of legal reserve ratio 

Objective function 

values (billion 

Rials) 

Follower interest rate 

margin 

Δi 

Value (%) Notations  Variable name No. 

U(B)= 840839 - 0.3164 αβ 
Legal deposit ratio of 

Central Bank 
1 

π1 = 234 Δ1= -0.546 71.6 i1 
Interest rate on Bank A 

deposits 
2 

π2 = -110001 Δ2= 0.109 15.1 i2 
Interest rate on Bank B 

deposits 
3 

π3 = 175053 Δ3= -0.132 31.2 i3 
Interest rate on Bank C 

deposits 
4 

Table 6. Determining the variables and objective functions of the leader and follower players by applying the monetary 

policy through the variable of commission rates received from the banks 

Objective function 

values (billion 

Rials) 

Follower interest 

rate margin 

Δi 

Value of 

variable 

(%) 

Notations Variable φB Ω No. 

U(B)= 557884 - 18 tB 

Commission rate received 

by Central Bank from the 

banks 

0.5 0.5 

1 

π1 = 2412 Δ1= 0.12 5 i1 
Interest rate on Bank A 

deposits 
2 

π2 = -74647 Δ2= 0.214 4.6 i2 
Interest rate on Bank B 

deposits 
3 

π3 = -32470 Δ3= 0.1 8 i3 
Interest rate on Bank C 

deposits 
4 

U(B)= 1289696 - 18 tB 

Commission rate received 

by Central Bank from the 

banks 

0.75 0.75 

5 

π1 = 2412 Δ1= 0.12 5 i1 
Interest rate on Bank A 

deposits 
6 

π2 = -74647 Δ2= 0.214 4.6 i2 
Interest rate on Bank B 

deposits 
7 

π3 = -32470 Δ3= 0.1 8 i3 
Interest rate on Bank C 

deposits 
8 

U(B)=2295295 - 18 tB 

Commission rate received 

by the Central Bank from 

the banks 

1 1 

9 

π1 = 2412 Δ1= 0.12 5 i1 
Interest rate on Bank A 

deposits 
10 

π2 = -74647 Δ2= 0.214 4.6 i2 
Interest rate on Bank B 

deposits 
11 

π3 = -32470 Δ3= 0.1 8 i3 
Interest rate on Bank C 

deposits 
12 

The Current scenario: Current scenario of the leader and 

follower players and their objective functions in the 

banking system 

 

 

After investigating the research scenarios based on three 

variables of legal deposit award rate, the legal deposit ratio, 

and commission rates received from the banks for the 

leader player (Central Bank) and the variable of interest 

rate on deposits for the followers (selected banks), in the 

final state the actual situation of the variables mentioned 

including (Ω=1,φB=0.45, tB=0.34, rB=0.01, αβ = 0.13) and 

interest rates on deposits (i1=0.153, i2=0.157, i3=0.168)  are 

explored based on Table 6 in 2016 across the banking 

system. Based on that, the values of the objective function 

of a leader and follower players are also determined. The 

results obtained are shown in Table 7. 

 

Comparing the values obtained from the three main 

scenarios with the current situation 

 

After investigating the three scenarios of determining the 

variables of follower players (the interest rate on deposits) 

and the leading player (Central Bank), as well as their 

objective functions, and investigating the real value of the 

mentioned variables in 2016  and  the  objective  functions,
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Table 7. Determining the objective function value of the leader and follower players based on the real value of parameters 

in 2016 

Row Real values of variables and objective functions of the leader and followers in the research 

Bank 

name 
φB αβ rB tB ai ɣi βi r´i Si ri ii Δi 

Objective 

function 

values 

(billion 

Rials) 

Centr

al 

0.4

5 

0.1

3 

0.0

1 

0.3

4 
- - - - - - - - 

U(B)=10656

47 

A - - - - 

a1=-

37239

8 

ɣ2=- 

106018

6 

ɣ3=-

579684

7 

β1=-

222763

2 

r´1=0.0

9 

S1=0.8

7 

r1=0.1

7 

0.15

3 

0.11

7 
π1 = -78654 

B - - - - 

a2=-

68267

6 

ɣ1= 

375070

9 

ɣ3=-

994545

5 

β2= 

379766

2 

r´2=0.0

6 
S2=1 

r2=0.2

6 

0.15

7 

0.10

3 
165411- π2 = 

C - - - - 

a3=-

61705

8 

ɣ1= 

302341

1 

ɣ2=-

212754

8 

β3= 

628542

9 

r´3=0.0

8 

S3=1.6

5 

r3=0.1

8 

0.16

8 
0.12 π3 = -52062 

 

 

Table 8. Comparing the scenarios with the real value achieved for the study variables in Stackelberg state 

Followers’ objective function value leader 

objective 

function value 

Values of followers’ 

variable 

Values of leader variable Scenario-

case No. 

