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Abstract

This paper examines an optimal simple rule for monetary policy and macropruden-

tial policy in a New Keynesian DSGE model with a Bernanke et al. (1999) financial

accelerator mechanism. Macroprudential policy is given by countercyclical bank

capital regulation or loan-to-value (LTV) ratio regulation. Macroprudential policy

can mitigate the inefficiencies arising from financial friction, by reducing the un-

certainty related with the solvency risk. It is optimal to separate monetary policy

from macroprudential concern and use only macroprudential policy for credit sta-

bilization. Using monetary policy for credit stabilization is sub-optimal because of

its tradeoff with inflation stability.
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1. Introduction

The recent financial crisis revealed that financial systemic risk can pose a serious threat

to the real economy. In response to the crisis, financial stability has become one of the main

concerns among policymakers and economists. In general, macroprudential policy refers

to financial policies to ex-ante prevent the buildup of systemic risk. This paper focuses

on a specific question regarding macroprudential policy: how macroprudential policy and

monetary policy should interact to jointly achieve financial stability and existing mandates

of monetary policy, such as inflation and output gap stability?

Woodford (2012) and Svensson (2012) debate the roles of monetary and macroprudential

policies in achieving financial stability. Their debate concerns whether financial stability

is better achieved through monetary policy to adjust short-term interest rates or through

macroprudential policy to control credit intermediation. Woodford argues that using interest

rate policy to maintain financial stability can be justified even with macroprudential instru-

ments, as long as the latter cannot provide a complete solution for financial stability. On

the other hand, Svensson argues that it is more efficient to assign monetary policy to focus

on inflation stability alone and use macroprudential policy for financial stability because the

latter policy directly affects leverage.

This paper addresses the above question in a New Keynesian dynamic stochastic general

equilibrium (NKDSGE) model with a Bernanke et al. (1999) financial accelerator mechanism

(BGG hereafter). The BGG model incorporates solvency risk represented by a financial

contract under costly state verification (Townsend (1979)) into a business cycle model. Along

with the collateral constraint model by Kiyotaki and Moore (1997), it is the most widely

used model to study the implication of financial friction in macroeconomics.[1] Moreover, it

is also used in several recent studies on the effects and the optimal use of macroprudential

policy.[2] It is the main goal of this paper to further investigate and generalize the optimal

role of monetary and macroprudential policies under this BGG setup.

The model in this paper features a standard BGG mechanism with nominal rigidity

1A large literature on this includes Christiano et al. (2008), Faia and Monacelli (2007), von Heideken
(2009), Fernandez-Villaverde (2010).

2Examples include Kannan et al. (2012), Unsal (2013).
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complemented by a risk-sharing banking sector by Zhang (2009). In this model, there are

double layers of frictions from the financial sector. Because of the BGG mechanism, the

entrepreneur’s leverage affects its risk premium. Because banks are exposed to aggregate

uncertainty and bank capital functions as a buffer stock to absorb it, the balance sheet of

the bank also matters for credit intermediation. Low capitalization of the bank raises the

funding cost of the bank, limiting its ability to channel credit. The macroprudential policy

instruments available to the policymaker are countercyclical bank capital requirements and

loan-to-value (LTV) ratio regulations.

My analysis shows that macroprudential policy is welfare improving. The optimal simple

policy rule features monetary policy reacting strongly to inflation and countercyclical bank

capital regulation stabilizing credit. LTV regulation is not welfare improving as it restricts

the optimal borrowing decision by entrepreneurs. A countercyclical capital requirement rule

reacting to credit is robustly optimal under the bank capital shock and the riskiness shock. If

the capital requirement ratio reacts to the default rate, it underperforms given the riskiness

shock. There is a separation of objectives between monetary policy and macroprudential

policy, as monetary policy rule stabilizing credit is not optimal. Two components of the

model account for this dichotomy. First, stabilizing credit is welfare improving. As Faia

and Monacelli (2007) points out, inefficiencies exist under BGG financial friction. Not only

are there deadweight monitoring costs when borrowers default, but also the existence of

risk premium prevents efficient capital allocation. Reducing the volatility of credit activity

can mitigate these inefficiencies. Second, macroprudential policy is a better tool for credit

stabilization than monetary policy. Monetary policy is “too blunt” an instrument to be

used for credit stabilization, as a tradeoff exists with inflation stability. The reason is that

while macroprudential policy operates only on the decision of borrowers, monetary policy

has spillover effects in that it alters the decisions of borrowers and savers. Meanwhile, the

“volatility paradox” appears, for the average level of leverage increases as macroprudential

policy reduces credit volatility.

The literature about macroprudential policy is developing fast. Borio (2003), Borio and

Shim (2007) emphasize the role of macroprudential policy to reduce procyclicality and to

complement monetary policy. Studies such as Lorenzoni (2008), Bianchi et al. (2012), Be-
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nigno et al. (2013), Brunnermeier and Sannikov (2014), Jeanne and Korinek (2013) suggest

that there exists a pecuniary externality from credit boom–bust cycles. The externality is

that individual agents tend to overborrow because they do not account for the general equi-

librium price effects during “fire-sale” events. Therefore, there is a role for macroprudential

policy to correct this externality. Carlstrom et al. (2010), Woodford (2012), Svensson (2012),

and Brunnermeier and Sannikov (2012) discuss the importance of financial stability as a pol-

icy objective, and how monetary policy and macroprudential policy should be used together

to balance financial stability and inflation stability. There are also a group of studies that

analyze macroprudential policy in a NKDSGE framework as does this paper. A selective list

includes Angelini et al. (2012), Christensen et al. (2011), Kannan et al. (2012), Angeloni and

Faia (2013), Assenza et al. (2013) and Gelain et al. (2013). They focus on the stabilization

effects of macroprudential policy under financial friction, and the optimal use of monetary

policy and macroprudential instruments given volatility or utility-based welfare measures.

The contribution of this paper in the literature can be summarized as the following. Most

importantly, this paper explains why the optimal policy separates monetary policy from

macroprudential concern under two-way distortions present in BGG models, price rigidity,

and costly state verification. As mentioned above, it is because the effectiveness of two

policies differs when used for inflation stabilization and for credit stabilization. In addition,

this paper distinguishes the shocks from the financial sector, between the riskiness shock

and the bank capital shock. The result reveals that the optimal macroprudential policy rule

depends on the nature of the financial disturbance.

2. Model

The model in this paper is a modification of BGG. The BGG model incorporates a

financial friction based on the costly state verification in a New Keynesian framework with

price stickiness. The financial friction plays a role to determine the relationship between the

borrower leverage and the risk premium. The original BGG model abstracts from financial

intermediary and its capital, by assuming that borrowers choose state-contingent default

threshold in a way that always guarantees lenders a risk-free return. However, since this

paper examines the role of macroprudential policy including countercyclical bank capital
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regulation, I add a stylized financial intermediary (“bank” hereafter) in the type of Zhang

(2009) to the original BGG model. The state-contingent default threshold assumption is

relaxed, as the banking sector shares the risk from aggregate shocks. Bank capital then

functions as a buffer stock to absorb the profit or loss caused by the difference between the

expected and realized values in aggregate return.

2.1. Households

Households purchase consumption goods (C), provide labor supply (N), and hold asset

portfolios that consist of nominal assets (B), real bank deposits (D), and real bank equity

capital (e). Thus households supply credit in the economy. They solve

max
Cs,Ns,B,D,e

Eo

{
∞∑

t=0

βt[logCt + ϕ log(1−Nt)]

}

(1)

subject to budget constraint

Ct +
Bt

Pt

+Dt + et + Tt ≤ RN
t−1

Bt−1

Pt

+RD
t−1Dt−1 + (1− φt−1)R

e
t−1et−1 + wtNt +Divt. (2)

In the budget constraint, T is lump-sum government tax, w is the real wage, and Div is

dividends from entrepreneurs. RN , RD, and Re denote the gross returns from holding B,

D, and e, respectively. It is assumed that there is a positive probability that bank equity

capital is not repaid. That probability, φ, is assumed to be a function of bank capital ratio.

To explain the presence of φ, we can assume that (i) an asset quality shock hits the bank

between periods, (ii) the size of the asset quality shock is such that only equity holders are

not repaid, and (iii) the probability of that shock being realized is a function of bank capital

ratio. Section 2.4 explains more details about the bank capital ratio and the probability of

bank insolvency.

