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In this paper Basel regulation is modeled in Dynamic Stochastic General Equilibrium (DSGE)
framework. For this purpose, using data from 1981-2017 for Iran, capital adequacy as an
importance regulation is modeled. Results show Basel regulation has procyclical effect.
According to the results of the model and according to the realities of economy and banking
system of Iran, in recession, lending and credit risk increase and repayment probability
decrease. Despite these conditions, capital adequacy does not increase. This confirms that
risks are less relevant in determining capital. If elasticity of repayment probability with
respect to capital loan ratio is zero, Basel II is more procyclical than Basel 1. If elasticity of
repayment probability with respect to capital loan ratio is 0.5, Basel 1l is less procyclical than
Basel I.
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1 Introduction

The Bank for International Settlements, with the aim of preserving the
resources and interests of banks as one of the key elements of the economic
system, set up a committee called the Basel Committee in the late 1980s. In
1998, the Bank's Supervisory Committee conducted Basel I, and in 2004
directed Basel II, with the aim of creating international convergence in the
regulatory framework for the global operation of banks.

Basel includes the definition of capital rules, the identification and
measurement of risk-taking and regulatory frameworks for determining the
level of capital needed to protect banks against such risks. The capital
adequacy standard determines the combination of risk-adjusted assets and
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risk-exposed items outside the balance sheet in order to ensure the sufficient
capital and reserves to meet the obligations.

In Iran, according to Article 3 of the Capital Adequacy Regulations, the
minimum capital adequacy ratio for all banks and credit institutions (both
governmental and non-governmental) is set at 8%. In accordance with these
regulations, the Central Bank of the Islamic Republic of Iran, in cases of the
need to maintain the health of banks and credit institutions, may set a higher
ceiling for all or some of the banks and credit institutions.

The form and structure of capital varies in private and public banks of Iran.
In Other countries where interest rates are used as a monetary policy tool,
banks use diverse combinations in their portfolio of capital. Because they can
use interest rate mechanism to attract new shareholders to raise capital. Dual-
capital investment instruments (debt-capital) and long term subordinated debt
are those that carry interest rates and help to reduce the risk of losses when
incurred. Such instruments do not exist in the Iran’s banking system, not only
because of the elimination of interest rate, but also because of the structure of
Iranian banks. The ordinary shares that are held by the private banks of other
countries do not exist in the capital of Iranian banks.

Also, non-performing loan in Iranian banks is very high. Non-performing
loan in Iranian banks, between 2006 and 2017, was more than 15%. The lack
of flexibility of the interest rate and high volume of non-performing loan the
capital adequacy of banks have been reduced in recent years. Such that the
capital adequacy ratio in most Iranian banks is less than 8%.

Considering the importance of the capital adequacy, and the reaction
between the rules of the bank's capital and macroeconomic fluctuations, its
modeling has been studied in recent studies. So in this article, it is attempted
to model the capital adequacy principle in the context of dynamic stochastic
general equilibrium model to study and analyze the real effects. The overall
structure of the paper is as follows. Section 2 presents methodology. Section
3 is literature review. Section 4 presents the model. The parameter estimation
is presented in section 5.Section 6 presents impulse-response function.
Conclusion is at section 7.

2 Theoretical Foundation

2.1 The Need to Supervising and Monitoring Banking Performance
Though there are many arguments for monitoring the activities of banks, it
remains to the regulatory and supervisory bodies of the banks. There are two
important points in this regard. The first point is that the financial market and
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especially the banks do not need to be monitored and the financial market can
control and monitor the performance of banks. According to the second view,
without the Central Bank supervision, the banks get into trouble and the
financial market, as an observer, cannot improve the performance of the
banks. According to the first opinion, Dowd (1996) looks at the feasibility of
establishing a free financial market.

The feasibility study for the establishment of a free financial market shows
that, in the absence of a final lender without government guarantees, the
financial market will be regulated, in particular, through the supervision of
depositors. In this theoretical model, depositors will threaten to withdraw as
soon as they get the signs of risk in the banking network. These conditions
make banks to have a conservative and transparent approach in their lending
policy. Therefore, a sufficient level of capital protects the bank against
potential losses. Dowd 1996, states that more capital, while cost-effective for
the bank, protects the bank against more potential losses and sudden
withdrawal of depositors. Therefore, the bank's position in the competitive
environment will be improved and the bank's ability to respond to customers
will increase. According to this theory, capital is determined by the capital
market.

In contrast to this theory, Dowd (1996) has stated that the financial market
requires supervision and regulation. According to this view, banks'
performance in free market conditions causes banks to suffer severe crises, in
which case the Central Bank intervenes. In this way, the free market
conditions for banks are faltering. Dowd (1996) is based on the conditions of
a particular economy, where money plays an important role but is associated
with uncertainty. Unlike businesses, banks use their debts as money, so the
purpose of the regulations is to make banks' assets sufficiently transparent to
be able to adequately respond to customers. Dowd (1996), in response to the
question that why the bank needs supervision, states that bank debt are a public
commodity.

In this regard, Santos (2000) states that banks need to monitor and enforce
regulations, because they play an important role in financial intermediation
and provide the liquidity needed by economic activists and the information
needed by businesses. The role of financial intermediation increases the
likelihood of a systemic risk for banks and increases social costs. The systemic
connection of banks, facing a crisis, will lead to the transfer of the crisis to
other banks and a systemic risk will be created. Therefore, it is important to
create a mechanism for insurance coverage of banks.
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On the other hand, depositors are also unable to monitor the activities of
banks due to information asymmetry. According to Dewatripont and Tirole
(1994), the logic of regulation and supervision of the performance of banks is
based on the corporate representation and governance. In the structure of a
bank, ownership must be separate from management, otherwise create the
moral hazard problem and the bad choice. The cost of controlling and
monitoring the performance of banks is very high. Therefore, the issue of free-
riding arises due to the cost of monitoring. Consequently, regulation and
supervision allow communication between the two sides, that are supervisors
and depositors, and does not bear the cost of overseeing to depositors (Santos,
2000).

