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Abstract: Economic policies aimed at managing economic variables in the short and long term have
always been of special importance. These policies seek to reduce economic fluctuations in the short
term and increase sustainable economic growth in the long term. One of these policies is monetary
policy, which is mainly carried out by central banks worldwide. This paper uses the Keynesian
Dynamic Stochastic General Equilibrium (DSGE) model to examine the effects of monetary policy on
the real variables of the Iranian economy through the credit channel and the balance sheet channel.
The presented model analyzed information about macroeconomic variables in Iran for the period
from 1990 to 2020. The obtained results show that with the implementation of restrictive monetary
policy in the economy, all productive activities of enterprises decreased, and this led to a decrease in
household income, which in turn reduced household savings in the form of bank deposits. Because
the most important sources of financing for banks are deposits, the ability of banks to offer loans was
reduced. On the other hand, a restrictive monetary shock was associated with a decline in the value
of corporate securities. As a result, the amount of received loans by firms was reduced by the value
of the assets. This reduced the demand of banks for bank loans, which intensified the effects of the
initial shock, along with a reduction in the banks” ability to provide lending services. Further, the
results indicate the relative success of the model in simulating Iran’s macro economy.

Keywords: sustainable economic growth; Dynamic Stochastic General Equilibrium (DSGE) model;
credit channel; balance sheet channel; restrictive monetary policy; monetary transmission mechanism

1. Introduction

Today, socially, politically, and even environmentally, sustainable economic growth
is a major public policy priority for most governments around the world. Based on valid
theoretical frameworks of the sustainability of economic growth, we focus on monetary
policy as a powerful macroeconomic policy tool. When the economic managers of a country
choose and apply the right monetary policies in accordance with the economic conditions
of that country, sustainable economic growth is guaranteed. It is important to mention that
successive economic booms and recessions are the result of using unsustainable economic
policies. A country’s economy can be called a successful economy when it experiences
constant growth rates with a continuous increase in productivity in the long term [1-9].

The evolution of macroeconomic perspectives on the monetary transmission mecha-
nism shows that the effects of monetary policy on real output and inflation have changed
dramatically in recent decades [10-28]. The study of monetary policy is important, not
only in terms of its impact on economic variables, but also in terms of helping monetary
decision makers and policymakers to evaluate economic policies more accurately [29-79].
Obviously, a correct assessment will not be possible without a proper understanding of
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the mechanisms by which monetary policy will affect economic variables. One of the im-
portant advances in the field of monetary transmission mechanism studies in recent years
has been the identification of financial market conditions and their progress as one of the
environmental factors affecting the monetary transmission mechanism, and the effect of the
fiscal policy is different in different countries [80]. Due to the developments in recent years
and observing the different effects of monetary policy on the real sectors of the economy, a
new monetary transmission mechanism has been proposed as a non-neoclassical monetary
transmission mechanism. One well-known example of this is that economic data show
that the relationship between the economic activity and costs of the private sector with
short-term interest rates as a monetary instrument in the United States has declined in
recent decades (especially compared to pre-regulation periods in the 1970s) [81-87]. The
relationship between the federal interest rate and the real Gross Domestic Product (GDP)
growth rate was an inverse relationship from 1962 to 1979 and a direct one from 1984 to
2008. Therefore, given the positive relationship between the federal interest rate and the
real GDP growth rate in recent decades, the policy to be pursued by policymakers is to raise
interest rates. Given this issue, the policy proposal, given this positive relationship in recent
decades, should be an increase in interest rates rather than a reduction to achieve higher
growth. At first glance, given the unforeseen external effects of the federal interest rate on
output and inflation since 1980, it can be assumed that monetary policy has lost some of its
impact on the economy. The different developments in business and consumer behavior
that have taken place, along with technological advances and financial innovations, have
enabled consumers to better adapt to the effects of interest rate fluctuations. However, the
effects of monetary policy on the economy have changed in many ways and require special
attention [51,86,88-96].

In other words, the experiences gained at first can be considered to be changes in the
effectiveness of monetary policy, but the fact is that the lack of attention to non-neoclassical
channels has led to this. Recent studies show that different countries have seen different results
from the impact of policies and monetary shocks on the real sectors of the economy due to the
different characteristics of banks and firms, and factors such as the balance sheet and financial
health of banks play a different role in the impact of monetary policy [10,59,62,64,97-100].

Considering the above issues, the main purpose of this study is to investigate the
effects of monetary policy shock through the credit and balance sheet channels of firms
on real variables. For this purpose, in this paper, the DSGE model is used to investigate
the role of the characteristics of banks and firms in the impact of monetary policy on
macroeconomic variables. Based on this, the importance of each credit channel and balance
sheet becomes clear to us. An important point to be mentioned here is that in this article,
we are looking to investigate the impact of the monetary policy channel on macroeconomic
variables, and the most common approach to investigate the monetary policy channel is
to use the DSGE model, and the creation of DSGE structures is one of the basic structures
of central banks in the world, and the Central Bank of Iran is no exception to this rule.
Another important point is that the central bank is the monetary policy maker in Iran,
and this is the first article that attempts to examine the monetary policy channel through
the balance sheet and letter of credit of banks, and the reason for this is that the Iranian
economy is a bank-oriented economy, and many economic shocks in Iran are caused by
financial crises in the banking system. Further, the reason why the Keynesian DSGE model
is used in this article is that the pricing mechanism in Iran’s economy is highly sticky. In
addition, similar studies have been conducted in Iran using this model [101-106].