For the rest of the paper, I assume that the equilibrium quantity of nominal asset (B) is

zero, and only real credit exists in the economy. However, the arbitrage condition between

nominal asset and real deposit still yields the Fisher equation between the nominal interest

rate and the real interest rate. Appendix A.1 provides the details regarding the saving

households’ optimization problem.
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2.2. Entrepreneurs

There are a continuum of entrepreneurs who produce intermediate goods using their

net worth and external borrowing. As Bernanke et al. (1999) shows, there is no aggrega-

tion bias in the BGG financial accelerator mechanism, thus it is possible to describe the

entrepreneurs’ problem and the financial contract using only aggregates. The production

technology includes capital (K), labor (N), entrepreneurs’ labor (Ne), and bankers’ labor

(Nf),

Yt = At(K
αk

t−1)(N
αn

t )(Nαne

e,t )(N
αnf

f,t ), αk + αn + αne + αnf = 1. (3)

Entrepreneurs’ and bankers’ labor incomes contribute to the accumulation of entrepreneurs’

net worth and bank capital. However, their fraction in aggregate production technology is

assumed to be very small. I assume that the labor supply of the entrepreneurs and the

bankers is fixed at 1. Given real marginal cost mct, labor demand for each type of labor is

given by

wt = mct · αn

Yt
Nt

, we,t = mct · αne

Yt
Nt,e

, wf,t = mct · αnf

Yt
Nt,f

. (4)

Gross return from one unit of capital is defined by

RK
t =

zt + (1− δ)qt
qt−1

, (5)

where q is the price of capital in terms of consumption goods, and zt is the value of the

marginal product of capital (zt = mct · αkYt/Kt−1). R
K
t is the return on capital chosen in

the last period (Kt−1), determined only when this period’s aggregate shocks are realized. It

reflects the price changes (qt/qt−1) of capital as well as zt.

Entrepreneurs’ net worth, denoted by W , is determined by their labor income and re-

tained earnings in the investment project:

Wt = υVt + we,t (6)

where υ is the survival rate of entrepreneurs, and V is the return from each period’s project

net of the borrowing cost,
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Vt =

∫
∞

ω̄b
t

ωRK
t qt−1Kt−1f(ω) dω − (1− F (ω̄b

t ))R
L
t−1Lt−1. (7)

The first term on the right-hand side is the gross payoff for entrepreneurs, and the second

term is the debt repayment obligation to the lender. L is the amount of borrowing and RL is

its interest rate. ω is an idiosyncratic productivity shock that hits each entrepreneur and ω̄b

is the ex-post default threshold determined by the debt repayment obligation (RL
t−1Lt−1 =

ω̄bRK
t qt−1Kt−1). If an entrepreneur defaults, (ω < ω̄b), he will end up with nothing and the

remaining value of the project will be accrued to the bank. The lending contract between

entrepreneurs and the bank is further discussed in the next subsection.

2.3. Financial Contract: BGG Mechanism

The financial contract in this paper modifies the BGG model by introducing a risk-

sharing banking sector and the bank capital. In the original BGG model, there is no need

for the bank to set aside buffer capital to perform the intermediation, since it can diver-

sify its idiosyncratic risk and is fully insured against aggregate risk. The insurance exists

as risk-neutral entrepreneurs offer an aggregate-state-contingent default threshold and debt

repayment value, in a way that guarantees zero profit to the bank in all states. However, in

the real world, it would be natural to believe that the bank profit and capital are exposed

to aggregate risk. Suppose a financial contract is given such that the debt repayment value

is not state-contingent and is fixed in the previous period. It is set according to the next pe-

riod’s expected aggregate business return. Thus, there are an ex-ante default threshold that

determines the debt repayment value and an ex-post default threshold that determines the

actual default. The forecast error in the next period’s business return creates a discrepancy

between the expected default rate and the actual default rate. The resulting profit or loss

to the bank is reflected in the changes in bank capital.

The size of a business loan is defined by the difference between the size of the investment

project and the entrepreneurs’ net worth. That is, Lt = qtKt −Wt. The debt repayment

value is not state-contingent, and entrepreneurs offer the bank an ex-ante default threshold,

chosen from the distribution of the idiosyncratic shock (ω) given the next period’s expected

aggregate return on capital (EtR
K
t+1). Denoting this ex-ante default threshold by ω̄a

t , the
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relationship between the gross loan repayment value and the expected project return is

RL
t Lt = ω̄a

tEtR
K
t+1qtKt. (8)

The entrepreneurs’ optimization problem becomes

max
Kt,ω̄a

t

∫
∞

ω̄a
t

ωEtR
K
t+1qtKtf(ω) dω − (1− F (ω̄a

t ))R
L
t Lt (9)

subject to the bank’s ex-ante participation incentive constraint

Rf
t (qtKt −Wt) = (1− F (ω̄a

t ))R
L
t Lt + (1− µ)

∫ ω̄a
t

0

ωEtR
K
t+1qtKtf(ω) dω. (10)

Rf is the funding rate of the bank, F is the cumulative distribution function of idiosyncratic

shock, and µ represents the monitoring cost that the bank has to pay when it claims the post-

default investment project. This “costly state verification” problem, suggested by Townsend

(1979), is the core friction in the BGG model. Banks maximize profit but competition among

banks will lead them to accept this zero profit participation constraint. However, the zero-

profit condition holds only ex-ante, and a profit or loss can occur once realized aggregate

return RK
t+1 deviates from EtR

K
t+1. In period t + 1, after RK

t+1 is realized, the ex-post actual

default threshold w̄b
t+1 is defined as

ω̄b
t+1 =

RL
t Lt

RK
t+1qtKt

= ω̄a
t

EtR
K
t+1

RK
t+1

. (11)

Details of the entrepreneurs’ optimization problem, given a lognormal assumption for ω, are

provided in Appendix A.2. In addition, I allow an exogenous stochastic component in the

volatility of idiosyncratic shock distribution, as in Christiano et al. (2008). Christiano et al.

(2013) argues that this volatility shock, called “riskiness shock,” is one of the key drivers of

the business cycle, especially for the investment. Along with the bank capital shock that

will be introduced later, this riskiness shock represents the disturbances within the financial

intermediation process.

2.4. Financial Intermediary

Similar to the original BGG model, the bank has the ability to diversify idiosyncratic

risk and can insure savers against it. In contrast to the BGG model, as mentioned, the bank

7



shares aggregate risk. The forecast error in aggregate return is reflected in the changes of

bank capital. The bank has two means of financing, deposits (Dt) and equity capital (et),

and its asset side consists of loans to entrepreneurs (Lt). The asset side of the bank must be

balanced with its liability and equity side (Dt + et = Lt). The bank capital ratio is defined

by κt ≡ et/Lt. The probability of bank insolvency (φt) is a function of bank capital ratio

and assumed to have the following logistic functional form:

φt = φ(κt) = νa +
1

νb + νc exp[νd(κt − κ̄)]
. (12)

The above equation shows that the probability of bank insolvency is determined by how

much the bank capital ratio deviates from its steady-state value (κ̄). In addition, the bank

is also subject to capital regulation. I assume that the bank faces a penalty cost Ξt when it

fails to meet the required bank capital ratio. It comes from an actual corrective action or

ban from the regulatory authority, or an increase in reputation risk. This cost is reflected

by the funding cost Rf
t of the bank, and is increasing in the degree of capital shortfall that

is measured by the difference between actual capital ratio (κt) and capital requirement ratio

(κτ ). That is,

Rf
t = κtR

e
t + (1− κt)R

D
t + Ξt, Ξt = γa exp

[

γb
(κτt − κt)

κ̄

]

. (13)

Bank capital is required by the regulator, sold to households, and functions as a buffer

stock that absorbs the forecast error in aggregate return. The law of motion for bank capital

is given by
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et = (1− φt−1)et−1 −Rf
t−1Lt−1 (14)

+RL
t−1Lt−1(1− F (ω̄b

t )) + (1− µ)

∫ ω̄b
t

0

ωRK
t qt−1Kt−1f(ω) dω + wf,t + ǫet .

Three factors contribute to the bank capital accumulation. Firstly, net profit from lending

activity—inflows from loans minus outflows to depositors and equity holders—affects bank

capital. This net profit is nonzero when there is a forecast error in the return on capital

(RK
t −Et−1R

K
t ). Secondly, bankers’ labor income (wf,t) is also added to the capital. Note that

the steady-state bank capital level is entirely dependent on bankers’ labor income, because

net profit from lending activity is zero in the steady state, Finally, ǫet is an i.i.d. exogenous

shock to bank capital, which captures the type of shocks originating from the financial sector.

As an example, one can imagine changes in bank capital due to changes in asset quality or

due to the differences between the ex-ante and ex-post variance of idiosyncratic shocks. In

this model, a negative shock to bank capital weakens the ability of the bank to intermediate

credit, a channel that emerged during the 2007–2009 financial crisis and highlighted by

related studies such as Adrian and Shin (2010), Gertler and Kiyotaki (2010), and Gertler

and Karadi (2011).

