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Optimal Discretionary Policy vs Taylor Rule:
Comparison under Zero Lower Bound and Financial
Accelerator
This paper compares the optimal discretionary policy and the Taylor rule in the
reduced form dynamic new Keynesian model extended with zero lower bound constraint and financial accelerator. Financial accelerator causes the fundamental
difference between the two interest rate policy rules: the Taylor rule as a feedback rule and optimal discretionary policy as an optimal solution. This makes
the interest rate response to the demand shock to change in an opposite way with
financial accelerator under each policy regime. On the other hand, when the Taylor rule augmented with risk premium suggested by McCulley and Toloui (2008)
and Taylor (2008) is used as a policy rule, the probability that zero lower bound
to bind cannot be ignored. Hence, the welfare effect of augmented Taylor rule is
evaluated with our model. The welfare evaluation result supports their suggestion but the recommended risk premium gap coefficient in the rule is different
from theirs.

Key Words: financial accelerator, zero lower bound, optimal discretionary policy, Taylor rule, collocation method
JEL Classification: E5.
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Introduction

In the modern monetary policy theory, interest rate policy rule is an important
component of the model. Probably the most frequently used rule in the related
literatures is the Taylor rule suggested by Taylor (1993) and its variations. Of
course, this does not mean that the Taylor rule is the optimal policy rule. The
optimal policy rule is obtained by solving the linear quadratic rational expectation problem in which the object function is the quadratic welfare loss function
and the constraint is the New Keynesian Phillips curve(NKPC).1 The optimal
policy is expressed as a relationship between output and inflation gaps and the interest rate is determined with intertemporal IS curve.2 Optimal policy is divided
into optimal discretionary policy and optimal commitment policy depending on
whether the central bank can commit on their policy in the future. Optimal
discretionary policy is time consistent by construction and optimal commitment
policy is time consistent by assuming commitment technology imposed on the
central bank. In this paper we will examine only the optimal discretionary policy
because of computational burden in case of the optimal commitment policy.3
Then, which interest rate rule is followed by the central bank in reality? Is
optimal policy rule always desirable than Taylor rule? To answer these questions,
we extend the traditional dynamic new Keynesian(DNK) model by introducing
the zero lower bound(ZLB) constraint and financial accelerator. The reason for
extending the model in these directions is twofold.
First, with this extended model, we expect the different effects of the rules on
the economy will be revealed distinctively. A peculiar fact in the literatures of
ZLB constraint is that they focus on demand shock. This can be understood by
noting that the policy problem of liquidity trap occurs only with demand shock.4
When the ZLB constraint is not considered, the interest rate policy implied by
1

NKPC is derived by linearizing production firm’s profit maximization first order condition.
Intertemporal IS curve is derived by linearizing consumer’s utility maximization first order
condition, or the Euler equation.
3
To obtain the optimal commitment policy, we need to compute the model with five state
variables. As the collocation method needs to discretize the state space, ‘the curse of dimension’
prevents us from solving the problem.
4
In the DNK model, various kinds of shocks are reduced to demand shock attached to intertemporal IS curve and cost shock attached to NKPC. Cost shock causes the trade off between
output and inflation. The liquidity trap happens when both of output and inflation gaps becomes negative. Hence, only the significant size of negative demand shock causes the liquidity
trap.
2
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optimal discretionary policy in response to demand shock is trivial and it is
not different from the policy implied by the Taylor rule qualitatively. Both of
policy rules dictate to raise (lower) the interest rate when there is a positive
(negative) demand shock. However, the ZLB constraint changes the shape of
optimal discretionary policy significantly, as is shown in figure 1. It is because
the ZLB constraint makes the optimization problem to be nonlinear. The solution
to this nonlinear problem with respect to demand shock is no longer trivial and
makes the interest rate policy quite different from the Taylor rule. In addition,
the existence of financial accelerator causes the qualitative difference between the
two policy rules.
Second, the ZLB constraint and financial accelerator have substantive meaning related with the recent global economic crisis. The crisis started from the
financial sector and many central banks around the world responded to the shock
by dropping the short term policy interest rates precipitously near to the zero rate.
With traditional DNK model, these substantive issues cannot be dealt with. Representative agent and frictionless financial transaction assumptions fundamentally
prevent the consideration of financial sector problem in the model. The possibility of ZLB constraint is also ignored as the model is constructed by linearizing
the first order optimization conditions at around the steady state. Hence, we
expect the extended model to provide more substantive analysis environments.
The problem of ZLB constraint, or liquidity trap, was studied in many literatures at around 2000: Krugman (1998), McCallum (2000), Eggertsson and
Woodford (2003), Svensson (2000), to name a few. The main interest of those
papers was how to escape from the liquidity trap with monetary policy, which
seems to be impotent with the interest rate reached on the zero bound. Without
considering the role of financial sector in the model,5 the solution focused on
how to eliminate the deflation expectation. They emphasized the commitment
of the monetary policy to the inflation in the future. Recently, Jung, Teranishi, and Watanabe (2005), Nakov (2008), Adam and Billi (2004), and Adam
and Billi (2006) tried to assess the optimal monetary policy under zero lower
bound constraint. Noting that the optimal monetary policy problem with ZLB
constraint is nonlinear problem, they showed that the solution of the problem is
quite different from that of the problem without ZLB constraint as the public
recognize the limited ability of the central bank when the economy reaches the
5

This is because they employed the traditional DNK equilibrium model.
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zero bound. The equilibrium of the economy is different depending on the possibility of the policy commitment not only in the analytical solution forms but
also in the observational results.6
In relation to considering the financial sector, Bernanke and Gertler (1989)
showed that the cost caused by asymmetric information between borrowers and
landers can amplify the business cycle through balance sheet effect in the real
business cycle(RBC) model, which is called ‘financial accelerator.’ Kiyotaki and
Moore (1997) also introduced the role of financial sector in the RBC model by
introducing the credit constraint in which the credit is restricted by the net
worth of the borrower. In the latter model, though the financial friction affects
the quantity of credit because the credit constraint causes credit rationing, it is
hard to identify the change of the credit amount originated from the increase
of credit demand or the easiness of credit constraint. In the former model, on
the other hand, the financial friction is reflected in the risk premium and the
overall demand of credit is reflected in the interest rate movements.7 The risk
premium is inversely related with net worth of borrowers. Hence, the financial
shock affecting the net worth is observable with the change of risk premium.8
The results of Bernanke and Gertler (1989) and Kiyotaki and Moore (1997),
however, are theoretic and qualitative. Furthermore, we cannot assess the monetary policy as they are in RBC framework. To overcome these shortfalls Bernanke,
Gertler, and Gilchrist (1999) constructed the quantitative model which incorporates the agency costs to the sticky price DNK model where the monetary policy
was introduced with simple form of Taylor rule. As an extension of this model,
there are several attempts to evaluate optimal monetary policy in a stylized DNK
model which incorporates credit friction in response to recent financial crisis:
6