The rest of this article is organized as follows. In Section 2, research that has been done
on this issue in the past is mentioned. In Section 3, all equations of the proposed model
are stated, which were necessary to achieve the goal of this article. Further, in Section 4,
the results obtained from the proposed model are analyzed based on the information used.
Finally, in Section 5, the final conclusions are stated and suggestions for the future to expand
the concept are introduced.
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2. Literature Review

In this section, an overview of the applied research on monetary policy is presented,
which has affected the economy of different countries using different models.

Over the past two decades, the role of financial arrangements in economic fluctuations
has been a major part of the study of universities and policy-making institutions. This
has led to the development of literature on determining the role of financial variables in
fluctuations and business cycles. For instance, Gurrib [107] looked at the impact of the
unified financial condition index, which is based on the most popular financial condition
indices (FCI) used in the US, where the key variables of FCIs include monetary policy
variables. The main focus of the existing literature is to examine the importance of financial
friction in credit markets. Given the existence of financial friction, two different approaches
can be distinguished in the theoretical literature to explain how shocks are transmitted
through the financial sector to the real variables of the economy. In the first approach, the
transfer mechanism operates by changing the balance sheet of firms. Thus, the formation
and mechanism of shock propagation occur due to the behavior of the external financing
cost cycle of firms. For example, Bernanke and Gretler [108] emphasized the difference
between the cost of external financing and the opportunity cost of borrowers” domestic
funds. This difference is due to brokerage costs and asymmetric information, which makes
it difficult for lenders to control. The lending rate increases during periods of recession and
decreases during periods of boom due to asymmetric information in identifying borrowers
in terms of the net asset value, which expands as a result of business cycles and the effects
of monetary and real shocks.

On the other hand, investment decisions depend on variables such as cash flow that,
if complete information is available, have no role in investment decisions. By creating
a recession and reducing the firm’s access to internal funds, the firm will be forced to
outsource financing, which in turn will increase the firm’s costs. This ultimately forces
the firm to reduce its investment costs and thus exacerbates the recession. In the study by
Bernanke and Gretler [109], shocks to the economy were propagated through the effect on
borrowers’ liquidity flows. A shock to declining liquidity flows reduces the ability of firms
to finance investment projects. This decrease in the net asset value of the firm increases the
average cost of external financing and leads to an increase in the cost of new investments.
As investment in economic activities decreases together with cash flows in subsequent
projects, the effects of the initial shock are repeated and propagated. This is supported by
Gurrib [110], who found that volatility in major players” S&P500 increased significantly in
the 1990s due to economic shocks. Similarly, Batten et al. [111] reported that the market
volatility of European Global Systemically Important Banks (GSIBs) increased significantly
during the global financial crisis and COVID-19.

In the second approach, the effects of financial acceleration flow through the reduction
of asset prices through restrictive monetary policy. Borrowers who have offered their
assets as collateral have limited ability to finance external financing, and as a result, the
amount of investment is limited due to the declining market value of collateral. Studies by
Bernanke et al. [112] and Iacoviello & Neri [113] suggested that economic agents are
constrained in borrowing, and the reason is the change in the value of the collateral
that they have to provide to the lender to guarantee their loan. The models of financial
friction presented above are based on the roles of banks and other financial institutions
and therefore focus only on the credit demand side. The main purpose of the literature
presented in the previous sections was to show the magnitude and stability of fluctuations
in total output, while the purpose of the literature that introduces the banking sector to the
DSGE model is to describe the characteristics of the financial crisis.

Another point that we should mention is that macroeconomic variables have a strong
impact on the economic growth of different countries worldwide. One of the most impor-
tant macroeconomic variables is the gross domestic product; when this variable increases,
production also grows, and in economics, this concept is called economic growth. Eco-
nomic growth in the economy of a country increases the income of the society and reduces
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unemployment in the society. There are other macro variables such as the amount of
exports, savings, labor force, etc., which have a significant impact on the economic growth
variable. The difference between countries in the level of macro variables such as labor
force, physical capital or technology shapes the difference in the economy of countries
worldwide. Based on this, by knowing the fundamental factors affecting macroeconomic
variables, the economic trend of a country can be predicted [114-116].

Aysun [117] investigated the effect of economic shocks through the credit channel on
lending to small and large banks. He concluded that the lending of large banks is more
sensitive to economic shocks compared with small banks, and the balance sheet of larger
borrowers is more sensitive to economic shocks compared with smaller borrowers. At the
end of the article, it was concluded that shocks are transmitted to the real economy mainly
through large bank loans and large borrowers’” balance sheets based on the DSGE model.