Bank capital is offered to households for purchase, and the fund is used for lending. In

case the adjustment process of bank capital is slow (small values of φ and wf,t), the bank

complies with the capital requirement ratio obligation mainly by adjusting assets rather than

bank capital.

2.5. Capital Producer

At the beginning of each period, the capital producer purchases It amounts of con-

sumption goods at a price of one and turns them into the same amount of new capital.

Transformation costs arise during the process, and at the end of the period, she resells new

capital to entrepreneurs at price qt. The law of motion for capital stock is given by

Kt = It + (1− δ)Kt−1. (15)

Appendix A.3 discusses further details about the capital producer’s optimization problem.
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2.6. Retail Goods Producers

Each retail goods producer (i) purchases intermediate goods and turns them into retail

goods (Yt(i)) in a monopolistically competitive market. Total final usable goods Yt are the

following composite of retail goods:

Yt =

[∫ 1

0

Yt(i)
ξ−1

ξ di

] ξ
ξ−1

(16)

Only (1−θ) fraction of retail goods producers are allowed to change price, à la Calvo (1983).

Appendix A.4 discusses the details of the retail goods producers’ optimization problem, using

the method used by Schmitt-Grohe and Uribe (2007).

2.7. Exogenous Processes and Market Clearing

I assume shocks to productivity, government spending, and riskiness follow stationary

AR(1) process in log–linearized form:

Ât = ρAÂt−1 + ǫAt , (17)

Ĝt = ρGĜt−1 + ǫGt . (18)

σω,t = σω · ςt, ς̂t = ρσ ς̂t−1 + ǫςt . (19)

where X̂ stands for the log–linear deviation of any variable X (X̂t ≡ logXt− logXss). Bank

capital shock is assumed to be i.i.d. The government budget is balanced every period as gov-

ernment expenditure is financed by lump-sum taxes from households (Gt = Tt). Aggregate

resource constraint is given as

Yt/st = Ct + qtIt +Gt + φt−1et−1 + µ

∫ ω̄b
t

0

ωRK
t qt−1Kt−1 dF (ω) + Ξt. (20)

Note that the aggregate resource constraint includes bank insolvency cost (φt−1et−1), mon-

itoring cost
(

µ
∫ ω̄b

t

0
ωRK

t qt−1Kt−1dF (ω)
)

, and regulation cost (Ξt). st is a measure of the

resource cost induced by price dispersion (see Schmitt-Grohe and Uribe (2007)).
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st =

∫ 1

0

(
Pit

Pt

)
−ǫ

= (1− θ)(p∗t )
−ǫst−1, (21)

2.8. Monetary Policy

Monetary policy is set to follow a simple, linear rule. The central bank sets the nominal

interest rate according to the log deviation of inflation and output. Instead of the output

gap, which is hard to correctly identify in reality, monetary policy is assumed to react to

output, which is observable. Also, central bank is allowed to respond to credit.

R̂N
t = ρrR̂

N
t−1 + (1− ρr)[φππ̂t + φY Ŷt + φLL̂t] + ǫRt . (22)

2.9. Macroprudential Policy

Generally, the term “macroprudential policy” is loosely used to refer to ex-ante policies

that prevent the buildup of financial systemic risk. Since “financial systemic risk” indeed

includes all types of the risk that can threaten the stability of the financial system,[3] it follows

that macroprudential policy that addresses financial systemic risk is rather loosely defined.

For example, systemic risk can be “time-varying” (solvency risk, liquidity risk) or “cross-

sectional” (concentration of counterparty risk), and macroprudential policy should also vary,

from lending restriction (LTV regulation) or prudential regulation (bank capital regulation)

to market infrastructure development (centralized clearing counterparty). Because of this

broad nature of macroprudential policy, in order to study the role of macroprudential policy

in a model-based research, it is important to choose policy instruments that addresses the

right kind of distortions within the context of the model.

Compared to conventional New Keynesian models, the BGG financial accelerator model

has an additional layer of distortion arising from the costly state verification, that is, a cost

for lenders to verify the state of borrowers when the latter default on their debt. Faia and

Monacelli (2007) points out this “agency cost” has twofold effect. In the long run, deadweight

monitoring cost lowers the level of economic activity in the steady state. In the short run,

the presence of risk premium prevents efficient allocation of capital and investment. Ideally,

3Bank of England (2010), BIS (2010).
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the optimal policy should aim to reduce information asymmetry (monitoring cost) between

lenders and borrowers. If this is not feasible, we should still look for managing the solvency

risk in the economy, a key element to those inefficiencies. Therefore, given the type of

financial friction, it is most appropriate to consider macroprudential policy instruments that

are designed to deal with the solvency risk.

In that context, I consider two types of macroprudential policy instruments, countercycli-

cal bank capital regulation and LTV regulation. They are considered as the most practical

and readily available macroprudential policy tools, and they both focus on the solvency risk

of the economy. Countercyclical bank capital regulation is one of the key elements in Basel

III bank regulation (BIS (2011)). It requires banks to set aside capital buffer during the

phase of credit expansion, and allows them to release the buffer in crisis events. LTV regu-

lation is already used in several countries, to prevent credit and asset bubble ex-ante (IMF

(2010)). These “lean-against-the-wind” measures are expected to reduce the volatility of

credit boom–bust cycles and mitigate the cost from large financial crisis.

Similar to monetary policy, it is assumed that countercyclical capital regulation is imple-

mented by a simple target capital requirement ratio rule that countercyclically reacts to the

credit cycle. In specific, I assume that κτt is a linear function of either credit (Lt) or default

rate (∆t ≡ 1− F (ω̄a
t )),

κ̂τt = ρκκ̂
τ
t−1 + (1− ρκ)φκL̂t, or κ̂τt = ρκκ̂

τ
t−1 + (1− ρκ)φκ∆̂t, (23)

where ρκ represents the persistency and φκ represents the elasticity of capital requirement

ratio.

LTV regulation puts a cap on debt so that it does not exceed a certain fraction of the

collateral value. Because the lending in this paper is not collateralized, I instead assume

that the LTV ratio is defined by the ratio of the debt to the expected gross payoff from the

investment project. That is,

Lt ≤ ψtEtR
k
t+1qtKt, (24)

where ψt is the LTV ratio set by the regulatory authority. It is assumed that the LTV
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regulation, when imposed, binds in the steady state with equality. To guarantee this, the

steady-state ψ should be chosen to be smaller than the unregulated equilibrium LTV ratio.

In addition, it is possible to assume that the regulator varies ψt countercyclically in response

to credit or default rate. Then the LTV ratio rule can be written as

ψ̂t = ρltvψ̂t−1 − (1− ρltv)φltvL̂t, or ψ̂t = ρltvψ̂t−1 − (1− ρltv)φltv∆̂t, (25)

3. Calibration

As in Bernanke et al. (1999), parameters regarding entrepreneurs and financial accelerator

mechanism are chosen to match three key features of the steady-state business credit market:

(i) capital–net worth ratio of 2.0, (ii) external finance premium of 300 bps between the

return on capital and bank funding rate, and (iii) annualized entrepreneur default rate of

3%. To obtain these values, I choose the entrepreneurs’ labor share in the production αe,

entrepreneurs’ exit rate υ, monitoring cost µ, and the standard deviation of idiosyncratic

return shock σω to be 0.01, 0.027, 0.15, and 0.28, respectively.

Parameters in the banking sector are calibrated so that the bank capital ratio is 8% and

the interest rate spread between the bank deposit rate and the bank funding rate is 60 bps in

the steady state. To match these values, I choose the bankers’ labor share in the production

αf and the steady-state bank insolvency rate νa to be 0.0016 and 0.005, respectively. Next,

the parameters for the bank insolvency probability φ(κt) and the regulation cost Ξ(κt, κ
τ
t ) are

chosen as νb = 0.5, νc = 2000, νd = 100, γa = 0.001, γb = 5. The shapes of φ and Ξ implied

by these parameter values are shown in Figure 1. Both the bank insolvency probability and

the regulation cost increase convexly as the bank capital ratio declines.

