Abstract

In this paper, we investigate the effect of bank capital adequacy on the economic boom-bust cycles.
To investigate this effect, we use a Dynamic Stochastic General Equilibrium (DSGE) model with a
news shock. We perform the simulation three type of shocks: a monetary shock, capital price shock
with no news shock, and capital price shock with news shock. In terms of the effect of bank capital
adequacy, in both the simulation of simple capital price shock, we investigate the countercyclicality
of the Basel 111 type. In particular, for the economic boom-bust cycle, the Basel 111 framework implies
that it mitigates the increase in output in periods of boom and the decrease in output in period of bust
depending on the elasticity of output growth.
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1. Introduction

An economic downturn implies the need for higher capital requirements. Repullo and Suarez
(2004, 2007), for example, propose a dynamic equilibrium model of bank lending behavior to verify
the pro-cyclicality of capital adequacy requirements and evaluate the effects of the minimum capital
requirements under Basel | and Basel Il

This problem of the pro-cyclicality of bank requirements became remarkable during the 2007
Lehman shock. Therefore, formulating regulation to relieve this degree of pro-cyclicality was
required, lending to the announcement of Basel I112. Based on the foregoing, this study adopts a
DSGE model to investigate the relationship between bank capital adequacy and the boom-bust cycle
in the recent financial crisis.

The introduction of the DSGE model into the financial sector has accelerated since the financial
crisis, especially for analyzing financial market imperfections. The financial accelerator model
proposed by Bernanke et al. (1999), based on Carlstrom and Fuerst (1997), was seminal in this
respect®. However, while their model describes the default probability of entrepreneurs, it is difficult
to analyze the relationship between the financial conditions of financial intermediaries and the
business cycle because it does not specialize in financial intermediaries such as banks. Further, this
model cannot analyze the relationship between a fluctuation in prices and entrepreneurs’ debt since

1 Capital adequacy requirements changed in March 2007 under Basel Il, by allowing banks to choose
between using a standardized approach and an internal ratings-based approach. The latter is more risk
sensitive, since borrowers’ risk is reflected more precisely when using the bank’s own internal ratings.
Further, the internal ratings-based approach depends on the probability of default, which varies with the
business cycle. de Walque et al. (2010) investigate the effects of liquidity injection by financial
supervision, using the dynamic stochastic general equilibrium (DSGE) model with Basel | and Basel I1.
2 Basel 111 was agreed upon by the members of the Basel Committee on Banking Supervision in 2010-
2011.

3 To verify whether the volatility of asset prices increases the magnitude of macro-economic variables
through financial contracts, Bernanke et al. (1999) develop a DSGE model with price rigidity.



financial contracts are real. Similarly, Meh and Moran (2010) analyze the specialization of the
banking sector, particularly the relationship between bank capital and the business cycle, in order to
verify the efficiency of the bank capital channel after the formulation of monetary policy*. However,
more recent financial DSGE models have been based on lacoviello’s (2005) credit constraint model
with collateral value. lacoviello (2005) expands Kiyotaki and Moore (1997) by defining the collateral
constraint as that when the financial contracts are carried out with loans determined by the nominal
expected asset value. With this model, it is thus possible to verify Fischer’s debt deflation®.

Recently, the DSGE model has been introduced into the banking sector for banks operating under
monopolistic competition to inspect interest rate rigidity, i.e. the distortion of the interest rate pass
through®. In particular, by modeling the pass through from the policy rate, which is determined in
the interbank market by the loan and deposit rates, studies have examined how financial institutions
respond to monetary and technology shocks. For instance, Gerali et al. (2010) introduce a deposit
and loan bank under monopolistic competition and examine the transmission mechanism of monetary
and technology shocks.

In macroeconomics, it is recognized that changes in expectations about the future may be
important for economic fluctuations. In particular, capital accumulation caused by the optimistic
expectations of future demand increases may result in recession when these expectations are not
realized. This mechanism is referred to as the Pigou cycle (Beaudry and Portier (2004, 2006))".

