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NON-TECHNICAL SUMMARY

The monetary transmission mechanism — the effects of monetary policy on
economic aggregates including output and prices — lies at the core of
macroeconomios and has been the subject of a large amount of empirical
research. Despite this there is little consensus among economists on the
effects of monetary policy in different countries, or even on the effects of
monetary policy in a given country. One reason for this is that the
macroeconomic variables that capture monetary policy (interest rates and,
potentially, monetary aggregates) are endogenous variables that pattially
reflect shifts in monetary policy, and partially reflect the state of the economy.
In order to assess the effects of monetary policy on the economy, one.
consequently needs to disentangle changes in policy variables Into the part
reflecting exogenous shifts in the stance of policy, and the part reflecting
endogenous responses to the state of the economy. Unfortunately, this
identification problem is not easily solved. Estimates of the effects of monetary
policy thus tend to be very sensitive to the choice of econometric methodology
and the identifying assumptions, implying that results from studies on the
transmission mechanism in individual countries are difficult to compare.
Empirical work that explicitly addresses the issue of comparability of results
across countries is thus well warranted.

In this paper we use Structural Vector Autoregressions (SVARs) to study the
monetary transmission mechanism in the G—7 countries in the period 1979:1-
1993:4. In order to enhance the comparability of the results across countries,
we use similar data series, and identical sample periods, econometric

framework and identifying restrictions for all the countries in the study. There
are in_our view no obvious reasons to believe that observed differences in the
effects of monetary policy shocks are artefacts of the economettic
methodology. '

in the empirical work we study the determination of real GDP, consumer
prices, and short-term interest rates. The reasons we omit money stocks from
the analysis are twofold. First, monetary aggregates are in many countries
subject to very large disturbances that are unrelated to the state of business
cycles (e.g. financial deregutation). They therefore display little correlation, .
particularly in the short run, with output, prices, and interest rates, and are
essentially uninformative about the stance of monetary policy. Second, the
central banks in the sample typically pursue monetary policy largely by setting
the interest rates at which they lend to the banking system, or some interest
rate in the interbank market. Central banks therefore typically view short-term



interest rates as good indicators of the stance of monetary policy, and certainly
better than the growth rate of monetary aggregates.

The incorporation of three variables in the estimated models imply that we can
identify (at most) three structural shocks, which can be thought of as
aggregate supply shocks, aggregate demand shocks, and monetary policy
shocks. In order to distinguish between these disturbances, we use a
combination of short- and long-run restrictions: we identify the aggregate
supply disturbances using a long-run restriction (which essentially says that
the long-run Phillips curve is verdical), and distinguish between aggregate
demand shocks and monetary policy shocks by using the short-run restriction
that monetary policy shocks do not affect output in the quarter they occur. One
important conclusion that we draw is that using a combination of long- and
short-run restrictions provides much more credible estimates of the different
shocks than docs using solely short- or jong-run. restrictions. In particular, the
finding of a price puzzle — the tendency of prices to increase following a
tightening of monetary policy — which is common in VAR studies using only
short-run restrictions, disappears when aggregate supply shocks are identified
using long-run restrictions. We interpret this as evidence that short-run
restrictions fail to properly discriminate between increases in interest rates that
are due fo a tightening of monetary policy, and increases in interest rates that
are endogenous responses to contractionary supply shocks.

The empirical work is divided into two parts. In the first part we study the
responses of output, prices, and real and nominal interest rates to the three
shocks; review the relative importance of the shocks in accounting for the
forecasts errors of the different variables; and assess the relative importance
of the shocks in different historical episodes. The purpose of this exercise is to
assess whether our econometric methodology recovers plausible estimates of
the structural shocks and their macroeconomic effects, We argue that they do.
One reason we draw this conclusion is that the effects of the different shocks
are broadly similar across countries. Since one would anticipate that
macroeconomic  fiuctuations are qualitatively (but not necessarily
quantitatively) the same in the countries under study, one would expect that
the shocks do elicit roughly the same effects across countries. ‘

In the second part of the empirical work, we simulate the effects on output and
prices of a 100 basis points increase, maintained for 8 quarters, in short-term
interest rates. Our point estimaies suggest that the output effects of a
tightening of monetary policy are smallest in France and ltaly; and largest in
Canada, Germany and the United States. The effects in Japan and the United
Kingdom fall somewhere between these groups. The confidence bands around



the point estimates are quite large, however, suggesting that the observed
differences ara not likely to be statistically significant. Thus, the observed

differences should not be overinterpreted.
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L INTRODUCTION

