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Recitation 7: Empirics and Theory on Monetary Policy Design

Over the last couple of weeks in lectures, we have considered optimal monetary policy in the baseline
model and in models with extensions. Professor Gali provided an empirical overview of monetary policy
rules in di¤erent periods, for example the US experience pre- and post-Volcker. In the context of cost-push
shocks, we discussed monetary policy with and without commitment.
This recitation handout covers two papers by Clarida, Gali and Gertler (QJE 2000 and JEL 1999), and

we examine the topics mentioned above in more detail.

1. Monetary Policy Rules and Macroeconomic Stability: Evidence
and Some Theory (CGG, QJE 2000)

Clarida, Gali and Gertler (2000) begin by using GMM in order to estimate the coe¢ cients on monetary
policy rules for the US Federal Reserve during pre- and post-Volcker periods. Then a theoretical model is
used in order to predict two real-world consequences of the change in the monetary policy rule: (i) sunspot
�uctuations and (ii) volatility with respect to fundamental shocks. The authors propose that this accounts
for the di¤erential performance of in�ation and output during the pre- and post-Volcker periods.

1.1 GMM Estimation of a Forward-Looking Rule

The authors postulate the following linear equation for the monetary policy rule:

r�t = r
� + � (E[�t;kj
t]� ��) + 
E[xt;qj
t] (1)

where �t;k denotes the average value of in�ation between periods t and k, and xt;q denotes the equivalent
term for the deviation of output from target between periods t and q. Such a rule is optimal for a central
bank with a loss function that is quadratic in the deviations of in�ation and output from their respective
targets. Empirically, such rules have been fairly successful in describing monetary policy as practised by the
US Federal Reserve.
r� is the target nominal interest rate. To make the model more consistent with actual US monetary

policy, it is assumed that the actual nominal interest rate follows a partial adjustment process:

rt = �(L)rt�1 + (1� �)r�t (2)

Each period the Federal Reserve adjusts the nominal rate to eliminate (1 � �) of the gap between its
current target level and some linear combination of its past values. Combining (1) and (2):

rt = (1� �) frr� � (� � 1)�� + ��t;k + 
xt;qg+ �(L)rt�1 + "t (3)

where "t � �(1� �) f�(�t;k � E[�t;kj
t]) + 
(xt;q � E[xt;qj
t])g
and rr� = r� � �� is the long run equilibrium real rate.
Notice that the error term is a linear combination of forecast errors and is therefore orthogonal to any

variable in the information set 
t. Let zt denote a vector of instruments known when rt is set. Equation (3)
then implies the following set of orthogonality restrictions:

E f(rt � (1� �) frr� � (� � 1)�� + ��t;k + 
xt;qg � �(L)rt�1) ztg = 0 (4)

This is the restriction used in the GMM estimation.
In the absence of further assumptions we can estimate rr� � (� � 1)��, but not rr� or �� separately.

Imposing the assumption that the observed sample average value of the real interest rate is rr�. This enables
us to estimate ��.
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1.2 Evidence on Policy Reaction Functions Pre- and Post-Volcker

The historical evidence on economic performance is summarized as follows:

Baseline estimates for the key parameters of the monetary policy rule (��; �; 
; �) are presented for the
case k = q = 1. CBO estimates of the output gap as used for xt.

The evidence points to substantial di¤erences in the policy reaction function between periods. Most
importantly, the coe¢ cient for � is far below 1 during the pre-Volcker period and far above 1 during the
post-Volcker period. The estimate for 
 is only marginally signi�cant for the post-Volcker period. The
estimate for the smoothing parameter � is high in both periods, suggesting considerable interest rate inertia:
only between 10 and 30 percent of a change in the interest rate target is re�ected in the nominal interest
rate in the quarter of the change.
The paper conducts further robustness analysis.