In the utility function, the discount factor β is set at 0.99, implying the steady-state

bank deposit rate (annualized) of approximately 4%. As in Faia and Monacelli (2007), the

weight of leisure in the utility function ϕ is set to pin down the steady-state labor supply at

0.3. In the Cobb–Douglas production technology, the weights on labor αn and capital αk are

chosen to be 0.31 and 0.6784, implying the steady-state investment–output ratio of 0.16. The

steady-state government spending–output ratio is set at 0.17. Both the investment–output

ratio and the government spending–output ratio match the U.S. historical observation. δ,
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Figure 1: Probability of default (φ) and regulatory penalty (Ξ) as functions of bank capital ratio (κ).

the rate of depreciation for capital goods, is chosen at 0.025, suggesting that it takes 10

years to completely depreciate. θ is the fraction of retail goods producers who cannot reset

the sale price, and is assumed to be 0.75. According to this value, the average duration for

a price change is four (= 1/(1 − θ)) quarters. Retailers’ degree of monopolistic power ξ is

chosen so that the steady-state real markup is 1.1. The degree of investment adjustment

cost χ is chosen at 2, following Chirinko (1993) and Zhang (2009).

For exogenous processes, empirical studies on the U.S. economy such as Smets and

Wouters (2007), Christiano et al. (2013) suggest that the productivity shock, government

spending shock, and riskiness shock have strong persistency. I calibrate the AR(1) coefficients

in those shocks to be ρA = ρG = 0.95, and ρς = 0.9. Standard errors of the productivity

shock, the government spending shock, the riskiness shock, and the bank capital shock are

chosen as 0.003, 0.0038, 0.01, and 0.0015, respectively. During 1982–2011, the standard

deviations of quarterly output, government expenditure, investment, and nonfinancial credit

liabilities are measured to be 1.1%, 1.2%, 6.9%, and 1.3%, respectively.[4] With these cali-

brated standard errors and the monetary policy given by a simple Taylor rule (ρr = 0.75, φπ

= 1.5, φY = 0.3), the standard deviations of those variables generated by the model are 1.1

%, 1.2%, 4.4%, and 2.0 %. Since the object of the paper is to examine the role of financial

4Source: National Accounts, U.S. Bureau of Economic Analysis, House Price Index, New Single-family
Houses Sold, U.S. Census Bureau, Flow of Funds, Federal Reserve).
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Table 1: Parameter calibrations.

β 0.99 Discount factor νa 0.005 Shape, probability of bank insolvency

ϕ 2.17 Weight of labor in the utility νb 0.5 Shape, probability of bank insolvency

αk 0.31 Weight, capital in production νc 2000 Shape, probability of bank insolvency

αn 0.6784 Weight, households’ labor in production νd 100 Shape, probability of bank insolvency

αe 0.01 Weight, entrepreneurs’ labor in production γa 0.001 Shape, regulatory penalty

αf 0.0016 Weight, bankers’ labor in production γb 5 Shape, regulatory penalty

δ 0.025 Depreciation, capital ρA 0.95 AR(1), productivity

ν 0.974 Entrepreneur survival rate ρG 0.95 AR(1), government spending

σ 0.28 SD, idiosyncratic investment return shock ρς 0.9 AR(1), riskiness shock

µ 0.15 Monitoring cost σA 0.003 SE, productivity shock
G
Y

0.17 Government Spending / output σG 0.0038 SE, government spending shock

χk 0.25 Capital adjustment cost σe 0.0015 SE, bank capital shock

θ 0.75 Price stickiness σς 0.01 SE, riskiness shock

ξ 11 Monopolistic power

Table 2: Variance decomposition (in percent).

Output Consumption Investment Inflation Credit Default
Productivity shock 75.1 87.0 16.1 92.8 25.3 0.0
Government spending shock 1.1 1.4 0.1 0.2 0.0 0.1
Riskiness shock 20.4 3.3 77.9 4.0 23.8 84.8
Bank capital shock 3.5 8.4 6.0 3.0 50.8 12.1

instability for the optimal policy, the calibration allows for larger credit volatility. Table 1

provides a summary of parameters and their calibrated values. Table 2 presents a forecast

error variance decomposition of key variables. It shows that the productivity shock and the

riskiness shock explain most of the forecast errors, except that the bank capital shock is the

largest factor for credit.

4. Optimal Simple Rule for Monetary Policy and Macroprudential Policy

In this section, I analyze the welfare-maximizing optimal combination of monetary and

macroprudential policies using the second-order approximation of the equilibrium. Policy

rules are designed to be simple and implementable, as in Schmitt-Grohe and Uribe (2007).

A policy is defined to be simple when rules are set as a function of a small number of easily

observable macroeconomic indicators and implementable when it delivers the uniqueness

of the rational expectations equilibrium. Here monetary and macroprudential policies are

simple because they follow simple rules reacting to observable macro variables (inflation,

output, credit or default rate), and implementable because policy coefficients are restricted to
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a range that guarantees a unique bounded second-order approximated solution.[5] Details of

the advantage that the second-order approximation method offers over the linear–quadratic

method is shown in Schmitt-Grohe and Uribe (2004).

As a welfare measure, the unconditional expectation of household utility in period zero

is calculated.[6] That is,

E0V = E0

{
∞∑

t=0

βt[logCt + ϕ log(1−Nt)]

}

(26)

Welfare gain is measured by the fraction of consumption goods that households have to give

up with an inferior policy, that is, the value of λ in the equation below.

E0V (C(A)) = E0V ((1− λ)C(B)). (27)

Here A and B represent two different government policies such that B is superior in terms of

a welfare measure, and C(·) represents the consumption stream associated with each policy.

4.1. Optimal Policy with Countercyclical Bank Capital Regulation

I define an optimal policy rule with countercyclical bank capital regulation as the combi-

nation of monetary policy (“MOP”) reaction parameters (φπ, φY , φL) and macroprudential

policy (“MPP”) reaction parameters φκ that maximizes E0V . To find the optimal combina-

tion of policy parameters, I set grids of size 0.2 on a range between 1 and 3 for φπ, and on

a range between 0 and 3 for φY , φL, φκ.[
7] The ceiling for the policy reaction is set at 3, on

a basis that radical actions beyond 3 would not be preferred by policymakers. [8] Also, the

range of parameters are exclusive with the indeterminacy region of the model. [9]

5Dynare 4.3.2 is used for the simulation.
6An alternative is to find the conditional expectation given initial values at the Ramsey steady state.

However, in this paper, the results from conditional expectation do not substantially differ from the results
from unconditional expectation.

7For example, φπ = 2 means that the policy interest rate increases by 2 percent of its steady-state value
in response to a 1 percent increase in inflation.

8For example, 95% confidence interval for annualized nominal interest rate (RN ) and capital requirement
rate (κτ ) when φπ = 3, φκ = 3, φY =φL =0 and other parameters are baseline calibrated is (3.5%, 4.8%),
and (7.0 %, 8.7%), respectively.

9For example, the model has indeterminacy when φπ < 1 or φL << 0. Those regions are excluded from
analysis.
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Table 3 presents the optimal policy given different values of monitoring cost parameter

(µ). µ measures the degree of financial friction arising from the costly state verification.

In addition, optimal policy is examined under different financial sector volatility given by

σς and σe, the standard error of the riskiness shock and the bank capital shock. I examine

when σς = 0.1, σe = 0.0015 (baseline calibration) and σς = 0.2, σe = 0.003 (high volatility

in financial market). It is assumed that the policy inertia parameters are ρr = 0.75 for

monetary policy and ρκ = 0.9 for macroprudential policy. This assumption is later relaxed.

There are five policy specifications. First three specifications provides non-optimized

policy rules for monetary policy given static capital regulation (φκ = 0). With “Strict

inflation targeting,” monetary policy is able to fully control inflation and pins it down at πt

= 1. In “Taylor rule,” monetary policy reacts to both inflation and output with φπ = 1.5

and φY = 0.3. “Inflation-only MOP” is when monetary policy reacts strictly and strongly to

inflation with φπ = 3 and φY = φL = 0. The latter two specifications feature optimized rules

for monetary and macroprudential policies. The “Optimal MOP & MPP (L)” is the optimal

policy combination between two policies when macroprudential policy reacts to credit, and

“Optimal MOP & MPP (∆)” is when macroprudential policy reacts to default rate.

The result in Table 3 shows that there are welfare gains from monetary policy stabiliz-

ing inflation and macroprudential policy stabilizing credit or default. It is already heavily

emphasized in the New Keynesian literature (Woodford (2003), Gal̀ı (2008)) that inflation

stabilization is welfare improving in presence of price stickiness. The reason is that the infla-

tion stabilization can remove the inefficiency due to the inability of some firms to set optimal

price. The result here also displays the same property, as the strict inflation targeting pro-

vides an welfare gain of about 0.27∼0.36% over the Taylor rule. Even if the monetary policy

cannot completely peg inflation, a simple rule dedicated to stabilizing inflation (Inflation-only

MOP) performs better than the Taylor rule.