Yagihashi [118] investigated the effect of credit market friction on the increase in the
cost of monetary policy. To achieve this goal, the DSGE model and the credit channel
model defined by Bernanke & Gretler [102] were used. The obtained results show that
the credit channel model is a policy guidance tool. In this article, it is stated that credit
market friction should be considered in the model, otherwise the opportunity cost of using
an inappropriate model is greater than the obtained results.

Taguchi & Gunbileg [119] tried to analyze the effects of the monetary policy of the
Bank of Mongolia and the policy in which inflation is targeted at a certain rate using the
country’s economic data and the help of two different economic models, one of which
was the DSGE model. One of the issues in this article was to determine how closely the
monetary policy in this country is in line with the Taylor principle. The results of the
study showed that both models confirmed that the policies were in line with the Taylor
principle, but the power of these policies was lower against inflation compared with other
neighboring countries.

De Jesus et al. [120] investigated the effect of monetary policy shock on various
macroeconomic parameters assuming that the economy had financial constraints and used
the DSGE model to analyze this issue using Brazilian macroeconomic data. As mentioned,
it was assumed that the government was limited in its spending, but in this study, three
different models with different assumptions were considered, one of which was based on
the fact that there were no restrictions. Another model assumed that the government was
facing a very severe limit on its spending, and the last model assumed that there was a
financial constraint for the government but it was not very strict. The results showed that
the responses of variables to economic shocks in the form of two models without limitation
and with normal limitation were slightly different, but the responses based on the model
with severe limitation were significantly different. Another finding of this study was that
the level of well-being in a society where the government faces low-intensity spending
limits is higher than when it struggles with severe limitations.

Wang [62] stated that if monetary policymakers want to reduce inflation at the macroe-
conomic level, they should use a quantitative easing policy. The authors of this study
presented a DSGE model using the economic data of Japan from 2013 based on government
bonds with different maturities, and they analyzed the relationship between the behavior of
the Bank of Japan and the implementation of a policy of quantitative easing with inflation
and interest rates. The results showed a significant relationship between these parameters
in that the increase in asset purchases by the central bank increased inflation in the long run
and was inversely related to interest rates. Another important result was that the duration
of the effect of the easing policies on inflation and interest rates was slightly different,
meaning that the effect of this policy on inflation was established in the short term and
then disappeared after a while, but its impact on interest rates was long term.

Lou et al. [61] examined the effect of electronic money on the monetary policies of
different economies, and they used the DSGE model in the New Keynesian framework.
The noteworthy point is that in the presented model, three sectors, i.e., households, banks,
and central banks, were analyzed. To investigate this effect, various variables were used in
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the model such as savings, loans, output, and interest rates. The obtained results showed
that the relationship between electronic money and savings and the relationship between
electronic money and loans was asymmetric and had a large deviation. Further, there was
an inverse relationship between electronic money and the interest rate. At the end of this
article, there are suggestions for correct monetary policy making by economic managers.

Nguyen et al. [121] sought to analyze the monetary policies affected by COVID-19,
one of the biggest challenges that the entire world has faced in recent years. As was
evident, different countries have been struggling with this disease for many years, and
their economy suffered a severe recession. The purpose of this article was to investigate the
impact of this epidemic on the monetary policies adopted in the Vietnamese economy. To
achieve this goal, the DSGE model was used, and the obtained results showed that a 1.5%
increase in the outbreak of this disease caused a decrease of about 1% in the output gap in
the first quarter and then an increase. Other variables such as interest rates, inflation, and
exchange rate changes were used, which decreased.

Zhang et al. [122] analyzed the transmission mechanism and the impact of oil price
fluctuations in the Chinese economy. To achieve this goal, they used the economic informa-
tion of the Chinese economy between 1996 and 2019 and the DSGE model. The obtained
results showed that oil price fluctuations had a significant effect on output. From the
results, it was evident that a decrease in the oil price led to the growth of output due to the
decrease in cost. When the price of oil increases, the economic demand changes and the
output increases again, and the exchange rate channel is one of the ways that can transfer
the demand for oil and reduce the total demand, which consequently reduces the output.
At the end of this article, there are suggestions about monetary policies to deal with the
fluctuations of economic variables, including oil prices.

Boroumand et al. [102] examined the effect of external shocks such as the exchange
rate and inflation on the macroeconomic structure of developing countries, including the
macroeconomic economy of Iran. To achieve this goal, the economic information of this
country between 1990 and 2016 and the New Keynesian DSGE model were used. The
obtained results showed an increase in the GDP and non-oil production after a positive
economic shock. Further, in the short term, oil production was less sensitive to price
fluctuations, and the impact of exchange rate shocks on domestic macroeconomic variables
was noteworthy, unlike foreign inflation shocks, whose impact on macroeconomic variables
was not significant.