1π 2π 3π U(B) i3 i2 i1 tB βα rB 

-201213 423453 11156- 133821 0.43 0.047 0.67 0.34 0.13 4.11 Scenario1-1 

41989- 16471 14591- 1458595 0.217 0.038 0.272 0.34 0.13 2.226 Scenario1-2 

21181- 35407- 14164- 2272239 0.161 0.036 0.174 0.34 0.13 1.81 Scenario1-3 

649625- 946910- 606652- 1686342 0.371 0.271 0.325 0.34 0.13 3.92 Scenario1-4 

234 110001- 175053 840839 0.312 0.151 0.716 0.34 0.316 1 Scenario2 

2412 -74647 -32470 557884 0.08 0.046 0.05 0.18 0.13 1 Scenario3-1 

2412 -74647 -32470 1289696 0.08 0.046 0.05 0.18 0.13 1 Scenario3-2 

2412 -74647 -32470 2295295 0.08 0.046 0.05 0.18 0.13 1 Scenario 3-3 

78654- 165411- -52062 1065647 0.168 0.157 0.153 0.34 0.13 1 Current 

status 

this section has dealt with comparing the values obtained 

from the scenarios and real value.  

 

Accordingly, Table 8 compares the values obtained from 

the previous stages with each other. As seen in Table 8, in 

scenario 2, the value of αβ does not hold in constraints, and 

hence this scenario is not acceptable and is no longer 

investigated as a better scenario.  

 

Among the remaining scenarios, the scenarios 1-3 and 3-3 

have the maximum value of an objective function of 

Central Bank, and the values of the objective function of 

followers were better than those of the objective function 

in the current status. 

Hence, scenarios 1-3 and 3-3 are chosen as the ideal 

scenarios in the pricing interest rate on deposits between 

the two players, leader (Central Bank) and followers 

(selected banks: A, B, and C). Accordingly, the research 

hypotheses have examined further: 

 

Investigation of research hypotheses 

 

Hypothesis 1: The current monetary policy of Central Bank 

(the game leader) for the profitability of this bank is 

optimal. 

As seen in (Table 8), the current strategy of Central Bank 

(2016) in the form of monetary policies of legal deposit 

award rate  and  the  commission  rates  received  from  the
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banking system is not optimal for the profitability of this 

bank. This is because the value of the objective function of 

this bank in the current status (2016) is lower than that of 

the objective function of this bank in the two scenarios, 

including scenario 1-3 (the scenario of changing the legal 

deposit award rate to 1.81, instead of 1%, assuming that the 

coefficient of the importance of the components of the 

utility function (social welfare) of Central Bank including 

the social and economic sector as well as the coefficient of 

facilities paid by Central Bank to the government, state 

companies, governmental institutes and banks is equal to 

1) and scenario 3-3 (applying monetary policy while 

considering the commission rates received from the banks 

as 0.18 instead of 0.34). Hence, the first research 

hypothesis suggesting the optimality of the current strategy 

of Central Bank regarding monetary policies is rejected. 

 

Hypothesis 2: The current strategy of the bank C (follower) 

in determining the interest rate on deposits is optimal 

against the strategy of Central Bank (leader) for the greater 

profitability of the bank C.  

As shown in (Table 8), the current strategy of the bank C 

has not been optimal in determining the interest rate on 

deposits and facilities for the profitability of the bank. This 

is because the value of the objective function of this bank 

in the current status (2016) is lower than that of objective 

function of this bank in the two scenarios, including 

scenario 1-3 (the scenario of changing the legal deposit 

award the rate to 1.81 instead of 1% and altering the 

interest rate on deposits of Bank C from 16.8 to 16.1%) and 

scenario 3-3 applying monetary policy while considering 

the commission rates received by Central Bank from banks 

by 0.18 instead of 0.34 and reducing the interest rate on 

Bank C deposits from 16.8 to 8%. Thus, the second 

research hypothesis regarding the optimality of the current 

strategy of the bank C in determining the interest rate on 

deposits is rejected.  

 

Hypothesis 3: The current strategy of competitors of the 

bank C (follower) in determining the interest rate on 

deposits is optimal against the strategy of Central Bank 

(leader) for the profitability of competitors. 