1.3 Model of US Economy

The authors use a baseline model that is a version of those found in King and Wolman (1996), Woodford
(1996, 1998) and Yun (1996), among others. The equilibrium conditions are log-linearized around a zero
in�ation steady state to yield:

�t = �E[�t+1j
t] + �(yt � zt) (5)

yt = E[yt+1j
t]�
1

�
(rt � E[�t+1j
t]) + gt (6)

r�t = �E[�t+1j
t] + 
xt (7)

rt = �rt�1 + (1� �)r�t (8)

yt � zt is the deviation of output from the natural value. We restrict ourselves to k = q = 1.
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1.4 Sunspot Fluctuations

If the coe¢ cient � is far below unity, the equilibrium will be indeterminate. In this sense, the policy
feedback rule itself may be a source of macroeconomic instability. Under indeterminacy there may be
sunspot �uctuations, i.e. macroeconomic �uctuations that occur because they are expected to occur and
not due to changes in fundamentals. The intuition is as follows. If � is less than 1, an increase in expected
in�ation induces a rise in the nominal interest rate from (7), but not of a su¢ cient magnitude to prevent the
real interest rate from falling. The fall in the real interest rate stimulates the economy and generates higher
in�ation, from equation (5). Therefore the expectations of higher in�ation are self-ful�lling.
What do these sunspot �uctuations look like? The authors draw the "sunspot shocks" from a standard

Normal distribution, as detailed in their 1997 working paper. The impulse response to a sunspot shock are
as follows:
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The simulated time series are presented:

These are not too dissimilar to the actual behaviour of the US economy.
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1.5 Near-Indeterminacy and Fundamental Shocks

In some of the speci�cations in the paper, the standard errors for the estimate of � are too large to rule
out that its true value is unity. In this case, it is possible that the economy is just outside the region of
indeterminacy.
However, this does not mean that there will be no di¤erence in the performance of the economy between

the pre- and post-Volcker regimes. Even though sunspot �uctuations are no longer feasible in the economy,
in an economy bu¤etted by shocks in�ation will be more unstable in the regime where the estimate of � is
lower, i.e. in the pre-Volcker regime.

The cyclical response of the economy to fundamental shocks is quite sensitive to �. The increase in �
from 1 to 2 causes the volatility of both output and in�ation to fall by more than a half, for both supply
and demand shocks. If � is low, the central bank comes close to fully accommodating the in�ationary shock,
and the absence of a stabilizing movement from the real rate of interest means that the economy �uctuates
more in response to the shock.
Look at the impulse response functions below for the response to a supply shock. The key point is that

the shock produces a persistent e¤ect on in�ation only for values of � near 1.
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Again, this may explain the di¤erence in economic performance between pre- and post-Volcker periods.

2. The Science of Monetary Policy: A New Keynesian Perspective
(CGG, JEL 1999)

Clarida, Gali and Gertler (1999) survey many aspects of the monetary policy literature. This handout focuses
upon the determination of optimal policy under various assumptions of the degree of credible commitment
by the central bank. We will use the notation from the lecture notes rather than the paper.
The problem of the central bank is to minimize its loss function subject to the Phillips Curve:

minE0

( 1X
t=0

�t
h
�
�
y
2

t + �
2
t

i)
(9)

s.t. �t = �Et f�t+1g+ �
�
yt + ut (10)

And the interest rate is given by substituting the solution to the above problem into the IS equation:

�
yt = Et

n�
yt+1

o
� 1

�

�
rt � Et f�t+1g �

__
rr t
�

(11)

2.1 Optimal Policy with Discretion

This has been covered in the lecture notes "Optimal Policy with a Cost-Push Shock," Section 1.2. The central
bank has no ability to in�uence expectations about the future, so it takes the private sector�s expectations
as given in each period.

min
h
�
�
y
2

t + �
2
t

i
s.t. �t = �

�
yt + �t

where �t � �Et f�t+1g+ ut is taken as given.
As in the lecture notes, the optimality condition for this problem is:

�
yt = �

�

�
�t (12)
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Let q � 1
�2+�(1���u)

. Then under the optimal time consistent policy:

�
yt = ��qut (13)

�t = �qut (14)

2.2 Classical In�ation Bias

The classical in�ation bias problem was formulated by Kydland and Prescott (1979) and Barro and Gordon
(1983). It considers the possibility that the central bank�s target for the output gap is not 0 but k > 0. The
central bank solves:

minE0

( 1X
t=0

�t
�
�
��
yt � k

�2
+ �2t

�)
s.t. �t = �Et f�t+1g+ �

�
yt + ut

Then the optimality condition under discretion is:
�
y
k

t = �
�

�
�kt + k (15)

where the superscript k highlights the fact that the objective function has been amended to allow for
k > 0. This condition (15) can be used to characterize the optimal output gap and in�ation, then we compare
to the solution without a positive target for the output gap.