The most important institution intervening in the Iranian currency market is the central
bank, and this intervention is applied to all monetary systems in the Iranian economy.
Saadat Nezhad et al. [103] investigated the effects of the intervention policy of the Central
Bank of Iran in the foreign exchange market on macroeconomic variables in the Iranian
economy. In order to achieve this goal, the economic information of Iran’s economy from
1989 to 2017, as well as the DSGE Keynesian model, were used. The obtained results
showed that the factors affecting economic growth such as consumption and investment
decreased, and on the contrary, the factors affecting inflation increased. The final result
of this research is that the intervention of the central bank was not appropriate and had
unfavorable consequences for Iran’s economy.

One of the most important and influential economic institutions, whose policies have
many effects on Iran’s economy;, is the central bank and, accordingly, the banks in this
economy. Iran’s economy is a bank-oriented economy, and for this reason, examining
the impact of monetary policies on the performance of banks is particularly important.
Rafiee et al. [104] analyzed these effects of monetary shocks using the DSGE model. In the
proposed model, five sectors, households, entrepreneurs, intermediary banks, distributors,
and the government, were investigated. The obtained results showed that when a positive
economic shock occurs, the demand for loans and bank lending decreases, and as a result,
the profits of banks also decrease.
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3. Methodology

In this section, we intend to express the equations used in the proposed model and
the different conditions of the model. The relationships between the variables should
be investigated and based on the existing conditions in Iran’s economy, and we should
calibrate the variables and determine the effect of monetary policy on macroeconomic
variables. The methodology of the article is shown in Figure 1.

( N\ [ N\
Step 1 Extracting Macroeconomic Information using DSGE Model

\ J \ J/

( l; N\ [ N\
Step 2 Extracting Relationships Between Variables

| J J

( l} N\ [ )
Step 3 Calibrating the Specified Pattern Parameter Values

\ J \ J/

4 l} A4 )
Step 4 Checking the Correlation of Variables using Relevant Tests

\ J \ J/

( {} N\ [ N\
Step 5 Investigating the Effects of Monetary Policy

| J J

Figure 1. The schematic summary of all steps in the proposed DSGE model.

The banking system is considered to be a financial intermediary in the model. The
model consists of five sections: households, firms, labor market, banks, and monetary
policy makers. In this model, two groups of households with different degrees of risk
are considered. Risk-averse households work, consume, and accumulate housing. Risky
households also work, consume, and accumulate housing. Due to the inability to repay
the debt in full, these households have to provide housing assets as collateral to the banks
to receive loans. In addition, housing assets are stored as an argument in the function of
household utility such as consumption and leisure. Labor and capital are also supplied by
households to the productive sector of the economy. The important point in this model is
that the savings of risk-averse households, which are in the form of bank deposits, give
these households a risk-free interest rate.

In the manufacturing sector of the economy, generally in the new Keynesian DSGE
models, there are two types of firms: those that produce the final product and those that
produce intermediate goods. In designing the model of the present study, following the
existing literature, two types of firms are considered. Intermediary firms produce distinc-
tive goods in an atmosphere of exclusive competition with sticky prices. The manufactured
goods are combined under a collector and are offered to the economy as the final commod-
ity. Accordingly, in the production sector of the economy, a type of final product (Y%) is
offered to the economy by the company producing the final product and a combination of
intermediate goods.

In this model, it is assumed that intermediate goods companies use bank loans to
finance a certain part of production inputs. The banking system is presented in the model
as a financial intermediary for receiving household deposits and converting them into loans
for supply to the production sector and risky households. In this model, the monetary
policy maker is also responsible for determining the interest rate on bank deposits. It
should be noted that the only way to finance the production sector of the economy is a
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bank loan. Thus, assuming that the borrowers are homogeneous in terms of loan default
risk, banks will provide lending services to applicants.

3.1. Household
3.1.1. Risk-Avoiding Households

In this model, the sample household undertakes the consumption of goods, the supply
of labor, and the maintenance of fixed assets (housing). The purpose of the household is to
maximize the expected utility according to Equation (1):

ZP( )l+<p

1+¢ M

E0§::ioﬁ;[<1 ab)eilog(cf (i) — avc] ;) +ellogh! (i) -

In the above relation, E is the operator of expectations, 0 < ﬁ;, < 11is the interest factor,
¢! is the indicator of household consumption, 1! represents housing, I/ is working hours,
aP indicates the effect of consumption habits on household utility, ¢ is the lack of labor
supply preferences, and ¢ and ¢; are the momentum of the demand of consumption and
the demand of housing in the function of desirability, respectively. The sample household
is the owner of intermediate goods companies and the owner of banks and earns income
by supplying labor to intermediate goods companies and depositing in banks. Profits of
intermediate goods companies and banks are also included for households at the end of
each period.

The sample household spends part of its income on the purchase of final consumer
goods and keeps the other part as fixed assets. Further, in this model, it is assumed that a
part of the household income is deposited. This household is faced with a budget constraint
according to Equation (2) to maximize its utility function:

el (i) + qt AR] (i) + (i) < ] 1] () + (1+ 7y )l (1) /70 + £ (0) @)

In the above relationship, g} represents the price of housing, d indicates the deposits in the

desired period, w} I} is the income from labor wages, (1 + 1)d 1 @)/ (7t = pi/ pe—1) is

the income from the deposit interest of the previous period, and #} represents transfer payments,
which include dividends on shares of companies and banks.

