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Abstract

This paper reports estimates of monetary policy reaction functions for two sets of
countries: the G3 (Germany, Japan, and the US) and the E3 (UK, France, and Italy). We
find that since 1979 each of the G3 central banks has pursued an implicit form of inflation
targeting, which may account for the broad success of monetary policy in those countries
over this time period. The evidence also suggests that these central banks have been
forward looking: they respond to anticipated inflation as opposed to lagged inflation. As
for the E3, even prior to the emergence of the ‘hard ERM’, the E3 central banks were
heavily influenced by German monetary policy. Further, using the Bundesbank’s policy
rule as a benchmark, we find that at the time of the EMS collapse, interest rates in each of
the E3 countries were much higher than domestic macroeconomic conditions warranted.
Taken all together, the results lend support to the view that some form of inflation
targeting may be superior to fixing exchange rates, as a means to gain a nominal anchor
for monetary policy. © 1998 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

This paper characterizes empirically how the major central banks of the world
have conducted monetary policy since 1979. Specifically, we estimate monetary
policy reaction functions for two sets of countries: ‘the G3°, which includes
Germany, Japan, and the US; and ‘the E3’, which consists of Germany’s major
economic partners in Europe, the UK, France and Italy.

Two sets of issues motivate our investigation. First, after nearly a decade of
high inflation, a number of important central banks began in 1979 a concerted
effort to reign in inflation. The net effect was transition from a global environ-
ment where inflation seemed a virtually intractable problem to the current era
where the major economies of the world enjoy relative price stability. While
world monetary policy was largely viewed as being out of control during the
1970s, it is now, for the most part, held in high regard.! For this reason, we first
study the G3. Here the motive is to assess how policy was conducted in the
post-1979 era by the central banks of the world that not only have the greatest
influence over global monetary conditions, but also the greatest autonomy in
policy management. By doing so, we can identify the features of monetary policy
that prevailed during an era where policy-making was considered effective. This
exercise will not only supply lessons for future policy-making in the G3, it will
also provide insight for how the new European Central Bank should manage
policy.

Second, though inflation is under reasonable control in the current environ-
ment, international monetary policy has not been free of turmoil. Exchange
rate management in Europe has not proceeded smoothly. A manifestation
of this tension was the collapse of the EMS in late 1992. The inability of the
major European central banks to sustain the existing exchange rate system
raises issues about how the planned monetary union will fare. For this reason,
we study the E3. Here we try to understand how the constraints of EMS
influenced the policies of these countries. We use the policy rules estimated for
the G3 as guidelines to evaluate policy-making in the E3. The purpose of the
exercise is to shed additional insight for the future of monetary-policy making in
Europe.

Section 2 below describes the methodology. It first presents an estimable
policy reaction function. The baseline specification has a central bank adjust the
nominal short-term interest rate in response to the gaps between expected
inflation and output and their respective targets. It is essentially a forward
looking version of the simple backward looking reaction function popularized
by Taylor (1993). It is the kind that Clarida and Gertler {1997) have argued

! The recent decision of the Labour party to grant the Bank of England independence is
a symptom of this change in attitude.
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provides a good description of Bundesbank monetary policy. In addition, we use
a novel methodology for estimating policy reaction functions with expectations
variables that we initially employed in our study of US monetary policy (Clarida
et al.,, 1997). In contrast to the approach of Clarida and Gertler (1997), the
methodology used here does not impose arbitrary constraints on the informa-
tion set used by central banks to form expectations. In addition, it provides
a way to test the model’s overidentifying restrictions.

We also present an alternative to the baseline specification that permits the
central bank to respond to variables other than inflation and output. The
alternative is particularly pertinent to the E3, since these countries faced signifi-
cant external constraints on monetary policy. That alternative also permits
a test of the forward looking versus the backward looking specifications of the
reaction functions.

