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ABSTRACT

The objective of this study is to examine quantitatively the macroeconomic implications of monetary
and fiscal policies on the economy under a financial crisis. By using the model in Goodfriend and
McCallum (2007) which introduces a banking sector in a dynamic stochastic general equilibrium
(DSGE) model, we can investigate the effects of rescue policies in response to shocks to the credit
market, the primary cause of the financial crisis. The model with money and banking permits the
endogenous determination of various interest rates and the external finance premium, instead of one
single interest rate in conventional settings. The calibration results are in line with the consensus
recently reached by most economists. A fiscal policy which is large and is implemented rapidly can
precipitate economic recovery better than the other way round. In addition, since the external finance
premium declines with the implementation of the fiscal policy, it may dampen the crowding-out effects
of expansionary government expenditure. On the other hand, the expansion in the high-powered money
is more effective as a policy than the interest rate cuts. This is because the expansion in the base money
increases bank reserves, facilitates deposits and encourages consumption, a mechanism that is absent
from a model that neglects money and banking.
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1. Introduction

The objective of this research is to examine quantitatively the effects of monetary and fiscal policies
under a financial crisis which was triggered by dysfunctional credit markets. A dynamic stochastic
general equilibrium (DSGE) model that includes the banking sector is established for policy analyses,
following Goodfriend and McCallum (2007). In this model, shocks to the credit markets can
characterize the current financial crisis that initiated from the credit markets. Equipped with the
adequate specification of financial shocks, this study conducts calibrations based on the US data to
evaluate the effects of different monetary and fiscal policies, in line with the current debates on
alternative specifications of rescue policies in reaction to the worst financial crisis since the Great
Depression decades ago. Moreover, while most economists’ arguments are based on earlier theories,
this study examines policies with a structural framework which offers a different angel to analyze
policies’ effects through numerical assessments.

The crisis broke out by the end of 2006 when the subprime mortgage default rates rose sharply after
the housing bubble burst in 2005. Starting from the beginning of this century, consecutive interest rate
cuts allowed banks to make loans to low-income families without the need to exercise prudent control
over the credit risks. These loans were funded by loan-backed securities which were available
worldwide. Aided by an extraordinarily easy monetary policy, investors could easily obtain funds with
high leverage for investments, and even on low-quality asset-backed securities. Therefore, the housing
crunch led to a chain of events: the value of the collateral for the mortgages fell, and this was
immediately followed by mounting default rates, which caused sharp declines in the values of the
underlying securities and in turn the asset markets as a whole. The slump in the values of the
asset-backed securities led to a deterioration in the balance sheets of banks and firms, and this gave rise
to difficulties in raising funds. The deterioration in the balance sheets exacerbated the problem of
information asymmetry in the credit markets, and led to credit contractions in both the financial and
real sectors, which resulted in recessions worldwide. The failure to monitor the loans and the decline in

the collateral values were two of the main causes of the financial crisis.



During a financial crisis when markets fail to function normally, governments play an essential role
as Keynesian theory suggests. Initially, central banks all over the world implement expansionary
monetary policies by cutting interest rates, which can be performed both quickly and flexibly. However,
in contrast to normal times, the effects of interest rate rules seem to be limited in the event of a
financial crisis and fail to offset the recession that the crisis brings about. Hence, a massive fiscal
stimulus is needed. However, the specification of the policy is critical. The timing, size and priority
areas of the spending remain an open question.’

In the past decade, the DSGE model has served as the primary platform for the monetary policy
analyses of central banks all over the world. Nevertheless, while various asset market structures,
complete or incomplete, have been examined extensively under this framework, they are not the
primary cause of the current financial crisis. Therefore, it is crucial to include the credit market. It thus
seems to be natural to start from a model with a credit channel, which stresses the credit market’s
imperfections, as initially proposed by Bernanke and Blinder (1988), followed by Bernanke and Gertler
(1989, 1995), Bernanke, Gertler and Gilchrist (1998) and others. Bernanke and Gertler (1988) state that
rising interest rates, which are caused by a tightening of monetary policy, may worsen balance sheets,
raise agency costs and lead to higher loan rates for borrowers. The rise in the loan rate gives rise to a
higher external finance premium (EFP), which is the difference between the loan rate and the cost of
internal funds. As a result, the movement in the EFP can signal the asymmetric information problem in
the credit markets and exacerbate the downturn in economic activities. Therefore, the credit channel
serves as the financial accelerator of monetary policy, as has been illustrated by many studies. Edwards
and Vegh (1997), Kiyotaki and Moore (1997), Carlstrom and Fuerst (1997), Kocherlakota (2000) and
Cooley and Marimon (2004) have made substantial contributions to credit channel studies.

In line with the literature on the DSGE model and credit channels, the model presented in
Goodfriend and McCallum (2007) (henceforth, GM (2007)) offers a good platform to understand the
causes and transmission mechanism of financial crises which initiates from the credit market. The

model is essentially a combination of the DSGE model and the credit channel. While other models on

2 |n a presentation at the January 2009 meeting of the American Economic Association, Feldstein (2009) stated that big and
quick spending on increasing aggregate activity and employment is required.
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the credit channel include real sectors only, GM (2007) highlight the role of money in an economy with
a banking sector. They argue that the omission of money would lead to the role of the demand for
money in facilitating transactions, which may attenuate the effects of the financial accelerator, being
neglected. On the other hand, it is also the first study to introduce the banking sector in a DSGE
model.® In the model, the loan services that the banking sector offers require monitoring efforts and
collateral consisting of bonds and capital. As a result, the interest rates on the financial services and
assets, namely, the loan rate, bond rate, deposit rate and interbank rate, are endogenously determined.
The external finance premium (EFP) can be generated accordingly.

In this model, two shocks exist in relation to the credit markets, in addition to the productivity shock
to the production sector. One is the efficiency of the monitoring effort and the other is the effectiveness
of the collaterals for loans, which resemble the causes of the current financial crisis. GM (2007)
calibrates the model based on US data and finds that the EFP is generally countercyclical and that the
financial shocks do raise the EFP, thus signaling the rising agency costs in the market, which is
consistent with the credit channel literature. However, the calibration results also show that the EFP
may be procyclical in some cases due to the “financial attenuator” caused by the demand for money.

This model is good for the analyses on policies in response to the current financial crisis for several
reasons. First, the financial shocks they adopt in the model can well characterize the financial turmoil
that occurred since 2007. Second, the calibrations show that the rise in the EFP with the financial
shocks is in line with the data for the EFP since the beginning of this century, as shown below. Third,
this framework allows us to examine alternative fiscal and monetary policies. Differing from GM (2007)
which performs the analyses in order to understand the implications of the monetary policy for the
shocks, this study will focus on the effects of alternative monetary and fiscal policies in the event of a
financial crisis. In line with recent debates on the rescue policies in relation to the financial crises all

over the world, both the expansionary monetary and fiscal policies are examined.*

® For example, Glarida, Gali and Gertler (1999, 2000, 2002) and Kollmann (2002), Schmitt-Grohé (2002), and Sutherland

(2006) who use the prevalent DSGE models for monetary policy studies do not consider the role of banking in their models.
* In this study, | do not intend to discuss the bailouts which have brought up substantial controversy for three reasons. First,
the bank in this model does not hold any financial assets and thus does not face a deteriorating balance sheet due to the
decline in asset prices as is the case with many of the banks suffering nowadays. Therefore, it would be difficult to
formulate such bailouts in an attempt to prevent the bank from encountering bankruptcy. Secondly, this study will focus on
the macroeconomic implications of the financial crisis and related policies, instead of the rising agency cost which is the
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Two fiscal policies are proposed: one that involves a small but persistent amount of public spending,
and another that consists of a large amount of government spending that is less persistent. While both
of them are able to help the economy recover from the recession, the first policy causes the economy to
recover sooner than the second at the cost of drastic initial drops in consumption and investment. Due
to the initial decline in consumption, a massive amount of financial spending that takes place quickly
may be more desirable, as Feldstein (2009) points out.

Furthermore, it is worth pointing out that, while the importance of the credit channel to the monetary
policy transmission mechanism has been well recognized in the literature, no studies have performed an
examination of the transmission of fiscal policy based on the credit market paradigm. However, the
banking sector may play a significant role in the transmission of fiscal policy, similar to what it does in
the case of monetary policy. The calibration results in this model show that the EFP declines with the
government expenditure, and thus may offset the crowding-out effect of expansionary fiscal policy. The
decline in the EFP in this model does not imply the existence of a lower asymmetric information
problem (the moral hazard problem which is one of the main concerns in regard to large bailouts) under
fiscal policy, but demonstrates that the fiscal policy alters the demand for and supply of loans and
deposits, causing loan and deposit rates to move divergently.

Two monetary policies are examined as well, namely, the conventional monetary policy on the
control over the high-powered money and the interest rate rule. The calibrations show that the
expansion in the monetary base can boost the economy. The effect essentially comes from its direct
influence on the demand for money to facilitate consumption. The effect of the interest rate rule,
however, strongly depends on the persistence of the financial shock. If the credit market can be restored
quickly and thus more loans can be made out of the same amount of collateral, a small interest rate cut
is good enough for the economic recovery. On the contrary, persistent financial shocks nullify the
interest rate rule. This result may explain the fading effect of the interest rate since the crisis started.

Even if this model can serve as a good platform for policy analyses under a financial crisis, there are

certain restrictions due to the massive model structure. First, there are no defaults. The model

primary concern of bailouts. Thirdly, no study has so far incorporated fiscal policies into this framework.
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characterizes the credit market imperfection by the decline in the effectiveness of capital as collateral
for loans, but there are no defaults for loans even if the value of the collateral has been low. While the
crisis may have been triggered by the surging default rates, this assumption seems to be unrealistic and
could be relaxed in future studies. Moreover, there are no investments. The capital in this model is thus
assumed to remain at the steady state level and the movements in investment are completely reflected
by the changes in the value of capital.

The remainder of this paper is organized as follows. In Section 2, we present the data on the EFP
from the beginning of this century, and the analysis illustrates that the EFP surged when the financial
crisis broke out. Section 3 outlines the specifications of the model. The dynamic analyses are listed in
Section 4 to discuss the dynamic responses of the macroeconomic variables in response to shocks to
policies and the financial sector, respectively. Several rescue policies for the financial crisis are
examined in Section 5. This analysis centers on the effects of fiscal policies of different sizes and

speeds as well as on alternative monetary policies. Section 6 concludes.

2. The significant movements in the EFP under financial crises

Fig. 1 lists the differences between the prime loan rate and the Federal funds rate®, which constitute the
external finance premium (EFP), in the early part of this century. While the EFP was fluctuating at
around the 3% level, it jumped up significantly in December 2000 and September 2001 after the
Internet bubble burst and the Enron scandal came to the fore. Similarly, the EFP also rose in August
2007 when the subprime crisis started to spread, followed by the sharp rise in mid-September 2008
after Lehman Brothers went bankrupt. While the Fed decided not to bail out Lehman Brothers, the EFP
remained at a high level throughout the last quarter of 2008. It was because the worsening balance
sheets of firms led to higher financing costs for borrowers that the EFP was forced to rise. With the

higher costs of external funds, firms cut back on their production, employment and investment

> We use the interbank rate, instead of the short-term CD rate for two reasons. While the EFP associated with the CD rate
exhibits the similar pattern as the EFP that is obtained from the Fed funds rate before 2008, the CD rate was increased
abnormally to a higher level, causing the EFP down to zero, even negative in Oct. 2008. Moreover, GM (2007) uses the
interbank rate instead of the deposit rate to calculate the EFP because the values of these two rates are very close.