The issue of the effects of monetary policy on real economic activity and the rate of
. inflation lics at the core of macroeconomics, However, despite the very large amount of research that
has been undertaken on the monetary transmission mechanism, there is little consensus among
economists regarding the exact effects of monetary policy and the extent to which these differ across
countries. One reason for the lack of consensus is that it is econometrically very difficult to
disentangle time series on financial variables such as interest ratcs and exchange ratcs into the parts
dus to monetary policy measures and the parts merely reflecting endogenous responses of financial
markets to unobserved economic disturbances. Alternative emnpirical methodologies therefore tend to
give different estimates of the role and effects of monetary policy. One consequence of the sensitivity
of the results to the choice of identification strategy is that, since most studies focus on one country, it
is difficult to compare estimates from different countries. Thus, relatively little is known about the
extént to which the monetary ransmission michanism differs across countries.

In this paper we provide some evidence of monetary policy effectiveness in the G-7
countries using a parsimonious macroeconometric model comprising output, prices and a short-term
interest rate. To enhance the comparability of the results from different countries, we use similar data
scries, the same sample periods and an identical econometric framework for all the countries in the
study. Thus, there are no obvious reasons 10 believe that the obscrved differences in the effectiveness
of monetary policy are artefacts of the econometric methodology.

We use Structural Vector Autoregressions (SVARs) to analyse differences in the effects
of monetary policy on output and prices. VARs have been a popular tool for studying the monetary
transmission mechanism.! They require only a minimum of restrictions in order to disentangle
movements in endogenous variables such as output, prices and interest rates into the parts due to
underlying shocks, such as shifts in aggregate supply and demand schedules and changes in the stance
of monetary policy. The transparency of the identifying restrictions is of particular interest in a cross-
countly study, since it facilitates an assessment of whether the results are driven by different or
implausible identifying assumptions. Moreover, once an identification scheme has been adopted,
SVARs are easy to estimate, which again makes them particularly suitable for multi-country studies.

Notwithstanding their many advantages, SVARs are also subject to limitations. A
widely recognised problem with SVARs is that often the results are sensitive to the ways in which the
models are identified. Thus seemingly small changes in the identifying sssumptions can lead to
substantial changes in the estimated effects of the shocks and in their relative importance over the
sample period. This sensitivity has led many researchers to informally test the results against over-
identifying restrictions. A shock associated with an exogenous monetary policy tightening should, for
example, reduce prices, temporarily increase the real interest rate, and should not increase output,

1 For a recent example, soe £.g. Friedman snd Kuttner (1993).



" A popular restriction, used to identify monctary policy shocks and advocated by
Bernanke and Blinder (1992), is that monetary policy has no instantaneous impact on-output and
inflation, While this assumption is appealing given the broadly held view that the effects of monetary
policy take a considerable time to be felt, its us¢ has been associated with 2 number of puzzles,
notably the prize puzzle, the exchange rate puzzle and the liquidity puzzlc.? These puczles shed some
doubt on whether the identified shocks ure pure monetary policy shocks. Moreover, the assumption
that monetary policy shocks do not affect prices within a quarter might be hard to defend in more
open economies where the link between monetary policy, the exchange rate and import and consumer
prices is quite immediate.
Others have used long-run restrictions to identify SVARs. Keating (1992) and Waish
(1993) use the restriction that monetary policy actions can have no long-run effects on real variables
such as real output, the real interest rate or the real money stock While many economists would find a
long-run dichotomy between nominal and real variables plausible, it is not clear that the exclusive use
of long-run restrictions pins down monetary policy shocks, as, for example, temporary demand shocks
are likely to satisfy identical long-run restrictions.

Given the probleras with using either short or long-run restrictions, in this paper we
follow Gali (1992) and employ 2 combination of short and long-run restrictions. More concretely, we
assume that monetary policy shocks do not have instantaneous (i.e. within the quarter) effects on real
output (but could possibly immediately affect prices), and do not have long run effects on real cutput.
Using these restrictions we obtain very plausible estimates of the effects of monetary policy in the G7-
countries and find that the price puzzle largely disappears.? The finding that the price puzzle does not
arise when monetary policy is not allowed to have long-run real effects sugeests that the puzzle is due
to the fact that short-run restrictions alone do not properly discriminate between contractionary
aggregate supply shocks and monetary policy shocks.