If regulations and supervision of banking performance are vital, then the
question arises that why capital regulations are very important. The answer is,
banks have two sources of finance: one through deposits and one through
capital. Mainly deposits are allocated to facilities, and the return of
concessional facilities is also used as a source for more facilities. Which, in
the event of defaults, puts banks at credit risk and liquidity risk due to
inadequate funds. Funding through capital is when the bank faces financial
fragility and resource cuts. The greater the capital of a bank, the more powerful
the bank will be to meet the tough conditions (Federal Deposit Insurance
Corporation, 2003).

3 Literature Review
Frach et al. (2017) develop a DSGE model for a small, open economy with an
endogenous banking sector as default in order to perform a realistic
assessment of macro prudential tools: Countercyclical Capital Buffer (CCB)
and Dynamic Provisions (DP). The model is estimated with data from
Uruguay, where dynamic provisioning is in place since early 2000s. They find
that: (i) To select the appropriate indicator variable under the CCB rule, and
to calibrate the size of the DP, the source of shock affecting the financial
system matters. (ii) Given a positive external shock, CCB generates buffers
without major real effects. (iii) GDP as an indicator variable has quicker and
stronger effects over bank capital; and (iv) the ratio of credit to GDP
decreases, which discourages its use as an indicator variable. (v) DP generates
buffers with real effects, and (vi) DP outperforms the CCB in terms of
smoothing the cycle.

Tayler and Zilberman (2016) have been investigated the role of prudential
regulation of capital adequacy and monetary policy on borrowing costs. In
their paper, friction, credit risk, bank losses, and bank capital costs are
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considered. The friction is due to the accelerator mechanism and the
application of precautionary measures. Following credit shocks,
countercyclical regulations are more effective than monetary policy in
improving price stability, financial stability and macroeconomic stability. For
shocks, the combination of prudential rules with a stronger anti-inflation
policy is an optimal policy. The findings indicate the importance of the 3rd
regulation to reduce the succession of production inflation by the Central
Bank, and hesitate to use Taylor's rule in financial stress. The most important
feature is that it is based on a randomized dynamic equilibrium framework
that includes nominal adhesion, exogenous credit friction, and borrowing cost
channel, which communicates between the real sector and the macroeconomic
sector. The existence of prudential rules will make the financial response to
macroeconomic shocks insignificant and make banks less exposed to credit
risk. Also, the precautionary principle acts as a buffer and prevents the
financial sector from affecting the real sector.

Silvo (2016) design a random dynamic general equilibrium model in which
investment financing has been affected by a moral hazard problem. In this
paper, optimal monetary policy and macroeconomic policy are interlinked and
the economic and welfare effects of this relationship have been examined. In
codified policy, social planning seeks to maximize social welfare and inflation
control at an optimal level. In this paper, the banking system is included as the
most important financial intermediary in the DSGE model and the effects of
its business cycle are examined. The most important feature of this paper is to
design a model that solves the coded problem by employing macro
precautionary policy. In this way, the planner can achieve the first best results,
without a succession of policies.

It is pointed out that when financial friction is added to the nominal price
stickiness, an optimal monetary policy is the first to be replaced if social
planners apply monetary and cautious macroeconomic policies to control
inflation and investment levels. Applying monetary policy alone is not only
insufficient for economic stability, but also leads to a succession of stable
inflation and product cuts. When monetary policy used exclusively, the
instability is greater than when monetary policy is accompanied by
precautionary measures. In fact, the application of macroeconomic policy
along with monetary policy will help to create financial stability. By
controlling the leverage ratio of the banking sector and smoothing the business
cycle, macroeconomic policy can effectively prevent financial shock to the
real sector of the economy.
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On the other hand, when the instability of the supply and demand of the
economy but not of the financial sector increases, the existence of a cautious
macroeconomic policy is important. Hence, macroeconomic policy is
conducive to economic adjustment by modifying investment. In this situation,
the Central Bank needs to develop a financial system for the effectiveness of
monetary policy.

Mendicino et al. (2015) model capital adequacy regulations in a dynamic
stochastic general equilibrium model that includes the banking sector. In this
model, households, firms, banking sector and capital adequacy precautionary
regulations are demonstrated. The shocks studied in this paper, in addition to
the usual shockwave of dynamic equilibrium models, are related to the bank's
capital, whose effects on banks’ balance sheets and corporate and household
behavior have been investigated. The findings of the paper indicate that the
most important role of capital regulation is to preserve banks against potential
losses and macroeconomic shocks. In fact, these regulations help banks to
have enough capital to deal with the risk of bankruptcy. Anti-corruption
adjustment is good for capital adequacy, but its welfare benefits are small.
Adherence to capital adequacy rules has different effects on savings and
borrowings. Improving the capital adequacy of the fundamentals leads to a
reduction in the social cost of bankruptcy and an increase in the bank's profits,
thus saving more profits and reducing the risk of banks influence. But in terms
of borrowers, improving the capital adequacy, because of blocking part of
bank's resources in the capital category, reduces granting the facility and limits
credit supply.