�
y
k

t =
�
yt (16)

�kt = �t +
�

�
k (17)

The key point is as follows. A central bank with a positive output gap target does not in fact succeed in
raising the output gap in equilibrium. Rather, the in�ation simply rises, by the amount �

�k. Note that we
have assumed � = 1.
A central banker with a higher weight on in�ation relative to output will have a lower �, and hence a

lower in�ation bias term. That appointing a conservative central banker can lead to welfare gains for society
was proposed by Rogo¤ (1985). There are gains from increasing credibility. If commitment by the central
bank is possible, then it will enhance welfare by allowing the central bank to commit to a response akin to
the weight conservative central bank.

2.3 Optimal Policy with Commitment

But the ability to commit leads to welfare gains even if k = 0. This was illustrated in the lecture notes in
class. I brie�y summarize the main results.

The monetary authority chooses a state-contingent policy
n�
yt; �t

o1
t=0

to solve:

max�1
2
E0

( 1X
t=0

�t
h
�
�
y
2

t + �
2
t

i)
s.t. �t = �Et f�t+1g+ �

�
yt + ut for t = 0; 1; 2; :::

The Lagrangean can be set up:

maxL = �1
2
E0

( 1X
t=0

�t
h
�
�
y
2

t + �
2
t + 
t

�
�t � �

�
yt � ��t+1

�i)
The solution obtained can be represented:

�
y0 = �

�

�
�0 (19)

�
yt =

�
yt�1 �

�

�
�t for t = 1; 2; 3; ::: (20)

This is discussed in the lecture notes. Intuitively, there is history dependence because by committing to
respond to the current shock partly today and partly in the future, the tradeo¤ between in�ation and output
is more favourable today.
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2.4 Optimal Policy within a Simple Family of Policy Rules

Now we allow an intermediate degree of commitment, something that is not covered in the lecture notes. To
be speci�c, the cental bank can commit to follow a policy where the output gap depends linearly upon the
contemporaneous shock term:

�
y
c

t = �!ut (21)

Notice that such a rule includes the optimum under discretion as a special case. (Therefore welfare must
be weakly higher than in the discretion case.) Combining equation (21) with the Phillips Curve implies that
in�ation under this rule is also linear in the cost-push shock:

�ct = �Et
�
�ct+1

	
+ �

�
y
c

t + ut

= Et

( 1X
i=0

�i
h
�
�
y
c

t+i + ut+i

i)

= Et

( 1X
i=0

�i [��!ut+i + ut+i]
)

=
1� �!
1� ��u

ut

It is possible to express this as:

�ct =
�

1� ��u
�
y
c

t +
1

1� ��u
ut (22)

We now �nd the optimal value of ! by solving the following problem:

max�1
2
Et

( 1X
i=0

�i
�
�
��
y
c

t+i

�2
+
�
�ct+i

�2�)

= �1
2

�
�
��
y
c

t

�2
+ (�ct)

2

�
Lt

s.t. Equation (22)

where Lt = Et

� 1P
i=0

�i [ut+i=ut]
2

�
> 0.

The optimality condition is:
�
y
c

t = �
�

�c
�ct (23)

where �c � �(1� ��) < �.
Since �c < �, commitment takes the form of promising to engineer a greater contraction in output in

response to in�ationary shocks. There is a more aggressive response to prevent in�ation from changing much
from its target value. From a policy standpoint, Rogo¤�s (1985) point about a weight conservative central
banker carries over to this case. The central bank can secure a higher level of welfare if it promises to respond
more vigorously to an in�ationary shock than the economy�s loss function would warrant. One way in which
such a commitment could be made is to appoint a central banker with preferences di¤erent from the general
population, in particular one that assigns more relative weight on controlling in�ation rather than output.
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