Section 3 presents the analysis of the G3. Overall, we find that the baseline
specification of the reaction function does quite a good job of characterizing
monetary policy for these countries, post-1979. Indeed, the coefficient estimates
are remarkably similar. The kind of rule that emerges is what one might call
‘soft-hearted’ inflation targeting: In response to a rise in expected inflation
relative to target, each central bank raises nominal rates sufficiently enough to
push up real rates. This behavior is statistically significant and quantitatively
important for each country. The estimated rules thus imply a clear focus on
controlling inflation. At the same time, however, there is a modest pure
stabilization component to each rule: Holding constant expected inflation,
each central bank adjusts rates in response to the state of output. We illustrate
further that in the inflationary pre-1979 environment, policy worked quite
differently. Finally, we show that our baseline forward-looking specification
works quite well against various alternatives, including the backward-looking
specification.

Evaluating policy rules for the E3 countries is a more complex task since these
nations were clearly constrained by their EMS commitments. We first document
the strong influence of the Bundesbank on monetary management within these
countries. A practical implication was that each of the countries pursued policies
of high real short-term rates that have persisted into the current era of low
inflation. To assess the implications, we perform the following counterfactual
exercise: We ask how within each month a country would set its target interest
rate if it were applying the same rule as used by the Bundesbank, i.., setting
a target interest rate based on (domestic) inflation and output gaps, using the
same coefficients as estimated for the Bundesbank. By using the Bundesbank
rule as a gauge, we get a sense of whether the course of interest rates for each
country was reasonable from the perspective of domestic economic conditions.
We also show that this methodology provides a useful way to assess the sources
of the breakup of the EMS.

Concluding remarks are in Section 5.
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2. A monetary policy reaction function: Specification and estimation

In this section we specify a monetary policy reaction function and then
describe our estimation procedure.? Qur framework pertains to a central bank
that has at least some degree of autonomy over its monetary policy. The baseline
case we present presumes that domestic monetary policy is not subject to any
significant external constraints (i.e., the need to meet exchange rate agreements).
It is thus mainly relevant for the G3 central banks. We then describe how to
extend the analysis to the case where, for at least part of the sample, a central
bank participates in an exchange rate system, but retains some degree of
monetary control, either via capital controls or realignments. The latter scen-
ario, we will argue characterizes the E3 central banks until the late phase of the
EMS.

We start with the observation that, for the major central banks, the main
operating instrument of monetary policy is a short-term interest rate. Typically,
the instrument is an interbank lending rate for overnight loans. Accordingly, the
empirical policy reaction functions we develop characterize how central banks
choose the level of the short-term rate from period to period. As we discuss,
however, our approach allows for the possibility that within an operating period
a central bank actually targets a narrow reserve aggregate, as long as the target
for reserves is based on an implied objective for the expected short-term interest
rate.

To make sense of the class of policy reaction functions we study, our analysis
appeals to existence of temporary nominal wage and price rigidities. With
nominal rigidities, of course, monetary policy affects real activity in the short
run; by varying the nominal rate, a central bank can effectively vary the real
interest rate and the real exchange rate. Further, while there is debate over the
exact details, the process of imperfect wage and price adjustment gives rise to
a positive short-run relationship between output and inflation. Though this
trade-off exists only in the short run, it may significantly constrain how a central
bank manages policy. It implies, for example, that reducing inflation may
require a period of output reduction, depending on the degree of nominal
stickiness. It is in this kind of textbook environment that we envision a central
bank choosing the course of short-term interest rates.’

Given this background scenario, policy reaction works as follows: We assume
that within each operating period the central bank has a target for the nominal
short term interest rate, rff, that is based on the state of the economy. In the

2The discussion of the policy reaction function and the estimation procedure follows closely
Clarida et al’s (1997) analysis of US monetary policy.

3 For a review of contemporary macroeconomic frameworks that have these ‘textbook’ features,
see Goodfriend and King (1997).
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baseline case, we assume that the target depends on both expected inflation and
output. Specifically,

rf =7+ BE[ms, | 2] — 7*) + 7y (E[y: | 2] — »F) (2.1)

where 7 is the long-run equilibrium nominal rate, 7, , is the rate of inflation
between periods t and ¢ + n, y, is real output, and 7* and y} are respective bliss
points for inflation and output. We assume that y is given by potential output,
defined as the level that would arise if wages and prices were perfectly flexible. In
addition, E is the expectation operator and @, is the information available to the
central bank at the time it sets interest rates. It is highly possible that when
choosing the target interest rate, the central bank may not have direct informa-
tion about the current values of either output or the price level. Our specification
allows for this possibility.