6
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Figure 1: The External Finance Premium
projects.
It is evident that the EFP rose sharply in times of financial distress, signaling the worsening of the
asymmetric information problem in the credit market. These times were
usually followed by economic recessions and thus were countercyclical as argued by Bernanke and
McCallum (1995). Therefore, it is important to use a model under which the loan and interbank interest
rates can be distinguished and the EFP is determined endogenously to capture the rising EFP after the
financial crisis and the asymmetric information problem that may exacerbate the downturn of the

economy after the financial crisis.

3. Model

The primary difference between this model and a typical DSGE specification is the inclusion of the
banking sector. In this model, consumers need to hold deposits in the bank for their own consumption,
and the bank can make loans. The loan services require real capital and marketable bonds as collateral,
along with labor input for credit monitoring. Therefore, households supply labor in both the goods and

banking sectors, and hold real capital for goods production as well as the collateral for loan services.

3.1 Goods Market



Since the goods market is assumed to be monopolistically competitive, a typical consumption bundle
consists of a variety of differentiated goods, formed according to the Dixit-Stiglitz composite
consumption index with o as the elasticity of substitution. The aggregate consumption index and the
associated aggregate price level are shown below:
1% 1
R S e 1 v
Ct :|:'[C: v di:| , R :|:I Ptlludi:|
0 0

Accordingly, the demand function for each individual good is:

where C! and P' are the consumption and price of good i, and C, and P, are the aggregate

consumption and price indices. Goods can be used for consumption, capital investment and government
expenditure. The aggregate capital good, K,, and government spending, G,, which are also composed
of a variety of goods, are assumed to follow the same composition as the consumption goods.

The firm employs labor and capital for the production of goods and its productivity is subject to
exogenous shocks. Thus, under monopolistically competitive markets, the goods market clearing

condition for a typical good j can be written as:

-

. \l-a .
K ('AﬁpltdJ ) = AD, (PtJ /Pt) 1)

where A" denotes the productivity shock and « denotes the share of capital in production. AD,

represents the aggregate demand in the economy which can be written as C, +q,l, +G,, where ¢ is

the depreciation rate, I, =K, —(1—5) K, and g, is the market price of capital. Therefore, the profit
of a typical firm, TI7, can be stated as:

N\1-v
_ pi _ _
HtFJ = ADt( Ft, ] _thtdJ - K/

t

Id

where w, states the wage rate and r, is the rental rate on capital. |,

represents the labor demand of

the firm.



To simplify the model, the capital stock is assumed to remain at the steady-state level, which is
endogenously determined. Therefore, in each period, goods are invested simply for making up

depreciation. While capital remains constant at the steady state level, g, is the essential factor that

determines the investment movements.
3.2 Households

The representative individual household obtains utility from the consumption bundle and labor supply:

Eoiﬂt [;/éj(l"’)/(l—p) +(1-7)log(1- k' —n¢ )}

t=0

where
E? —- - - -i;ﬂ
e E"Fcr +(1- g;[:['Et-:l.}
I; and n; are labor supplies in the production and banking sectors, respectively. £ is the subjective

time preference. The budget constraint for the household can be written as:

- i 1+ D Ddi 1+ L di - - - i - iy di
qtltl +5+Ht':i +( Rt ) “1_( Rt )L‘—1+Wt(|t5| +nt5|)+rth| _ Bt+1 . +Ct| +Tt+ Dt Lt (2)
R R R R(1+R?) P

Households hold two types of assets, bonds B, and demand deposits D, . The interest rates associated

with the bond and deposit are R® and R” respectively.® In addition, they borrow from the bank L,

at the loan rate R'". The superscript d is used to denote the demand of the assets from the households.

T, is the lump-sum tax.

Here, household faces the deposit-in-advance constraint, which is binding every period:

Cl - vD,
=

t

(3)

where v is a constant, reflecting the assumed rigidity, and D, denotes the nominal deposit.

¢ As shown below, the balance sheet of the bank shows that H, = D, — L, inequilibrium, where the central bank acts as
the reserve supplier. Together with the profit functions of the firm and bank, we can obtain the individual budget constraint
in GM (2007).

9



3.3 Bank

The balance sheet for a typical banking sector is:
H,+L =D, (4)

where H, is the reserve that the bank holds toward the deposit and L, represents the bank loans to

households. Assume @ is the reserve ratio, thus H,=6D, and L, =(1-6)D,. The loan service is

provided by using labor for monitoring and collateral, which consists of the bonds and capital that the

household holds. The loan production function can be written as:
k n n L
L/R =F (b + Amak.) (A) 0<n<1 )
where b, = BM/Pt(1+ Rf) and 7 is the fraction of the collateral takes in the loan production. F

characterizes the overall efficiency of the loan production and a higher value of F stands for more

efficient loan making which incurs lower marginal cost. 0<m <1 indicates that real capital embeds
higher risk and is less efficient than bonds as collateral.” A and A" are shocks to the collateral and
monitoring efforts, respectively. The negative A indicates the financial distress resembling the

current crisis which was triggered by the decline in the housing price, the collateral for mortgage. A

negative shock to A", on the other hand, describes the lack of monitoring for loans.

3.4 Government

The government budget constraint can be written as:
G -T, :(Ht_Ht—l)/R+Bt+l/R(1+ RtB)_Bt/Pt (6)

where G, is the government expenditure which is assumed to be exogenous®.

" It is because real capital usually requires greater monitoring effort to verify its physical condition and market value.
8 G, is assumed to be zero in GM (2007).
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3.5 Optimality Conditions

| si si

Under the model specifications, household i, as a worker and firm, chooses the variables I, I/, n,

n, K., P and B

b K R .., 10 maximize her utility, subject to the constraints, Eq. (1) and (2), with the

multiplier ¢, and A4, respectively. The associated first-order conditions are similar to those in GM
(2007), except for the nonzero G, . With the banking sector, the first-order conditions differ from those

in conventional settings in the role of bonds and capital, which function as the collaterals for loans and

thus provide additional liquidity services for households. Let
A =1C,[(by + A'MAK, ;) (7

Then the Euler equation associated with the bond can be derived as the equation below:

7/Ct_p_ B Zpr_lpt B |_
(T 1]/\ 1+ﬂEt[21P (1+R)J_o (8)

t+1

The first term of the Eq. (8) stands for the loans that one unit of the bond can support. Similarly, the
capital also yield similar liquidity service, and thus the condition with respect to capital possesses the

additional term in the front:

[ﬁ—tp—lj mAg, — g, + B(1-6)E, [%qt+1J+ﬂa(%[%j _ ] 0 ©

Since all the individuals are assumed to be identical, P' =P, and the superscript i is dropped for all

variables.
3.6 Interest rates

There are four interest rates in the overall credit markets. Because these interest rates are associated
with the consumption, labor supplied, and the costs that the liquidity services incur, these
corresponding interest rates are endogenously determined by the optimizing behaviors of consumers

and competitive banks. In addition to the market interest rates, an uncollateralized interest rate, which
11



is the interest rate in the conventional general equilibrium model without banking, is treated as the

benchmark rate:

T 21Pt+1
1 =E —— 10
" Rt tﬂﬂ't-f-lpt ( )

Therefore, the difference between the bond rate and the uncollateralized rate can be obtained by

combining Eq. (8) with Eqg. (10)
B 7C” T
1+R:{L{_i__qAJ@+R) (11)

Other interest rates that are associated with the operation of the banking sector will involve the real

marginal costs that the operation incurs. Since the Federal funds market is the primary source of funds

for the bank, the interbank rate R'® is the cost of the fund for the bank to make loans. Therefore, when

the bank loans the funds out, uncollateralized or collateralized, the interest rates have to cover the real

marginal cost that the loan process requires. Without certain conditions such as collateral or credit

checks, the uncollateralized rate R’ has to cover the interbank rate and the real marginal cost that is

associated with the loan process which is vw,n, /((1—77)(1—49)Ct) and thus the relationship between

the interbank rate and the uncollateralized rate can be expressed as:

On the other hand, the real marginal cost of the collateralized loans is thnt/((l—e)Ct) which is the

partial derivative of the loan services with respect to n,. The primary difference between the marginal

cost of collateralized and uncollateralized loans lie in (1-7), the share of monitoring in the loan

process which can effectively reduce the marginal cost. Thus, the collateralized rate R" can be written

in a similar fashion:
L 1B tnt
@+a)=@+a)@+a¥%EJ (13)

Moreover, since the bank keeps & fraction of the deposits as the reserve without loaning out, the

12



relationship between the interbank rate and the deposit rate can be written as:
R® =R"(1-9) (14)

Thus, from Eq. (13), we can obtain the EFP, which expresses the spread between the bank’s external

and internal interest rates as a function of endogenous variables:

VW,N,

EFPt = R1L - RtIB ~ (l—H)C
t

(15)
The real marginal cost of loan supply, as indicated by GM (2007), is determined by the endogenous

variables C,, m,, w,, and the parameters associated with the loan production. Therefore, while the

government’s monetary and fiscal policies affect consumption, labor and the wage, they also alter the

EFP that the household undertakes.

3.7 Nominal rigidity

While the prices are flexible in the long run, we assume that prices are rigid in the short run and that
firms adopt Calvo staggered pricing as the pricing strategy. Without specifically specifying the firms’
optimal pricing, the price adjustment process is characterized as follows:
Ap, = PEAp,,, +Vo, + U, (16)
where w >0 and
Ap, =log(R)—log(F._,) (17)
which stands for the inflation rate of the aggregate price level. o, denotes the real marginal cost of

goods production and can be identified as:

o =6/A (18)

3.8 Exogenous shocks

The exogenous shocks, A" and A", are assumed to follow a constant growth rate ¢ in the long run

% Since the interbank rate is only slightly lower than the deposit rate due to small @ , here the interbank rate is used for the
derivation of EFP.
13



but to fluctuate in the short run. The shock to the efficiency of capital as the collateral, however, is
assumed to be stationary. Since the cause of the financial crisis is the dysfunctional credit market

caused by lower efficiency in loan production, the following analyses will focus on the impacts of the
unit shocks A“ and A". The detrended (trendless) shocks are assumed to follow an AR(1) process:

etk = Pk etkfl + gtk

etn = pnetn—l + gtn

where &,

g are iid random variables and p,, p, indicate the persistence of these shocks, both
of which are specified as 0.95 for the dynamic analyses to capture the slow recovery speed of the credit
markets that is subject to financial innovations and restoration.’® Since the effects of the shocks A"

and A" on the economy are quite similar, we will discuss only the cases under the shock to the

effectiveness of collateral .