In the absence of zero lower bound, the results of the policy with commitment are observationally equivalent with those of the policy without commitment because the latter is a global
solution.
7
Walsh (2009) expressed this difference as following:
Models of agency cost based on costly state verification can account for spreads
between lending and borrowing rates, but the borrowing rates remains sufficient
statistics for credit conditions facing borrowers. In the presence of credit rationing
and borrowing constraints, interest rates are not sufficient to measure credit market
conditions.
8

Another main difference between them is that the bankruptcy is possible in Bernanke and
Gertler (1989) setup while it is not in Kiyotaki and Moore (1997).
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Christiano, Motto, and Rostagno (2009), Fiore and Tristani (2009), Curdia and
Woodford (2008), Demirel (2009), and Carlstrom, Fuerst, and Paustian (2009) to
name a few. The financial shock works either as a cost shock in the new Keynesian Phillips curve(NKPC) or a demand shock in the intertemporal IS curve, or
both depending on each of literature’s model specification. Though the microeconomic mechanisms that derive the agency costs are different in each literature,
linearized versions of their models are surprisingly in similar forms. Introducing
the financial sector into the model tends to increase the fluctuation of business
cycle9 and, hence, it is likely to increase the probability that the economy falls
into the recession which might need the zero interest rate response of the central
bank.
In this vein, this paper tries to extend the solution method of Nakov (2008)
for ZLB by incorporating financial accelerator based on the linearized models of
Fiore and Tristani (2009), Curdia and Woodford (2008), and Carlstrom, Fuerst,
and Paustian (2009). Nakov (2008) uses the simplest version of DNK model
which consists of intertemporal IS curve, NKPC and demand shock process. We
augment this model with additional terms of risk premium on both equation.
Another equation which determines the risk premium and the net worth shock
process is also added. The net worth shock will be considered as a financial shock
in this paper.
The paper is organized as follow. In section 2, we review selected literatures
that are closely related with the model used here in detail. Section 3 explains the
model. Section 4 explains computational method and calibration procedure. The
computation results are given in section 5. In section 6 we conclude. Sensitivity
tests are given in the appendix.

2

Literature Review

To introduce the credit friction into the traditional DNK model, two issues must
be solved. First, there should be heterogeneity among economic agents for the
financial transaction to exist. The agency costs originated from asymmetric information does not occur in the DNK model because there is no borrower and
no lender with the representative agent assumption. Bernanke, Gertler, and
Gilchrist (1999) set entrepreneurs as borrowers who have different preference
9

This is the reason that the model is also called financial accelerator model.
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from conventional consumers. Also, they introduce another agents in the model
called ‘retailers’ to address the aggregation problem.10 Retailers assemble the intermediate goods produced by entrepreneurs to make the final composite goods.
Price stickiness is incorporated with this retailers in the model. Such a model
structure is followed by Dib and Christensen (2005), Demirel (2009), Fiore and
Tristani (2009), Christiano, Motto, and Rostagno (2009), and Carlstrom, Fuerst,
and Paustian (2009). The model of Curdia and Woodford (2008) is an exception.
They assume that consumers can be either a borrower or a lender probabilistically
and explicitly considered financial intermediary mediates the financial transactions. In their model, the transaction cost of financial intermediary plays the role
of agency costs in other models of credit friction.
Second, financial accelerator mechanism should be constructed so that the
change of net worth, or balance sheet effect, is determined endogenously and
also affects the rest of the economy. To this end, Bernanke and Gertler (1989)
suggested to use the optimal contract model proposed by Townsend (1979) and
Gale and Hellwig (1985). In their models, the borrowing cost is inversely related
with the net worth of borrowers because the monitoring cost caused by agency
problem11 is reduced with the increase of the net worth of borrowers. Dib and
Christensen (2005), Demirel (2009), Fiore and Tristani (2009), Christiano, Motto,
and Rostagno (2009) employ this setup. Curdia and Woodford (2008) is an
exception again. Their approach is macroeconomic rather than microeconomic.
They assume that the spread between borrowing and lending rate comes from
physical cost the financial intermediary should pay and the cost may increase
with the amount of intermediated fund. Another interesting case is Carlstrom,
Fuerst, and Paustian (2009). They employ the incentive compatibility constraint
of Kiyotaki and Moore (1997) instead of CSV model to incorporate the financial
accelerator mechanism. On this setup, they show that the Lagrange multiplier on
the the incentive compatibility constraint can be interpreted as a risk premium
and derive the similar structural equations which include the risk premium terms.
In summary, the model with credit frictions now incorporates the risk premium which is affected by the net worth of borrower as an endogenous variable
regardless of microeconomic specifications used for the model construction. The
10

Bernanke, Gertler, and Gilchrist (1999) noted that ‘assuming that entrepreneurs are imperfect competitors complicates aggregation, since in that case the demand for capital by individual
firms is no longer linear in net worth.’
11
Because of this cost the model is called as costly state verification(CSV) model.
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decrease of net worth raises the risk premium. The risk premium affects on both
of demand and supply. High risk premium means the increase of investment cost
and hence decreases the demand. At the same time, it raises the marginal production cost so that the inflation to rise. Therefore, the response of monetary
policy to the change of risk premium defined as financial shock is vague: the
contractionary effect of negative financial shock requires an expansionary monetary policy while the inflationary effect requires a tighter monetary policy.12 Our
model incorporates both of these monetary policy transmission mechanism.
In addition to financial accelerator, the model considering the ZLB constraint
is more relevant than the model without it, as we have seen at the recent financial
crisis.13 In the following we review some selected literatures that evaluate optimal
monetary policy with ZLB constraint.
Nonlinear property of ZLB complicates the optimal monetary policy problem
even in the framework of linearized DNK model.14 As a result, analytical solution
is not available when uncertainty is included. However, the analytical solution of
optimal monetary policy under ZLB constraint when the natural rate of interest,
or demand shock, is perfectly foreseeable is computed by Jung, Teranishi, and
Watanabe (2005). The dashed lines in figure 1 show their results with policy
functions of output gap, inflation gap, and nominal interest rate15 with respect
to the natural rate of interest under optimal discretionary policy. Note that
demand shock is imposed on the natural rate of interest. The results are the
same with optimal monetary policy without ZLB constraint16 when the natural
rate of interest is greater than zero: both of output and inflation gaps stay at
zero by changing the nominal interest rate with the same amount of the natural
rate of interest change. When the natural rate of interest is less than zero, ZLB
constraint binds and output and inflation gaps become negative. In other words,
12