As depicted in Table 8, the current strategy of the 

competitors of the bank C (banks A and B) is not optimal 

in determining the interest rate on deposits and facilities for 

the profitability of these banks. This is because the value 

of the objective function of the bank A in the current status 

(2016) is lower than that of the objective function of this 

bank in the two scenarios, including scenario 1-3, the 

scenario of changing the deposit reserve award the rate to 

1.81 instead of 1% and altering the interest rate on deposits 

of the bank A from 15.3 to 17.4%) and scenario 3-3 

applying monetary policy while considering the 

commission rates received by Central Bank from these 

banks by 0.18 instead of 0.34 and reducing the interest rate 

on bank A deposits from 15.3 to 5%. Also, the value of the 

objective function of the bank  B in its current status (2016) 

is lower than that of the objective function of this bank in 

the two scenarios, including scenario 1-3 changing the 

legal deposit award rate to 1.81 instead of 1% and the 

wearing interest rate on deposits of the bank B from 15.7 

to 3.6%, and the scenario 3-3 applying monetary policy 

while considering the commission rates received by 

Central Bank from the banks by 0.18 instead of 0.34 and 

reducing the interest rate on deposits of the bank B from 

15.3 to 4.6%. Thus, the third research hypothesis regarding 

the optimality of the current strategy of the competitors of 

the bank C in determining the interest rate on deposits is 

rejected.   

Overall, the results of this study indicated that in this 

Game, the optimal strategy of Central Bank involved 

"reducing the commission rates received" from the banking 

system and "increasing the legal deposit award rate", while 

the strategy of changing the legal deposit ratio is not 

optimal. Meanwhile, the optimal strategy of the follower 

players (the banks A, B, and C) reduces the interest rate on 

deposits during the year 2016. Thus, in this Game, the first, 

second, and third hypotheses of the research regarding the 

optimality of strategies of leader and follower players are 

rejected. The results also showed that if the players of this 

game choose Stackelberg cooperative game, they will gain 

higher profitability than their current status. 

 

4.4. Discussion 
The results of this study demonstrated that irrespective of 

the optimal monetary policy adopted by Central Bank, 

whenever the coefficient of the importance of the 

components of social welfare function of Central Bank 

including the social and economic sectors, and the 

coefficient facilities paid by Central Bank to the state 

companies, the banks, and governmental institutes is equal 

to their maximum value, the utility of Central Bank (leader 

of the Game) and followers (selected banks) increases. In 

other words, when Central Bank deals with offering 

facilities to the state companies, banks, and governmental 

institutes with its maximum power (100%), and the 

coefficient of the importance of the components of the 

social welfare function by this bank converges to its 

maximum value, the banking system of the country 

including the leader (Central Bank) and its governed banks 

will have greater profitability. Also, in the case that the 

players of this Game adopt Stackelberg cooperative Game 

(leader- follower), they will gain greater profits compared 

to their current status, which is inconsistent with the results 

found by (Khanizad & Montazer, 2018). Further, the issue 

of choosing Stackelberg optimal strategy (leader-follower) 

is consistent with previous studies suggesting the 

superiority of cooperative Game strategies compared to 

non-cooperative strategies when confronting monetary and 

fiscal policies (between the government and Central Bank 

and the contradistinction between them) Mahmoudinia et 

al., (2016), as well as extracting the rule of the optimal 

monetary and fiscal policy in Iranian economy 

(Mahmoudinia et al., 2016). They concluded that social 

welfare is greater than non-cooperative Game when the 

government and Central Bank treat each other within a 

cooperative Game framework. 

According to our results, determining the percentage of 

legal deposit (legal deposit ratio), as a monetary policy 

while  considering   the   range  of   the  rate  approved  by
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monetary and banking laws of the country (10-30%), is not 

a suitable means of determining the interest rate on 

deposits in the Game of pricing this rate between Central 

Bank and banking system. In other words, determining the 

legal deposit ratio, which is considered as a monetary 

policy tool in both usurious and non-usurious systems, is 

not efficient. This confirms the results found by 

GholiBeglo, (2011). He found that Central Banks in 

Western countries regularly use this tool as a monetary 

policy, and the Game can have a legal deposit ratio due to 

the adverse consequences. Nevertheless, there is no single 

legal deposit approach along with economists and Central 

Banks, even in developed countries. Some countries such 

as Britain, New Zealand, Australia, and Sweden have 

changed their banking system to "no legal deposit". This is 

because in these countries, the banks are controlled and 

constrained regarding "the required capital", and some 

believe that this index, which is sometimes also 

characterized as "capital adequacy", is conceived more 

critical than legal deposit even in countries with "banking 

with legal deposit" system. Indeed, it is no longer 

considered essential for economic changes. Even in the 

countries that have preserved their legal deposit system like 

USA, when it comes to control, target or manage "money 

supply", this means targeting interest rates for controlling 

the liquidity supply. Controlling the monetary stream while 

targeting the monetary base or legal deposit level has been 

abolished for many years. Also, among developed 

economies, only four countries, including Brazil (45%), 

India (4%), Russia (4%), and China (18.5%) use the 

changes in the legal deposit (the legal deposit ratio) to alter 

the level of liquidity. 