Cao and Chollete (2014) model capital adequacy capability in a dynamic
stochastic general equilibrium model. The most prominent feature of this
paper is to consider systemic risk taking into account bank failures using
capital adequacy regulations and liquidity requirements. The model also
shows how financial fragility is reached by increasing competition. This paper
presents a good framework to model fundamentals and other regulatory
provisions. The well-defined framework is also capable of reflecting the
bank's response to monetary policies when the bank operates under the Basel
regulatory. The specification of the model is that a dynamic banking model
has been developed in which banks increase capital and deposits to protect
their investment in risk-free government bonds and when they are in a
financial crisis. Banks, in terms of riskiness, choose the leverage ratio and the
shield of capital externally, and their solution is different from social planning,
which considers the banks’ bankruptcy problem. The results of this paper
show that the provision of capital is costly, so the social cost of regulation may
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be reduced if capital requirements are met with other instruments, such that of
liquidity requirements. According to the findings of this paper, the leverage
ratio have both periodic behavior and anti-periodic behavior. In the context of
banks operating under the Basel framework, the ratio of capital adequacy is
less than the time that banks are not in this framework. Because when banks
operate within the framework of the Basel, they try to limit the risky behavior,
so the supply of risk loans is limited. The results also show that the ratio of
capital adequacy is countercyclical behavior. Since this paper assumes there
is a freedom of entry and exit for banks, it is considered that banks' bankruptcy
and the application of regulatory decisions are not specific to a particular bank.
lacoviello (2014) model capital adequacy requirements by using a DSGE
model and a business method. The purpose is to examine the role of capital
regulation in absorbing the negative effects of macroeconomic shocks on the
banking network. For this purpose, a model is first designed only with the
family, firm, and bank sections, and the capital requirements regulations are
not modeled. Then the model is expanded and the capital adequacy regulations
is added to the model. In this paper, it is assumed that households are
borrowers from banks. If banks do not have enough capital and do not meet
the capital adequacy requirements in accordance with the fundamentals, banks
are at risk of bankruptcy by increasing borrowers' default. Therefore, in order
to prevent bank failures, banks need to increase their capital. Increasing capital
absorbs negative effects from macroeconomic shocks and prevent its spread.
Also, increasing capital prevents the spread of shocks to the real sector.
Agenor et al. (2012) investigate the cyclic effects of implementing capital
adequacy rules based on the principles of Basel I and II for Brazil, using the
dynamic stochastic equilibrium model. The distinction of this article is in the
assumption that at the end of each period the bank will become bankrupt and
a new bank will begin working. Therefore, banks redeem stocks at the end of
each period, and all profits, including revenues from redemption of
government bonds, are distributed and new shares are issued at the beginning
of each period. The central bank injects liquidity into the banks and sets the
new interest rate based on the inflation target and the production gap.
The shocks are from changes in bank capital such as productivity shocks, and
supply shocks which must be absorbed. The results indicate that:
— The negative shock in the bank's capital and savings will reduce the supply
of credit, resulting in the production and increase of inflation.
— The implementation of the Basel II regulations has two cyclic effects less
than the Basel I principles.
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— If the bank's capital is strong enough, the Basel II principles may have
fewer cyclic effects than the fundamentals.

Suh (2011) in consideration of various precautionary measures, has
expanded the banking sector model in DSGE for Spain. The precautionary
considerations have variety of types such as, the precautionary policies
associated with the bank balance sheet, for instance the requirement of capital
adequacy, the requirement for liquidity restrictions, credit regulations such as
the loan-to-value ratio that is purchased with the loan, and debt-to-income
ratio. A review of various prudential policies suggests that capital adequacy
policies, better than other prudential policies, reduce the volatility of
production and inflation. If there is no precautionary policy, the application of
monetary policy to the extent that the precautionary policy is combined with
monetary policy will reduce production volatility and inflation. On the other
hand, the existence of a precautionary policy create a stable supply of credit.
In other words, a decrease in the capital adequacy ratio will reduce the supply
of credits.

4 The Model

In this paper a closed economy is considered that includes five entities:
households, firms, commercial banks, governments and central banks.
Considering the structure of Iran's economy, the oil sector has also been added
to the model. The banks supply loan for firms to finance their workforce. The
loan is elastic to the loan interest rate. It is assumed that the maturity of
corporate loans and maturities of loans to households is similar. In each
period, the loan is received for production and at the end of the period it is also
reimbursed by the sale of production. In order to avoid the complexity of the
discussion, defaults in the corporate sector are not considered. Households
deposit money in the bank and withdraw them after closing the market. The
bank issues shares to be able to meet the capital adequacy requirements. The
bank receives collateral for repayment lending. It also pays dividends to the
households for their money. The stocks are redeemed at the end of each period.
Distributing dividends are at the end of each period, and publishing new shares
are at the beginning of each period. The central bank injects liquidity and sets
the repayment rate.

As pointed out by Giri (2014), we assume banking sector confronts
shortage of liquidity and borrows from interbank. We use the models in
previous studies (Aliaga-Diaz, & Oliver, 2010; Atta-Mensa & Dib, 2008;
Bester, 1994; Boot et al., 1991; Coleman et al. 2002; Dewatripont & Tirole,
1994) for the structure of Iran’s banking and economy.
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4.1 Households

The household consumes, holds financial assets (including shares issued by
the bank), and supplies labor to firms. It also owns the economy’s stock of
physical capital, which provides them for firms. The objective of the
household is to maximize utility function:

(Ct+s)1_(_

1
Ut = Et (1'30:0 BS 1-¢-1 + Nn ln(l - Nt+s) + nxlnxt+s (1)

where [(0,1) is the inter-temporal discount factor, C; denotes real
consumption, N, is supply of labor in goods sector, X, a composite index of

real monetary assets, and E; is the expectation operator conditional on the
information available at period t, { > 0 is the inter-temporal elasticity of
substitution in consumption and 1, > 0 n, > 0. The composite monetary
asset is generated by combining real cash balances, m!* and real bank deposits,
d;, through a Cobb- Douglas function:

X = () di @)

where ve(0,1). Nominal wealth of the household at the end of period t, A,, is
given by:

A, = M} + D, + B! + P,K, (3)

where P, is the price of the final good, MJ* = P,m! nominal cash holdings,
D, = P,d, nominal bank deposits, B holding of one period nominal
government bonds and K; the real stock of physical capital held by household
at the beginning of period t.