One problem, which explains the limited use of combining short and long-run restrictions
in VAR-studies, is that implementing them requires the solution of a complicated system of non-
linear equations. Partially following Shapiro and Watson (1989), we propose a simple sequential
instrumental vanable methodology to solve this problem in our model. This methodology might be
of independent interest to other researchers,

The paper is structured as follows. In Section 2 we discuss and meotivate the empirical
methodology, first presenting the empirical model estimated in this paper and the data series used.

2 The price purzle it the tendency of prices to increase temporasily after a contractionary monetary policy shock. For a
discusssion see Sims (1992). The liquidity puzzie is the tendency of interest rates to fall aftey & decreass in the monsy
supply. Sce Christiano and Eichenbauwm (1992). The excbange rate purzle it the tendency of exchange rates to
depreciate teaporarily after & contrictionary monetary policy thock. See Grilli and Roubini (1993).

3 In this papor wo do pot examise the other puzzlcd mentioned above, 44 we do not indlude money #tocks of exchangs
rates in the econometric model. Freliminary results from models in which we include exchangs rates show, however,
shat alxo the exchange rate puzzie disappoars in moat countrics.



Furthcomiore, we briefly review the Structural Vector Autoregression (SVAR) methodology and
discuss how we identify shifts in the stance of monetary policy. In Section 3 we tum to the empirical
results. We use impulse response functions to cvaluate the responses of output, inflation and interest

' rates to aggregate supply and demand disturbances and to innovations in monetary policy. Next, we
study the relative importance of the different shocks using forecast error variance decompositions, and
assess whether our identifying assumptions gencrate plausible results. We end the section by
decomposing observed movements in output, prices and interest rates into the parts due to responses
to supply and demand shocks in goods markets, and the monetary policy shock, The purpose of this
analysis is to provide an informal way of assessing whether the estimated models are sensible. Since
the estimated monetary policy shocks differ in size and persistence across countries, we standardise
the shock in Section 4 and simulate the effects on the level of real GDP and prices of 2 100 basis point
increase, maintained for 8 quarters, in the short-term nominal interest rate, This enables us to compare
the effectivencss of monetary policy across countries. Conclusions #re drawn in Scction 5. The paper
ends with a Data appendix and 2 Technical appendix, which contains details of the econometric
methodology.

IL. METHODOLOGY AND DATA

In this paper we use Structural Vector Autoregressions (SVARS) to analyse differences in
the offects of monetary policy in the G-7 countries, There are scveral reasons why SVARs are
suitable for studying the monetary transmission mechanism. First, SVARs require only a minimum
of restrictions in order to disentangle movements in endogsnous variables such as output, prices and
interest rates into the parts due to underlying shocks, such as shifts in aggregate supply and demand
schedules and changes in the stance of monetary policy. The transparency-of the identifying
testrictions is of particular interest in a cross<country study, since it facilitates an assessment of
whether the results are driven by different or implausible identifying assumptions. Seeond, vector
autoregressions come with a number of convenient tools - impulse response functions, forecast eror
variance decompositions and historical decompositions - that arc useful in answering a host of
questions concerning the effects of the shocks and their role and importance in specific historical
episodes. Third, once an identification scheme has been adopted, SVARs are easy to estimate, which
makes themn particularly suitable for multi-country studies.

However, SVARs are also subject to limitations, While SVAR models allow us o
address questions regarding the effects of monetary policy, they cannot be used to analyse the effects
of changes in the monetary policy regime on the economy. More concretely, the SVAR wcﬁniques
used in this paper decompose monetary policy into a systematic and an unsystematic patt. The
systematic part may be thought of as the monetary policy reaction function and corresponds to the
*ayerage® response of monetary authorities to mactosconomic distutbances such as aggregate supply
and demand shocks, Because of the reduced form naturs, SVAR techniques unfortunately do not



allow us to distinguish between the direet effects of such shocks and any indirect effects they have by
eliciting systematic responses by the central bank (as captured by the policy reaction function). The
unsystematic part, which we label "monetary policy shocks" in what follows, can be interpreted as
deviations from this average reaction function over the sample period. Most of the work reported
below focuses on the effects of such monetary policy shocks and their role in macroeconomic
fluctnation in the last decade.

A second widely recognised problem with SVARs is that the results are scnsitive to the
ways in which the models are identificd. Thus seemingly small changes in the identifying
assumptions can lead to substantial changes in the estimated effects of the shocks and in their relative
importance over the sample period This is very much the case also with our empirical results. Given
this sensitivity, it is incumbent on the researcher to motivate the cholce of identifying restrictions,

The rest of this section is organised as follows. We first present and motivate the simple
three-variable SVAR model that we study and discuss the choice of the data set. Next, we review
what is meant by identifying a SVAR and motivate our choice of identifying restrictions. Section I
then turns to the results.