Based on the points above, according to, "determining the 

legal deposit interest rate and the ratio of banks" in Central 

Bank of Islamic Republic of Iran is one of the duties of this 

bank. Indeed, as one of the governmental institutions, 

which is mainly responsible for monetary and credit 

policies, Central Bank does not use the legal deposit 

resources to gain profit or revenue. Instead, even to 

encourage banks to good faith deposit of the legal deposit 

at the end of the year, it considers some sums as "legal 

deposit award" for banks. Thus, although Central Bank 

uses legal deposit as a means of monetary policies to 

regulate the part of the liquidity in the society or for other 

goals, its usage as a tool should not be considered an 

obstacle or rational justification for not paying the accrued 

rate on the deposits- at least equal to in-part rate- of people 

kept in Central Bank as legal deposit. Nevertheless, the 

legal deposit award can play a minor role in Central Bank 

policies during the time of the study; the legal deposit 

award is fixed as 1%. 

On the other hand, our results indicated that in 2016 and 

Stackelberg optimal scenario, optimal legal deposit award 

would be larger than 1%, and grow to around 1.8%. In this 

way, the interest rate on deposits of the two selected banks 

also decreases compared to their current interest rate. In 

contrast, the utility of the Central Bank (leader) and 

followers (selected banks) would increase. Evidently, if the 

legal deposit award rises from 1 to 1.8%, the tendency of 

banks to invest in Central Bank will increase. Where, the 

legal deposit ratio of the banks would also grow in Central 

Bank. The increase of the legal deposit ratio would also 

result in the increased value of the domestic money and 

effective control of the inflation rate. Also, the 

investigation of the research scenarios in the monetary 

policies of changing the legal deposit award indicated that 

although the elevation of this ratio to 2-4.2% yields less 

profit for the players, their objective function will improve 

compared to the current status at the following values: legal 

deposit award of 4.11%, coefficient of the importance of 

the components of social welfare function of Central Bank 

and the coefficient of facilities paid by Central Bank 

equaling to 50%, or at legal deposit award of 2.26%, 

coefficient of the importance of components of social 

welfare function and the coefficient of facilities paid by 

Central Bank as 75% will have a better value compared to 

the current status. 

 

5. Conclusions 
Considering the commission rates received by Central 

Bank from the banking system, it seems that the monetary 

policy of high commission rate received from the banks by 

Central Bank (the Game leader), which has been fixed as 

34% during the study period, should be revisited. This is 

because the commissions received by Central Bank from 

the followers are used for their free resources (followers). 

These free resources are an outcome of subtracting the sum 

of the legal deposit ratio and the facilities paid from the 

entire resources of the bank. A study conducted in 2016 

indicated that reducing the commission rates received by 

Central Bank from the followers from 34% to 18% would 

improve the utility of both the leader and follower players. 

Indeed, the scenario of reducing the commission rates of 

Central Bank, regardless of the coefficient of the 

importance of the components of social welfare function of 

Central Bank and the coefficient of facilities paid by this 

bank, would reduce the interest rate on deposits of the 

follower players compared to their current status, and yield 

the maximum income in all scenarios for the leader players 

(Central Bank) and the follower (selected banks). Finally, 

in order to reduce interest rates on deposits and 

consequently reduce interest rates on facilities, Central 

Bank, as the leader of the game, must first manage the 

volume of liquidity between the three "interest rates on 

bank deposits", "inflation" and "liquidity", than to control 

the inflation rate and the level of the price index, and finally 

to reduce the interest rate on bank deposits to reduce the 

interest rate on facilities and increase the production and 

economic prosperity.  

 

Recommendations 
According to the results and in order to managerial 

implication, the suggestion can be as follows:  

  

1. The independence of Central Bank in Islamic Republic 

of Iran from the government is considered as the essential 

success factor for the monetary policies of this bank. In this 

regard, it seems that the process of choosing the general 

director of Central Bank by the presidents of governments 

governing the country should be  fundamentally  reviewed,
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and the selection of this general should be relegated to a 

nonpolitical, independent, scientific, economic, and 

policymaker reference or institute.  

2. Regarding the inefficiency of the legal deposit ratio tool 

and the monetary policies of the country, it is inevitable to 

review the determination of the legal deposit ratio. This 

should be done by authorities or institutes such as Islamic 

Consultative Assembly, Central Bank, and Money and 

Credit Council after careful investigations by considering 

the macroeconomic and microeconomic indicators and 

conditions.  

3. Noncurrent claims of the banks as the most critical toxic 

assets of banks show aggregate losses precipitated in 

response to the persistence of a set of ups and downs on the 

macro scale and mismanagement in the financial sector of 

the economy. The ratio of noncurrent claims to total 

facilities in Iran has always been greater than international 

norms, clearly indicating the inefficiency of credit 

allocation and financial intermediation in Iran. 
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