3.9 Policies

The crucial part of the calibration is the specification of policies. The government will respond to the
financial shocks through interest rate cuts, expansion in monetary base, or expansionary government

expenditure. As for the monetary policy, we propose two types of monetary rules. The central bank

takes control over the interbank rate R'®:
R® = (1—/13)[,% +(1+ 44) Ap, + 1,0, ] + 1R — Dgey +eg, (23)
where 4,4, >0 and 0< g, <1,and e;, isthe policy shock to the interbank rate. This is essentially

the Taylor rule under which the central bank raises the interest rate persistently and positively in

response to inflation rate and the marginal cost o, to serve as the output gap."* Moreover, under the

financial crisis, the central bank may want to reduce the interbank rate to lessen the impacts of the

1% However, we will see that the persistence of the shocks has important implications for the interest rate rule in Section 5.3.
1 The setup implies that the target inflation rate is equal to zero.
14



financial distress on the economy with the magnitude of D, in response to a unit shock to €. The

interest rate cut implies that the value of D, should be negative.

In addition to the Taylor rule, an alternative monetary policy that involves controlling the growth rate
of high-powered money is also discussed. Although most central banks all over the world regularly
implement the interest rate rule, the financial crisis has forced governments to adopt the “quantitative

easing” strategy by providing the markets with abundant liquidity. The rule is stated below:

m =p,M_ +€,,— D etk (24)

m

where m, = Iog(Ht)—Iog(HH) which is the growth rate of the monetary base. Under this policy, the

interbank interest rate is endogenously determined. e_, is the shock to the stock of money, and D,

stands for the central bank’s response to the shock which should be positive.
As for the fiscal policy, we assume that the government will respond to the shock by increasing the

government expenditure, which is assumed to be an exogenous process:

G = (1—,0g )é—i— PGy +€5, — Dgetk (25)
where G is the steady state value of the government expenditure, p, States the persistence of the

temporary spending, and e , is the government spending shock. In a similar fashion, D,

characterizes the magnitude of the government spending in response to the shock and thus should be
positive. The government can finance the spending by issuing bonds, money or increasing taxes. To
obtain the equilibrium, we will need to exogenously specify one of the fiscal policies, the process of

issuing bonds or levying taxes, leaving the other to be endogenously determined. In the calibrations

below, we assume that the government maintains the ratio of bonds to consumption, ¢,, stationary:
@ = (1_ o ) P+ PPyt 8, (26)

where g, is the current shock to the bond-consumption ratio. "

12 In future studies, we may relax this assumption by merely levying the income tax, thereby leaving the quantity of
outstanding bonds to be endogenously determined.
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3.10 Equilibrium

The sticky-price equilibrium which is constituted by C,, I, n, P, w, g, B, T,, D, L, R®?,
G, A4, o, Ap, and A, can be obtained by solving Eq. (1)-(13), (20)-(22) under exogenous
specifications of monetary policy (24) and the fiscal policy (25) and (26). In turn, R along with all

other interest rates can be determined by Eq. (15)-(18). Nevertheless, the equilibrium of an economy
where the central bank exercises the interest rate rule can be characterized by replacing the monetary
policy rule Eq. (24) with the interest rate rule Eq. (23).

In the calibrations, the steady state is assumed to be deterministic where shocks are absent and can
be obtained by solving the system under flexible prices.®> The dynamic analysis is performed through
loglinearization with respect to the endogenous variables around the steady state, with some parameters

being chosen to match certain features of the steady state values.

4 Dynamics

Before proceeding further with the examination of the policies under the financial crisis, Section 4 lists

the impulse response functions for each shock: e, e e, respectively. The calibration results in this

gLt Emt?

section illustrate the implications of money and banking for the policies and the financial shocks. The
discussion in this section will help us better understand the implications of the policies for the financial

crisis, how they should be implemented and their effects.

4.1 Parameters

Since the outbreak of the financial crisis in the US, the calibrations are conducted based on US data.

Therefore, most of the parameter values are chosen according to GM (2007), which is based on

B In a flexible-price steady state, the marginal cost is constant: G /A= (u—l)/u , which replaces Eq. (20).
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quarterly data in the US.' Differing from GM (2007) in which case there was an absence of
government expenditure, public spending is assumed to be 0.22 in the steady state in order to capture
the share of government spending in GDP as 20%, following Schmitt-Grohe and Uribe (2002). The
ratio of bonds to consumption in the steady state is assumed to be equal to 0.56. » =0.38 is calibrated
to obtain the steady state labor supply, which is approximately equal to 1/3 after the government
expenditure is added.'® The steady-state money stock is chosen by letting the aggregate price level be
equal to one. In addition, while the value of capital is allowed to fluctuate in the short run, it is assumed
to be one in steady state, q=1. The growth rate of exogenous shock is specified as ¢ =0.005.

The elasticity of substitution o is assumed to be equal to 11 to capture the markup of 1.1 for the
monopolists. Following the conventional setup, we assume £ =0.99, «=0.36 for the capital share
in production and 6 =0.025 to capture the quarterly depreciation rate. The parameters in the banking
sector are specified as those calibrated in GM (2007). In the banking sector, GM (2007) calibrate US
data and find that v=0.31, #7=0.65, m=0.2 and #=0.005. F =9 is calibrated to characterize
the inefficient production in the banking sector which results in nonzero marginal costs.  is assumed

to be equal to 0.02 as the recent literature indicates.

4.2 Unit shock to the government expenditure

 The large scale of the model is another reason and thus the choice of parameters is relatively restricted. An alternative
specification of the parameters may generate negative steady-state values or multiple equilibria.
1> With the parameter values specified here, the overall employment, (1+n), is approximately 0.36 in the steady-state.
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Fig. 2: 1% increase in government expenditure, ¢, =0.01.

To examine the effects of fiscal policy on an economy with money and banking and highlight the role
of money and banking in the dynamic responses of macroeconomic variables to expansionary
government spending, here we calibrate the model with a unit shock to the government expenditure. It
is conducted based on the interest rate rule with the policy parameters being specified as: z4 =0.15,
i, =05 and x,=0.95.

Fig. 2 shows that employment in the production sector rises by 0.14% in response to a 1% point
increase in the government expenditure, resulting in a 0.09% increase in output, which is slightly lower
than 1%. The rising aggregate demand causes the price level and all the interest rates to increase with
the expansionary government expenditure as the Keynesian theory suggests. The increased interest
rates result in crowding-out effects on output by lowering consumption and the price of capital,

indicating the decline in investment. However, the EFP is lowered by 0.12%. As shown in Eqg. (19),
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Fig. 3: 1% increase in the high-powered money, ¢, =0.01.

EFP=W+m—¢. While m, w and ¢ are all reduced, the decrease in consumption

dominates. If the investment and consumption in the economy can be financed externally, the lower
EFP will raise the level of investment as well as consumption, thereby offsetting the crowding-out
effect of government expenditure. As a result, the drops in consumption and investment are relatively
moderate, being 0.12% and 0.07%, respectively.

Therefore, a model which neglects banking and money may overstate the crowding-out effect of the
fiscal policy. While the public spending crowds out consumption, the demand for deposits is lowered,
which should be accommodated by the proportionate drop in the loan. However, the lower demand for
the loan is offset partially by the decreases in investment and employment in the banking sector which
are crowded out by the expansionary government spending. The smaller magnitude of the loan rate rise

reduces the EFP.

4.3 Unit shock to the growth rate of high-powered money

Bernanke & Gertler (1995) argue that the EFP is countercyclical and that it plays the role of financial

19



accelerator in the transmission mechanism of monetary policy, which is mainly caused by the balance
sheet effect. The exclusion of money in the conventional credit channel literature, however, may
neglect the impact of the demand for money on the EFP that may in turn attenuate the influences of the
financial accelerator, as argued by GM (2007).

The mixed effects of the expansionary monetary policy on the EFP are evident in Fig. 3. With the
calibration on the high persistent growth of money p,, =0.9, the 1% increase in the growth rate of
money causes the EFP to drop initially, to rise afterward to a level above the steady state value, and
then to decline gradually to the normal level. The initial drop, which is countercyclical, may be viewed
as the “financial accelerator” as in Bernanke & Gertler (1995), but the positive levels in the following
periods represent the “financial attenuator” as referred to by GM (2007).

Except for the movements in the EFP, all other variables are consistent with the results that GM

(2007) report. Consumption increases by 0.44% and output rises by 0.48%. The economic boom drives

up the inflation as well as q,, whose effects die away gradually after 2 quarters.

4.4 Unit shock to the effectiveness of collaterals

Before implementing policies under the financial shock, we need to understand how the financial shock

impacts the economy. The calibration results are listed in Fig. 4. Most of the results here coincide with

the results that GM (2007) report. Consumption, output and employment decrease upon the impact of

the shock. The shock causes these three variables
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Fig. 4: 1% shock to the effectiveness of collaterals, & =-0.01.

to drop sharply on impact, and then adjust gradually back to the steady state without any
policy assistance. The recession is accompanied by deflation. This is consistent with what is usually

observed after the financial crisis strikes. Most of the interest rates decrease as well, except for the

uncollateralized rate.® The increase in R’ may, however, mislead the reactions of governments. In a

model that does not distinguish between interest rates, R is the only interest rate that guides the
consumption and investment decisions of households and firms. In a model where external financing
for private spending is likely, however, R* and R? are the crucial determinants of consumption and
saving behavior. While their movements diverge, the interest rate rule of the central bank that views
R/ as the benchmark interest rate may be misleading. This finding illustrates the importance of money

and banking for policy making.
The EFP rises upon the shock, consistent with the statement of Bernanke & Gertler (1995) the EFP is

countercyclical and characterizes the worsening asymmetric information problem under the crisis. The

18 The rise in EFP coincides with the data shown in Fig. 1: EFP increases significantly while the crisis strikes.
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countercyclical EFP will cause the credit to contract, thereby delaying the recovery of the economy.
The value of capital, q,, decreases at the outbreak of the shock, but rebounds rapidly to a level that is
greater than the steady state in one quarter, because the decline in interest rates raises the discounted
sum of the future marginal product of capital. Notwithstanding the initial decline in capital value is
close to that in the real world, the speed of recovery seems to be too fast. A possible reason that

accounts for the rapid adjustment of g, is the frictionless capital market where there is no price

stickiness or costs that the capital adjustment may incur.

5 Policies under the financial crisis

Based on the above discussions, the policies under the financial crisis will be examined. In this section,

we let & =-1% in all cases and policies are allowed to react to the financial shock. Instead of

determining the optimal monetary and fiscal policies, this section will investigate the effects of various
policies on the dynamic responses of the economy and whether they can precipitate the economic
recovery. In particular, the assessment in this section will center on the sizes and speeds of various
policies. The results reveal that large and rapid government expenditure performs better than small and
persistent government expenditure. On the other hand, while an expansionary monetary policy will help
the economy recover from the crisis, the effects of the interest rate rule crucially depend on the
persistence of the financial crisis. The results correspond to Feldstein’s suggestions on the format of

fiscal rescue policies, but casts some doubt on the effectiveness of interest rate
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Fig. 5: small but persistent government expenditure: D, =1 and p, =0.9.

rules. As a result, this study can also serve as a justification for the large public spending
policies that most governments all over the world are currently implementing while the effects of

interest rate rules die away quickly or are even not strong enough to offset the impacts of the crisis.