In the DSGE model presented in this paper, the bank faces a quadratic cost of capital
accumulation, which is calculated according to the risk weight of loans granted to entrepreneurs
based on loan size. In addition, a part of the counter-cyclical buffer is set depending on the deviation
from the steady state of output, while we introduce a news shock into the boom-bust cycle (Beaudry
and Portier (2004)).

2. The Model

2.1 Households
Households have the following expected utility:
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4 For bank capital models, see den Heuvel (2008), Zhang (2010), Dib (2010), Gerali et al. (2010), Agenor
et al. (2012), Angeloni et al. (2012), and Angeloni and Faia (2013).

5 For DSGE models with the collateral constraint, see Aoki et al. (2004), Gertler etal. (2007), Christensen
and Dib (2008), lacoviello and Neri (2010), Lombard and McAdam (2012), and lacoviello (2015).

6 De Bandt and Davis (2000) and Claessens and Leaven (2004) suggest that banks may operate under
monopolistic competition. Berger et al. (2003) connect market concentration and market power with
interest rate setting by banks. Mandelman (2006), using panel data on 124 countries, implies that a cyclical
variation in bank mark-up is associated with variation in the concentration of internal-section.

7 Jaimovich and Rebelo (2009), Denhaan and Kalternbrunner (2007), Kobayashi et al. (2007), and
Christiano et al. (2008) also examine expectation shocks. In addition, Barsky and Sims (2011), Kurman
and Otrock (2013), and Barsky et al. (2014) show that a positive news shock for TFP generates a sharp
and long decline in inflation and a slow persistent increase in the real economy.



where, B}, is the households’ discount factor. Households maximize their utility (1) subject to the
following budget constraint:
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Thus, they allocate their income among deposits D,, which pay gross interest rate R,, and
consumption C*. w, is real wage earnings and X}* is the wage mark-up introduced later. In
addition, Div, are lump-sum profit from the final goods producer and from labor unions, and m; is
the inflation rate in the consumption goods sector.

The first-order conditions with respect to C/*, N,, and D, are as follows.

Ct+ D, = D;_y + Div, @)

1 lp
M= _ _BE{——— 3
‘ Cth - ‘thh—1 FuEe {Cth+1 - ‘thh} ¥
W
AR
A= ﬁhrﬁt{ } (5)
Tty

where, A% is the Lagrange multiplier for households’ budget constraint.

2.2 Entrepreneurs

In our model, there exist an infinity of entrepreneurs of unit mass. They hire labor and use capital
to produce intermediate goods Y;. Further, they care only about their own consumption C¢ and have
the following expected utility function:
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where, t, measures the degree of consumption habits
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L
t—-1

Y, R
X_t + Ly =Cf +we Ny + q (K, — (1= 6,)K—y) +
t Tt

Li_q )
where, X; is the mark-up of final goods over intermediate goods, K; is capital in the consumption
goods sector with price g,, and L, is real borrowing at nominal gross rate RF. Moreover, & is the
depreciation rate of capital used in the consumption goods sector.

We suppose that entrepreneurs maximize their utility (6) subject to the budget constraint (7) and
the following production technology:

Y, = AKE NG ®
where, A is productivity in the consumption goods sector.

Entrepreneurs’ borrowing is constrained by the value of their collateral (lacoviello, 2005). In our
model, only collateral for entrepreneurs is physical capital. Thus, entrepreneurs’ borrowing
constraint is

RiLy < mEAm;41qee1(1 — 6K} (9)
where, m is the steady state loan-to-value (LTV) ratio.

In addition, entrepreneurs’ net worth is given by
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The first order conditions are as follows:
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where, A, is the Lagrange multiplier for entrepreneurs’ budget constraint and A5, is the Lagrange
multiplier for their collateral constraint.