3.1.2. Risky Households

These households also benefit from the consumption of goods, labor supply, and
housing maintenance, with the difference that these households receive lending services
from banks to maximize their utility. Their purpose is to maximize their expected utility
according to Equation (3):

ll( )1+(p

14+¢ ®)

%Z&%“vu)m(o—wmwﬂmw>

In the above equation, Ej is the operator of expectations, 0 < ,8;, < 1is the interest
factor, ¢/ is the indicator of household consumption, 1/ represents housing, I/ is working
hours, a! indicates the effect of consumption habits on household utility, ¢ is the lack of
labor supply preferences, and &/ and 7 are shocks that show the extent to which they affect
the desirability of risk-averse households. On the other hand, household decisions must be
in accordance with the budget, which is specified as follows:

el (i) + b dmf (i) + (141 )bl (1) /7 < ]I () + b (6) + () @)

Household income is spent on final goods (c}), housing, and loan repayments (at a
net interest rate), and labor income (wt 11y and new loans (bl ) are used to cover expenses;
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t! represents transfer payments. In addition, these households face bail restrictions. The
value they expect from housing stock is that in addition to covering debts, they must also
have benefits.

(1416l (0) < miEe gl il ()i | (5)

In Equation (5), m{ is a parameter that indicates the LTV (Loan-to-Asset Value) ratio
for loans.

3.2. Manufacturers of Intermediate Goods

Each producer of intermediate goods seeks to maximize its utility according to
Equation (6) by taking care of its consumption rate (c}’) as well as unanswered consumption
habits (aF).

Each intermediate producer seeks to maximize its utility by taking care of its consump-
tion (ci5 ) and unanswered consumption habits (a*) according to Equation (6).

Eo) i B log(cr (i) — afef ) ©

Their decisions about consumption, the use of physical capital, the use of bank loans,
the efficiency of existing capacities, and the labor force offered by risk-averse and risk-averse
households all depend on the budget available to them.

) Epg. N 14rE ) ) ) .

cf (i) + wi " (i) + Wflf'f(l) + b (0) + ik (0) + o (e (0)kp 4 (1) @)

= 50 0F () + gf (1 O)KE 4 ()

In Equation (7), the parameters 6, qf, 9 (u; (i) )kE_;, and p¥/p; = 1/x; show the depre-

ciation rate, the price of capital in the consumption period, the cost of capital return, and

the competitive price of goods purchased from final producers. The amount of manufac-

tured goods that are produced based on technology by intermediate producers is specified
according to Equation (8):

yE (i) = af [KE () ()] "1E ()~ ®)

I = (157 (zF-I)H’ ©)

In Equations (8) and (9), &, af. IF, and u represent the respective succession elas-
ticity, total factor productivity, a combination of the labor force of risky and risk-averse
households, and the share of the labor force of risk-averse households. In this model, it is
assumed that each of the firms producing intermediate goods have to finance themselves
through bank loans. On the other hand, the amount of loans received by the producers
of intermediate goods depends on the value of the collateral they deposit with the bank.
In fact, the overall state of a company’s balance sheet reflects the value of their credit and
reputation. Therefore, these producers face the following restrictions in obtaining loans:

(14 )bF (i) < mFEe [gFamin (1= KE ()] (10)
In Equation (10), r?E , bf ,and mf indicate the respective loan interest rate, loan demand,

and LTV for each intermediate producer; g¥ is the price of capital, and kf is the amount
of capital.
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3.3. Manufacturers of Final Goods and Capital

Capital producers buy the final goods from intermediate producers as capital goods
and combine these with the inventory, thus specifying the new capital inventory according
to Equation (11):

Axf =k — (1 —=0)ki—1 (11)

Producers choose the amount of capital and the final goods in such a way as to
maximize their utility according to the budget constraint.

Eo Yy oAb (aka% —it) (12)

) . gk 2
1—’;<Z‘€fl—1>]it (13)

In the above relationship, k;, s?k and i; represent the investment adjustment cost, in-
vestment productivity shock, and the amount of final goods purchased from intermediary
producers, respectively. g¥ represents the price of capital obtained according to Equation (14):

X = X1+

k
kS

14
qt ni (14)

It is assumed that intermediate goods exist in a monopoly competition market. Manu-
facturers of intermediate goods face price stickiness (Iy,). If they want to change their prices
beyond what they are allowed to do, they will face the cost of quadratic adjustment (k;), so
they choose p(j) to maximize the compliance function, which is shown in Equation (15):

o0 . . w . k i 1 _ 2
Eo) o oAby | pe(Dye () — pi yt(])—f( Pl oy "’) Ptyt] (15)

pe-1(j)

On the other hand, the amount of goods produced by the final producer according
to the budget constraint that is limited to consumer demand is specified according to the
following relationship:

nG) = (22 )

In Equation (16), ¢/ is the price elasticity of demand, which follows a stochastic process.