5.1 Fiscal policy

Two fiscal policies are examined in this section: a stable government expenditure plan, which is small
but persistent, and a drastic cure policy, which is large and less persistent. While the first one stands for
normal government expenditure, the second one is conducted to find support or objections to the recent
policy plans that most economists have proposed for the economy to recover from the recession

following the financial distress.

5.1.1 Small and persistent government expenditure
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Here we propose a highly persistent government expenditure and allow the public spending to react

100% to the financial shock. Therefore, D, =1 and p, =0.9. Similar to Section 4.2, the examination

of the fiscal policy is conducted under the persistent interest rate rule. The effects of the expansionary
fiscal policy are evident by comparing Fig. 4 and Fig. 5. As shown, the implementation of the
government spending can successfully help the economy avoid recessions. Output increase by 0.06%
instead of -0.05% when there is no public spending.

However, there is no free lunch. The expansionary public spending makes consumption drop, instead
of increasing, by 0.19% and the investment decline by 0.1%, compared with the earlier levels before
the policy was implemented of -0.07% and 0.013%, respectively. The increase in the aggregate demand
leads to a rise in interest rates and the crowding-out effects.

Nevertheless as output and interest rates rise, the EFP is lowered but remains above the normal level
and thereby becomes procyclical. This may dampen the crowding-out effect of expansionary fiscal
poliy as discussed. Differing from the “financial attenuator” in GM (2007), the procyclical EFP is
caused by the expansionary fiscal policy which drives up the output, but is not strong enough to push

down the EFP to the level below the steady-state value.

5.1.2 Large and rapid government expenditure

While the more persistent policy can successfully help the economy recover, most economists urge the

government to engage in “quick and large” government expenditures in
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Fig. 6: large and rapid government expenditure:p, =3 and p, =0.6.

response to the financial crisis when there is no room for further interest rate decreases, the
economy has run into recessions for more than 4 quarters, consumption and investment have fallen

significantly, and there seem to be no signs for the private sector to recover on its own accord.

Therefore, we propose another large and rapid government expenditure by assuming that D, =3 and

p, =0.6, which can generate a similar price level path to that under the previous policy. With the low

persistence, the 3% increase in government expenditure in response to a 1% financial shock will die out
in 10 quarters approximately. Fig. 6 shows that this policy can stimulate the production immediately to
0.2%, but declines quickly with the less persistent spending. The fast adjustment speed also applies to
other variables. While the large government expenditure causes drastic drops in consumption and
investment initially, they rise back to the normal level in 5 quarters. Similarly, the tax increases greatly
at the beginning, but falls down and remains at the steady-state level after 4 quarters. Interest rates, on
the other hand, do not vary much with policies.

The quick recovery of the economy, 5 quarters before the government expenditure expires, provides

strong support for the large-scale and rapid implementation of policy. As long as the economy is able or
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handle the drastic drop in consumption in the early period, without being adversely affected by the
current and future inflationary pressure, this enormous aggregate demand stimulus can help the private
sector to accumulate enough income and capital to restore the credit market as well as the economy to
its normal level before the crisis hit. Compared with the persistent but relatively small fiscal policy, this

policy would be more desirable as people wish to avoid the recession sustaining.

5.2 Monetary policy

Since the monetary policy can be easily implemented, it is usually the first step that the government
will take in response to the financial crisis. While the interest rate rule does not seem to be effective,
control over the base money is also exercised. This finding follows along the same lines as the
development of US policies after the outbreak of the financial crisis. While the Fed has consecutively
cut the Fed fund rate target from 5.25% to 0.25% within 5 quarters, there do not seem to be any signs
of a recovery. In March 2009, the chairman of the Fed, Ben Bernanke, announced that the Fed was
planning to purchase 300 billion in bonds from the markets. While this “quantitative easing” of the
environment seems to be needed for the economy, it is also accompanied by mounting worries over
high inflation after the recession ends. The analysis below may help explain the limited effects of the

interest rate rule, and the possible success of the quantitative easing strategy of the Fed.

5.2.1 Interest rate rule

We assume that the interbank rate will be lowered by 1% in response to a 1% shock to the
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Fig. 7: interest rate rule under a persistent financial shock: p,=-1, p, =0.95.

collateral effectiveness, and so D, =—1. To characterize the persistent interest rate cut in

reaction to the prolonged crisis, the persistence of the interbank rate, «, =0.95, is specified. However,
compared with Fig. 4, the interest rate cut does not result in much difference under the interest rate
smoothing rule, but causes larger declines in consumption and output as well as slight rises in interest
rates. The interest rate increases lower the discounted value of the marginal product of capital and thus
reduce the value of capital, compared with Fig. 4. The decline in investment worsens the downturn in
output and consumption.

This peculiar result may be caused by the relative magnitude of the interest rate rule’s responses to
the past interest rate and current inflation and output gap. While the 1% cut in the interest rate is not
large enough, the interest rate responds more to the current output gap and inflation rate. Because the
output rebounds to the normal level in only two quarters, the zero output gap prevents further interest
rate cuts. This result is quite robust even under an unrealistic 5% quarterly cut in the interest rate to the

shocks or inflation targeting rule with the assumption that s, =10 and g, =0. The calibrations of the

same policies under the
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Fig. 8: interest rate rule under less persistent financial shocks: D, =-1, p, =0.7.

shock to the monitoring in the banking sector also generate the same results.

The crucial determinant seems to be the persistence of the shocks. If the persistence of the shock is
lowered to 0.7, instead of 0.95 as in previous cases, a 1% interest rate cut is enough to help the
economy recover regardless of whether it is interest rate smoothing, as shown in Fig. 8. Both
consumption and output rise slightly above the normal level, accompanied by an increase in investment.
This implies that the interest rate rule is not effective unless the credit market efficiency is quickly
restored, which in turn depends on the confidence of the banking sector in the production of loans. In
Fig. 7, we can see that although the banking sector hires more people to monitor the loan making and
the value of the capital goods increases, lower consumption implies that the outstanding loans remain at
a low level. The lower interest rate is not able to stimulate the banking employment or restore the
amount of collateral required to make the loans at the level before the shock hits. However, Fig. 8

shows that the swift rebound in the financial shock enables the economy to
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Fig. 9: expansionary high-powered money: D_=1.

rapidly recover. Therefore, the effectiveness of the interest rate rule strongly relies on the

reestablishment of the credit market is crucial for the economy to recover but not the other way round.

5.2.2 Expansionary monetary base

While the interest rate rule does not seem to be effective in the face of the crisis, the expansionary base
money seems to work much better. With the persistence of the high-powered money growth equaling
0.9 and responding to a 1% financial shock by a 1% increase in the growth rate of the monetary base,
Fig. 9 shows that the consumption and output can grow without experiencing the initial recession. The
1% increase in the base money will cause the interbank interest rate to fall by 1.14% in each quarter,
which is equivalent to 4.8% per annum. This decline does not seem to be unrealistic because the Fed
has lowered the Federal funds rate by 5% within just one year.!” The essential reason for the
effectiveness of the monetary expansion is the quantitative easing environment. While a larger

high-powered money growth induces a greater demand for consumption followed by higher deposit and

17 Before the crisis, GM (2007) pointed out that the 1.2% quarterly drop in the interbank interest rate was unrealistic.
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loan demand, the interest rates are lowered. A lower interest rate stimulates investments and the capital
stock, and is helpful in restoring the quantity of loans to a higher level.

In particular, from the balance sheet of the bank, H + L =D, we can see that the bank reserves rise
with the expansion in high-powered money. Deposits are increased accordingly which can facilitate
consumption. This mechanism is absent from the conventional literature on monetary policy, which
neglects the banking sector, as well as from the studies on credit channels without considering money.
This channel is also absent in an economy with an interest rate rule which crucially depends on the

interest rate elasticity of consumption and investments.

6 Conclusion

This paper investigates quantitatively the macroeconomic implications of monetary and fiscal policies
under the current financial crisis based on the model in GM (2007). By using the DSGE model with the
banking sector, we can successfully characterize the financial crisis that was initiated in the credit
markets in terms of the shock to the loan production of banks and see how the shock impacts other
sectors within the economy. With money and banking, this model allows for the endogenous
determination of various interest rates and the EFP.

The effects of policies are examined quantitatively by means of calibrations based on US data where
the crisis started. The calibration results show that expansionary government expenditure can
successfully help the economy recover, but the timing and size of the policy’s implementation may
matter. When characterized by a 3% increase in government spending in response to a 1% shock to the
effectiveness of collateral with an AR(1) coefficient of 0.6, this policy will enable the economy to
accumulate enough wealth and recover within four quarters, though by sacrificing initial consumption.
Compared with the long-lasting recessions under a 1% increase in public spending with a persistence of
0.9, a large-scale and rapid policy implementation seems to be more desirable.

Moreover, the calibration results also illustrate that the EFP declines with the implementation of

fiscal policy. Since the decrease in the EFP will be an additional force that stimulates investment, the
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crowding-out effect of fiscal policy due to rising interest rates will be attenuated. Therefore, a model
without distinct interest rates may overstate the crowding-out effects and the effects of the fiscal policy
may be stronger than was thought. While the credit channel literature focuses on the examination of
monetary policies, the implications of credit channels for fiscal policy have not been noted before.

The effects of monetary policy also strongly rely on the way the policy is applied. A 1% expansion in
the growth rate of base money in response to a unit shock to the effective collateral can successfully
stimulate the economic recovery. The increase in the monetary base can raise the demand for
consumption as well as deposits, thereby boosting the economic growth. However, with the high
persistence of the financial shock of 0.9, as in all other cases, a 4% p.a. interbank rate reduction by the
Fed will fail to pull the economy out of the recession, no matter how persistent the interest rate rule is
or how large the initial cut is (interest rate smoothing or inflation targeting). It will only be effective if
the financial shock is less persistent. That is, the effectiveness of the collateral needs to be restored
soon and thus the banking sector will be able or will be willing to provide enough loans for
consumption. This finding coincides with the fading effects of the interest rate rule since the financial
crisis broke out which has led to an emphasis on “quantitative easing” policy or massive government
spending. It shows that it is the effectiveness of the interest rate relies on the credit market restoration,
but not the other way round.