2.3 Nominal Rigidities

We suppose that the price and wage rigidities in our model are in line with those shown by
Bernanke et al. (1999), lacoviello (2005), and lacoviello and Neri (2010). In the consumption goods
sector, the final goods producer purchases intermediate goods Y; from entrepreneurs at price P in a
competitive market, differentiates the goods at no cost, and sells them at mark-up X, = P,/P} over
marginal cost. The wage setting is analogous to the price setting by defining mark-up X, = W,/ W.
Thus, the log-linearized Phillips curve for price is
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On the contrary, in the case of the wage setting, the Phillips curve is specified by a rate of change in

the nominal wage. Therefore, the log-linearized Phillips curve for wages is as follows:
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where, &, = Aw, + Aft,. Moreover, (1 — 8) and (1 — 8,,) are the proportions of the agents set prices

and wages optimally, respectively.
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2.4 Capital Goods Producer

The specification of the capital goods producer is identical to that in the standard New Keynesian
DSGE model, for which capital is an important component. The capital goods producer produces
capital, which is purchased by entrepreneurs, and sells its capital and final goods I, purchased from
the final goods producer in order to produce new capital K;,,, which is sold at the end of period t.
The law of motion of this capitals in this economy is
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where, x; is a parameter measuring the costs of adjusting investment. These equations means that
they invest the depreciated part, but face the quadratic adjustment cost function when investing.
The capital goods producer chooses investment /; to maximize its profits. Thus,
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2.5 Monetary Policy
The central bank sets the interbank rate according to the log-linearized Taylor rule as follows:
Re=Q1- Pr)[(l + po)ft + py?t] +p Ry + €l (18)
where, R, is the log-linearized interbank rate (for simplicity, we assume that this is the deposit rate).
Further, Y, is the log-linearized output growth rate and 7, is the inflation rate. Thus, the interbank
rate is set in response to the inflation and output growth rates.

3. Banking Sector

We suppose a simple banking sector®. Perfectly competitive banks receive deposits D, from
households at interest rate R,. On the contrary, banks provide loans L, at interest rate R to
entrepreneurs. When deciding on deposits and loans, banks face a quadratic adjustment cost related
to bank leverage. This cost captures the capital requirement pressures on banks. In addition, we
suppose that the bank weights risk in response to the default probability of entrepreneurs as in the
case of Basel Il. Further, we introduce a measurement of risk-weight that depends on the
countercyclical buffer that responds to credit/GDP growth. This represents the case of Basel I11.

Banks maximize the profit as follows:
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subject to the balance sheet identity:
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Further, in line with Agénor et al. (2012), we define the risk-weight as follows:
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where, 7,, T,, 73 =0, § = NW/(RLL), and & = K?/L. In addition, 9 is the autoregressive
parameter.

Equation (19) shows the risk associated with entrepreneurs’ loans to net worth and the bank
capital ratio. The second term of this equation captures the idiosyncratic risk for entrepreneurs. In

addition, the term (Y;/Y) captures the systemic risk.
Basel 111 requires that the ratio of Common equity Tier I to risk-weighted assets be higher than

8 In recent banking models, to introduce interest rate rigidity the banking sector is segmented into three
parts: wholesale banks, retail deposit branches, and retail loan branches (e.g. Gerali et al., 2010; Dib,
2010). Retail branches collect savings from patient households and place them in the money market.
Wholesale banks receive money from retail deposit branches and take bank capital. Retail loan branches
receive money from wholesale banks and lend to impatient households and entrepreneurs.



4.5% plus a conservation buffer is introduced to restrain reinvested earnings and the appropriate
accumulation of the buffer, which is added to the minimum standards in the stress period.

The countercyclical buffer is introduced to protect the banking sector from future losses owing
to the increase in the risk of the whole system. Each country’s authorities refer to the appropriate
indexes while watching the deviation of total credit to GDP from its trend as a common reference
index.

According to Gerali et al. (2010), the law of motion of bank capital is given by

KP = (1—8,)KPy + ¢ppll2, (20)
where, &, is the depreciation rate of bank capital and (1 — ¢5) captures the bank dividend policy,
which is assumed be the exogenous variable. Thus, banks can only accumulate their net worth by
using internal earnings.