This is also noted by Walsh (2009).
Amano and Shukayev (2009) also study ZLB related with risk premium, though they treat
the risk premium as an exogenous shock. They assert that the risk premium shock is the most
probable cause of ZLB in conventional DNK model.
14
Note that the only source of nonlinearity in the model comes from ZLB constraint.
15
Optimal discretionary policy functions are obtained by solving the quadratic welfare loss
function of the central bank with the constraints of intertemporal IS curve and NKPC. Details
are explained in the later section which explains the model.
16
Without zero lower bound, output gap and inflation stays at zero regardless of uncertainty.
Note that the problem is in linear quadratic form. Hence, the theorem of certainty equivalence
is applied.
13
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Figure 1: ODP with/without the uncertainty of demand shock
monetary policy of adjusting short term policy interest rate is restrictive when
there is a demand shock which is large enough to make the natural rate of interest
to be negative.
Introducing the uncertainty of demand shock changes the picture significantly.
Numerical computation results of Nakov (2008) are presented with solid lines in
figure 1. Note that keeping the output and inflation gaps at zero even when
the natural rate of interest is greater than zero is no more an optimal solution.
Uncertainty of the natural rate of interest causes the expectation of deflation as
the public know that the central bank cannot sufficiently respond to the negative
natural rate of interest because of ZLB constraint. To relieve the expectation of
deflation, central bank keeps the interest rate lower than the case of certainty,
which makes the output gap to be positive at around 3% steady state of the
7

natural rate of interest. The economy of uncertainty converges to the economy
of certainty when the natural rate of interest becomes larger as the probability
of negative natural rate of interest becomes smaller. Similar results are also
obtained by Adam and Billi (2006). Our model starts from here. We add the
simple reduced form financial accelerator mechanism explained above to this ZLB
constraint model.

3

Model

The model is an extension of Nakov (2008) augmented with financial accelerator
using the results of Fiore and Tristani (2009), Curdia and Woodford (2008),
and Carlstrom, Fuerst, and Paustian (2009). In spite of the differences of their
microeconomic foundation, the linearized structural model equations appear in
similar forms. Ignoring the cross equation restrictions, the models can be written
as follow.

xt = Et xt+1 − σ −1 (it − Et πt+1 − rtn ) − ϕ(∆t − Et ∆t+1 )

(1)

πt = βEt πt+1 + κxt + υ∆t

(2)

∆t = −ς(xt − Et xt+1 ) − ξEt ∆t+1 − nt

(3)

n
r̂tn = ρr r̂t−1
+ εrt

(4)

nt = ρn nt−1 + εnt

(5)

where r̂tn ≡ rtn − r ∗ , εrt ∼ N (0, σr2 ), and εnt ∼ N (0, σn2 ). Equation (1) is the usual
intertemporal IS curve except the last term of risk premium ∆t . xt is output
gap, σ is the risk aversion coefficient, πt is inflation, and Et is the expectation
operator. Output gap decreases when risk premium increases. The concrete
mechanism is model dependent: Fiore and Tristani (2009)17 explains this with
increasing default risk while Bernanke, Gertler, and Gilchrist (1999) explains this
by arguing that the risk premium plays a role of distortionary tax on investment.
In the model of Carlstrom, Fuerst, and Paustian (2009) this term disappears
if the equation is expressed in terms of output gap instead of marginal cost.
Equation (2) is also usual new Keynesian Phillips curve except the last term of risk
17

IS curve of Fiore and Tristani (2009) also includes nominal interest rate term as a cost
channel factor. We abstract this term to focus on financial factor.

8

premium. Increase of risk premium raises inflation by affecting the marginal cost
regardless of the underling model specification. Equation (3) is contentious. Fiore
and Tristani (2009) argue that the increase of output raises the risk premium.
However, this is because they assume that the net worth is given exogenously. In
Curdia and Woodford (2008), output does not affect the risk premium because
the risk premium is just an inefficiency of financial intermediary.18 Here we follow
Bernanke, Gertler, and Gilchrist (1999)19 and Carlstrom, Fuerst, and Paustian
(2009) so that the increase of output decreases the risk premium. Natural rate of
interest and net worth are exogenous shocks which follow the process of equation
(4) and (5).
The model is completed with the interest rate decision rule: optimal discretionary policy and Taylor rules. For the optimal discretionary policy, we set the
welfare loss function of the central bank as
min

it ,πt ,xt ,φt

E0

∞
X

β t (πt2 + λx2t + ψ∆2t ).

(6)

t=0

All of Fiore and Tristani (2009), Curdia and Woodford (2008), and Carlstrom,
Fuerst, and Paustian (2009) show that the above quadratic loss function which
includes the risk premium term can be derived from the utility function of consumers. Solving this loss minimization problem with constraints of (1) - (3) as a
Kuhn-Tucker problem, we obtain the following first order conditions:

it (λxt + (κ − ςυ)πt − ςψ∆t ) = 0

(7)

it ≥ 0

(8)

λxt + (κ − ςυ)πt − ςψ∆t ≤ 0

(9)

On the other hand, Taylor rule and the rule augmented with risk premium are
also our interest. Taylor (2008) and McCulley and Toloui (2008) proposed a onefor-one reduction in the policy rate in response to increases in particular credit
spreads by including the risk premium in the Taylor rule. Taylor rules with
18

If the inefficiency of financial intermediary is proportional to the amount of credit, then the
risk premium is determined endogenously.
19
What make the model of Bernanke, Gertler, and Gilchrist (1999) as a financial accelerator
model are equation (4.17) which defines the relationship between risk premium and net worth
and equation (4.24) which defines the evolution of net worth. Net worth is positively related
with output. Combining these two equations, output increase reduces the risk premium.

9

ZLB constraint will be truncated forms formulated by maximization function.
Equation (10) is the simple form of Taylor rule augmented with risk premium.
Smoothed Taylor rule equation (11) are going to be tested too.

4

it = max{0, r n∗ + ηπ πt + ηx xt − η∆ ∆t }

(10)

it = max{0, ̺it−1 + (1 − ̺)(r n∗ + ηπ πt + ηx xt − η∆ ∆t )}

(11)

Computational Method and Calibration

The analytical solution method for rational expectation model suggested by Blanchard and Kahn (1980) is not applicable for our model as the problem is in nonlinear form which has a kinked point at zero in the nominal interest rate. Hence,
we try to obtain a numerical solution using the collocation method. The collocation method is an extension of function approximation20 that is used to solve
a functional equation problem.
Note that our model belongs to rational expectation problem with arbitragecomplementary condition of the form,
f (st , xt , Et h(st+1 , xt+1 )) = φt ,
where s follows the state transition function,
st+1 = g(st , xt , εt+1 ),
and xt and φt satisfy the complementary conditions,

a(st ) ≤ xt ≤ b(st ),

xjt > aj (st ) ⇒ φjt ≤ 0,

xjt < bj (st ) ⇒ φjt ≥ 0,

where φt is a vector whose j th element, φjt , measures the marginal loss from
activity j. The function that will be approximated is Et h(st+1 , xt+1 ). This is
approximated using a linear combination of n known basis functions,
h(s, x(s)) ≈

n
X

cj θj (s).

j=1
20

As an example of function approximation, there are interpolation and spline.
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In our context, endogenous variables are it , πt , xt , and ∆t , state variables are rtn
and nt , and shocks to state variables are εr and εn .
The coefficients are determined by the following algorithm. For a given value
of the coefficient vector c, the equilibrium responses xi are computed at the n
collocation nodes si by solving the complementary problem which is transformed
into a standard root finding problem. Then, given the equilibrium responses xi
at the collocation nodes si , the coefficient vector c is updated by solving the
n-dimensional linear system
h(si , xi ) =

n
X

cj θj (si ).