However, the policies in this model are relatively simple: the government expenditure focuses on
goods without contributing to productivity or consumption directly in the economy. There will be
differences if the emphasis is on productive spending or consumables. The way to finance the
government expenditure also matters. Whether the funds for the spending are raised by issuing bonds,
money or by taxes will result in different interest rate movements and the EFP, and these will have

different effects on the economy.
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ABSTRACT

The objective of this study is to examine quantitatively the macroeconomic implications of monetary
and fiscal policies on the economy under a financial crisis. By using the model in Goodfriend and
McCallum (2007) which introduces a banking sector in a dynamic stochastic general equilibrium
(DSGE) model, we can investigate the effects of rescue policies in response to shocks to the credit
market, the primary cause of the financial crisis. The model with money and banking permits the
endogenous determination of various interest rates and the external finance premium, instead of one
single interest rate in conventional settings. The calibration results are in line with the consensus
recently reached by most economists. A fiscal policy which is large and is implemented rapidly can
precipitate economic recovery better than the other way round. In addition, since the external finance
premium declines with the implementation of the fiscal policy, it may dampen the crowding-out effects
of expansionary government expenditure. On the other hand, the expansion in the high-powered money
is more effective as a policy than the interest rate cuts. This is because the expansion in the base money
increases bank reserves, facilitates deposits and encourages consumption, a mechanism that is absent
from a model that neglects money and banking.
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1. Introduction

The objective of this research is to examine quantitatively the effects of monetary and fiscal policies
under a financial crisis which was triggered by dysfunctional credit markets. A dynamic stochastic
general equilibrium (DSGE) model that includes the banking sector is established for policy analyses,
following Goodfriend and McCallum (2007). In this model, shocks to the credit markets can
characterize the current financial crisis that initiated from the credit markets. Equipped with the
adequate specification of financial shocks, this study conducts calibrations based on the US data to
evaluate the effects of different monetary and fiscal policies, in line with the current debates on
alternative specifications of rescue policies in reaction to the worst financial crisis since the Great
Depression decades ago. Moreover, while most economists’ arguments are based on earlier theories,
this study examines policies with a structural framework which offers a different angel to analyze
policies’ effects through numerical assessments.

The crisis broke out by the end of 2006 when the subprime mortgage default rates rose sharply after
the housing bubble burst in 2005. Starting from the beginning of this century, consecutive interest rate
cuts allowed banks to make loans to low-income families without the need to exercise prudent control
over the credit risks. These loans were funded by loan-backed securities which were available
worldwide. Aided by an extraordinarily easy monetary policy, investors could easily obtain funds with
high leverage for investments, and even on low-quality asset-backed securities. Therefore, the housing
crunch led to a chain of events: the value of the collateral for the mortgages fell, and this was
immediately followed by mounting default rates, which caused sharp declines in the values of the
underlying securities and in turn the asset markets as a whole. The slump in the values of the
asset-backed securities led to a deterioration in the balance sheets of banks and firms, and this gave rise
to difficulties in raising funds. The deterioration in the balance sheets exacerbated the problem of
information asymmetry in the credit markets, and led to credit contractions in both the financial and
real sectors, which resulted in recessions worldwide. The failure to monitor the loans and the decline in

the collateral values were two of the main causes of the financial crisis.



During a financial crisis when markets fail to function normally, governments play an essential role
as Keynesian theory suggests. Initially, central banks all over the world implement expansionary
monetary policies by cutting interest rates, which can be performed both quickly and flexibly. However,
in contrast to normal times, the effects of interest rate rules seem to be limited in the event of a
financial crisis and fail to offset the recession that the crisis brings about. Hence, a massive fiscal
stimulus is needed. However, the specification of the policy is critical. The timing, size and priority
areas of the spending remain an open question.’

In the past decade, the DSGE model has served as the primary platform for the monetary policy
analyses of central banks all over the world. Nevertheless, while various asset market structures,
complete or incomplete, have been examined extensively under this framework, they are not the
primary cause of the current financial crisis. Therefore, it is crucial to include the credit market. It thus
seems to be natural to start from a model with a credit channel, which stresses the credit market’s
imperfections, as initially proposed by Bernanke and Blinder (1988), followed by Bernanke and Gertler
(1989, 1995), Bernanke, Gertler and Gilchrist (1998) and others. Bernanke and Gertler (1988) state that
rising interest rates, which are caused by a tightening of monetary policy, may worsen balance sheets,
raise agency costs and lead to higher loan rates for borrowers. The rise in the loan rate gives rise to a
higher external finance premium (EFP), which is the difference between the loan rate and the cost of
internal funds. As a result, the movement in the EFP can signal the asymmetric information problem in
the credit markets and exacerbate the downturn in economic activities. Therefore, the credit channel
serves as the financial accelerator of monetary policy, as has been illustrated by many studies. Edwards
and Vegh (1997), Kiyotaki and Moore (1997), Carlstrom and Fuerst (1997), Kocherlakota (2000) and
Cooley and Marimon (2004) have made substantial contributions to credit channel studies.

In line with the literature on the DSGE model and credit channels, the model presented in
Goodfriend and McCallum (2007) (henceforth, GM (2007)) offers a good platform to understand the
causes and transmission mechanism of financial crises which initiates from the credit market. The

model is essentially a combination of the DSGE model and the credit channel. While other models on

2 |n a presentation at the January 2009 meeting of the American Economic Association, Feldstein (2009) stated that big and
quick spending on increasing aggregate activity and employment is required.
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the credit channel include real sectors only, GM (2007) highlight the role of money in an economy with
a banking sector. They argue that the omission of money would lead to the role of the demand for
money in facilitating transactions, which may attenuate the effects of the financial accelerator, being
neglected. On the other hand, it is also the first study to introduce the banking sector in a DSGE
model.® In the model, the loan services that the banking sector offers require monitoring efforts and
collateral consisting of bonds and capital. As a result, the interest rates on the financial services and
assets, namely, the loan rate, bond rate, deposit rate and interbank rate, are endogenously determined.
The external finance premium (EFP) can be generated accordingly.

In this model, two shocks exist in relation to the credit markets, in addition to the productivity shock
to the production sector. One is the efficiency of the monitoring effort and the other is the effectiveness
of the collaterals for loans, which resemble the causes of the current financial crisis. GM (2007)
calibrates the model based on US data and finds that the EFP is generally countercyclical and that the
financial shocks do raise the EFP, thus signaling the rising agency costs in the market, which is
consistent with the credit channel literature. However, the calibration results also show that the EFP
may be procyclical in some cases due to the “financial attenuator” caused by the demand for money.

This model is good for the analyses on policies in response to the current financial crisis for several
reasons. First, the financial shocks they adopt in the model can well characterize the financial turmoil
that occurred since 2007. Second, the calibrations show that the rise in the EFP with the financial
shocks is in line with the data for the EFP since the beginning of this century, as shown below. Third,
this framework allows us to examine alternative fiscal and monetary policies. Differing from GM (2007)
which performs the analyses in order to understand the implications of the monetary policy for the
shocks, this study will focus on the effects of alternative monetary and fiscal policies in the event of a
financial crisis. In line with recent debates on the rescue policies in relation to the financial crises all

over the world, both the expansionary monetary and fiscal policies are examined.*

® For example, Glarida, Gali and Gertler (1999, 2000, 2002) and Kollmann (2002), Schmitt-Grohé (2002), and Sutherland

(2006) who use the prevalent DSGE models for monetary policy studies do not consider the role of banking in their models.
* In this study, | do not intend to discuss the bailouts which have brought up substantial controversy for three reasons. First,
the bank in this model does not hold any financial assets and thus does not face a deteriorating balance sheet due to the
decline in asset prices as is the case with many of the banks suffering nowadays. Therefore, it would be difficult to
formulate such bailouts in an attempt to prevent the bank from encountering bankruptcy. Secondly, this study will focus on
the macroeconomic implications of the financial crisis and related policies, instead of the rising agency cost which is the
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Two fiscal policies are proposed: one that involves a small but persistent amount of public spending,
and another that consists of a large amount of government spending that is less persistent. While both
of them are able to help the economy recover from the recession, the first policy causes the economy to
recover sooner than the second at the cost of drastic initial drops in consumption and investment. Due
to the initial decline in consumption, a massive amount of financial spending that takes place quickly
may be more desirable, as Feldstein (2009) points out.

Furthermore, it is worth pointing out that, while the importance of the credit channel to the monetary
policy transmission mechanism has been well recognized in the literature, no studies have performed an
examination of the transmission of fiscal policy based on the credit market paradigm. However, the
banking sector may play a significant role in the transmission of fiscal policy, similar to what it does in
the case of monetary policy. The calibration results in this model show that the EFP declines with the
government expenditure, and thus may offset the crowding-out effect of expansionary fiscal policy. The
decline in the EFP in this model does not imply the existence of a lower asymmetric information
problem (the moral hazard problem which is one of the main concerns in regard to large bailouts) under
fiscal policy, but demonstrates that the fiscal policy alters the demand for and supply of loans and
deposits, causing loan and deposit rates to move divergently.

Two monetary policies are examined as well, namely, the conventional monetary policy on the
control over the high-powered money and the interest rate rule. The calibrations show that the
expansion in the monetary base can boost the economy. The effect essentially comes from its direct
influence on the demand for money to facilitate consumption. The effect of the interest rate rule,
however, strongly depends on the persistence of the financial shock. If the credit market can be restored
quickly and thus more loans can be made out of the same amount of collateral, a small interest rate cut
is good enough for the economic recovery. On the contrary, persistent financial shocks nullify the
interest rate rule. This result may explain the fading effect of the interest rate since the crisis started.

Even if this model can serve as a good platform for policy analyses under a financial crisis, there are

certain restrictions due to the massive model structure. First, there are no defaults. The model

primary concern of bailouts. Thirdly, no study has so far incorporated fiscal policies into this framework.
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characterizes the credit market imperfection by the decline in the effectiveness of capital as collateral
for loans, but there are no defaults for loans even if the value of the collateral has been low. While the
crisis may have been triggered by the surging default rates, this assumption seems to be unrealistic and
could be relaxed in future studies. Moreover, there are no investments. The capital in this model is thus
assumed to remain at the steady state level and the movements in investment are completely reflected
by the changes in the value of capital.

The remainder of this paper is organized as follows. In Section 2, we present the data on the EFP
from the beginning of this century, and the analysis illustrates that the EFP surged when the financial
crisis broke out. Section 3 outlines the specifications of the model. The dynamic analyses are listed in
Section 4 to discuss the dynamic responses of the macroeconomic variables in response to shocks to
policies and the financial sector, respectively. Several rescue policies for the financial crisis are
examined in Section 5. This analysis centers on the effects of fiscal policies of different sizes and

speeds as well as on alternative monetary policies. Section 6 concludes.

2. The significant movements in the EFP under financial crises

Fig. 1 lists the differences between the prime loan rate and the Federal funds rate®, which constitute the
external finance premium (EFP), in the early part of this century. While the EFP was fluctuating at
around the 3% level, it jumped up significantly in December 2000 and September 2001 after the
Internet bubble burst and the Enron scandal came to the fore. Similarly, the EFP also rose in August
2007 when the subprime crisis started to spread, followed by the sharp rise in mid-September 2008
after Lehman Brothers went bankrupt. While the Fed decided not to bail out Lehman Brothers, the EFP
remained at a high level throughout the last quarter of 2008. It was because the worsening balance
sheets of firms led to higher financing costs for borrowers that the EFP was forced to rise. With the

higher costs of external funds, firms cut back on their production, employment and investment

> We use the interbank rate, instead of the short-term CD rate for two reasons. While the EFP associated with the CD rate
exhibits the similar pattern as the EFP that is obtained from the Fed funds rate before 2008, the CD rate was increased
abnormally to a higher level, causing the EFP down to zero, even negative in Oct. 2008. Moreover, GM (2007) uses the
interbank rate instead of the deposit rate to calculate the EFP because the values of these two rates are very close.
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Figure 1: The External Finance Premium
projects.
It is evident that the EFP rose sharply in times of financial distress, signaling the worsening of the
asymmetric information problem in the credit market. These times were
usually followed by economic recessions and thus were countercyclical as argued by Bernanke and
McCallum (1995). Therefore, it is important to use a model under which the loan and interbank interest
rates can be distinguished and the EFP is determined endogenously to capture the rising EFP after the
financial crisis and the asymmetric information problem that may exacerbate the downturn of the

economy after the financial crisis.