3.4. Demand for Loans and Deposits

In this model, the demand for loans is made only by producers of intermediate goods
and risky households. As a result, the loan application functions are as follows:

bH
. /bH (; &
bl (j) = ( #,”) b} (17)
t
bE(~) et
. T
bf (j) = < L ) bf (18)
t
1 —hw
1_bH 1—¢
= | [y d]} * (19)

In the above equations, j € (0, 1) represents the jth bank, which in the current period
offers loans and lending services with interest rates (rH). b}. bE. e?H, and e represent the
demand for loans for risky households, the demand for loans for intermediate producers,
the growth rate of granted lending services to households, and the rate of granted lending
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Eo Z:O:O ﬁf;

services to intermediate producers, respectively. Only risk-averse households demand
deposit in the bank and seek to maximize the interest on the deposit, so the deposit demand
functions with interest rate 7¢ are based on the following equations:

don\ "8
dfm:(”E{)) d; 20)

Ty
1 o
rf = { / r’i’(f)“fdj} * (21)
(> 1) E(> 1). e (< —1) (22)

3.5. Labor Market

We assume that workers offer different types of work. For each type of worker (m),
there are two unions, one for labor supplied by risk-averse households and one for high-risk
households. In the market, homogeneous labor is supplied to intermediate producers. They
also seek to maximize their utility by reducing demand and quadratic adjustment costs.

2
W) poc oy Ko (i) T | BEm)
pt lt (l m) - 7 m - 7Tt717-[ E - W (23)

t(i m)

In Equation (23), wj(m) is nominal wages and k, is quadratic adjustment costs. On
the other hand, the labor demand program for each distinct labor service is as follows:

1) = Ii(m) = (”’?(’”))_Sl’lf @

S
wy

The supply of labor for a household of type(s) is as follows:

. 5 s
oo (" — g e ) i = B | Stk (i, — eyt ) 2 (1)
1+ (25)
L
WA

In Equation (25), wf is real wages, " is the nominal wage inflation, and Aj is the

constraint coefficient

3.6. Banks

Given that banks create feedback loops between the real and financial sectors of the
economy and all financial exchanges between factors in the model are done by them, they
play a key role in the proposed model of this research. The only way to finance companies
is to use bank lending services. Thus, it is assumed that a monopoly competition banking
industry is operating. Profits from banking activities are used to increase the bank’s capital.
Despite the monopoly competition market in the banking system, banks have no role
in pricing interest on bank deposits, and the rate of bank deposits is determined by the
monetary policy maker.

The lending rate of banks is determined as an additional margin on the deposit rate,
and thus banking activity leads to profit. Considering the loan margin, which is affected by
the ratio of legal reserves and monetary policy, makes it possible to understand the effects
of the transmission of monetary policy shocks on the banking sector. Another feature of
the model is to consider the balance sheet of the banking sector as follows:

B; = D; + K; (26)
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In Equation (26), B; is the bank loan, D; is the bank deposit, and K; is the bank’s capital.
Each bank offers loans to companies producing intermediate goods and risky households
by combining bank capital and net deposits. Banks are required to observe the optimal ratio
of capital to assets, which is announced by the monetary policy maker, and any deviation
from it imposes a cost on the banks. Bank capital is accumulated in each period according
to the following rule:

Ky = (1 - 5b>Kf71 +it 4 (27)

In Equation (27), 8” is the depreciation rate of the bank and j¥ ; is the profit from
banking activity in the previous period. The optimization of the bank is the selection of the
amount of bank loans and deposits to maximize the real value of the expected profit of the
bank in terms of the limit of the bank balance sheet, which is specified as follows:

2 \ Bt

2
1) k Kb
max Eg Y2 AL, (1 + R?)Bt — By1 71 + Dipa g — (1 + R’f)Dt n (Kfﬂnm - Kf) _ ko (t N 192> K,lz] (28)

In Equation (28), Rf’ is the interest rate of the loan, R’;’ is the interest rate of the deposit,
and kg; is the cost of deviating from the optimal ratio of capital adequacy (8%). The
first-order condition for optimizing the bank in relation to d; and b; is as follows:

2
K? K?
b _ pd __ t _ ob t
RV = RY — kg, <Bt 0 ) (&) (29)

On the other hand, we assume that R‘f = rt, s0 we have:

2
Kb Kb
W=RY — = —kgp (BZ - l9b> (Btt> (30)

Thus, the additional margin of interest on bank loans is a function of the legal reserve
rate of bank deposits and the cost of deviating from the optimal capital adequacy ratio set
by the central bank.

3.7. Monetary Policy Maker

The central bank, as a monetary authority, is able to regulate interest rates on bank
deposits. Accordingly, in modeling the behavior of the central bank, it is assumed that
the monetary policymaker follows the Taylor rule of Equation (31) in setting the policy
rate. In this rule, monetary policy is determined by the law of interest rate feedback
and is a response to deviations from interest rates and some economic indicators in a
stable situation.