j=1

This iterative procedure is repeated until the distance between successive
values of c becomes sufficiently small. In addition, we need to discretize the
shock to s to approximate the expectation functions. Here the normal shocks to
state variables are discretized using a K-node Gaussian quadrature scheme:
Eh(s, x(s)) ≈

K X
n
X

ωk cj θj (g(si , x, εk )),

k=1 j=1

where εk and ωk are Gaussian quadrature nodes and weights chosen so that
the discrete distribution approximates the continuous normal distribution. For
details, refer to Miranda and Fackler (2004).
Parameter values used for computation is presented at table 1. Parameter
values other than those related with risk premium are brought from Nakov (2008)
to compare our results with those of Nakov (2008). One period in the model can
be interpreted as one quarter, also just like the case of Nakov (2008). Parameter
values related with risk premium is estimated using Dynare.21 Sensitivity tests
for parameters related with risk premium are given in appendixA. It turns out
that the variations of those parameters do not change the qualitative properties
of our results.
Equation (1)∼(5) and Taylor rules (10) and (11) are used for the estimation.22
Data used are output gap and risk premium gap of the United States. Output gap
is obtained as a difference between the level of log GDP and its trend obtained
21

Refer to appendix B.
We estimate coefficients of equations directly, rather than estimate deep parameters. We
defer this task until we develop a complete model from which the equations can be derived.
22

11

Table 1: Parameter values
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Parameter

Value

λ
ψ
σ
ϕ
β
κ
υ
ς
ξ
r n∗
ρr
σr
ρn
σn
ηπ
ηx
η∆
̺

0.003
0.0003
4
3.3
0.993
0.024
0.0034
0.12
0.032
3%
0.65
3.72%
0.8
0.8%
1.5
0.5
0, 0.5, 1
0.8

Explanation
weight on output gap of the welfare loss of the central bank
weight on risk premium gap of the welfare loss of the central bank
risk aversion preference parameter
financial accelerator parameter of intertemporal IS curve
annual, discount factor
slope of the NKPC
financial accelerator parameter of NKPC
financial accelerator parameter of risk premium equation
financial accelerator parameter of risk premium equation
annual, natural rate of interest
persistence of demand shock
standard deviation of demand shock
persistence of financial shock
standard deviation of financial shock
Taylor rule coefficient on inflation
Taylor rule coefficient on output gap
Taylor rule coefficient on risk premium gap
smoothed Taylor rule coefficient on the past interest rate

by HP filter. Risk premium is defined by the difference between three year Baa
corporate bond rate and Treasury bond rate. Note that the purpose of the
estimation is to obtain fairly reasonable parameter values rather than to use
it for practical purpose such as forecasting. This is impossible considering the
simplicity of the model used here. Deciding the parameter values of the central
bank’s loss function (6), λ and ψ, is a matter of choice. Based on the calibration
values of Carlstrom, Fuerst, and Paustian (2009), coefficient of risk premium gap
is much smaller than that of output gap. We set ψ as one tenth of λ.

5

Computation Results

We consider optimal discretionary policy and Taylor rule as interest rate policy
rules in the reduced form DNK model extended to include the ZLB constraint
and financial accelerator. Before proceeding, it is notable that the literatures
in ZLB constraint model focus on the demand shock. There are two exogenous
shocks in conventional DNK model: demand shock attached to intertemporal IS
curve and cost shock attached to NKPC. In a model without ZLB constraint,
the demand shock poses no significant policy choice problem while the cost shock
forces the central bank to face the trade off between output gap and inflation.
However, large enough negative demand shock which makes the natural rate of
interest to be negative poses a substantial problem when there is ZLB constraint,
the liquidity trap. It is evident that the cost shock does not cause the liquidity
trap as the shock makes the output and inflation gap to move in an opposite
direction. Hence, only the demand shock is meaningful in the model with ZLB
constraint.
Interestingly, the difference between the optimal discretionary policy and Taylor rule is revealed starkly by the implications they have on the response of the
economy to the demand shock, even in the model economy without ZLB constraint and financial accelerator. Under the optimal discretionary policy, demand
shock is completely neutralized by the interest rate policy induced by the optimal
policy so that it has no effect on output and inflation gaps when there is no ZLB
constraint. Under the Taylor rule, on the contrary, output and inflation gaps
deviate from zero if the natural rate of interest deviates from its steady state
level because of demand shock. In this sense, Taylor rule is a suboptimal rule.
With ZLB constraint, irrelevance of the demand shock to output and inflation

13

gaps under optimal discretionary policy is no longer valid. As we have seen in
figure 1, ZLB constraint makes the output and inflation gaps to deviate from
zero in response to demand shock even under optimal discretionary policy. In
the following, we introduce the financial accelerator mechanism to the model
in addition to ZLB constraint and compare the effects of financial accelerator
mechanism under two different policy regime.