Regarding macroprudential policy, it is optimal in any case that the capital requirement

ratio reacts strongly to the credit or default rate. Its welfare gain effect is larger when the

friction is stronger and financial disturbances are more volatile. For example, when µ = 0.25

and financial shocks are volatile, there is 0.77% welfare gain from capital requirement ratio

rule reacting to default rate compared to strict inflation targeting. Between macropruden-
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Table 3: Optimal monetary and macroprudential policy, with different monitoring cost (µ)

Baseline High volatility
µ Policy Rule φπ φY φL φκ Welfare φπ φY φL φκ Welfare

gain* gain*
0.15 Strict inflation targeting - - - - −153.85 - - - - −155.41

Taylor rule 1.5 0.3 0 - −0.28 1.5 0.3 0 - −0.36
Inflation-only MOP 3.0 0 0 - −0.05 3.0 0 0 - −0.19
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.07 3.0 0.2 0 3.0 0.32
Optimal MOP & MPP (∆) 3.0 0.2 0 3.0 0.11 3.0 0.4 0 3.0 0.55

0.25 Strict inflation targeting - - - - −154.15 - - - - −156.35
Taylor rule 1.5 0.3 0 - −0.27 1.5 0.3 0 - −0.36
Inflation-only MOP 3.0 0 0 - −0.06 3.0 0 0 - −0.23
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.08 3.0 0.4 0 3.0 0.37
Optimal MOP & MPP (∆) 3.0 0.2 0 3.0 0.17 3.0 0.4 0 3.0 0.77

0.05 Strict inflation targeting - - - - −153.43 - - - - −154.32
Taylor rule 1.5 0.3 0 - −0.28 1.5 0.3 0 - −0.36
MP strong to inflation 3.0 0 0 - −0.05 3.0 0 0 - −0.17
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.05 3.0 0.2 0 3.0 0.26
Optimal MOP & MPP (∆) 3.0 0.2 0 2.8 0.05 3.0 0.4 0 3 0.27

* The column shows the level of welfare for “Strict inflation targeting,” and the welfare gain (λ) compared
to the strict inflation targeting for other policy specifications (%).

tial policy specifications, welfare gain is larger when the capital requirement ratio reacts to

default rate than to credit. However, it is not desirable to use monetary policy to stabi-

lize credit, as the optimal response of monetary policy to credit (φL) always points to zero.

Therefore, optimal policy separates monetary policy objective from macroprudential con-

cern, requiring that monetary policy strongly reacts to inflation and weakly react to output.

Section 5.2 analyzes more details about the welfare consequence of using monetary policy to

stabilize credit.

In Table 4, optimal policies are found assuming only one of the financial shocks (the

riskiness shock or the bank capital shock) or none of them exists in the economy. Degree

of financial friction is fixed at µ = 0.15. When no financial shock exists at all, there is

little role for macroprudential policy, and optimal policy requires that monetary policy ex-

clusively and strongly reacts to inflation. However, when either of the financial shocks exists

in the economy, optimal bank capital regulation is strongly countercyclical (represented by

high values of φκ), especially when it reacts to credit. It should also be noted that when

the riskiness shock is the only financial disturbance, the credit rule for the bank capital

regulation performs better than the default rate rule. By the way, welfare gains from coun-
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Table 4: Optimal monetary and macroprudential policy upon specific financial shock.

No financial shock Riskiness shock
Policy Rule φπ φY φL φκ Welfare φπ φY φL φκ Welfare

gain* gain*
Strict Inflation targeting - - - - −153.33 - - - - −153.40
Taylor rule 1.5 0.3 0 - −0.25 1.5 0.3 0 - −0.28
MP strong to inflation 3.0 0 0 - 0.00 3.0 0 0 - −0.05
Optimal MP & MPP (L) 3.0 0 0 0 0.00 3.0 0.2 0 3.0 −0.02
Optimal MOP & MPP (∆) 3.0 0 0 0.2 0.00 3.0 0.2 0 0.2 −0.04

Bank capital shock Bank capital + riskiness shock
Strict Inflation targeting - - - - −153.78 - - - - −153.85
Taylor rule 1.5 0.3 0 - −0.26 1.5 0.3 0 - −0.28
MP strong to inflation 3.0 0 0 - −0.01 3.0 0 0 - −0.05
Optimal MP & MPP (L) 3.0 0 0 3.0 0.08 3.0 0.2 0 3.0 0.05
Optimal MOP & MPP (∆) 3.0 0 0 3.0 0.20 3.0 0.2 0 3.0 0.11

* The column shows the level of welfare for “Strict inflation targeting,” and the welfare gain (λ) compared
to the strict inflation targeting for other policy specifications (%).

tercyclical capital regulation are larger under the bank capital shock than under the riskiness

shock. This exercise provides a couple of implications for the optimal policy in this model.

First, there is a division between the roles of monetary policy and macroprudential policy

with respect to the problems in the financial sector and the nonfinancial sector. Second, it

shows that the optimal rule for macroprudential policy depends on the nature of financial

disturbance.

Next, Table 5 shows the optimal policies given different degrees of monetary and macro-

prudential policy inertia. It is observed that the results still maintain the essential properties

of optimal policies in Tables 3 and 4. That is, optimal policy requires monetary policy that

responds strongly to inflation and weakly to output. Countercyclical bank capital regula-

tion reacting to credit or default rate is welfare improving. Welfare gains are greater when

financial volatility is higher. Optimal response of monetary policy to credit is zero in most

cases.

The regulatory penalty cost function (Ξ) determines the strength of regulatory authority

and thus can be an important factor for the optimal policy analysis. To figure the robustness

of the result regarding Ξ function, optimal policy is found while varying the shape of Ξ by

changing its parameters γa and γb. The corresponding shapes of Ξs are plotted in Figure

2. Tables 6 and 7 show optimal policies and welfare gains across different γa and γb. Still,
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Table 5: Optimal monetary and macroprudential policy, with different policy inertia

Policy Baseline High volatility
Inertia Policy Rule φπ φY φL φκ Welfare φπ φY φL φκ Welfare

gain* gain*
ρr Strict Inflation targeting - - - - −153.85 - - - - −155.41
= 0.9, Taylor rule 1.5 0.3 0 - −0.24 1.5 0.3 0 - −0.34
ρκ MP strong to inflation 3.0 0 0 - −0.08 3.0 0 0 - −0.29
= 0.9 Optimal MP & MPP (L) 3 0.2 0 3.0 0.05 3.0 0.4 0 3.0 0.29

Optimal MP & MPP (∆) 2.4 0 0.2 3.0 0.08 3.0 0.6 0 3.0 0.47
ρr Strict Inflation targeting - - - - −153.85 - - - - −155.41
= 0, Taylor rule 1.5 0.3 0 - −0.36 1.5 0.3 0 - −0.40
ρκ MP strong to inflation 3.0 0 0 - −0.01 3.0 0 0 - −0.05
=0.9 Optimal MP & MPP (L) 3.0 0 0 3.0 0.09 3.0 0.2 0 3.0 0.39

Optimal MP & MPP (∆) 3.0 0 0 3.0 0.16 3.0 0.2 0 3.0 0.67
ρr Strict Inflation targeting - - - - −153.85 - - - - −155.41
= 0.75, Taylor rule 1.5 0.3 0 - −0.28 1.5 0.3 0 - −0.36
ρκ MP strong to inflation 3.0 0 0 - −0.05 3.0 0 0 - −0.19
= 0 Optimal MP & MPP (L) 3.0 0.2 0 3 0.07 3.0 0.2 0 3.0 0.33

Optimal MP & MPP (∆) 3.0 0.2 0 0.6 −0.01 3.0 0.4 0 0.6 0.05

* The column shows the level of welfare for “Strict inflation targeting,” and the welfare gain (λ) compared
to the strict inflation targeting for other policy specifications (%).

the features of optimal policy remain robust, as the results in both tables do not show any

notable difference from the previous results.

4.2. Optimal Policy with LTV Regulation

In this economy, an LTV regulation affects the steady-state welfare level since it restricts

the steady-state equilibrium.[10] There are two different (and opposing) ways that an LTV

regulation affects the steady-state welfare. First, it reduces the deadweight cost associated

with default, as it lowers the default risk. Second, it restricts the level of credit and invest-

ment, thus capital, below the market-determined level. Figure 3 displays the relationship

between the steady-state LTV cap (ϕ) and the steady-state welfare, given different degree

of monitoring cost µ. In all cases welfare is concave in ϕ, because of the tradeoff mentioned

above. As a result, there is an optimal level of LTV for each degree of financial fiction. The

figure also indicates that the optimal LTV is higher when financial friction is weaker. Figure

4 shows the steady-state default cost and capital given different values of ϕ. The tradeoff

emerges as lower ϕ reduces the default cost, but lowers the capital too.