Since banks maximize profit subject to their balance sheet identity, the first order condition with
respect to loans is as follows:
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By using the balance sheet identity, we can obtain the overall profit at the end of period t. Following
Gerali et al. (2010), the profit is as follows:
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4. Equilibrium and the News Shock

The goods market clearing condition is as follows:
Y, =Cl+CE+1, (23)
where, we ignore government spending in the demand term. Moreover, the labor market equals full
labor supply. Thus, the labor market clearing condition is as follows:
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Next, we consider the news shock. In our model, we introduce the news shocks into the capital
price. Here, consider the stationary capital price shock process, which follows:

Inu! = pgInul | +¢l (25)
Consider innovation €. We split this innovation into two components: an unanticipated
component €] . and an anticipated component €, ,. This process is given as follows:

€ = €0t Enewst (26)
where, €, = X2, €],_,and e],_, is the z-period ahead news about the capital price received

by agents in period t — z. As described by Kahn and Tsoukalas (2012), Z represents the longest
horizon over which shocks are anticipated by agents.

5. Calibration

The parameters and steady state values are summarized in Table 1. We follow lacoviello (2005)



and lacoviello and Neri (2010) to calibrate the parameters. The discount factors of households and
entrepreneurs are 0.995 and 0.975., respectively. We set the inverse of Frisch’s elasticity n as 1.5,
while the habit parameter for households and entrepreneurs is set as 0.7. In addition, we set the LTV
ratio as 0.85 following to lacoviello and Neri (2010). The capital share in production function a is
set to 0.36 and the depreciation rate of physical capital §) is set to 0.025. The adjustment cost
parameter of capital investment y, is given by 3.25. These parameter values are standards.

Next, we consider the parameters for the banking sector. We set the depreciation rate of bank
capital 6, to 0.02 and the proportion of reinvested bank profit ¢z to 0.85. The adjustment cost
parameter of bank capital accumulation is set to 3.25. We divide the risk weight parameters into two
cases. First, we think about the case of the Basel Il framework. Since Basel 11 adopts a risk sensitive
calculation, we set only t; and , to 0.01 and 0.01, respectively, and 75 to 0. Because 73 > 0 is the
elasticity of the deviation of economic growth from its steady state (i.e. the countercyclical term),
we set it to 0.01 to investigate the effect of Basel I11. Finally, the autoregressive parameter in the risk
weight 9 is set to 0.8.

Table 1. Parameters and steady state values

Br | Households’ discount rate 0.995 | 9, | Parameter of the AR(1) process 0.8
Be | Entrepreneurs’ discount rate 0.975 T4 | Elasticity of the LTV ratio 0.01
6, | Depreciation rate of capital 0.025 T, | Elasticity of the loan-to-capital ratio 0.01
6, | Depreciation rate of bank capital 0.02 13 | Elasticity of the output growth 0.01
n | Inverse of Frisch’s elasticity 1.5 ¢p | Proportion of reinvested bank profit 0.85
LTV ratio 0.85 p- | Taylor rule parameter (lagged interest rate) | 0.78
a | Capital share 0.36 P | Taylor rule parameter (inflation rate) 0.27
0 | Impossibility of price re-optimization | 0.75 py | Taylor rule parameter (output growth) 0.1
v, | Steady state capital-to-loan ratio 0.1 X | Steady state mark-up in the goods market 1.13

For wage and price rigidity, we set the parameters of 8,, and 8 to 0.7 and 0.75 following to
lacoviello (2005) and lacoviello and Neri (2010)°. The Taylor rule parameters are set as follows. The
parameter for lagged interest rate p, is 0.78, the parameter for inflation rate p, is 0.27, and the
parameter for output growth is 0.1. The autoregressive parameter in the capital price shock process
is set to 0.85.

The other steady state values needed for the simulation are calculated with the parameters and
steady state values.

6. Simulation

In this section, we perform a simulation of a monetary shock and a capital price shock. We
simulate a monetary shock to check the model movement, by investigating a 1% positive shock in
the policy interest rate. In addition, we simulate a capital price shock with a news shock and no news
shock. We also distinguish between Basel 11 and Basel 111. The parameter implying this difference
is T3, which controls the countercyclical buffer.

9 lacoviello and Neri (2010) use Bayesian estimations for the wage and price rigidity parameters.



6.1 Monetary Shock
In this subsection, we simulate a 1% positive shock in the policy interest rate and check the model
movement. The result is shown in Figure 1.