3. Model

The primary difference between this model and a typical DSGE specification is the inclusion of the
banking sector. In this model, consumers need to hold deposits in the bank for their own consumption,
and the bank can make loans. The loan services require real capital and marketable bonds as collateral,
along with labor input for credit monitoring. Therefore, households supply labor in both the goods and

banking sectors, and hold real capital for goods production as well as the collateral for loan services.

3.1 Goods Market



Since the goods market is assumed to be monopolistically competitive, a typical consumption bundle
consists of a variety of differentiated goods, formed according to the Dixit-Stiglitz composite
consumption index with o as the elasticity of substitution. The aggregate consumption index and the
associated aggregate price level are shown below:
1% 1
R S e 1 v
Ct :|:'[C: v di:| , R :|:I Ptlludi:|
0 0

Accordingly, the demand function for each individual good is:

where C! and P' are the consumption and price of good i, and C, and P, are the aggregate

consumption and price indices. Goods can be used for consumption, capital investment and government
expenditure. The aggregate capital good, K,, and government spending, G,, which are also composed
of a variety of goods, are assumed to follow the same composition as the consumption goods.

The firm employs labor and capital for the production of goods and its productivity is subject to
exogenous shocks. Thus, under monopolistically competitive markets, the goods market clearing

condition for a typical good j can be written as:

-

. \l-a .
K ('AﬁpltdJ ) = AD, (PtJ /Pt) 1)

where A" denotes the productivity shock and « denotes the share of capital in production. AD,

represents the aggregate demand in the economy which can be written as C, +q,l, +G,, where ¢ is

the depreciation rate, I, =K, —(1—5) K, and g, is the market price of capital. Therefore, the profit
of a typical firm, TI7, can be stated as:

N\1-v
_ pi _ _
HtFJ = ADt( Ft, ] _thtdJ - K/

t

Id

where w, states the wage rate and r, is the rental rate on capital. |,

represents the labor demand of

the firm.



To simplify the model, the capital stock is assumed to remain at the steady-state level, which is
endogenously determined. Therefore, in each period, goods are invested simply for making up

depreciation. While capital remains constant at the steady state level, g, is the essential factor that

determines the investment movements.
3.2 Households

The representative individual household obtains utility from the consumption bundle and labor supply:

Eoiﬂt [;/éj(l"’)/(l—p) +(1-7)log(1- k' —n¢ )}

t=0

where
E? —- - - -i;ﬂ
e E"Fcr +(1- g;[:['Et-:l.}
I; and n; are labor supplies in the production and banking sectors, respectively. £ is the subjective

time preference. The budget constraint for the household can be written as:

- i 1+ D Ddi 1+ L di - - - i - iy di
qtltl +5+Ht':i +( Rt ) “1_( Rt )L‘—1+Wt(|t5| +nt5|)+rth| _ Bt+1 . +Ct| +Tt+ Dt Lt (2)
R R R R(1+R?) P

Households hold two types of assets, bonds B, and demand deposits D, . The interest rates associated

with the bond and deposit are R® and R” respectively.® In addition, they borrow from the bank L,

at the loan rate R'". The superscript d is used to denote the demand of the assets from the households.

T, is the lump-sum tax.

Here, household faces the deposit-in-advance constraint, which is binding every period:

Cl - vD,
=

t

(3)

where v is a constant, reflecting the assumed rigidity, and D, denotes the nominal deposit.

¢ As shown below, the balance sheet of the bank shows that H, = D, — L, inequilibrium, where the central bank acts as
the reserve supplier. Together with the profit functions of the firm and bank, we can obtain the individual budget constraint
in GM (2007).
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3.3 Bank

The balance sheet for a typical banking sector is:
H,+L =D, (4)

where H, is the reserve that the bank holds toward the deposit and L, represents the bank loans to

households. Assume @ is the reserve ratio, thus H,=6D, and L, =(1-6)D,. The loan service is

provided by using labor for monitoring and collateral, which consists of the bonds and capital that the

household holds. The loan production function can be written as:
k n n L
L/R =F (b + Amak.) (A) 0<n<1 )
where b, = BM/Pt(1+ Rf) and 7 is the fraction of the collateral takes in the loan production. F

characterizes the overall efficiency of the loan production and a higher value of F stands for more

efficient loan making which incurs lower marginal cost. 0<m <1 indicates that real capital embeds
higher risk and is less efficient than bonds as collateral.” A and A" are shocks to the collateral and
monitoring efforts, respectively. The negative A indicates the financial distress resembling the

current crisis which was triggered by the decline in the housing price, the collateral for mortgage. A

negative shock to A", on the other hand, describes the lack of monitoring for loans.

3.4 Government

The government budget constraint can be written as:
G -T, :(Ht_Ht—l)/R+Bt+l/R(1+ RtB)_Bt/Pt (6)

where G, is the government expenditure which is assumed to be exogenous®.

" It is because real capital usually requires greater monitoring effort to verify its physical condition and market value.
8 G, is assumed to be zero in GM (2007).
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3.5 Optimality Conditions

| si si

Under the model specifications, household i, as a worker and firm, chooses the variables I, I/, n,

n, K., P and B

b K R .., 10 maximize her utility, subject to the constraints, Eq. (1) and (2), with the

multiplier ¢, and A4, respectively. The associated first-order conditions are similar to those in GM
(2007), except for the nonzero G, . With the banking sector, the first-order conditions differ from those

in conventional settings in the role of bonds and capital, which function as the collaterals for loans and

thus provide additional liquidity services for households. Let
A =1C,[(by + A'MAK, ;) (7

Then the Euler equation associated with the bond can be derived as the equation below:

7/Ct_p_ B Zpr_lpt B |_
(T 1]/\ 1+ﬂEt[21P (1+R)J_o (8)

t+1

The first term of the Eq. (8) stands for the loans that one unit of the bond can support. Similarly, the
capital also yield similar liquidity service, and thus the condition with respect to capital possesses the

additional term in the front:

[ﬁ—tp—lj mAg, — g, + B(1-6)E, [%qt+1J+ﬂa(%[%j _ ] 0 ©

Since all the individuals are assumed to be identical, P' =P, and the superscript i is dropped for all

variables.
3.6 Interest rates

There are four interest rates in the overall credit markets. Because these interest rates are associated
with the consumption, labor supplied, and the costs that the liquidity services incur, these
corresponding interest rates are endogenously determined by the optimizing behaviors of consumers

and competitive banks. In addition to the market interest rates, an uncollateralized interest rate, which
11



is the interest rate in the conventional general equilibrium model without banking, is treated as the

benchmark rate:

T 21Pt+1
1 =E —— 10
" Rt tﬂﬂ't-f-lpt ( )

Therefore, the difference between the bond rate and the uncollateralized rate can be obtained by

combining Eq. (8) with Eqg. (10)
B 7C” T
1+R:{L{_i__qAJ@+R) (11)

Other interest rates that are associated with the operation of the banking sector will involve the real

marginal costs that the operation incurs. Since the Federal funds market is the primary source of funds

for the bank, the interbank rate R'® is the cost of the fund for the bank to make loans. Therefore, when

the bank loans the funds out, uncollateralized or collateralized, the interest rates have to cover the real

marginal cost that the loan process requires. Without certain conditions such as collateral or credit

checks, the uncollateralized rate R’ has to cover the interbank rate and the real marginal cost that is

associated with the loan process which is vw,n, /((1—77)(1—49)Ct) and thus the relationship between

the interbank rate and the uncollateralized rate can be expressed as:

On the other hand, the real marginal cost of the collateralized loans is thnt/((l—e)Ct) which is the

partial derivative of the loan services with respect to n,. The primary difference between the marginal

cost of collateralized and uncollateralized loans lie in (1-7), the share of monitoring in the loan

process which can effectively reduce the marginal cost. Thus, the collateralized rate R" can be written

in a similar fashion:
L 1B tnt
@+a)=@+a)@+a¥%EJ (13)

Moreover, since the bank keeps & fraction of the deposits as the reserve without loaning out, the

12



relationship between the interbank rate and the deposit rate can be written as:
R® =R"(1-9) (14)

Thus, from Eq. (13), we can obtain the EFP, which expresses the spread between the bank’s external

and internal interest rates as a function of endogenous variables:

VW,N,

EFPt = R1L - RtIB ~ (l—H)C
t

(15)
The real marginal cost of loan supply, as indicated by GM (2007), is determined by the endogenous

variables C,, m,, w,, and the parameters associated with the loan production. Therefore, while the

government’s monetary and fiscal policies affect consumption, labor and the wage, they also alter the

EFP that the household undertakes.

3.7 Nominal rigidity

While the prices are flexible in the long run, we assume that prices are rigid in the short run and that
firms adopt Calvo staggered pricing as the pricing strategy. Without specifically specifying the firms’
optimal pricing, the price adjustment process is characterized as follows:
Ap, = PEAp,,, +Vo, + U, (16)
where w >0 and
Ap, =log(R)—log(F._,) (17)
which stands for the inflation rate of the aggregate price level. o, denotes the real marginal cost of

goods production and can be identified as:

o =6/A (18)

3.8 Exogenous shocks

The exogenous shocks, A" and A", are assumed to follow a constant growth rate ¢ in the long run

% Since the interbank rate is only slightly lower than the deposit rate due to small @ , here the interbank rate is used for the
derivation of EFP.
13



but to fluctuate in the short run. The shock to the efficiency of capital as the collateral, however, is
assumed to be stationary. Since the cause of the financial crisis is the dysfunctional credit market

caused by lower efficiency in loan production, the following analyses will focus on the impacts of the
unit shocks A“ and A". The detrended (trendless) shocks are assumed to follow an AR(1) process:

etk = Pk etkfl + gtk

etn = pnetn—l + gtn

where &,

g are iid random variables and p,, p, indicate the persistence of these shocks, both
of which are specified as 0.95 for the dynamic analyses to capture the slow recovery speed of the credit
markets that is subject to financial innovations and restoration.’® Since the effects of the shocks A"

and A" on the economy are quite similar, we will discuss only the cases under the shock to the

effectiveness of collateral .