The household enters period t with K, real units of physical capital and
M} | holding of cash. It also collects principal plus interest on bank deposits
at the rate contracted in t-1, (1 + i?_;)D;_; which is paid on maturing
government bonds p where iP_; is the interest rate on deposits.

At the beginning of the period, the household chooses the real levels of
cash, deposits, capital equity, and bonds, and supplies labor and physical

capital to firms, for which it receives total real factor payment rXK, + w;N,

. . . w; .
where 7 is rate of return on physical capital and w, = P—t is the economy-
t

wide real wage, with W, denoting the nominal wage.
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The household receives all the profits made by the firms, ]{ fol n}; dj. In

addition, it receives all the profits of the bank, J? which is liquidated at the
end of the period. It also pays a lump-sum tax, whose real value is Ty, and
purchases the final good for consumption and investment, in quantities C; and
I, respectively. Investment turns into capital available at the beginning of the
next period.

The household’s end of period budget constraint is given by:

Mgl + Dt + B? = Pt(rtth + WtNt - Tt) + (1 + ig—l)Dt—l + (1 +
pE)BEy + My — P(Ce+ 1)+ + )P )

The stock of capital at the beginning of period t + 1 is given by

K,
Kipya = Q= 8K, + 1 — ( Zl) K¢ (%)
where d€(0,1) is the constant rate of depreciation and the last term is the
capital adjustment cost function specified in standard fashion, with 6, > 0
denoting an adjustment cost parameter.

Each household maximizes lifetime utility with respect to

h
Cy, N, ml, d,, bl = B—t , K¢, taking as given in period t — 1 as well as P, and

P . ; o .
Ty Let mpyq = (”;—t) denotes the inflation rate; maximizing (1) subject to

t

(2)-(5) yields the following solutions:

67 = BE[(Cer)? (2] ©
M= 1= )
mp = n—"th%(l +p) ®)
4, = 10 vl))(f;t)f (1+p) ©)
—2c[1+6, (Kt+1 ~1)|+5 {Am [rtkH +1-5-% K“Z‘Kt“)]} 0(10)

where A, is the Lagrange multiplier associated with the budget constraint.

Eq. (6) is the standard Euler equation. Eq. (7) relates labor supply
positively to the real wage and negatively to consumption. Eq. (8) relates the
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real demand for cash positively with consumption and negatively with the
opportunity cost of holding money, measured by the return on government
bonds. Similarly, Eq. (9) relates the real demand for deposits positively with
consumption and the deposit rate, and negatively with the bond return. Eq.
(10) can be rewritten as

Et( 1+p ) _ {[gk (% - 1) + 1] [1 -8+l - 62—"(%)]_1}(11)

2
14+ 41 ht Kht+1

where the left hand side is the expected real return on bonds (that is, the
opportunity cost of unit of capital), and the right-hand side is the expected
return on the last unit of physical capital invested (corrected for adjustment
costs, incurred both in t and t+1).

4.2 Final Good Producer

The final good, Y; is divided between private consumption, government
consumption, and investment. It is produced by assembling a continuum of
imperfectly substitutable intermediate goods Y;; with je(0,1):

0
0-1)6-1
Y, = {fJ[YJ-t] z } (12)

where 6 > 1 is the elasticity of demand for each intermediate good.

The firm sells its output at a perfectly competitive price. Given the
intermediate-goods prices Pj; and the final- good price Py, it chooses the
quantities of intermediate goods, Vj; that maximize problem of firm. Thus:

0-1
[y, 175 1
Y, = argmaxP, {fo [Y]t] o dj} - fo P Yed; (13)
The first- order conditions yield:
p.\—0 _
Ve=(3)  Yovie(OD) (14)

Imposing a zero-profit condition leads to the following final good price:

1

S INGA R (15)
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4.3 Intermediate Goods-Producing Firms

Each firm j produces (using both labor and capital) a distinct, perishable good

that is sold on a monopolistically competitive market. Each firm must also

borrow to pay wages in advance, that is, before production and sale have taken

place. Price adjustment is subject to quadratic costs, as in Rotemberg (1982).
Production technology involves constant returns in labor and capital:

Ve = ANy K (16)

where N is labor hours, ae(0,1) and A; is a common technology shock,

which follows the process of:
InA; = pslnA,_; + & (17)
where p,4€(0,1) and EA~N (0, o za).

Each firm j borrows the amount L{t from the bank at the beginning of the

period to pay capital and wage in advance. So the bank is financing y;
proportion of cost of capital stock and labor. y; Is:

Ye = (M PY(ye-1)PY py€(0,1) (18)
The amount borrowed is therefore:
L}Tt = Vt(PjtTtkKjt + Pt W Np) (19)

Repayment of loans occurs at end of the period, at the gross nominal rate

1+i

it » Where i;t is the lending rate charged to firm j.

As in Rotemberg (1982), firms incur a cost in adjusting prices, of the form:
Jj_ %, P
PAC; = 7(7?6[,—’]1_1— 1%y, (20)

where @ = 0 is the adjustment cost parameter (or, equivalently, the degree
of price stickiness), ¢ = 1 + 7 is steady state gross inflation rate, and Y; is
aggregate output, defined in (12).