It is instructive to consider the implied target for the ex ante real interest rate,
rry = r, — B[m,4, | €] Rearranging Eq. (2.1) yields

rrt =7+ (B — D (E[m, | Q] — 7%) + 7 (ELy, | Q] — yF) (2.2)

where 77 is the long-run equilibrium real rate of interest. Given the economic
environment we are presuming, purely real factors determine 77. According to
Eq. (2.2), the target real rate adjusts relative to its natural rate in response to
departures of either expected inflation or output from their respective targets.
A straightforward but critical point is that the magnitude of the parameter f is
key. If # > 1, the target real rate adjusts to stabilize inflation, as well as output
(giveny > 0). With § < 1, it instead moves to accommodate changes in inflation:
Though the central bank raises the nominal rate in response to an expected rise
in inflation, for example, it does not increase it sufficiently to keep the real rate
from declining. In this ‘accommodative’ regime, self-fulfilling bursts of inflation
and output may be possible (Bernanke and Woodford, 1996; Clarida et al.,
1997). The estimated magnitude of the parameter f§ thus provides an important
yardstick for evaluating a central bank’s policy rule.

Plausibility is our main justification for considering a rule like Eq. (2.1).
However, a number of recent papers have provided explicit theoretical motiva-
tion for this type of specification. Approximate and in some cases exact forms of
this rule are optimal for a central bank that has a quadratic loss function over
inflation and output, given the kind of macroeconomic environment we have
assumed.” Optimizing behavior, further, imposes a number of restrictions that
are testable in principle: the coefficients in the policy rule, for example, are linked

#Because the maturity of r, may be less than the inflation forecast horizon we should think of rr.as
an ‘approximate’ real rate.
% See for example, Svensson (1996, 1997), Bernanke and Woodford (1996), and Ball (1997).



1038 R. Clarida et al. | European Economic Review 42 (1998) 1033-1067

in a precise manner to both the underlying structure of the economy, as well as
to the weight the central bank places on inflation versus output deviations.
Because these types of restrictions depend intimately on the underlying macro-
economic framework, we choose not to investigate them in this paper. A virtue
of the weakly restricted specification given by Eq. (2.1} is that it is sensible in the
context of a wide variety of macroeconomic frameworks.

It is also worth emphasizing that the target policy is a generalization of the
type of the simple interest rate rule proposed by Taylor (1993), Henderson and
McKibbin (1993) and others. This rule, which has received widespread attention,
has the central bank respond to lagged inflation as opposed to expected future
inflation. Qur specification, however, nests the ‘Taylor’ rule: If either lagged
inflation or a linear combination of lagged inflation and the output gap provides
a sufficient statistic for inflation, then the specification reduces to the simple
Taylor rule. However, our more general specification has several virtues. First,
explicitly incorporating expected inflation in the reaction function makes it
easier to disentangle the link between the estimated coefficients and central bank
objectives. It is not clear from the simple Taylor specification, for example,
whether the central bank responds to the output gap independently of concern
about future inflation. Second, by having the central bank respond to forecasts
of inflation and output we incorporate a very realistic feature of policy-making,
namely that central banks consider a broad array of information. In our baseline
case, they use all pertinent information to form beliefs about inflation and
output. In extensions of the baseline case, we consider other independent
objectives, €.g., real exchange rates. As we discuss, however, any restrictions we
impose on how central banks process information are directly testable.

We now proceed to an empirical specification. An immediate concern is that
a simple rule like Eq. (2.1) cannot capture the tendency of central banks to
smooth changes in interest rates (see, e.g., Goodfriend, 1991). Traditional ex-
planations for smoothing interest rate changes include: fear of disrupting capital
markets, loss of credibility from sudden large policy reversals, the need for
consensus building to support a policy change, etc. Explicitly capturing these
factors is obviously quite difficult. Instead, we simply assume that the actual rate
partially adjusts to the target, as follows:

=0 —p)r*+pr+u (2.3)

where the parameter p e [0, 1] captures the degree of interest rate smoothing.®

¢ Svensson (1997) motivates a partial adjustment rule by entering the gap between the current and
lagged interest rates into the loss function. Notice that with partial adjustment the condition f > 1
does not guarantee that the real rate goes up when expected inflation rises, only that it ‘eventually’
goes up. Of course, such an expected increase may be reflected immediately in real long-term yields.
On the other hand, the short-term real rate will also rise immediately if inflation is expcted to pick up
further down the road.
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The specification also includes an exogenous random shock to the interest
rate, v,. Importantly, we assume that v, is ii.d.” Several interpretations are
possible. First, v, could reflect a pure random component to policy, of the type
stressed in the recent identified VAR literature on monetary policy.® Second, it
could arise because the central bank imperfectly forecasts idiosyncratic reserve
demand and, for some reason, does not instantly supply reserves to offset the
shock. Under this scenario, the interest rate jumps in response to an unexpected
movements in reserve demand that are orthogonal to movements in inflation
and output.

To obtain an estimable equation, we first define « = 7 — fn* and x, = y, — y¥.
We then rewrite Eq. (2.1) as

rt=a+ BE[m 4, | 2] + vE[x | 2.1 (2.4)

Combining the target model (2.4) with the partial adjustment mechanism (2.3)
yields

re=(1—-p)a+ BE[n+,| 2]+ vE[x,| 2] + pry-1 + v, (2.5)

Finally, we eliminate the unobserved forecast variables from the expression by
rewriting the policy rule in terms of realized variables as follows:

re=0—pja+ (1 —p)fn,s, + (1 — phyx, + pr,—; +¢ (2.6)

where the error term &= — (1 — p){f(m,+, — E[7, 4, | 2.1) + y(x, — E[x,
| 2.])} + v, is a linear combination of the forecast errors of inflation and output
and the exogenous disturbance v,.” Finally, let #, be a vector of variables within
the central bank’s information set at the time it chooses the interest rate (i.e.,
u,e(,) that are orthogonal to ¢. Possible elements of u, include any lagged
variables that help forecast inflation and output, as well as any contempor-
aneous variables that are uncorrelated with the current interest rate shock v,.'°

"This assumption is testable in the following respect: If we fail to reject the overidentifying
restrictions of the model, then either the assumption is valid (i.e., y is i.i.d.) or this shock is not
economically important. For the main cases of interest, in fact, we do not reject the overidentifying
restrictions.

8 See, for example, Bernanke and Mihov (1995).

° Our econometric approach relies on the assumption that, within out short samples, short-term
interest rates and inflation are I(0). Standard Dickey-Fuller tests of the null that inflation in the G3
countries is /(1) is rejected in favor of the alternative of stationarity. Also for Germany, we reject that
that the short-term interest rate is I(1). For the US and Japan there is less evidence against the null
that short-term interest rates are I(1). However, we know that the Dickey-Fuller test has low power
against the alternative of stationarity for the short sample we are studying.

!9 Thus, for example, lagged values of the exchange rate are legitimate candidates, but the current
exchange rate is not. If current ouput were observable by the central bank, then it would be
a legitimate candidate if it also was unaffected by the current the interest rate (i.c., if interest rates
only affect output with a lag), under our assumption of serially uncorrelated v,.
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Then, since E[¢, | #,] = 0, Eq. (2.6) implies the following set of orthogonality
conditions that we exploit for estimation:

Elr,—(1 —ple—(1—p)prsn— (1 — plyy — pri-1 | u] = 0. 2.7

To estimate the parameter vector [, y, p, o] we use generalized method of
moments.'! In our baseline model the instrument set #, includes lagged values of
output, inflation, interest rates, and commodity prices.'? Each of these variables
is potentially useful for forecasting inflation and output and is exogenous with
respect to the interest rate, given our identifying assumptions.'* Since the
potential instrument set — and hence the number of orthogonality conditions
— exceeds the parameter vector, the model is overidentified, in which case it
is straightforward to test the over-identifying restrictions (Hansen, 1982).
The interpretation of this test is quite intuitive. Under the null, the central
bank adjusts the interest rate each period so that Eq. (2.5) holds, with the
expectations on the right-hand side based on all the relevant information
available to policymakers at that time (which includes r, itself, since expected
inflation and output will not be invariant to it). Under our assumptions,
that implies the existence of values for [f, y, p, «] such that the implied residual
¢ is orthogonal to the variables in the information set ©,. Under the alternative,
however, the central bank adjusts the interest rate in response to changes
in some current and/or lagged variables, but not necessarily in connection
with the information that those changes contain about future inflation and
output. In that case, some relevant ‘explanatory variables” are being omitted
from interest rate Eq. (2.6). To the extent that some of those variables are
correlated with u,, the set of orthogonality conditions (2.7) will be violated,