Figure 1 shows the impulse response function of output. The response of output to a negative
demand shock is to decrease. The difference in bank capital adequacy is that Basel Il is more
countercyclical, whereas Basel 111 may provide a soft landing?®.
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Figure 1. The effect of a monetary shock

6.2 Capital Price Shock

6.2.1 No news shock

First, we investigate the effect of the capital price shock without a news shock on output. The
simulation shows how output changes when the capital price increases by 10%. As shown in Figure
2, when the capital price rises by 10%, the collateral constraint of entrepreneurs is relaxed. Thus, the
money able to be borrowed may increase. On the contrary, in the Basel Il system, since risk
weight @ depends on the capital price and its effect is negative, the bank can increase loans. That is,
credit supply increases and therefore, investment also rises. As a result, investment and output
increase.

Next, we consider the Basel 111 framework, which additionally includes the countercyclical buffer.
The calculation of risk weight in Basel Il is more sensitive to the ratio of loans to entrepreneurs’ net
worth and the ratio of loans to bank capital. Therefore, the risk weight has a positive response to a
positive capital price shock. However, the calculation of risk weight in Basel Ill also responds to
differences in output from its steady state. Thus, the risk weight responds to the output term in a
positive direction. As described in Figure 2, Basel I11 is thus countercyclical.

10 However, impatient households are not included in this simple model, and Basel 111 may be more
countercyclical (See Fukuda, 2015).
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Figure 2. The effect of a positive capital price shock

Next, we consider the Basel 11l framework, which additionally includes the countercyclical buffer.
The calculation of risk weight in Basel 11 is more sensitive to the ratio of loans to entrepreneurs’ net
worth and the ratio of loans to bank capital. Therefore, the risk weight has a positive response to a
positive capital price shock. However, the calculation of risk weight in Basel Il also responds to
differences in output from its steady state. Thus, the risk weight responds to the output term in a
positive direction. As described in Figure 2, Basel I11 is thus countercyclical.

6.2.2 News shock
Finally, we investigate the effect of the bank capital adequacy ratio on the capital price shock
with a news shock. We rewrite (26) as follows:
€ = Eg,t + Ef,t—l + Eg,t—z + Eg,t—3 + Eff,t_4
where, eg‘t is an unanticipated component and Y#_, €] _, is an anticipated component, which

represent news about period t that arrives four periods ahead.
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Figure 3. The capital price shock with a news shock



As shown in Figure 3, since the expectation error of the capital price emerges in period 4, there
is a boom-bust cycle. This simulation shows that expectation errors occurs in four periods. The
capital price crashes and the economic boom-bust cycle occurs. The mechanism in the same in the
simulation of the capital price shock without a news shock. The difference is that Basel 111 shows
fewer boom and recession periods than the Basel Il framework. Figure 3 thus confirms that Basel 111
has countercyclicality.

7. Conclusion

This study used a DSGE model with a news shock to investigate the effect of bank capital
adequacy on the economic boom-bust cycles. Bank capital adequacy is supposed to be of the Basel
Il type (i.e. risk-sensitive) and of the Basel Ill type, which includes a countercyclical buffer.
Moreover, for economic boom-bust cycles, we suppose the Pigou cycle in line with Beaudry and
Portier (2005).

The economy is driven by three type of shocks: a monetary shock, capital price shock with no
news shock, and capital price shock with a news shock. We analyze the monetary shock to check the
movement of our model. Since a positive monetary shock decreases output, our model movement is
standard. The capital price shock with no news shock is simply a positive capital price shock in
period 1. Because the positive capital price shock increases the loanable volume for entrepreneurs,
its shock increases business investment. Third experiment is the capital price shock with a news
shock. The news shock occurs in period 4. That is, although ones expects the capital price to rise in
period 4, this expectation is actually an error. This expectation error thus drives the economic boom-
bust cycle.

In terms of the effect of bank capital adequacy, in both the simulations of simple capital price
shocks, we investigate the countercyclicality of the Basel 111 type. In particular, for the economic
boom-bust cycle, the Basel 111 framework implies that it mitigates the increase in output in periods
of boom and the decrease in output in periods of bust depending on the elasticity of output growth.
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