21— 2y(1-2g)
(1+r):(1+r)<1—@R>(1+rt,1)@R(%)z( Q””(;“) Toe e
t—1

In Equation (31), 71y is the inflation rate in the stable state of the economy and @, Dy,
and 9 are the weights related to the variables of inflation, production, and profit rate in
monetary policy, respectively. There is a kind of monetary shock, €}, in this rule, which is
caused by an error in the central bank’s policy in determining the target interest rate. As
can be seen, this type of shock enters directly into the monetary policy rule and affects the
deposit interest rate variable as an exogenous and stochastic variable.

3.8. Market Clearing Condition

In the final goods market, the condition of equilibrium in the economy is as follows:

kb
v = cr + g ke — (1= 0)ky_1] + ke (ur) + 5b;;t1 + Adj; (32)
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et =cf + cf +cf (33)

The parameters ¢ kL. k;. cF. ¢!, and ¢} indicate the respective consumption of risk-
averse households, the consumption of risky households, the consumption of intermediate
producers, physical capital, bank capital, and the depreciation rate of bank capital. On
the other hand, Adj; shows the total adjustment costs due to changes in interest rates on
loans and deposits. In the housing market, the equilibrium is established according to the
following relationship:

h = hy (i) + hi (i) (34)

In Equation (34), h} and h} represent the share of housing for risky and risk-averse
households, respectively. According to this relationship, the total production of non-oil
final goods will reach the final consumption of households, investment in production, and
consumption as production inputs so that markets are in balance.

4. Results

In this section, the proposed model for the case study is evaluated. Based on this, a
real dataset related to Iran’s macroeconomics has been extracted.

After extraction of the relationships between the variables in the framework of a
system, in the next step, the DSGE approach is necessary to calibrate the values of the
specified pattern parameters. Calibration is based on previous studies and quantification,
and through this, it is possible to solve and simulate the model. The parameters of the
model, which include 15 parameters as described in Table 1, have been calibrated to show
the main features of the Iranian economy during the period from 1990 to 2020. Regarding
the limitations of this study, it can be mentioned that due to the lack of information related
to the preferences of consumers and producers in Iran, the coefficients used have been
calibrated according to the coefficients estimated in other studies related to Iran’s economy.
Parameters such as the discount rate, physical capital depreciation rate, and the share
of capital in production performance have been extracted from the findings of previous
studies, and other variables are evaluated to maximize the matching of the simulated data
with the actual data [105,106].

Table 1. Calibrated Value of Model Parameters.

Parameter Symbol Value
Interest Rate of Risk-Averse Household By 0.994
Interest Rate of Risky Household BE 0.979
Share of Risk-Averse Households in Labor Supply n 0.975
Importance of Housing in Household Utility el 0.1
Share of Capital in Production x 0.412
Depreciation Rate of Physical Capital 6 0.023
Production Growth Rate &Y 6
Wage Increase in Labor Market el 5
Ratio of Loans to the Value of Households Assets m! 0.7
Ratio of Loans to the Value of Corporates Assets mE 0.3
Optimal Capital Adequacy Ratio ob 0.08
Growth Rate of Granting Lending Services to Households ebh 2.93
Growth Rate of Granting Lending Services to Corporates ebE 2.93
Cost of Bank Capital ob 0.023
Adjustment Cost of Capacity Utilization & 0.047

The model presented in this paper has been coded and implemented using the Dynare
program in the Matlab software environment. To evaluate the fit of the model calibrated in
this paper, the momentums generated from the model are analyzed and compared with
real-world momentums. For this purpose, the standard deviations of the four variables, i.e.,
non-oil production, consumption, bank loans, and bank deposits, are presented in Table 2.
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Table 2. Comparison of Momentums Obtained from the Model with Real-World Momentums.

Standard Deviation Correlation with Non-QOil Production
Variable
Real World Model Real World Model
Non-Oil Production 0.03 0.04 1 1
Consumption 0.04 0.02 0.605 0.567
Loan 0.062 0.07 0.702 0.452
Deposit 0.066 0.09 0.3 0.53

As can be seen from Table 2, the comparison of the momentum resulting from the
model simulation with the actual data momentum indicates the relative success of the
proposed model for the Iranian economy, and it shows that using the model under study
can have a positive impact on macroeconomic variables, and the result will be sustainable
economic growth. Another criterion that can show a good fit of the calibrated model is
the comparison of the correlation coefficient of the simulated model variables and the
correlation coefficient of real variables with non-oil production. An examination of the
correlation coefficients obtained between consumption, loans, and deposits with non-oil
production in Table 2 shows a relatively high correlation between these variables, showing
the correlation between consumption, loans, and deposits with non-oil production in real
data using a simulated model.

Now, we want to analyze the results obtained from the proposed model and use the
calibrated variable in three formats: technology shock, monetary shock from the credit
channel of the banking system, and monetary shock from the balance sheet channel of
the firm.

In the framework of the instantaneous reaction functions obtained from the simulated
model, the reaction of the variables total Consumption (C), Non-Oil Production (output),
Investment, Deposit (D), Real Wage of a Risky Household (w_i) Risk-Averse Household
Wages (w_p), Employment (1), Lending Services (B), and Inflation Rate (pi) is reported as a
positive technology shock as a standard deviation in Figure 2.