10In case of bank capital regulation, it is designed in the model that countercyclicality of bank capital
regulation does not affect the steady-state equilibrium.
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Figure 2: Regulatory penalty (Ξ), for different values of γa and γb.

Table 6: Optimal monetary and macroprudential policy, with different regulatory cost specification (γa).

Normal (σe = 0.0015) High volatility (σe = 0.003)
γa Policy Rule φπ φY φL φκ Welfare φπ φY φL φκ Welfare

gain* gain*

Strict inflation targeting - - - - −153.36 - - - - −154.41
Taylor rule 1.5 0.3 0 - −0.26 1.5 0.3 0 - −0.30

0.0005 Inflation-only MOP 3.0 0 0 - −0.03 3.0 0 0 - −0.13
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.02 3.0 0.2 0 3.0 0.14
Optimal MOP & MPP (∆) 3.0 0.2 0 2.2 0.03 3.0 0.4 0 2.6 0.19
Strict inflation targeting - - - - −153.85 - - - - −155.41
Taylor rule 1.5 0.3 0 - −0.28 1.5 0.3 0 - −0.36

0.001 Inflation-only MOP 3.0 0 0 - −0.05 3.0 0 0 - −0.19
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.07 3.0 0.2 0 3.0 0.32
Optimal MOP & MPP (∆) 3.0 0.2 0 3.0 0.11 3.0 0.4 0 3.0 0.55
Strict inflation targeting - - - - −154.24 - - - - −156.01
Taylor rule 1.5 0.3 0 - −0.29 1.5 0.3 0 - −0.42

0.0015 Inflation-only MOP 3.0 0 0 - −0.06 3.0 0 0 - −0.23
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.08 3.0 0.4 0 3.0 0.37
Optimal MOP & MPP (∆) 3.0 0.2 0 3.0 0.14 3.0 0.6 0 3.0 0.67

* The column shows the level of welfare for “Strict inflation targeting”, and the welfare gain (λ) compared
to the strict inflation targeting for other policy specifications (%).
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Table 7: Optimal monetary and macroprudential policy, with different regulatory cost specification (γb).

Normal (σe = 0.0015) High volatility (σe = 0.003)
γb Policy Rule φπ φY φL φκ Welfare φπ φY φL φκ Welfare

gain (λ*) gain (λ*)

Strict inflation targeting - - - - −153.79 - - - - −155.15
Taylor rule 1.5 0.3 0 - −0.27 1.5 0.3 0 - −0.33

4 Inflation-only MOP 3.0 0 0 - −0.04 3.0 0 0 - −0.17
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.04 3.0 0.2 0 3.0 0.24
Optimal MOP & MPP (∆) 3.0 0.2 0 3.0 0.09 3.0 0.4 0 3.0 0.44
Strict inflation targeting - - - - −153.85 - - - - −155.41
Taylor rule 1.5 0.3 0 - −0.28 1.5 0.3 0 - −0.36

5 Inflation-only MOP 3.0 0 0 - −0.05 3.0 0 0 - −0.19
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.07 3.0 0.2 0 3.0 0.32
Optimal MOP & MPP (∆) 3.0 0.2 0 3.0 0.11 3.0 0.4 0 3.0 0.55
Strict inflation targeting - - - - −153.90 - - - - −155.61
Taylor rule 1.5 0.3 0 - −0.28 1.5 0.3 0 - −0.38

6 Inflation-only MOP 3.0 0 0 - −0.06 3.0 0 0 - −0.22
Optimal MOP & MPP (L) 3.0 0.2 0 3.0 0.08 3.0 0.4 0 3.0 0.40
Optimal MOP & MPP (∆) 3.0 0.2 0 3.0 0.13 3.0 0.4 0 3.0 0.64

* The column shows the level of welfare for “Strict inflation targeting,” and the welfare gain (λ) compared
to the strict inflation targeting for other policy specifications (%).

Table 8 presents the optimal policy with LTV regulation, allowing the macroprudential

authority to change LTV ratio countercyclically. It is assumed that the bank capital regu-

lation remains static. The steady-state LTV ratio is set at 0.436, which brings the highest

steady-state welfare. Three observations are worth mentioning. First, LTV regulation yields

lower welfare than countercyclical bank capital regulation. The reason is that LTV regula-

tion directly prevents entrepreneurs from borrowing optimal level of debt, whereas it is still

possible for them to optimize under countercyclical bank capital regulation implemented by

a penalty function. Although LTV regulation achieves higher welfare in the non-stochastic

steady state, it yields lower welfare in a stochastic economy. Second, because of the same

reason, countercyclical operation of LTV regulation is not desirable. The optimal response

of target LTV ratio to credit or default rate (φltv) remains at zero. Third, optimal mone-

tary policy still has a strong response to inflation. Unlike the optimal monetary policy with

countercyclical bank capital regulation, it has weak response to credit when financial market

is volatile.

22



0.46 0.48 0.5 0.52 0.54 0.56
−153

−152.95

−152.9

−152.85

−152.8

−152.75

ϕ

W
E

LF
A

R
E

(a) µ = 0.05

0.4 0.42 0.44 0.46 0.48 0.5
−153.3

−153.25

−153.2

−153.15

−153.1

−153.05

ϕ
W

E
LF

A
R

E

(b) µ = 0.15

0.36 0.38 0.4 0.42 0.44 0.46

−153.3

−153.25

−153.2

−153.15

ϕ

W
E

LF
A

R
E

(c) µ = 0.25

Figure 3: Degree of LTV constraint (ϕ) and steady-state welfare.
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Figure 4: Degree of LTV constraint (ϕ), steady-state default cost and capital.

Table 8: Optimal monetary policy, with LTV regulation

Normal (σe = 0.0015) High volatility (σe = 0.003)
µ Policy Rule φπ φY φL φltv Welfare φπ φY φL φltv Welfare

gain (λ*) gain (λ*)
0.15 Taylor rule 1.5 0.3 0 - −1.16 1.5 0.3 0 - −4.76

Inflation-only MOP 3.0 0 0 - −0.91 3.0 0 0 - −4.51
Optimal MOP & MPP (L) 3.0 0 0 0 −0.91 3.0 0 0.2 0 −4.51
Optimal MOP & MPP (∆) 3.0 0 0 0 −0.91 3.0 0 0.2 0 −4.51

* Welfare gain compared with the optimal policy with countercyclical bank capital regulation in Table 3
(%).

23



5. Interpreting the Optimal Policy Result

5.1. The Role of Macroprudential Policy

The optimal policy result in the previous section suggests that there is a welfare gain from

macroprudential policy, especially from countercyclical bank capital regulation. It is because

the policy can mitigate the inefficiencies arising from financial friction, which was mentioned

earlier—a deadweight default cost and an inefficient level of credit and investment. This

section further examines how macroprudential policy affects the variables related with those

inefficiencies.

First, I present impulse response functions to analyze the effects of countercyclical bank

capital regulation given specific exogenous shock. Figure 5 compares the impulse responses

functions with static and countercyclical bank capital regulation given positive productivity

shock. The capital requirement ratio responds to credit or default rate with φκ = 3, ρκ = 0,

and monetary policy is given by φπ = 3, φY = 0.2, φL = 0, ρr = 0.75. Countercyclical bank

capital regulation can dampen the credit cycle. A positive productivity shock increases

credit, and the capital requirement ratio also rises accordingly with countercyclical bank

capital regulation. Because the regulation causes the borrowing to become more costly,

increase in credit is weaker, leading to lower default rate and slightly lower investment. This

stabilization effect is stronger when capital requirement ratio reacts to default rate than to

credit. Given productivity shock, credit and default rate are highly correlated in this model.

The difference comes from the fact that the log deviation of default rate caused by the

shock is larger than that of credit, invoking larger increase in capital requirement ratio and

stronger stabilization effect. In Figure 6, the impulse response functions are plotted given

negative bank capital shock. The shock causes a decrease in credit and investment, but

with the countercyclical bank capital regulation the amount of decrease is smaller, and the

stabilization effect is again stronger with the default rate rule than the credit rule. However,

when a positive riskiness shock is realized in Figure 7, the credit rule and the default rate rule

bring contrasting outcomes. Increase in riskiness raises the risk premium. It causes credit

and the default rate to be negatively correlated, as credit decreases but the default rate

increases. The default rate rule is destabilizing as it further tightens the capital requirement

ratio in response to higher default rate. On the other hand, the credit rule that responds to
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Figure 5: Impulse response function with different types of bank capital regulation, under positive produc-
tivity shock.

lower credit relaxes the capital requirement ratio and has a stabilizing effect.