5.1

Effects of Financial Accelerator

In section 2, we saw that the uncertainty itself changes the shape of the optimal
discretionary policy significantly under ZLB constraint. With this observation, we
introduce the financial accelerator mechanism in two steps. At first we introduce
the financial accelerator only. The uncertainty related with financial shock, nt ,
will not be included at this phase. This is implemented by setting the variance of
financial shock to be zero. Still, there is an uncertainty in the model related with
the demand shock. At the next step, we supplement the uncertainty of financial
shock to the model. Baseline will be the case of Nakov (2008) in which there is
no financial accelerator and financial shock uncertainty.
Figure 2 presents policy functions with respect to natural rate of interest under optimal discretionary policy. Policy functions under Taylor rule are presented
in figure 3. Solid lines are the baseline economy policy functions that are derived
from the model without financial accelerator. Dashed lines are the policy functions derived from the model with financial accelerator. The fourth panel in both
figures is the policy function of risk premium. This does not appear when there is
no financial accelerator. The shape of this policy function is roughly the inverse
of output gap policy function, which can be understood from equation (1) and
(3). There are some changes to be mentioned in the policy functions caused by
the financial accelerator.
First, under the optimal discretionary policy, financial accelerator makes the
output gap to drop more steeply when the natural rate of interest is less then
zero. Look at the first panel of figure 2. The output gap drops from -1.6% to
-2.0% when the natural rate of interest is -3% and the difference widens as the
natural rate of interest becomes smaller. With positive natural rate of interest,
the effect of financial accelerator is relatively small. Note that the policy function
of output gap turns to the counter clockwise direction with financial accelerator.
This is because the change of output gap caused by the shock is amplified by the
14
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financial accelerator. Same thing happens under Taylor rule interest rate policy
regime as can be seen at the first panel of figure 3. The difference between them
is the rotation axis: while the axis point under Taylor rule is 3%, the steady
state natural rate of interest, the axis point under optimal discretionary policy is
about 0.5% of natural rate of interest. This is interesting because it means that
the financial accelerator has an effect of alleviating the negative demand shock if
the natural rate of interest is still greater than 0.5% under optimal discretionary
policy.
Second, deflationary bias worsens with financial accelerator under optimal
discretionary policy, i.e., inflation gap function shifts downward with financial
accelerator. When the natural rate of interest is -3%, deflation gap widens from
1.4%p to 1.8%p. Look at the second panel of figure 2. Increased uncertainty
with financial accelerator works under the optimal discretionary policy so that
the deflationary expectation of the public to be reinforced. This contrasts with
the change of inflation gap policy function under Taylor rule. The inflation gap
policy function turns to the counter clockwise direction just like the case of output
gap policy function: the deflation gap widens in the range of negative natural
rate of interest rate and inflation gap widens in the range of positive natural
rate of interest rate. The response of inflation is also amplified through financial
accelerator under the Taylor rule.
Third, the contrast of interest rate policy change with financial accelerator
under two policy regime is interesting though the quantitative effect of financial
accelerator is rather weak. Interest rate policy function under optimal discretionary policy is presented on the third panel of figure 2. The amount of interest
rate change caused by financial accelerator looks not so conspicuous quantitatively. At most, when there is a negative demand shock, the difference of the
interest rate is 30 basis point at 1.7% of the natural rate of interest. This implies
that the introduction of financial accelerator does not require the interest rate
policy to be changed significantly in spite of increased volatility of output and
inflation gaps. However, unlike the case of output and inflation gaps, the change
of interest rate policy under the optimal discretionary policy is different qualitatively from the policy change under the Taylor rule. Note that the interest rate
policy function rotates in opposite direction under two different policy regime:
clockwise rotation in case of optimal discretionary policy and counter clockwise
in case of Taylor rule policy. At a glance, the change under Taylor rule seems
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intuitive. As the financial accelerator amplifies the variations of output and inflation gaps, interest rate responds more sensitively to the change of the natural
rate of interest, which makes the slope of the interest rate policy function to be
steeper, as shown at the third panel of figure 3.
Then, what makes the opposite to happen under optimal discretionary policy?
To understand this, we need to note that not only the nominal interest rate
but also the output, inflation, and risk premium gaps are choice variables in the
optimal monetary policy problem. In this setup, financial accelerator can be used
to reinforce the effects of interest rate policy. When there is a positive demand
shock, interest rate is raised to stabilize the output and inflation but with less
amount because the financial accelerator amplifies the the effect of interest rate
rise. The opposite mechanism works when there is a negative demand shock. As
a result, the policy function of nominal interest rate becomes flatter with financial
accelerator.

5.2

Effects of Financial Shock

Now we add financial shock uncertainty to the model in addition to financial
accelerator. In equation (3) we defined financial shock as an exogenous shock
imposed on net worth. Net worth affects the risk premium and, in turn, the risk
premium affects output and inflation gaps through equation (1) and (2).
Interest rate policy functions under each of optimal discretionary policy and
Taylor rule regime are presented in figure 4 and 5. Note that the policy functions
are defined on state variables of natural rate of interest, rtn , and net worth,
nt . Proceeding the analysis with policy functions defined on these two state
variables is cumbersome as we have to deal with 3 dimensional figures. To avoid
this inconvenience, we proceed the analysis with impulse response functions(IRF)
obtained from policy functions so that the demand shock and the financial shock
can be considered separately. In the IRF analysis, one period in the model
corresponds to one quarter and the shock will be given with the size of -1.5 times
one standard deviation shock so that the ZLB constraint binds for some period of
time under optimal discretionary policy. Note that not only the financial shock
itself but also the existence of financial shock uncertainty affects the shape of
IRF’s. We first describe the effects of financial shock uncertainty on the IRF’s to
demand shock and later describe the IRF’s to financial shock itself.
Figure 6 presents the IRF’s to demand shock. In this figure, the baseline
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economy is the case of Nakov (2008), i.e., the model without financial accelerator
as before. IRF’s under optimal discretionary policy and Taylor rule are obtained
from the model with financial accelerator including the financial shock uncertainty. Let us visit the IRF of interest rate policy first which appears at the third
panel of the figure. The dashed-dotted line shows the process of natural rate of
interest which was caused by the one time demand shock of the size of one and
a half standard deviation. In response to this process, the nominal interest rate
drops to the level of zero and stays there for four quarters under the baseline
economy which is shown by the solid line. We can see that the nominal interest
rate stays at zero for two quarters even after the negative natural rate of interest
rises above zero under the baseline economy.23
When the financial accelerator including the financial shock uncertainty is
introduced under optimal discretionary policy, which is shown with dotted line,
the nominal interest rate stays at the level of zero for one quarter longer and rises
more quickly compared with the baseline economy. The steady state nominal
interest rate is also higher by 38 basis point than that of baseline economy. IRF
of nominal interest rate under Taylor rule, which is shown with dashed line,
contrasts with these results. The ZLB constraint does not bind under Taylor rule
with one and a half standard deviation demand shock. Bigger size of demand
shock is needed to make the ZLB constraint binds under Taylor rule. In a sense
that the optimal policy requires the nominal interest rate to be lowered more
aggressively, Taylor rule implies somewhat insufficient interest rate response to
demand shock. This is reflected in the IRF’s of output gap and inflation gap
which are shown in the first and second panel of figure 6. Output gap and
inflation gap drops -3.2% and 0.26%p right after the shock under Taylor rule,
which are about twice the cases of optimal discretionary policy, in response to the
assumed negative demand shock. Of course, introducing the financial accelerator
including the financial shock uncertainty amplifies the effects of demand shock:
output gap and inflation gap widens from -1.4% and -0.14%p to -1.9% and 0.18%p respectively right after the shock occurs. An interesting observation is
that output gap overshoots at the end of the zero interest rate period under
optimal discretionary policy. Thanks to the continued zero rate policy, output
23

If there were no ZLB constraint, the nominal interest rate moves along with the natural
rate of interest. If there were no uncertainty at all, the nominal interest rate rises above zero
right after the natural rate of interest rises above zero.
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gap reaches 0.8% in fifth quarters after the shock occurs and subdues as the
interest rate rises steeply. This overshooting movements in output gap is not
observed when there is no financial accelerator mechanism.
Another interesting phenomenon is that the steady state inflation gap is negative even under the Taylor rule. Though the probability that ZLB constraint
binds under the Taylor rule is low, the public recognize the possibility that the
central bank cannot respond to the significant negative demand shock because of
ZLB constraint and form lower inflation expectation compared with the baseline
economy.
So far, we explained the effects of financial shock uncertainty on the IRF’s
to demand shock. Figure 7 presents the IRF’s to financial shock itself. As the
financial shock cannot exist in the model without financial accelerator, IRF’s
of the baseline economy does not exist. Hence, only the IRF’s under optimal
discretionary policy and Taylor rule are compared. Before comparing the two
regimes, remind that financial shock works both as demand shock and cost shock
at the same time. With our calibration results, financial shock seems to work as
a demand shock. Note that output and inflation gaps decrease when there is a
negative financial shock in figure 7.24
When there is a negative financial shock of the size of one and a half standard
deviation, optimal discretionary policy requires the nominal interest rate to be at
the level of zero for 9 quarters, which is shown at the third panel of figure 7. The
fact that the persistence of financial shock, ρn , is assumed to be stronger than
that of demand shock seems to contribute to the prolonged period of zero rate
compared with the case of demand shock. Thanks to zero rate policy, output gap
overshoots until the zero rate policy terminates and converges to the steady state
level thereafter. The fluctuation of inflation gap is restricted fairly well with zero
interest rate policy. Under Taylor rule regime, the response of nominal interest
rate is insufficient so that the effects of negative financial shock on output and
inflation gaps are not mitigated enough compared with the policy under optimal
discretionary policy. Overall, the pattern of response of variables are similar with
the case of demand shock.
24