Firms are competitive in factor markets. Unit cost minimization yields the
optimal capital — labor ratio as:
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Kje _ @y |we
Nje (1—a) [rtk] @D
where the unit real marginal cost is:

[Yt(l""’t)Wt] (Vt(l""’t)’"t )
a®(1-a)l-2A,;

mey, = (22)

Each firm chooses a sequence of prices Pj; so as to maximize the
discounted real value of all its current and future real profits, where nominal
profits at t, n]]t, are defined as 7'[ = PtY; — Pome Y — PACt] Taking
{mcess, Pers, Yearstoro as given, the ﬁrst order condition for this maximization
problem is:

0 Y Pj Y:
(-0 v madda () " acor (i 1))

Pjt+1 Pjty1\| _
BOrEe evs (ot = 1) oo ()] = 0 (23)

which gives the adjustment process of the nominal price Pj;.

4.4 Commercial Bank
At the beginning of each period t, the bank collects deposits D; from the
household. Funds are used for loans to firms, which use them to pay labor in
advance. Thus, from (18)

L = f t = P,rfK, + PW,N, (24)

where again N, = f Nj¢dj and K, = fol Kj¢ dj. Upon receiving houschold
deposits, and given loansLE, the bank borrows from the central bankL, to fund
shortfall in deposits. At the end of period, it repays the central bank, at the
interest ratery, which we refer to as the refinance rate. It also holds required
reserves at the central bank, RR and government bonds, BP.

If the bank is faced with a shortage of funds, then borrows from the
interbank market D} and pays r{. Banks set interest rate of interbank by
agreement together. r/ Must be less than } and more than of r&. If 1\ is more
than r} they do not claim to firms, because claim to interbank is riskless with
high yield, so then decreases claim to firms. Where ¢di is quadratic cost
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parameter.y} is repayment ratio due to interbank. If banks cannot make

repayment timely, they are confronted with cost: %(pdi((l — yti)D,f)z.

vi= ()" e (25)
The bank’s balance sheet is thus:

Ly + B? + RR, = D, + KP + LS + D} (26)

where:

K¢ = K + K¢ (27)

With KRdenotes required capital and K£ excess capital. We adopt Agenor
et al. (2012) model due to prohibitive penalty or reputational costs, Kf > KR
at all times. In fact, we will focus on the case where capital requirements are
not strictly binding, that is, Kf > 0. Reserves held at the central bank do not
pay interest. They are determined by:

RRy = uDy (28)

where ue(0,1) is reserve requirement ratio.

The bank is also subject to risk-based capital requirement; by law, it must
hold an amount of equity that covers at least a given percentage of its loans,
exogenously set by the central bank (which also acts as the financial
regulator). Government bonds bear no risk and are subject to a zero weight in
calculating capital requirements. The risk weight on loans to firm is of :

KE = prof L (29)

where pe(0,1) is the capital adequacy ratio. Under Basel 1, of'is fixed at
of < 1;under Basel 11, in a manner similar to Agenor et al. (2012), we relate
the risk weight to the repayment probability estimated by the bank, because it
reflects its perception of default risk:

e () &

where @, > 0 and «a; is repayment probability and & is the steady — state of
a;. In the steady state, the risk weight is therefore equal to unity.



Modeling Basel Regulatory in DSGE with Emphasis on Adequacy Regulatory 403

The bank sets deposit and lending rates, excess equity capital and
government bonds, so as to maximize the present discounted value of its
profits.

The problem of profit maximization is:

o my
maxy, p, B,k Et Ditzo [(ﬂt/lt) P_Z (€29)
where profit is:

B
t

Noini 1. i\ i) BE) KE
(1 +7i)yiDi = Spdi (1= vE)DE) + (1 + pp)BE —y, B~ L (K -
blY2KE (32)

where ke (0,1), @di, yp, X > 0 and a;€(0,1) is the repayment probability of
firms, assumed identical across them. a;(1 + )L, represents repayment on
loans if there is no default, which occurs with probability a;. (1 — a;)kK;
Represents what the bank earns in case of default, that is, under limited
liability, the effective value of collateral pledged by borrower, kK;. Raw
collateral, therefore, consists of the physical assets of the firm and k measures
the degree of credit market imperfections.

ud; represents the reserve requirements held at the central bank and
returned to bank at the end of the period. The term (1 + r2)d, represents
(B)®

2

payment of deposits (principal and interest) by bank. y;, captures the cost

associated with transacting in government bonds; for t.ractability, this cost is
assumed to be quadratic. (1 + 1)L and (1 + r})y¢D; are repayment of
borrows from central bank and interbank market. %(pdi((l - )/ti)Dti)z is the
cost of non-repayment borrow from interbank market.

Such as Hollander and Liu (2013), capital adjustment is costly

B 2
&k (K—t - 9;‘) KZ and y,, is the quadratic function coefficient of the capital
2 \L;
adjustment.

Maximizing (32) subject to (24)-(30) yields the following solutions:

-1
= (14-) a-wi (33)
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which shows that the equilibrium deposit rate set as a markup over the
refinance rate, adjusted (downward) for the implicit cost of holding reserve
requirements. Such as Agenor et al. (2012), 4 denotes the constant interest
elasticity of the supply of deposits by the household and n denotes the interest
elasticity of demand for loans. Using this definition, we have:

B B
L1 = o { (= o) A+ 1) + proe [ (3 - 6F) (D]} 69
which implies that the gross lending rate depends negatively on the repayment
probability, and positively on a weighted average of marginal cost of
borrowing from the central bank (at the gross rate (1 + rf)) and the total cost
of adjusted capital. Weight on each component of funding costs is measured
in terms of share of capital in proportion of loans.

We adopt a quasi-reduced form, as in Curdia and Woodford (2010) and
Agenor (2012), for instance, to relate the repayment probability to three sets
of factors. First, in Iran, collateral is used as a repayment guarantee and is the
only means of guaranteeing repayment of loans. For this reason, we relate a;
to borrowers net worth; it increases with the effective collateral provided by
firms, kP K; and falls with the amount borrowed, L;. As argued by Boot et al.
(1991), Bester (1994), and Agenor, et al. (2012), among others, by increasing
borrowers’ effort and reducing their incentives to take on excessive risk,
collateral reduces moral hazard and raises the repayment probability.