Figure 8 shows that the welfare increase is related to the mean and the volatility of

credit, default cost, or default rate. It displays the mean and the standard deviation of those

variables as the response of capital requirement ratio to credit or default rate (φκ) varies

from 0 to 10. With the credit rule, welfare, mean credit and investment are monotonically

increasing in φκ. It is because the policy lowers the volatility of the credit market and

mitigates the credit friction, leading to higher lending and investment. Larger credit from

stronger macroprudential policy also increases expected default cost, but higher welfare is

attained despite it. On the other hand, with the default rate rule, beyond a certain value of

φκ, volatility is increasing and the welfare, mean credit, and investment are decreasing. The

reason is that when φκ is large, the destabilizing effect of the default rate rule under riskiness

shock (in Figure 7) can dominate its stabilizing effect under other shocks. This destabilizing

effect can also explain one of the key results in Table 4, that is, while the default rate

rule normally performs better in welfare terms than the credit rule, it underperforms when

riskiness shock is the only source of financial disturbance.

The above linkage between a policy-induced volatility reduction and larger expected

credit can be better understood with the following partial equilibrium analysis.
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Figure 6: Impulse response function with different types of bank capital regulation, under negative bank
capital shock.
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Figure 7: Impulse response function with different types of bank capital regulation, under positive riskiness
shock.

26



0 5 10
−153.9

−153.8

−153.7

−153.6

−153.5
Welfare

0 5 10

2.245

2.25

2.255

2.26

2.265

E(Credit)

0 5 10
0.1144

0.1146

0.1148

0.115

0.1152
E(Investment)

0 5 10
2.35

2.4

2.45

2.5
x 10

−3 E(Default Cost)

0 5 10
0.02

0.04

0.06

0.08
SD(Credit)

0 5 10
1.1

1.15

1.2

1.25
x 10

−3 SD(Default Rate)

 

 

Credit Default Rate

Note: ρκ = 0.9, φπ = 3, φY = 0.2, φL = 0, ρr = 0.75

Figure 8: Unconditional mean, as the response of capital requirement ratio (φκ) varies.

Rf
t (qtKt −Wt) =

[

(1− F (ω̄a
t ))ω̄

a
t + (1− µ)

∫ ω̄a
t

0

ωf(ω) dω

]

︸ ︷︷ ︸

(a)

EtR
K
t+1qtKt. (28)

Equation (28) is the bank zero-profit condition (10), after substituting out the debt repay-

ment value RLB
t LB

t using its definition in (8). Suppose EtR
K
t+1, R

f
t , qt, and Wt are given.

Then equation (28) defines the relationship between the level of the investment project (Kt)

and the default threshold (ω̄a
t ). A higher default threshold raises the expected return of the

bank by increasing the non-default payoff (ω̄a
tEtR

K
t+1qtKt), but it also raises the probability

of default (F (ω̄a
t )). Given parameter values and with some general regularity conditions for

the distribution of ω, it is possible to show that (a)—the expected return to the bank for

one unit of gross return—is increasing and concave in ω̄a
t (Bernanke et al. (1999)).

By rearranging equation (28), we have

Kt =
−Rf

tWt
[

(1− F (ω̄a
t ))ω̄

a
t + (1− µ)

∫ ω̄a
t

0
ωf(ω) dω

]

EtRK
t+1qt − Rf

t qt
= h(ω̄a

t ) (29)

where h is concave and a strictly increasing function of ω̄a
t . This concavity implies that

the ability of the bank to intermediate credit to finance a larger investment project (Kt) is
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restricted by the corresponding higher default risk. As the default threshold increases, the

more that will be reflected in the increase in the lending rate RLB
t rather than in the size of

lending (Lt = qtKt −Wt) .

Suppose that Kt is a random variable; thus, so is ω̄a
t . Suppose that there is a macro-

prudential policy that reduces the volatility of Kt and ω̄a
t , while preserving the expected

value of ω̄a
t . Since h is concave, this will raise the expected value Eth(ω̄

a
t ); hence, Et(Kt)

must increase. Therefore, this policy-induced volatility reduction is compensated by less

conservative financial intermediation represented by higher expected capital and lending.

The property shown here can be considered as an example of “volatility paradox” by

Brunnermeier and Sannikov (2014), that is, agents tend to be more leveraged when financial

volatility is lower, making themselves more vulnerable to large negative shock. In this

paper, the paradox arises due to the compensation mechanism as macroprudential policy

reduces the volatility of credit activity. While in Brunnermeier and Sannikov (2014) the low

volatility is exogenously given, here it is a designed outcome of a policy to keep financial

stability. This result suggests that the role of macroprudential policy should not be limited

to reducing financial volatility related with procyclicality, but be extended to correcting

misaligned incentives and excessive risk taking in the financial system. The question to

whether and to which extent this type of volatility paradox can be problematic for financial

stability is beyond this paper, but obviously needs further discussion.

5.2. Monetary Policy Reacting to Credit

The analysis in the previous section shows that it is not optimal to use monetary policy

for credit stabilization. To understand why, I present how such monetary policy rule affects

inflation and credit. Figures 9 and 10 show the effects of such rule on welfare, credit volatility,

and inflation volatility with bank capital regulation and LTV regulation. While higher

monetary policy reaction to credit (φL) results in lower credit volatility, it comes with the

cost of higher inflation volatility and welfare loss.

Another interesting observation in Figure 9 is that when φL = 0, inflation volatility is

almost the same no matter whether we have macroprudential policy (countercyclical bank

capital regulation) or not. Therefore, the best way to minimize both inflation volatility

and credit volatility is to use monetary policy to stabilize inflation and complement it with
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macroprudential policy that stabilizes credit. This result stems from the design of the macro-

prudential policy in the model. While monetary policy influences both the supply (savers)

and the demand (borrowers) for credit, the macroprudential policy operates only on credit

demand. This gives an advantage to the macroprudential policy to control credit while af-

fecting inflation less. Therefore, there is an intrinsic dichotomy between monetary policy and

macroprudential policy regarding inflation and credit in this model. Suh (2014) discusses

this issue analytically using a simple New Keynesian model.

6. Conclusion

Results in this paper indicate that macroprudential policy can be welfare improving.

It reduces uncertainty related to solvency risk, thus mitigating inefficiencies from financial

friction. An ironic feature is that while it increases welfare by facilitating more lending
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and capital accumulation, it also increases the leverage and the probability of default on

average. The optimal policy separates monetary policy from macroprudential objective.

The reason is that the model intrinsically separates between inflation stability and financial

stability, and using monetary policy for financial stability faces a tradeoff with inflation

stability. Recently, due to sluggish real economic activity and low inflation, central banks

in many advanced economies are implementing expansionary monetary policy in a historical

scale. A concern also arises that this expansionary monetary policy can cause excessive

risk taking and asset bubble, as it did in early 2000s. On the other hand, policymakers’

reliance on macroprudential policy to keep financial systemic risk from building up seems

to be increasing. The optimal policy result in this paper supports this recent trend that

favors macroprudential policy over monetary policy to establish financial stability. However,

it should be noted that this result is specific to the BGG-NKDSGE models, and in different

models the outcome can be different. For example, Brunnermeier and Sannikov (2012)

shows that when financial intermediation weakens and the demand for outside money is

high, a deflationary pressure prevails and restoring financial stability becomes a key for price

stability. Also, the methodology in this paper is not suitable to discuss institutional features

of monetary policy-macroprudential policy interaction, especially whether it should be a

central bank or a financial regulator that conducts macroprudential policy. In this paper,

who conducts macroprudential policy is not important as long as monetary policy objective

does not overlap macroprudential policy objective.[11]

Nonetheless, this paper reveals the strengths and limits of using this class of models to

study macroprudential policy and its interactions with monetary policy. This matters be-

cause the BGG-NKDSGEmodel is a model of choice for macroeconomists wanting to examine

the impact of financial frictions on the aggregate economy. Moreover, the BGG-NKDSGE

model is one of the workhorse models for studying issues surrounding macroprudential risk.