This is consistent with empirical results of Walsh (2009). He argued that ‘shocks to the
credit spread have primarily represented aggregate demand shocks’ based on VAR analysis.
However, financial shock might be appeared as cost shock depending on calibrated parameter
value. If υ in the equation (2) is sufficiently large, output gap decreases while the inflation gap
rises. Refer to figure 12 in appendix A.
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Table 2: Properties under policy regime of ODP and Taylor rule
ODP

std(x)
std(π)
std(i)
std(∆)
loss
Prob(i=0%)
1
2

5.3

Taylor rule

baseline

FA1

FSU2

baseline

FA

FSU

0.7365
0.0407
3.2754
0.0075
0.3238

0.9281
0.0508
3.1975
0.0556
0.0115
0.3088

1.4244
0.0788
3.7522
0.7879
0.0180
0.4417

1.9251
0.1330
1.1572
0.0290
0.0031

2.1010
0.1412
1.2480
0.0865
0.0333
0.0040

2.6887
0.2266
1.5960
0.8235
0.0758
0.0248

Financial accelerator
Financial shock uncertainty in addition to financial accelerator

Welfare Effect of Policy Regimes

In the previous sections, we compared the baseline economy and the economy with
only the financial accelerator using the policy functions and the baseline economy
and the economy with financial accelerator including the financial shock uncertainty using the IRF’s. Intuitions found in these graphical analysis can be made
clearer by implementing the quantitative analysis with the simulation using the
solution of the model economy, i.e., the policy functions. The simulation lets us
not only be able to measure the variations of economic variables but also to evaluate the welfare effects under different policy regimes using central bank’s loss
function of (6). In addition, three cases of the baseline economy, the economy
with financial accelerator only, and the economy with financial accelerator including the financial shock uncertainty can be compared in parallel with simulation
results. The simulation results are obtained with 100 paths for the endogenous
variables over 10,000 quarters. First 200 quarters of each path were discarded to
obtain the initial distribution of the state variables.
Table 2 presents the simulation results under two policy regimes of optimal
discretionary policy and Taylor rule. The comparison between two policy regimes
confirms the following facts. First, the variations of output and inflation gaps
are greater under the Taylor rule: the standard deviation of output and inflation
gaps under Taylor rule are about two and three times larger than the standard
deviation under optimal discretionary policy respectively. As a result, the welfare
24

loss under Taylor rule is three to four times larger than that under optimal discretionary policy. Second, however, the variation of interest rate under Taylor rule
is about a third of optimal discretionary policy. In accordance, the probability
that ZLB constraint binds is negligible under Taylor rule regime. Even when the
uncertainty of financial shock is added to that of demand shock, the probability
that ZLB constraint binds under Taylor rule is only 2.5%. Without financial
accelerator, this probability might be ignorable. On the contrary, the probability
that ZLB constraint binds under optimal discretionary policy is unrealistically
high. In case of the baseline economy, the probability is 32% and it reaches to
44% in case of the economy with financial accelerator including financial shock
uncertainty. From these observations, we cay say that the stability of output and
inflation under optimal discretionary policy is achieved at the cost of interest rate
policy instability.
The effects of introducing financial accelerator mechanism into the model also
can be evaluated with the simulation results presented in the table 2. Regardless
of the policy regime, financial accelerator increases the variations of output and
inflation gaps, as can be predicted from the analysis using the policy functions
and IRF’s. This is a natural result because the financial accelerator amplifies
the shocks of the economy. However, as pointed out earlier, the responses of
interest rate when only the financial accelerator is introduced are alternate under
different policy regimes. The standard deviation of interest rate decreases slightly,
from 3.28% to 3.2%, under optimal discretionary policy while it increases from
1.15% to 1.25%. As mentioned before, the result reveals the qualitative difference
between two policy regimes: optimal discretionary policy considers the financial
accelerator channel with which its interest rate policy effect propagates while
Taylor rule just responds to the amplified output and inflation gaps. This is
closely related with the direction of rotation of the interest policy function in
figure 2. But the difference between two policy regime disappears when the
financial shock uncertainty is introduced. Standard deviation of interest rate
increases to 3.8 under optimal discretionary policy and to 1.6 under Taylor rule
when the financial shock uncertainty exists. The probability that ZLB constraint
binds also shows similar pattern with the standard deviation of interest rate.
Heretofore, we compared the optimal discretionary policy and Taylor rule
when ZLB constraint and financial accelerator mechanism are introduced into
the model. Relatedly, both of positive and normative questions about policy
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regime choice are possible. Which policy rule does better describe the real policy
implementation? And, Which policy rule do we have to pursue as a desirable policy regime? For the first positive question, Taylor rule had been considered as an
answer before the recent global crisis. Look at the figure 8 which shows the case of
the United States and the United Kimdom. Remind that Taylor (1993) proposed
the rule based on the fact that the rule explains the past movement of policy
interest rate. For this reason, Taylor rule has been employed as a representative
policy rule in many traditional DNK model literatures. Because the analysis of
DNK model is implemented using the equations linearized at around the steady
state, the possibility of binding ZLB constraint has been ignored. The simulation
results presented in table 2 also show that the possibility of ZLB constraint to
bind is negligible under Taylor rule in the model.
However, it does not look like that Taylor rule describes the recent developments of policy interest rate properly, especially for the recent financial crisis
period. As shown in figure 8, the policy short term interest rates moved oppositely to the Taylor rule after the third quarter of 2007 when the financial crisis
burgeoned with the bankruptcy of Bear Stearns. This phenomenon appears in
both of the United States and the United Kingdom and it is more conspicuous in
the United States. Furthermore, while interest rate implied by Taylor rule turned
to positive in fourth quarter of 2009 in the United States, the federal fund rate is
still at the level of zero. Optimal discretionary policy with ZLB constraint and
financial accelerator shed light on understanding those movements of the policy
interest rate. Increased uncertainty after the bankruptcy of Bear Stearns might
work in lowering the interest rate in spite of high inflation. The recent adherence
of zero interest rate policy is consistent with the prescription described in figure 6:
even if the natural rate of interest turns into positive, the interest rate is kept at
the level of zero for some periods after that. Relatedly, Minford and Ou (2009)’s
argument is interesting. They tested optimal policy rule and Taylor rule using
statistical inference based on the method of indirect inference and concluded that
‘the policy of the Fed ... appears to have been approximately optimal and the
fact that its behavior looks like a Taylor rule with interest-rate smoothing is a
statistical artefact.’
For the second normative question, apparently the answer looks simple. Based
on welfare evaluation presented in table 2, optimal discretionary policy gets the
credit. However, we saw that the stability of output and inflation gaps is obtained