Second, a; depends on the cyclical position of the economy, as measured

by % with ¥ denoting the steady state value of final output. This assumption

is proportional to the structure of Iran’s economy, which repayment increases
during the boom. Because during the economic boom, borrowers' ability to
repay loans is increasing. This captures the view that in periods of high (low)
levels of activity, profits and cash flows tend to improve (deteriorate) and
incentives to default diminish (increase). If net worth values are also
procyclical, both of these effects are consistent with the large body of evidence
suggesting that price-cost margins in banking are consistently countercyclical
(Aliaga-Diaz and Olivero, 2010; Agenor et al., 2012).

Third, a; increases with the bank’s capital relative to the outstanding

B

K, o . .

amount of loans —Lf , because bank capital increases incentives for the bank to
t

screen and monitor borrowers. In turn, greater monitoring mitigates the risk
of default and induces lenders to reduce the cost of borrowing. This
assumption is due to the conditions of Iran’s economy in the last decade, that
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repayment of facilities has decreased and banks' credit risk has increased. In
this case, capital is the best protection for credit risk. This is consistent with
the evidence in Coleman et al. (2002), according to which well-capitalized
banks charge lower loan rates than banks with low capital, and the results of
Coleman et al. (2002), in which capital-constrained banks charge higher
spreads on their loans. This effect is also consistent with the evidence in
Agenor et al. (2012). Finally, the dependence of the repayment probability on
the capital-loan ratio implies through (35), that it is also negatively related
with bank lending spread. The direct support for this link, while accounting
for the possibility of reserve causality, is provided by Fonseca et al. (2010)
and Agenor et al. (2012).
The repayment probability is thus specified as:

_ kP \P1 (PKB\ P2 AN
a =0 () (57) () G3)
where ¢; > 0, Vi. Combining (33) and (34) implies that an increase in capital
of bank, by improving incentives to monitor borrowers and reducing
borrowers’ default probability, lowers the lending rate.

The demand for bonds is:

b =y (pr —1F) (36)

This is increasing in the bond rate and decreasing in the marginal cost of
funds. The interest rate of inter banking market is:

147i= %[(1 +7E) + @di(1 — y£)2D] (37)
t

which implies that the gross inter-banking rate depends negatively to the
repayment probability, and positively to weighted average of marginal cost of
borrowing from the Central Bank (at the gross rate (1 + ) )and the total cost
of adjusted borrowing from interbank.

4.5 The Central Bank

The Central bank’s assets consist of holdings of government bonds, Bf and
loans to commercial bank,L{ and foreign reserveFR;, whereas its liabilities
consist of currency supplied to households and firms, M7 and required reserves
RR;. The balance sheet of the Central Bank is thus given by:

Bf + L + FR, = M{ + RR; (38)
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which FR; = FR;_4 + OR; .
The Central Bank is able to set interest rate of borrowing based on Central
Bank’s reserve requirement. Interest rate of borrowing from Central Bank is:

(14 78) = (M) (LI (i)™ (1) o~ (000 (39)

1+7 1+7 y 7

where p,,, pr, pm, pr are the weights assigned to the output, inflation, growth
of money and interest rate of previous period. Growth rate of money is:

He = 5 (). (40)

Reserve requirement is:

o q,’?
ne=m"n., (41)

where &, <D,;7 are weights assigned to inflation rate and reserve requirement
at previous period.

4.6 Government and QOil Sector
Government in financed with bond B;, tax T, oil revenue OR; and other
revenue X;. Government expenditure is:

Ge = (BY®5 (TY® (OR)®or(X) %, (42)
which we suppose (D,f + @f + o7 + o =1.

Tax is:

Te = (1)%, (43)
where ®; is a weight of output.

Other revenue is

Xe = @37, (44)

which ¢ is coefficient of Y;. Oil revenue shock is:
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OR; = (OR_1)Pr (OR)' "Poresor  &or ~ N(0,0:0r), (45)
in which OR oil revenue at steady state. Bond is

B, = B! + Bf + Bf (46)

4.7 Symmetric Equilibrium

In a symmetric equilibrium, all firms producing intermediate goods are
identical. Thus, Kj; = K;, Njy = N, Yy =Y, Py = Py, for all je(0,1). All
firms also produce the same output, and prices are the same across firms. In
the steady state, inflation is constant at 7.

Equilibrium conditions must also be satisfied for credit, deposit, goods,
and money markets. Because the supply of loans by the bank, and the supply
of deposits are perfectly elastic at the prevailing interest rates, the markets for
loans and deposits clear through quantity adjustment. Equilibrium in the goods
markets and money markets are:

2
Vo=Cot G+l +2L(2Z—1)y, (47)

1+7
M =M!+ L, (48)

5 Illustrative Calibration

This paper uses calibration to calibrate the structural parameters of the model.
First, the first order condition is obtained and linearized. Then the model is
solved. The Sample data is from 1981 to 2017. We use Central Bank of Iran
database, such as national accounts and balance sheets of banks.

To analyze the model, the parameters of the model are initialized. To
initialize the parameters, both the findings of the previous studies and actual
data are used. In this way, the parameters of the model are rewritten according
to the model's intrinsic variables, and then using the annual time series data,
the values are obtained in a steady state and then, the values of the parameters
are calculated. In order to calculate the steady state values, initially the time
series data are DE trended. The following formula has been used for DE
trending:

log(x;) = ¢ + 7. trend (49)

Which C'is intercept and r’ is coefficient of trend component. Anti-log of
estimated intercept, calculates the value of this series in steady state. As for
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estimated coefficient for trend component, detrended time series are
calculated with:

s — Xt
Xt = G (50)

After rewriting the parameters according to the endogenous variables, the
steady state values of the variables are embedded and thus the numerical value
of the parameters is calculated using actual data.