3.9 Policies

The crucial part of the calibration is the specification of policies. The government will respond to the
financial shocks through interest rate cuts, expansion in monetary base, or expansionary government

expenditure. As for the monetary policy, we propose two types of monetary rules. The central bank

takes control over the interbank rate R'®:
R® = (1—/13)[,% +(1+ 44) Ap, + 1,0, ] + 1R — Dgey +eg, (23)
where 4,4, >0 and 0< g, <1,and e;, isthe policy shock to the interbank rate. This is essentially

the Taylor rule under which the central bank raises the interest rate persistently and positively in

response to inflation rate and the marginal cost o, to serve as the output gap."* Moreover, under the

financial crisis, the central bank may want to reduce the interbank rate to lessen the impacts of the

1% However, we will see that the persistence of the shocks has important implications for the interest rate rule in Section 5.3.
1 The setup implies that the target inflation rate is equal to zero.
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financial distress on the economy with the magnitude of D, in response to a unit shock to €. The

interest rate cut implies that the value of D, should be negative.

In addition to the Taylor rule, an alternative monetary policy that involves controlling the growth rate
of high-powered money is also discussed. Although most central banks all over the world regularly
implement the interest rate rule, the financial crisis has forced governments to adopt the “quantitative

easing” strategy by providing the markets with abundant liquidity. The rule is stated below:

m =p,M_ +€,,— D etk (24)

m

where m, = Iog(Ht)—Iog(HH) which is the growth rate of the monetary base. Under this policy, the

interbank interest rate is endogenously determined. e_, is the shock to the stock of money, and D,

stands for the central bank’s response to the shock which should be positive.
As for the fiscal policy, we assume that the government will respond to the shock by increasing the

government expenditure, which is assumed to be an exogenous process:

G = (1—,0g )é—i— PGy +€5, — Dgetk (25)
where G is the steady state value of the government expenditure, p, States the persistence of the

temporary spending, and e , is the government spending shock. In a similar fashion, D,

characterizes the magnitude of the government spending in response to the shock and thus should be
positive. The government can finance the spending by issuing bonds, money or increasing taxes. To
obtain the equilibrium, we will need to exogenously specify one of the fiscal policies, the process of

issuing bonds or levying taxes, leaving the other to be endogenously determined. In the calibrations

below, we assume that the government maintains the ratio of bonds to consumption, ¢,, stationary:
@ = (1_ o ) P+ PPyt 8, (26)

where g, is the current shock to the bond-consumption ratio. "

12 In future studies, we may relax this assumption by merely levying the income tax, thereby leaving the quantity of
outstanding bonds to be endogenously determined.
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3.10 Equilibrium

The sticky-price equilibrium which is constituted by C,, I, n, P, w, g, B, T,, D, L, R®?,
G, A4, o, Ap, and A, can be obtained by solving Eq. (1)-(13), (20)-(22) under exogenous
specifications of monetary policy (24) and the fiscal policy (25) and (26). In turn, R along with all

other interest rates can be determined by Eq. (15)-(18). Nevertheless, the equilibrium of an economy
where the central bank exercises the interest rate rule can be characterized by replacing the monetary
policy rule Eq. (24) with the interest rate rule Eq. (23).

In the calibrations, the steady state is assumed to be deterministic where shocks are absent and can
be obtained by solving the system under flexible prices.®> The dynamic analysis is performed through
loglinearization with respect to the endogenous variables around the steady state, with some parameters

being chosen to match certain features of the steady state values.

4 Dynamics

Before proceeding further with the examination of the policies under the financial crisis, Section 4 lists

the impulse response functions for each shock: e, e e, respectively. The calibration results in this

gLt Emt?

section illustrate the implications of money and banking for the policies and the financial shocks. The
discussion in this section will help us better understand the implications of the policies for the financial

crisis, how they should be implemented and their effects.

4.1 Parameters

Since the outbreak of the financial crisis in the US, the calibrations are conducted based on US data.

Therefore, most of the parameter values are chosen according to GM (2007), which is based on

B In a flexible-price steady state, the marginal cost is constant: G /A= (u—l)/u , which replaces Eq. (20).
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quarterly data in the US.' Differing from GM (2007) in which case there was an absence of
government expenditure, public spending is assumed to be 0.22 in the steady state in order to capture
the share of government spending in GDP as 20%, following Schmitt-Grohe and Uribe (2002). The
ratio of bonds to consumption in the steady state is assumed to be equal to 0.56. » =0.38 is calibrated
to obtain the steady state labor supply, which is approximately equal to 1/3 after the government
expenditure is added.'® The steady-state money stock is chosen by letting the aggregate price level be
equal to one. In addition, while the value of capital is allowed to fluctuate in the short run, it is assumed
to be one in steady state, q=1. The growth rate of exogenous shock is specified as ¢ =0.005.

The elasticity of substitution o is assumed to be equal to 11 to capture the markup of 1.1 for the
monopolists. Following the conventional setup, we assume £ =0.99, «=0.36 for the capital share
in production and 6 =0.025 to capture the quarterly depreciation rate. The parameters in the banking
sector are specified as those calibrated in GM (2007). In the banking sector, GM (2007) calibrate US
data and find that v=0.31, #7=0.65, m=0.2 and #=0.005. F =9 is calibrated to characterize
the inefficient production in the banking sector which results in nonzero marginal costs.  is assumed

to be equal to 0.02 as the recent literature indicates.

4.2 Unit shock to the government expenditure

 The large scale of the model is another reason and thus the choice of parameters is relatively restricted. An alternative
specification of the parameters may generate negative steady-state values or multiple equilibria.
1> With the parameter values specified here, the overall employment, (1+n), is approximately 0.36 in the steady-state.
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Fig. 2: 1% increase in government expenditure, ¢, =0.01.

To examine the effects of fiscal policy on an economy with money and banking and highlight the role
of money and banking in the dynamic responses of macroeconomic variables to expansionary
government spending, here we calibrate the model with a unit shock to the government expenditure. It
is conducted based on the interest rate rule with the policy parameters being specified as: z4 =0.15,
i, =05 and x,=0.95.

Fig. 2 shows that employment in the production sector rises by 0.14% in response to a 1% point
increase in the government expenditure, resulting in a 0.09% increase in output, which is slightly lower
than 1%. The rising aggregate demand causes the price level and all the interest rates to increase with
the expansionary government expenditure as the Keynesian theory suggests. The increased interest
rates result in crowding-out effects on output by lowering consumption and the price of capital,

indicating the decline in investment. However, the EFP is lowered by 0.12%. As shown in Eqg. (19),
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Fig. 3: 1% increase in the high-powered money, ¢, =0.01.

EFP=W+m—¢. While m, w and ¢ are all reduced, the decrease in consumption

dominates. If the investment and consumption in the economy can be financed externally, the lower
EFP will raise the level of investment as well as consumption, thereby offsetting the crowding-out
effect of government expenditure. As a result, the drops in consumption and investment are relatively
moderate, being 0.12% and 0.07%, respectively.

Therefore, a model which neglects banking and money may overstate the crowding-out effect of the
fiscal policy. While the public spending crowds out consumption, the demand for deposits is lowered,
which should be accommodated by the proportionate drop in the loan. However, the lower demand for
the loan is offset partially by the decreases in investment and employment in the banking sector which
are crowded out by the expansionary government spending. The smaller magnitude of the loan rate rise

reduces the EFP.

4.3 Unit shock to the growth rate of high-powered money

Bernanke & Gertler (1995) argue that the EFP is countercyclical and that it plays the role of financial
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accelerator in the transmission mechanism of monetary policy, which is mainly caused by the balance
sheet effect. The exclusion of money in the conventional credit channel literature, however, may
neglect the impact of the demand for money on the EFP that may in turn attenuate the influences of the
financial accelerator, as argued by GM (2007).

The mixed effects of the expansionary monetary policy on the EFP are evident in Fig. 3. With the
calibration on the high persistent growth of money p,, =0.9, the 1% increase in the growth rate of
money causes the EFP to drop initially, to rise afterward to a level above the steady state value, and
then to decline gradually to the normal level. The initial drop, which is countercyclical, may be viewed
as the “financial accelerator” as in Bernanke & Gertler (1995), but the positive levels in the following
periods represent the “financial attenuator” as referred to by GM (2007).

Except for the movements in the EFP, all other variables are consistent with the results that GM

(2007) report. Consumption increases by 0.44% and output rises by 0.48%. The economic boom drives

up the inflation as well as q,, whose effects die away gradually after 2 quarters.

4.4 Unit shock to the effectiveness of collaterals

Before implementing policies under the financial shock, we need to understand how the financial shock

impacts the economy. The calibration results are listed in Fig. 4. Most of the results here coincide with

the results that GM (2007) report. Consumption, output and employment decrease upon the impact of

the shock. The shock causes these three variables
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Fig. 4: 1% shock to the effectiveness of collaterals, & =-0.01.

to drop sharply on impact, and then adjust gradually back to the steady state without any
policy assistance. The recession is accompanied by deflation. This is consistent with what is usually

observed after the financial crisis strikes. Most of the interest rates decrease as well, except for the

uncollateralized rate.® The increase in R’ may, however, mislead the reactions of governments. In a

model that does not distinguish between interest rates, R is the only interest rate that guides the
consumption and investment decisions of households and firms. In a model where external financing
for private spending is likely, however, R* and R? are the crucial determinants of consumption and
saving behavior. While their movements diverge, the interest rate rule of the central bank that views
R/ as the benchmark interest rate may be misleading. This finding illustrates the importance of money

and banking for policy making.
The EFP rises upon the shock, consistent with the statement of Bernanke & Gertler (1995) the EFP is

countercyclical and characterizes the worsening asymmetric information problem under the crisis. The

18 The rise in EFP coincides with the data shown in Fig. 1: EFP increases significantly while the crisis strikes.
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countercyclical EFP will cause the credit to contract, thereby delaying the recovery of the economy.
The value of capital, q,, decreases at the outbreak of the shock, but rebounds rapidly to a level that is
greater than the steady state in one quarter, because the decline in interest rates raises the discounted
sum of the future marginal product of capital. Notwithstanding the initial decline in capital value is
close to that in the real world, the speed of recovery seems to be too fast. A possible reason that

accounts for the rapid adjustment of g, is the frictionless capital market where there is no price

stickiness or costs that the capital adjustment may incur.

5 Policies under the financial crisis

Based on the above discussions, the policies under the financial crisis will be examined. In this section,

we let & =-1% in all cases and policies are allowed to react to the financial shock. Instead of

determining the optimal monetary and fiscal policies, this section will investigate the effects of various
policies on the dynamic responses of the economy and whether they can precipitate the economic
recovery. In particular, the assessment in this section will center on the sizes and speeds of various
policies. The results reveal that large and rapid government expenditure performs better than small and
persistent government expenditure. On the other hand, while an expansionary monetary policy will help
the economy recover from the crisis, the effects of the interest rate rule crucially depend on the
persistence of the financial crisis. The results correspond to Feldstein’s suggestions on the format of

fiscal rescue policies, but casts some doubt on the effectiveness of interest rate

22



consumption output employment

o 0.08 \ b

-0.2 0 0

o
o
s
o
-

10 20 30 10 20 30 10 20 30
bank labor price level tax
15 0 3
1 -0.02 2
0o 00 ' \\
0 N
10 20 30 0.08 10 20 30 0 10 20 30
<107 capital value uncollateralled rate bond rate
0 0.05 0
\K -0.5
-0.5 0
-1
-1 X -
10 20 30 0.05 10 20 30 15 10 20 30
interbank rate loan rate EFP
0 0 15
-1 1
-0.5
-2 0.5
-3 -1 0
10 20 30 10 20 30 10 20 30

Fig. 5: small but persistent government expenditure: D, =1 and p, =0.9.

rules. As a result, this study can also serve as a justification for the large public spending
policies that most governments all over the world are currently implementing while the effects of

interest rate rules die away quickly or are even not strong enough to offset the impacts of the crisis.