26

(%)

US

10
8
6
4
2
0
-2
-4
90

92

94

96

98

00

FFR

(%)

02

04

06

08

06

08

Taylor rule

UK

20

16

12

8

4

0

-4
90

92

94

96

98

00

MMR

02

04

Taylor rule

Figure 8: Policy interest rate in US and UK

27

with the cost of instability of interest rate. In other words, the policy stability
is sacrificed under optimal discretionary policy regime. Besides, it might be
somewhat tricky for the central bank to make the optimal policy rule to be
understood by the public. In these aspects, Taylor rule has its merits. Then, it
might be worthy to mend the Taylor rule so its welfare effect could be improved.

5.4

Taylor Rule Augmented with Risk Premium

McCulley and Toloui (2008) and Taylor (2008) suggested to augment the Taylor
rule with risk premium as an indicator of financial condition, pointing out that
the adjustment of interest rate with Taylor rule composed of inflation and output
gap is too contractionary when there is a negative financial shock. Figure 9
supports their argument. The shaded periods are when traditional Taylor rule,
marked with dotted line, suggests contractionary policy, i.e., higher interest rate
implied by Taylor rule than the actual federal fund rate in the United States.
We can recognize that those periods were suffering from financial instability.25
The actual interest rate policy during these periods might be justified in a sense
that the policy responded not only to the output and inflation gaps but also to
the financial instability. Note that the distance between the interest rate implied
by the Taylor rule augmented with risk premium26 marked by bolded dashed
line and actual policy rate marked by solid line is much closer than the distance
between dotted and solid line during the shaded periods. For the rest of the
periods, the interest rates implied by augmented Taylor rule is closer to those of
traditional Taylor rule. It might also be noteworthy that the interest rate implied
by augmented Taylor rule is still below zero while that of traditional Taylor rule
turned into positive in the fourth quarter of 2009.
The fact that augmented Taylor rule describes the actual monetary policy
more closely might mean that the financial stability was a factor that the Fed
considered in its policy decision making. However, it does not tell whether responding to financial factor is desirable or not under the Taylor rule. To answer
for this normative question, we need to evaluate the welfare effect using the
model which incorporates financial factor. Furthermore, we confirmed that the
25

The first shaded period is right after the Gulf war. The second is for the Asian financial
crisis. The third is after the 9.11.
26
We set η∆ = 1 for this graph following the original suggestion of McCulley and Toloui (2008)
and Taylor (2008).
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ZLB constraint cannot be ignored even under the Taylor rule policy regime from
the figure 8 and 9. Hence, our model is an appropriate platform with which the
welfare effect of including the risk premium to Taylor rule can be evaluated.
The simulation results with augmented Taylor rule is presented in table 3. In
addition to simple Taylor rule of the equation (10), we also experimented with
smoothed Taylor rule of the equation (11). Though McCulley and Toloui (2008)
and Taylor (2008) suggested one-for-one interest rate change in response to risk
premium, we also experimented with η∆ = 0.5 to test the argument of Curdia
and Woodford (2008) that the risk premium parameter in the augmented Taylor
rule might be less then one. Their model considers the financial factor but did
not consider the ZLB constraint. The simulation method is the same with the
previous section.
Regardless of the form of Taylor rule, simple or smoothed, the welfare loss
decreases when the coefficient of risk premium, η∆ , increases at first. However, the
welfare loss increases again as η∆ increases further. This implies that responding
to risk premium is necessary as McCulley and Toloui (2008) and Taylor (2008)
argued but not in one-for-one. Why does the welfare loss decrease at first but
increase again when η∆ increases? With financial accelerator, responding to
29
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Table 3: Properties of Taylor rules augmented with risk premium
simple Taylor rule

std(x)
std(π)
std(i)
std(∆)
Loss
Prob(i = 0%)

smoothed Taylor rule

η∆ = 0

η∆ = 0.5

η∆ = 1

η∆ = 0

η∆ = 0.5

η∆ = 1

2.6810
0.2260
1.5948
0.8227
0.0753
0.0241

2.5235
0.2023
1.7204
0.8152
0.0689
0.0384

2.4069
0.1835
1.8416
0.8099
0.0771
0.0559

2.7459
0.1608
0.9028
0.8423
0.0498
0.0033

2.5866
0.1331
1.0076
0.8363
0.0419
0.0089

2.4600
0.1160
1.1127
0.8324
0.0436
0.0186

rising risk premium by lowering interest rate reduces the variability of output
and inflation gaps as well as risk premium gap. Though the effect of reducing
the variations of variables appears in both of demand and financial shock, it is
greater in the financial shock. Figure 10 is the IRF’s of endogenous variables to
financial shock under simple Taylor rule. They show that the deviation of each
variable from steady state is small as η∆ becomes larger. Hence, the welfare loss
becomes smaller as η∆ becomes larger with this effect.
In contrast, the second panel of figure 10 shows that the steady state of
inflation gap deviates far from zero as η∆ increases. This happens because of the
ZLB constraint. Note that the probability of hitting zero nominal interest rate
becomes higher as η∆ becomes larger. Look at the last row of table 3.27 The
fact that the nominal interest rate hits the zero bound means that the central
bank cannot sufficiently respond to the significant negative shock. In rational
expectation model, this causes the deflation bias, which is observed in Nakov
(2008) and Adam and Billi (2006) when ODP equilibrium is computed. Deflation
bias becomes larger as η∆ becomes larger. As a result, the steady state of inflation
recedes from the level of zero, which causes the welfare loss. In summary, increase
of η∆ has two opposite effects. It reduces the variation of endogenous variables
while it makes the steady state of inflation deviate from zero. The change of
welfare loss in η∆ depends on these two forces.
Regarding the choice between simple and smoothed Taylor rule, smoothed
27

This is also shown in figure 5. The zero bound area of the policy function broadens as η∆
increases.

31

Taylor rule turns out to be preferable. Not only the welfare loss but also the
variation of interest rate is smaller under smoothed Taylor rule compared with
simple Taylor rule. Though the output and risk premium gap variation is larger,
the variation of inflation gap is smaller under smoothed Taylor rule. Remind that
the weight on the variation of inflation gap is much larger than that of output
and risk premium gap in the welfare loss function.
Based on the evaluation of welfare loss, optimal discretionary policy might be
the most preferable interest rate policy rule among considered policy rules in this
paper. However, the optimal policy rule has its difficulties in implementation:
identifying the shocks directly is practically impossible and the policy stability
might be hampered. On the other hand, Taylor rule is much easier to implement
as the rule is a response function of observable variables of output28 and inflation
gap. By augmenting the Taylor rule with risk premium which proxies the financial
market condition, a better monetary policy results might be obtained.