Some parameters such as discount rate and depreciation rate are identified
by solving the model. The weights assigned to the output, inflation
stabilization, growth of money and interest rate of previous period, and
weights assigned to the reserve requirement at previous period and weights of
output are estimated according the their functions. Parameters of shocks are
estimated by Eviews according the following equation:

log(x;) = ¢+ plog(x;_1) + €, (51)

Where p is Autoregressive Coefficient and its standard deviation ofey, is
the standard deviation of variable. Productivity shock is selected appropriately
to the structure of the model. Distribution of parameters are selected based on
the characteristics of parameters and features of the distribution.

Table 1
Calibrated Parameter
Parameter Value Calibrated From Description
Household
B 0.97 Solving model Discount factor
I'q 0.93 Author Elasticity of intertemporal
calculations substitution
M 0.63 Author Relative preference for
calculations leisure
Ny 0.58 Author Relative preference for
calculations money holdings
v 0.22 Author Share parameter in index of
calculations money holdings
0, 8.6 Agenor et al. Adjusted cost parameter,
(2012) investment
PB 0.2 Iran’s budget law  Yield of bonds
Production
6 0.034 Solving model Depreciation rate of physical

capital
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7] 433
a 0.78
o 4.26
Bank
73 2.1
Pk 0.08 and 0.12
D, 0.05
K 0.2
Yb 0.06
Xk 0.1
P1 0.7
P 0.0,0.5
@3 0.6
Pai 0.46
Central Bank

Py 0.45
Pr 0.89
Pm 0.82
Pr 0.80
o 0.062
d)g 0.83

Government and QOil Sector
>y 0.1

Mark-up 30%

Author
calculations
Atta-Mensa and
Dib (2010)

Central bank of
Iran(2017)

Basel I and Basel
11

Agenor et al.
(2012)

Agenor et al.
(2012)
Appropriate
structure of model
Appropriate
structure of model
Appropriate with
banking system of
Iran

Basel I,
Appropriate
structure of model
Appropriate
structure of model

Author
calculations

Author
calculations

Author
calculations
Author
calculations
Author
calculations
Author
calculations
Author
calculations

Author
calculations

Elasticity of demand,
intermediate goods
Share of labor in output,
intermediate good
Adjusted cost parameter,
prices

Reserve requirement rate
Capital adequacy ratio

Elasticity of the risk weight
repayment probability
Effective collateral — loan
ratio

Cost adjustment, bond
holdings

Cost adjustment, Bank
capital

Elasticity of repayment
probability wrt collateral —
loan ratio

Elasticity of repayment
probability wrt capital — loan
ratio

Elasticity of repayment
probability wrt cyclical
output

Cost adjustment, borrowing
from interbank

Weights assigned to the
output

Weights assigned to
inflation in interest rate
Weights assigned to growth
of money

Weights assigned to interest
rate of previous period
Weight assigned to inflation
in reserve requirement
Weight assigned to reserve
requirement at previous
period

Weight assigned to bond in
government expenditure
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o) 0.25 Author Weight assigned to tax in
calculations government expenditure
@I, 0.55 Author Weight assigned to oil
calculations revenue in government
expenditure
(bf 0.1 Author Weight assigned to other
calculations revenue in government
expenditure
<D§, 2.08 Author Weight of output in tax
calculations
@) 1.54 Author Weight of other revenue in
calculations tax
Shock
Pa 04 0.64,0.01 Appropriate Persistence/standard dev.,
structural of productivity shock
model
Pre Ore 0.65, 0.02 Author Persistence/standard dev.,
calculations monetary shock
Por Oor 0.60,0.001 Author Persistence/standard dev.,
calculations oil revenue

Source: Research Findings

6 Procyclical Effects of Regulatory Regimes

We now consider the effects of regulatory regimes as measured by the
behavior of the repayment probability of a positive productivity shock,
expansionary monetary policy shock, and positive oil revenue shock. We such
as Agenor et al. (2012) report results for two different values of the elasticity
of the repayment probability with respect to the capital loan ratio, ¢, = 0.0
and ¢, = 0.5. As is made clear below, this parameter change, by itself, is
sufficient to let us illustrate the ambiguity in the procyclical effects of the two
regulatory regimes.

Figures 1, 2 and 3 show the impulse response functions of some of the main
variables of the model following a temporary, one percentage positive shocks.
The results show that two different outcomes may occur, depending on the
elasticity of the repayment probability with respect to the capital-loan ratiog,.
In all of the figures, the behaviors of most of the variables do not differ much
across regimes. This is because of the negative relation between the capital
buffer and required capital; as a result, total capital under the two regimes is
more closely related. However, by changing the parameters by more, we could
magnify differences across regimes.
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Effects are examined directly and indirectly. The direct effects will be
explained after each chart. Indirect effects are explored through the repayment
probability and bank’s capital-loan ratio.

As shown in the Figures 1, 2 and 3, the initial drop (rise) in output (relative
to its steady-state value) tends to lower (higher) the repayment probability,
whereas the initial increase (decrease) in the collateral-loan ratio (due to the
reduction (increase) in the real demand for loans) tends to raise it. The
repayment probability falls (rises) (as one often observes in a recession
(Boom)), thereby increase (decrease) the loan rate and marginal costs. The rise
(fall) in the loan rate, by increasing (decreasing) the effective cost of labor,
tends to further depress (raise) production.