5.1 Fiscal policy

Two fiscal policies are examined in this section: a stable government expenditure plan, which is small
but persistent, and a drastic cure policy, which is large and less persistent. While the first one stands for
normal government expenditure, the second one is conducted to find support or objections to the recent
policy plans that most economists have proposed for the economy to recover from the recession

following the financial distress.

5.1.1 Small and persistent government expenditure
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Here we propose a highly persistent government expenditure and allow the public spending to react

100% to the financial shock. Therefore, D, =1 and p, =0.9. Similar to Section 4.2, the examination

of the fiscal policy is conducted under the persistent interest rate rule. The effects of the expansionary
fiscal policy are evident by comparing Fig. 4 and Fig. 5. As shown, the implementation of the
government spending can successfully help the economy avoid recessions. Output increase by 0.06%
instead of -0.05% when there is no public spending.

However, there is no free lunch. The expansionary public spending makes consumption drop, instead
of increasing, by 0.19% and the investment decline by 0.1%, compared with the earlier levels before
the policy was implemented of -0.07% and 0.013%, respectively. The increase in the aggregate demand
leads to a rise in interest rates and the crowding-out effects.

Nevertheless as output and interest rates rise, the EFP is lowered but remains above the normal level
and thereby becomes procyclical. This may dampen the crowding-out effect of expansionary fiscal
poliy as discussed. Differing from the “financial attenuator” in GM (2007), the procyclical EFP is
caused by the expansionary fiscal policy which drives up the output, but is not strong enough to push

down the EFP to the level below the steady-state value.

5.1.2 Large and rapid government expenditure

While the more persistent policy can successfully help the economy recover, most economists urge the

government to engage in “quick and large” government expenditures in
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Fig. 6: large and rapid government expenditure:p, =3 and p, =0.6.

response to the financial crisis when there is no room for further interest rate decreases, the
economy has run into recessions for more than 4 quarters, consumption and investment have fallen

significantly, and there seem to be no signs for the private sector to recover on its own accord.

Therefore, we propose another large and rapid government expenditure by assuming that D, =3 and

p, =0.6, which can generate a similar price level path to that under the previous policy. With the low

persistence, the 3% increase in government expenditure in response to a 1% financial shock will die out
in 10 quarters approximately. Fig. 6 shows that this policy can stimulate the production immediately to
0.2%, but declines quickly with the less persistent spending. The fast adjustment speed also applies to
other variables. While the large government expenditure causes drastic drops in consumption and
investment initially, they rise back to the normal level in 5 quarters. Similarly, the tax increases greatly
at the beginning, but falls down and remains at the steady-state level after 4 quarters. Interest rates, on
the other hand, do not vary much with policies.

The quick recovery of the economy, 5 quarters before the government expenditure expires, provides

strong support for the large-scale and rapid implementation of policy. As long as the economy is able or
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handle the drastic drop in consumption in the early period, without being adversely affected by the
current and future inflationary pressure, this enormous aggregate demand stimulus can help the private
sector to accumulate enough income and capital to restore the credit market as well as the economy to
its normal level before the crisis hit. Compared with the persistent but relatively small fiscal policy, this

policy would be more desirable as people wish to avoid the recession sustaining.

5.2 Monetary policy

Since the monetary policy can be easily implemented, it is usually the first step that the government
will take in response to the financial crisis. While the interest rate rule does not seem to be effective,
control over the base money is also exercised. This finding follows along the same lines as the
development of US policies after the outbreak of the financial crisis. While the Fed has consecutively
cut the Fed fund rate target from 5.25% to 0.25% within 5 quarters, there do not seem to be any signs
of a recovery. In March 2009, the chairman of the Fed, Ben Bernanke, announced that the Fed was
planning to purchase 300 billion in bonds from the markets. While this “quantitative easing” of the
environment seems to be needed for the economy, it is also accompanied by mounting worries over
high inflation after the recession ends. The analysis below may help explain the limited effects of the

interest rate rule, and the possible success of the quantitative easing strategy of the Fed.

5.2.1 Interest rate rule

We assume that the interbank rate will be lowered by 1% in response to a 1% shock to the
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Fig. 7: interest rate rule under a persistent financial shock: p,=-1, p, =0.95.

collateral effectiveness, and so D, =—1. To characterize the persistent interest rate cut in

reaction to the prolonged crisis, the persistence of the interbank rate, «, =0.95, is specified. However,
compared with Fig. 4, the interest rate cut does not result in much difference under the interest rate
smoothing rule, but causes larger declines in consumption and output as well as slight rises in interest
rates. The interest rate increases lower the discounted value of the marginal product of capital and thus
reduce the value of capital, compared with Fig. 4. The decline in investment worsens the downturn in
output and consumption.

This peculiar result may be caused by the relative magnitude of the interest rate rule’s responses to
the past interest rate and current inflation and output gap. While the 1% cut in the interest rate is not
large enough, the interest rate responds more to the current output gap and inflation rate. Because the
output rebounds to the normal level in only two quarters, the zero output gap prevents further interest
rate cuts. This result is quite robust even under an unrealistic 5% quarterly cut in the interest rate to the

shocks or inflation targeting rule with the assumption that s, =10 and g, =0. The calibrations of the

same policies under the
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Fig. 8: interest rate rule under less persistent financial shocks: D, =-1, p, =0.7.

shock to the monitoring in the banking sector also generate the same results.

The crucial determinant seems to be the persistence of the shocks. If the persistence of the shock is
lowered to 0.7, instead of 0.95 as in previous cases, a 1% interest rate cut is enough to help the
economy recover regardless of whether it is interest rate smoothing, as shown in Fig. 8. Both
consumption and output rise slightly above the normal level, accompanied by an increase in investment.
This implies that the interest rate rule is not effective unless the credit market efficiency is quickly
restored, which in turn depends on the confidence of the banking sector in the production of loans. In
Fig. 7, we can see that although the banking sector hires more people to monitor the loan making and
the value of the capital goods increases, lower consumption implies that the outstanding loans remain at
a low level. The lower interest rate is not able to stimulate the banking employment or restore the
amount of collateral required to make the loans at the level before the shock hits. However, Fig. 8

shows that the swift rebound in the financial shock enables the economy to
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Fig. 9: expansionary high-powered money: D_=1.

rapidly recover. Therefore, the effectiveness of the interest rate rule strongly relies on the

reestablishment of the credit market is crucial for the economy to recover but not the other way round.

5.2.2 Expansionary monetary base

While the interest rate rule does not seem to be effective in the face of the crisis, the expansionary base
money seems to work much better. With the persistence of the high-powered money growth equaling
0.9 and responding to a 1% financial shock by a 1% increase in the growth rate of the monetary base,
Fig. 9 shows that the consumption and output can grow without experiencing the initial recession. The
1% increase in the base money will cause the interbank interest rate to fall by 1.14% in each quarter,
which is equivalent to 4.8% per annum. This decline does not seem to be unrealistic because the Fed
has lowered the Federal funds rate by 5% within just one year.!” The essential reason for the
effectiveness of the monetary expansion is the quantitative easing environment. While a larger

high-powered money growth induces a greater demand for consumption followed by higher deposit and

17 Before the crisis, GM (2007) pointed out that the 1.2% quarterly drop in the interbank interest rate was unrealistic.
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loan demand, the interest rates are lowered. A lower interest rate stimulates investments and the capital
stock, and is helpful in restoring the quantity of loans to a higher level.

In particular, from the balance sheet of the bank, H + L =D, we can see that the bank reserves rise
with the expansion in high-powered money. Deposits are increased accordingly which can facilitate
consumption. This mechanism is absent from the conventional literature on monetary policy, which
neglects the banking sector, as well as from the studies on credit channels without considering money.
This channel is also absent in an economy with an interest rate rule which crucially depends on the

interest rate elasticity of consumption and investments.

6 Conclusion

This paper investigates quantitatively the macroeconomic implications of monetary and fiscal policies
under the current financial crisis based on the model in GM (2007). By using the DSGE model with the
banking sector, we can successfully characterize the financial crisis that was initiated in the credit
markets in terms of the shock to the loan production of banks and see how the shock impacts other
sectors within the economy. With money and banking, this model allows for the endogenous
determination of various interest rates and the EFP.

The effects of policies are examined quantitatively by means of calibrations based on US data where
the crisis started. The calibration results show that expansionary government expenditure can
successfully help the economy recover, but the timing and size of the policy’s implementation may
matter. When characterized by a 3% increase in government spending in response to a 1% shock to the
effectiveness of collateral with an AR(1) coefficient of 0.6, this policy will enable the economy to
accumulate enough wealth and recover within four quarters, though by sacrificing initial consumption.
Compared with the long-lasting recessions under a 1% increase in public spending with a persistence of
0.9, a large-scale and rapid policy implementation seems to be more desirable.

Moreover, the calibration results also illustrate that the EFP declines with the implementation of

fiscal policy. Since the decrease in the EFP will be an additional force that stimulates investment, the
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crowding-out effect of fiscal policy due to rising interest rates will be attenuated. Therefore, a model
without distinct interest rates may overstate the crowding-out effects and the effects of the fiscal policy
may be stronger than was thought. While the credit channel literature focuses on the examination of
monetary policies, the implications of credit channels for fiscal policy have not been noted before.

The effects of monetary policy also strongly rely on the way the policy is applied. A 1% expansion in
the growth rate of base money in response to a unit shock to the effective collateral can successfully
stimulate the economic recovery. The increase in the monetary base can raise the demand for
consumption as well as deposits, thereby boosting the economic growth. However, with the high
persistence of the financial shock of 0.9, as in all other cases, a 4% p.a. interbank rate reduction by the
Fed will fail to pull the economy out of the recession, no matter how persistent the interest rate rule is
or how large the initial cut is (interest rate smoothing or inflation targeting). It will only be effective if
the financial shock is less persistent. That is, the effectiveness of the collateral needs to be restored
soon and thus the banking sector will be able or will be willing to provide enough loans for
consumption. This finding coincides with the fading effects of the interest rate rule since the financial
crisis broke out which has led to an emphasis on “quantitative easing” policy or massive government
spending. It shows that it is the effectiveness of the interest rate relies on the credit market restoration,
but not the other way round.

However, the policies in this model are relatively simple: the government expenditure focuses on
goods without contributing to productivity or consumption directly in the economy. There will be
differences if the emphasis is on productive spending or consumables. The way to finance the
government expenditure also matters. Whether the funds for the spending are raised by issuing bonds,
money or by taxes will result in different interest rate movements and the EFP, and these will have

different effects on the economy.
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