! The composite disturbance term for our model has an M A(n — 1) representation (Hansen and
Hodrick, 1980). In this case the GMM estimator of the parameter vector is a two-step nonlinear
two-stage least squares estimator (Hansen, 1982) when the model is overidentified. In the first step,
we use traditional non-linear two-stage least squares to obtain an inital estimate of the parameters.
We then use these initial parameter estimates to construct an optimal weighting matrix. Of course,
some caution is required in interpreting the standard errors obtained from this exercise, since they
are based on an asymptotic theory that may not hold well in small samples.

12 As a measure of commodity prices for the US we use commodity price index series drawn
(PSCCOM) from Citibase.

13 For other countries we use a world commodity price index. Our econometric approach relies on
the assumption that, within out short samples, short-term interest rates and inflation are 1(0).
Standard Dickey—Fuller tests of the null that inflation in the G3 countries is I(1) is rejected in favor
of the alternative of stationarity. Also for Germany, we reject that that the short-term interest rate is
I(1). For the US and Japan there is less evidence against the null that short-term interest rates are
I(1). However, we know that the Dickey-Fuller test has low power against the alternative of
stationarity for the short sample we are studying.
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which would lead to a statistical rejection of the model (given a sufficiently large
sample).!*

It is also possible to use the parameter estimates f and « to recover an
estimate of the central bank’s target inflation rate, 7*. While the empirical model

does not separately identify n* and 7, the long-run equilibrium real rate of
interest, it does provide a relation between the two variables that is conditional
on a and f. Specifically, given that a =7 — Brn* and F=7 + n*, a=7r
+ (1 — B)n*, which implies

¥ = (7 — a)f(f - 1). (2.8)

If the sample is sufficiently long, we can use the sample average real rate to

provide an estimate of 77.'> With this estimate it is then possible to construct an
estimate of n*.

For each central bank we estimate the baseline specification over periods
where there was at least some degree of autonomy over domestic monetary
policy. It is quite possible, of course, that there may be other important factors
that influence rate setting besides those captured in the baseline model. For
example, while some of the central banks in our sample may have not com-
pletely sacrificed monetary control, they may have pursued policies to maintain
exchange rates within reasonable bounds.'® Exchange rates may thus have
influenced policy, independently of the information they contain about inflation
and output. In addition, it is argued that some central banks, such as the
Bundesbank, mainly pay attention to monetary aggregates. To account for these
various possibilities we consider a number of simple alternatives to the baseline
policy. Let z, denote a variable besides inflation and output that may potentially
influence rate setting (independently of its use for forecasting). For each alterna-
tive specification, we then replace the relation for the target given by Eq. (2.4)
with the following:

rf =0+ BE[m .| 2] + YE[x, | ] + EE[z, | Q,].

We then proceed to estimate the alternative model in the same fashion as the
baseline, except that we expand the parameter vector to include the coefficient

!4 A failure to reject orthogonality is a potentially interesting result, since it implies that lagged
variables enter the reaction function only to the extent that they forecast future inflation or output.
As pointed out by Persson and Tabellini (1997), one of the few testable implications in the literature
on monetary policy credibility is the a central bank operating under discretion should respond to
shocks that alter the benefits to monetary expansion.

'* By using the sample average real rate to proxy for 7, our estimate of n* cannot differ too much
from the sample average of 7. Of course, if the central bank if following the rule we are estimating we
would not expect it to. (We thank Torsten Persson for this observatior.)

16 As we discuss in Section 4, this scenario is pertinent to some of the E3 central banks, prior to
the collapse of the ERM in 1992.