However, there is also another effect, which operates through the bank
capital-loan ratio and depends on the regulatory regime. Under Basel I, the
bank capital-loan ratio does not change by much, because excess capital
changes is very little (given our calibration) and, by definition, the risk weight
of is constant. There is therefore a negligible indirect effect on the repayment
probability under this regime. By contrast, under Basel II, the initial drop
(increase) in the repayment probability raises (drops) the risk weight and
therefore raises actual and required capital. Because credit falls (increases),
the bank capital—loan ratio rises (decreases) unambiguously, which implies an
upward (downward) effect on the repayment probability, thereby mitigating
the initial downward effect under that regime. The net effect is thus ambiguous
in general and depends on the value ofg,. In Figures 1, 2 and 3 which
corresponds to ¢, = 0.0, the shocks lead to the conventional case where Basel
IT is more procyclical than Basel I, whereas in Figures 1 and 3 which
corresponds to ¢, = 0.5, the opposite occurs. Thus, Basel II is less
Procyclical than Basel I in the sense that the drop (increase) in the repayment
probability, the increase (decrease) in the lending rate, and the fall (raise) in
output are all of a smaller magnitude.

Figure 1 shows monetary policy shocks effect. We assume the Central
Bank increases policy interest rate rf. This policy rate has two effects on
banks. First because of the increasing in policy rate, lending rate increases,
interest revenue increases and banks increase deposit rate while decrease
deposit. Households benefit from savings and consumption increases first.
Then, with increase in the interest rate on deposits, households prefer saving
instead of consumption. The increase in deposit leads to a further increase in
credit. Because of increasing in lending rate, cost of production increases and
it leads to decreasing aggregate output but increasing inflation. With increase
in credit, first physical capital increases and then with increasing in cost of
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production, physical capital decreases. Second, when output decreases,
repayment probability falls and bank increases collateral-loan ratio. As it can
be seen, Basel II with ¢, = 0.5 has less Procyclical effect than Basel 1.
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Figure 1. Monetary Policy Shocks
Source: Research Findings
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Figure 2 shows the impacts of positive technology shock on Iran’s
economy. Since the production is more efficient, output rises. The Supply of
goods increases, thus reducing the price of goods. The technology innovation
reduces marginal costs and inflation. Households rise their saving and
entrepreneurs borrow more. Because of the increased savings, the marginal
product of labor increases so that the aggregate capital increases. The rising
in consumption means a rising demand for goods, therefore raising inflation.
Central bank raises loan rates.
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Figure 2. Positive Technology Shock
Source: Research Findings

In the presence of bank intermediary, the endogenous propagation
mechanism is amplified because credit spreads benefits for entrepreneurs due
to the greater availability of credit. Entrepreneurs borrow more and produce
more. Because of raising production, inflation decrease. Aggregate output
increase then repayment probability increases and banks need less collateral
than before and collateral loan ratio decreases.
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Figure 1. Oil Revenue Shock
Source: Research Findings

In Figure 3, we see the impulse response functions of the variables related
to the oil revenues in terms of a standard deviation. With rising oil revenues,
household consumption is on the rise. The production sector shows a slight
increase. In other words, the increase in oil revenues will lead to the allocation
of some resources to non-productive activities, which is largely due to the
positive effects of increasing oil revenues on non-oil production. With rising
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oil revenues, government expenditure increases, which will reduce physical
capital in private sector. Impulse response functions show, although the
increase in oil revenues in the short run reduces inflation by channeling the
overall output of the economy, but in the medium and long term, due to the
transfer of oil shocks to the demand side, inflation in the economy is
increasing. With decreasing inflation, Central Bank decreases deposit and
lending rates. With increasing aggregate output, the ability to repay the facility
increases and repayment probability increases. Then banks' requirement for
collateral is reduced and collateral- loan ratio decreases.

7 Conclusions

In this paper like Agenor et al. (2012), the business cycle effects of bank
capital requirements are examined by the Central Bank in a New Keynesian
model with credit market imperfections, a cost channel of monetary policy,
and a perfectly elastic supply of liquidity at the policy rate. In the model,
which combines elements developed in Agenor et al. (2012), Basel I and Basel
IT regulatory regimes are defined. In the latter case, the risk weight is related
directly to the repayment probability that is embedded in the loan rate that the
bank imposes on borrowers. A bank capital channel is introduced by assuming
that higher levels of capital (relative to the amount of loans) induce banks to
screen and monitor borrowers more carefully, thereby reducing the risk of
default and increasing the repayment probability.

Results show Basel regulation has procyclical effect. According to the
results of the model and according to the realities of economy and banking
system of Iran, in a recession, lending increases and credit risk increases and
repayment probability is low. Despite that, capital adequacy will not increase.
This confirms that risks are less counted in determining capital. This result is
consistent with Khoshnod and Esfandiari (2018) findings.

In this paper 3 shocks are considered; monetary policy shock, technology
shock and oil revenue shock. Results show that, in the absence of the bank
capital channel, a Basel II regime is always more procyclical than a Basel I
regime, as in the conventional, partial equilibrium. By contrast, if the elasticity
of the repayment probability to the bank capital-loan ratio is sufficiently high,
the Basel II regime may be less procyclical. The key reason is that, following
a decrease in aggregate output, bank capital channel mitigates the drop in the
repayment probability, due to the monitoring incentive effect.

Despite monetary policy shock, the decline in aggregate output under Basel
I is more than the Basel II, and the repayment probability is also less under
Basel I than Basel 11. So, under Basel I, there is more need for collateral than
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Basel II. Despite technology shock, increasing aggregate output under Basel
II is more than Basel I and the repayment probability is less than Basel I.
Therefore, under Basel 11, there is more need for collateral than Basel 1. Also
oil shocks shows, under Basel II, decreasing in aggregate output is less than
Basel I and the repayment probability is more than Basel 1. So, under Basel II,
there is less need for collateral than Basel 1. Future work will consist of
estimating the model's structural parameters, incorporating credit to
households, extending the framework to an open economy model.
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