According to the theoretical expectations due to the technology shock, productivity
has increased, which increases the volume of investment, the volume of loans demanded
by firms, and the amount of production. Increasing demand for factors of production leads
to increased receipts of factors of production such as real wages and capital lease. This
increases household income due to capital lease and labor wages and therefore increases
the consumption of goods and services, as well as savings in the form of bank deposits.
Since the most important source of financing bank loans is people’s deposits with banks,
the supply of bank loans increases due to the increase in the resources available to banks.
At the same time, due to the increase in the total supply in the economy due to the increase
in the productivity of the factors of production, the excess demand is compensated, and
therefore the rate of inflation in the economy decreases.

The results of the instantaneous reaction functions simulating restrictive monetary
shock on the variables of the banking sector are shown in Figure 3.

As can be seen in Figure 3, although the restrictive monetary shock is accompanied by
an increase in interest rates on deposits (rd), due to the decrease in the level of production
of firms, household incomes have decreased, which has reduced household savings in the
form of bank deposits (D). Further, deposits are the most important source of financing for
the supply of lending services, so the supply of loans (B) decreases. On the other hand,
the cost of borrowing for lending applicants increases with the application of restrictive
monetary shocks, followed by an increase in interest rates on bank loans (Rb), which in turn
reduces the demand for loans. In fact, the application of a restrictive monetary policy causes
the contraction of bank reserves in the direction of both bank liabilities (deposits) and bank
assets (loans). With the decrease in the supply of loans, investment and production have
decreased, and as can be seen from the graphs obtained from the research results, the
economy will continue to face consumption, employment, and inflation.
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Figure 2. Instantaneous Reaction Functions of the Technology Shock.
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Figure 3. Instantaneous Reaction Functions of Monetary Shock from the Credit Channel.

The effect of restrictive monetary shock on firm variables is shown in Figure 4. Restric-
tive monetary policy and the consequent increase in interest rates are generally accompa-
nied by a decrease in asset prices (q_k), and with a decrease in asset prices, the value of the
borrower’s collateral (q_h) decreases, and then the amount of borrowers’ loans decreases.
As a result, firms are forced to reduce investment, which in turn will lead to a decrease in
capital stock (k), production, and employment and inflation in the economy.
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Figure 4. Instantaneous Reaction Functions of Monetary Shock from the Balance Sheet Channel.

5. Conclusions and Future Research Directions

In general, it can be said that the goal of monetary policies is to create economic
stability and maintain price stability. Economic experts have different opinions about how
monetary policies affect macroeconomic variables. In recent years, many studies have
investigated the welfare-maximizing monetary policy or the effects of various policies
of central banks in the world, but the same results have not been obtained. This has
led to the presentation of different views in relation to the role and impact of monetary
policies on macroeconomic variables. These views can be classified in the form of various
theories including Keynesian. The purpose of this study was to investigate the effects of
monetary policies on macroeconomic variables in order to find out the impact of monetary
policies on macroeconomic variables, and we know what effect macroeconomic variables
can have on the improvement of a country’s economy. The results of this study show
that all productive activities of firms have decreased with the occurrence of restrictive
monetary shock in the economy, and this has led to a decrease in household income,
which in turn reduces household savings in the form of bank deposits. Since the most
important source of financing for banks is deposits, a bank’s ability to offer loans is reduced.
Banks will also face an increase in solvency risk by firms with negative shocks, reduced
firm profitability, and the existence of existing frictions due to information asymmetry
(inconsistent selection, ethical risk, etc.), and that means reducing resources to offer future
lending services. With the application of restrictive monetary policy and the subsequent
increase in interest rates on loans, the interest rate on bank loans increases, and therefore
financing the inputs required by firms can be done at a higher cost. Further, restrictive
monetary policy and the consequent increase in interest rates are generally associated
with lower prices of corporate assets. As the price of assets decreases, the value of firms’
collateral decreases, and thus the amount of loans received by firms decreases due to the
value of their assets, which they can use as collateral. Thus, the demand of banks for bank
loans is reduced, and along with the reduction of the ability of banks to provide lending
services, production activities become more contracted and the effects of the initial shock
intensify. Considering the technology shock, it can be said that the increase in productivity
is evident and the amount of investment and production increases. This issue increases
household income and as a result, increases the consumption of goods and services and
savings. Further, when the total supply in the economy increases due to the increase in the
productivity of production factors, the excess demand is compensated, and as a result, the
inflation rate in the economy decreases. According to the results of this study, it can be
said that considering the banking system as a financial intermediary in New Keynesian
DSGE modeling has improved the assessment of fluctuations in real economic variables



Sustainability 2023, 15, 4409 16 of 21

from the monetary shock, providing the possibility of identifying and explaining the credit
channel of the money transfer mechanism for the economy. For future research directions,
the data envelopment analysis (DEA) approach [123-164] can be utilized to examine
monetary policy efficiency in developing countries. Further, the effect of macroeconomic
variables on the operational efficiency of the banking sector can be analyzed by applying the
DEA approach.
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