However, it remains the case that there may very well be better DSGE models with financial

frictions waiting to be built. This suggests that there is a large payoff to research that ex-

11Lim et al. (2013) surveys current institutional arrangements for macroprudential policy in many Asian
countries. According to Galati and Moessner (2013), who provides detailed literature reviews on this issue,
there is yet no consensus on whether the monetary policy and the banking regulation and supervisory
functions should be combined in a central bank, or performed by separate institutions.
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plores the issues raised in this paper. The hope is that this paper provides a basis on which

to conduct future research on macroprudential policy.
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Appendix A. Appendix

Appendix A.1. Households’ Optimization Problem

Households with future discount rate β maximize

max
C,N,B,D,e

Eo

∞∑

t=0

βt[logCt + ϕ log(1−Nt)] (A.1)

subject to

Ct +
Bt

Pt

+Dt + et + Tt,s ≤ RN
t−1

Bt

Pt

+RD
t−1Dt−1 +Re

t−1et−1(1− φt−1) + wtNt +Divt (A.2)

We can set up the Lagrangian as
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L = : Eo

∞∑

t=0

βt

[

logCt + ϕ log(1−Nt) (A.3)

+ λt

(

RN
t−1

Bt−1

Pt

+RD
t−1Dt−1 +Re

t−1et−1 + wtNt +Divt − Ct −
Bt

Pt

−Dt − et − Tt

)]

The FOCs are shown below:

Ct :
γ

Ct

= λt (A.4)

Nt :
ϕ

1−Nt

= λtwt ⇒
ϕ

1−Nt

=
γ

Ct

wt (A.5)

Dt : λt = βEtλt+1R
D
t ⇒

1

Ct

= βEt

1

Ct+1
RD

t (A.6)

Bt :
λt
Pt

= βEtλt+1
RN

t

Pt+1

⇒
1

Ct

= βEt

1

Ct+1

RN
t

Pt

Pt+1

(A.7)

et : λt = βEtλt+1R
e
t (1− φt) ⇒

1

Ct

= βEt

1

Ct+1

Re
t (1− φt) (A.8)

Combining (33) and (34) gives us the labor supply decision. (35) and (36) are Euler equations

for real deposits and nominal assets. Combining them gives us the Fisher equation. (37) is

the Euler equation with respect to bank capital.

Appendix A.2. Financial Accelerator Mechanism in the Business Sector

For simplification, define the bank’s claim when non-default (NDb) and default (Db)

as NDb ≡ (1 − F (ω̄)), Db ≡
∫ ω̄

0
ωf(ω) dω, and the entrepreneur’s claim when non-default

(NDe) asNDe ≡
∫
∞

ω̄
ωf(ω) dω−NDb(ω̄)ω̄. If ω is assumed to follow a lognormal distribution

(
ln(ω) ∼ N(−1

2
σ2, σ2), E(ω) = 1

)
, and define an auxiliary variable x = (ln(ω̄) + 0.5σ2)/σ,

then it can be shown that

NDb(ω̄) = 1− Φ(x), Db(ω̄) = Φ(x− σ), NDe(ω̄) = 1−Db(ω̄)−NDb(ω̄)ω̄. (A.9)
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Entrepreneur’s optimization problem is

maxNDe
t (ω̄

a
t )Et[R

K
t+1qtKt] (A.10)

subject to

Rf
t (qtKt −Wt) = {NDb

t (ω̄
a
t ) · ω̄

a
t + (1− µ)Db

t (ω̄
a
t )}Et[R

K
t+1qtKt]. (A.11)

The first-order conditions are given by

∂ω̄a
t : NDe′

t (ω̄
a
t ) = −λ[NDb

t (ω̄
a
t ) +NDb′

t (ω̄
a
t )ω̄

a
t + (1− µ)Db′

t (ω̄
a
t )], (A.12)

∂Kt : NDe
t (ω̄

a
t )
EtR

K
t+1

Rf
t

= λ

[

1− {NDb
t (ω̄

a
t ) · ω̄

a
t + (1− µ)Db

t(ω̄
a
t )}

EtR
K
t+1

Rf
t

]

,

(A.13)

∂λ : [NDb
t (ω̄

a
t ) · ω̄

a
t + (1− µ)Db

t (ω̄
a
t )]
EtR

K
t+1

Rf
t

qtKt

Wt

=
qtKt

Wt

− 1, (A.14)

where λ is Lagrangian multiplier, and

NDe′
t (ω̄

a
t ) = −Db′(ω̄a

t )−NDb
t (ω̄

a
t )−NDb′

t (ω̄
a
t )ω̄

a
t , (A.15)

Db′(ω̄a
t ) = (ω̄a

t )f((ω̄
a
t )) =

f(xt − σ)

σω̄
=
f(xt)

σ
, (A.16)

NDb′
t (ω̄

a
t ) = −

f(x)

ω̄a
t σ

. (A.17)

Substituting λ out, we have two equilibrium conditions

NDb
t

NDb
t − µf(xt)/σ

=
NDe

t (EtR
K
t+1/R

f
t )

1− {NDb
t · ω̄

a
t + (1− µ)Db

t}(EtR
K
t+1/R

f
t )

(A.18)

and
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[NDb
t · ω̄

a
t + (1− µ)Db

t ]
EtR

K
t+1

Rf
t

qtKt

Wt

=
qtKt

Wt

− 1. (A.19)

From (47) and (48) it is possible to derive the BGG financial accelerator equation.

EtR
K
t+1 = S

(
qtKt

Wt

)

Rf
t . (A.20)

S is an increasing function in (qtKt/Wt), implying that the external finance premium (EtR
K
t+1/R

f
t )

is increasing in the asset–net worth (leverage) ratio. This is the reason why the mechanism

is called a financial accelerator. If a positive shock that improves the net worth of the

entrepreneur is realized, with better balance-sheet conditions she can further increase in-

vestment with a lower external finance premium.

Appendix A.3. Capital Goods Producer’s Optimization Problem

Capital goods producer’s optimization problem is given by

max
I

(qt − 1)It − f

(
It

Kt−1

)

Kt−1. (A.21)

The first-order condition is written as

qt = 1 + f ′

(
It

Kt−1

)

. (A.22)

The function f is assumed to have a simple quadratic form,

f

(
It

Kt−1

)

=
χk

2

(
It

Kt−1
− δ

)2

Kt−1. (A.23)

Appendix A.4. Retailers’ Optimization Problem

Each retail goods producer (i) purchases intermediate goods and turns them into retail

goods (Yt(i)) in a monopolistically competitive market. Total final usable goods Yt are the

following composite of retail goods:
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Yt =

[∫ 1

0

Yt(i)
ǫ−1

ǫ di

] ǫ
ǫ−1

(A.24)

Pt =

[∫ 1

0

Pt(i)
1−ǫ di

] 1

ǫ−1

(A.25)

Only (1 − θ) fraction of retail goods producers are allowed to change price, à la Calvo

(1983).

Define a measure of the resource cost induced by price dispersion (st) as

st =

∫ 1

0

(
Pit

Pt

)
−ǫ

= (1− θ)(p∗t )
−ǫst−1, (A.26)

and introduce state variables x1t and x2t such that

x1t = (p∗t)
−1−ǫYtmct

st
+ θβEt

λt+1

λt
πǫ
t+1

(
p∗t
p∗t+1

)
−1−ǫ

x1t+1, (A.27)

x2t = (p∗t)
−ǫYt
st

+ θβEt

λt+1

λt
πǫ−1
t+1

(
p∗t
p∗t+1

)
−ǫ

x2t+1, (A.28)

and

ǫ

ǫ− 1
x1t = x2t . (A.29)

The aggregate price will be determined as

1 = θπ−1+ǫ
t + (1− θ)(p∗t−1)

1−ǫ. (A.30)

Appendix A.5. Steady-state Conditions

A = π = p∗ = s = q = Ne = Nf = 1, mc = (ǫ− 1)/ǫ. (A.31)
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x1 = mc · Y/(1− θβ), x2 = ǫ/(ǫ− 1)x1. (A.32)

C =
w(1−N)

ϕ
. (A.33)

w = mc · αn

Y

N
, wf = mc · αnf

Y

Nf

, we = mc · αne

Y

Ne

. (A.34)

RD = RN =
1

β
, Re = RD/(1− φ). (A.35)

Ex-ante and ex-post default thresholds are the same in the steady state.

ω̄ ≡ ω̄a = ω̄b. (A.36)

Rf = κRe + (1− κ)RD + Ξ. (A.37)

e = wf/φ, D + e = L, κ =
e

L
. (A.38)

z = mc · α
Y

K
, RK = z + (1− δ). (A.39)

V = (1−Db)RKK − (NDb)RLBLB, W = υV + we, LB = K −W. (A.40)

RfLB = (NDbω̄ + (1− µ)Db)RKK. (A.41)

NDb

NDb − µf(x)/σ
=

NDe(RK/Rf)

1− (ω̄ ·NDb + (1− µ)Db)(RK/Rf)
. (A.42)

Here f(x) is the pdf of the standard normal distribution. See the appendix of Bernanke
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et al. (1999).

Y = KαkNαn . (A.43)

K = I/δ, g =
g

Y
Y. (A.44)

Y = C + I +G+ µDBRKK + φe+ Ξ. (A.45)

40