6

Conclusion

This paper compared the optimal discretionary policy and the Taylor rule in the
reduced form DNK model extended with the ZLB constraint and financial accelerator. The financial accelerator mechanism is introduced in two steps: fisrt,
financial accelerator without financial shock uncertainty and next, financial accelerator including the financial shock uncertainty. The reason for this is that
the uncertainty itself has its distinct effect when the problem is nonlinear.
The effect of financial accelerator by itself on the interest rate policy is quantitatively not so significant under both of policy rules. However, the financial
accelerator reveals the fundamental difference between two policy regimes. While
the interest rate adjustment in response to demand shock decreases under optimal
discretionary policy, it increases under the Taylor rule. This can be understood
as following. By construction, the Taylor rule is a feedback rule: it dictates passive response of the interest rate in accordance with the change of output and
inflation gaps. As the financial accelerator amplifies the effect of the demand
shock on output and inflation gaps, the interest rate response is also amplified.
28

It is true that there are many thoughts dubious about the observability, or the estimation, of
output gap. Refer to Hall (2005), for example. However, as Mankiw commented on it, ‘central
bankers have little choice but to look at all the data, apply a healthy dose of skepticism, and
muddle through.’
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On the other hand, optimal discretionary policy is a solution of optimization
problem with which not only the interest rate but also the output and inflation
gaps are choice variables given the structure of the model, including the financial
accelerator. In this setup, the effect of interest rate adjustment in response to the
shock is reinforced by financial accelerator. Hence, the amount of interest rate
necessary to respond to the shock is reduced. The different effect of those two
interest rate rule is also confirmed with the simulation result. The probability of
binding ZLB constraint increases with the financial accelerator under Taylor rule
while it decreases under optimal discretionary policy.
On the other hand, Nakov (2008) argued that optimal policy requires that
interest rate be kept low past the point at which the natural rate of interest has
risen above zero, thereby avoiding the mistake of the Bank of Japan in rising the
interest rate too soon and, once the policy rate is raised, it should be increased
quickly. Introducing the financial accelerator including the financial shock uncertainty strengthens this argument. However, such an aggressive interest rate
adjustment implies the increased instability of the interest rate policy. More
generally, the stabilities of output and inflation gaps under optimal discretionary
policy are obtained at the cost of unstable interest rate policy. This contrasts
with the Taylor rule with which the variation of the interest rate is smaller,
though it results in bigger variations of output and inflation gaps. In addition
to policy stability, Taylor rule has its merits in communication and transparency
compared with optimal discretionary policy. Hence, modifying the Taylor rule
so that it can reflect the financial factor will be an worthwhile effort. In this
connection, we evaluated welfare effect of the Taylor rule augmented with risk
premium suggested by McCulley and Toloui (2008) and Taylor (2008). It turns
out that not only the augmented Taylor rule decreases the welfare loss, but also
it describes the past policy rate more closely, especially during the unstable financial market period. We also examined the smoothed Taylor rule augmented
with risk premium and found that it decreases both of welfare loss and interest
rate variation compared with the simple Taylor rule.
Then, which policy rule should be followed by the central bank? In reality,
the central bank does not simply follow the particular interest rate rule. Both of
optimal rules and Taylor rules are used just as benchmarks and applied depending
on the policy environment. In a normal circumstances, Taylor rule might be a
good benchmark policy so that the policy stability and transparency can be
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achieved. In the face of the recent financial crisis, optimal policy derived from
the model with ZLB constraint and financial accelerator might be an appropriate
benchmark. With our simulation results, smoothed Taylor rule augmented with
risk premium seems to be a good compromise between the optimal discretionary
policy and conventional Taylor rule.
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Appendix
A

Sensitivity tests

Sensitivity tests are implemented with parameters related with financial accelerator: ϕ, ς, and υ. Results are presented in figure 11 with impulse responses of
interest rate to demand shock. When ϕ and ς are greater than certain value, the
equation systems does not converge as the financial accelerator makes the system
to explode. Baseline parameter value of ϕ plus 0.3 and that of ς plus 0.03 were
tested as upward sensitivity of those parameters so that the system of equation
does not explode. Half of those parameters were tested as downward sensitivity
of those parameters.
An interesting case is when υ is large. If the value of υ is large enough,
financial shock works as a cost shock. Figure 12 compares the impulse responses
of output gap, inflation, and interest rate to financial shock of baseline model
where υ = 0.0034 with those of the results when υ = 0.034. With negative
financial shock, inflation rises while output gap falls when υ = 0.034. This
implies that financial shock could work as cost shock when risk premium affects
marginal cost significantly.
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Figure 11: IRF’s of nominal interest rates to demand shock with changes of
financial accelerator parameters
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B

Parameter estimation

Baysian estimation is implemented with Dynare to estimate parameters related
with financial accelerator (ϕ, υ, ς, ξ, ρn , σn ) given the rest of parameters are
brought from Nakov (2008). Normal distributions are used as prior distribution
for all parameters except σn , for which inverse gamma distribution is used as
prior distribution.
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<Abstract in Korean>

주동헌*
본고는

명목금리의

제로하한(zero

lower

bound)과

금융가속(financial

accelerator) 메커니즘이 도입된 뉴케인지언 동태모형 하에서 최적재량정책
(optimal discretionary policy)과 테일러 준칙을 비교하였다. 명목금리의 제로
하한으로 인해 최적 재량정책은 비선형 합리적 기대모형의 해(解)로서 구해진다.
제로금리 하한을 고려한 비선형 모형에 금융가속 메커니즘을 도입할 경우 최
적재량정책 하에서는 금융가속 메커니즘을 통해 커지는 금리정책 효과가 반영
됨에 따라 물가갭 및 생산갭의 축소를 위해 필요한 금리 변동폭이 줄어든다.
테일러 준칙 하에서는 금융가속 메커니즘이 물가갭 및 신용갭의 변동성을 높임
에 따라 이들 변수의 반응함수인 금리의 변동성이 높아진다. 그러나 이와 같은
금리변동성의 변화가 기존 연구와 차별화된 정책적 시사점을 제시할 만큼의 양
적 차이로 나타나지는 못하였다. 이는 기존의 금융가속 모형에서와 같이 금융
가속 메커니즘이 물가 및 생산의 변동폭을 확대시키는 효과가 제한적인 데 기인
하는 것으로 판단된다.
한편

금융시장의

불확실성을

금리정책에

반영하기

위해

McCulley,

Toloui(2008), Taylor(2008) 등이 제안한 리스크 프리미엄이 추가된 테일러
준칙의 경우 후생효과를 평가한 결과 사회후생이 증대되는 것으로 나타났으며
동

준칙에서

리스크

프리미엄의

반응계수는

McCulley,

Toloui(2008),

Taylor(2008) 등이 제안한 1보다 작은 것이 바람직한 것으로 나타났다.
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