1. The empicical model

The purpose of SVAR analysis is to decompose movements in some observed time setics
into the parts that are duc o unobserved underiying shacks which are structural in the sense that they
can be given an economic interpretation. More concretely, in what follows we attempt to decotapose
movements in real income levels, prices and short-term interest rates into the parts due to shifts in
aggregate supply schedules ("supply shocks"), shifts in aggregate demand schedules ("dernand
shocks™ and changes in monetary policy (“monetary policy shocks”). To formalise the discussion
and using standard notation, let x| =[Ay, 4p, | 1, ] be the vector of endégenous variables, with Ay,
denoting real GDP growth, Ap, the rate of inflation and r, the nominal short-term interest rate.
Furthermore, let eF =[e} &f e?] be the vector of structural shocks, with £! denoting a supply
shock, £! a demand shock and ef a monetary policy shock. Typical examples of supply shocks are
exogenous changes in energy prices or the tenms of trade, productivity shocks or tax and wage shocks.
Demand shocks can be thought of as govemnment spending shocks or shifts in investment and
consumption functions.

The structural modal can then be writien as;

x, = A(L)e, 0

4 The stationarity properties of the time series used are exumined in the Data Appendix.



where the matrix lag polynomial A(L) contains the responses of the endogenous variables to the
underlying structural disturbances,

Discussion

Given owr interest in the monetary {ransmission mcﬁham'sin, the three variables used
above constitute the smallest possible SVAR model. The model can be thought of as & minimalist
empirical version (of the reduced form) of & standard apgregate supply/aggregate demand
macroeconomic mode! comprising an IS-curve, a Phillips curve and a monetary policy reaction
function. While the fact that there are only three endogenous variables is an attractive feature of the
model, in particular in the context of a mult-couniry study, this also limits the number of structural
shocks that we can identify. Although this issue is typically not discussed in any great length in the
VAR Hiterature, the choice of the dimension of the SVAR should be thought of 2s an integral part of
the identification procedure, since we can identify (at most) one structural shock for each endogenous
varisble, Thus, the number of variables included should behdetermined by the number of shocks that
one thinks play a role in determining movements in the endogenous variables.

Qur choice of output, prices and a short-term interest rate has two important implications
which peed to be noted. First, by limiting the number of endogenous variables, we implicitly assume
that different supply and demand shocks (e.g. oil price shocks versus productivity shocks, or increases
in government spending as opposed to shifis in the consumption function) have similar effects on
income, prices and interest rates, so that they can be aggregated into a "typical" aggregate supply or
demand shock, ‘

Second, and maybe more importantly for this study, we assume that ¢utput and prices
capture all the ﬁfomﬁm to which monetary authorities respond when setting short-term interest
rates. ‘This assumption excludes, for example, that the central bank responds to developments in the
cxchange mate macket that are not due to aggregate supply and demand developments. This
assumption may be a good first approximation in the case of the larger economies in our sample, but
appears less attractive for the smaller and more open economies. In these countries, changes in policy
interest rates that are & tesponse to exchange market tensions will appear as policy shocks (or shifts in
the policy reaction function). As in such a case the response of the economy could very well differ
fiom the effect of "purc” policy shocks (because the exchange rate responds differcatly), onc needs to
be cautious in comparing the effects of monetary policy between these two groups of countries.

The stance af policy

An important issue that arises in studying the monetary transmission mechanism is how
to measure the stance of moneuty policy. Implicit in our use of short-torm interest mates is the
hypothesis that such rates capture the stance of policy. The reasons we focus on prices, rather than
quantities, as indicators of monetary conditions arc twofold, First, central banks typically regard
themselves as pursuing monetary policy by setting the very short-term iuterest rate(s) at which they



provide financing to the commercial banking system, which in tum implies that ceatral banks control
short-term interest quite precisely elsewhere in the economy. Indeed, all the central banks included in
his study are likely to subscribe ta this description of policy. Sccond, while monetary aggregates in
principle can be used as indicators of the stance of monetary policy, they are subject in practice to 2
wide variety of other disturbances, including shifts in the demand for money, which often dominate
the information they contain about changes in the state of policy.?

Conceptually, the ideal interest rate (0 use as a measure of the stance of monetary policy
would be the official interest rate at which marginal financing is provided to the banking system.
Unfortunately, it is impractical to pursuc this approach for several reasons. For instance, central
banks typically provide financing using & number of differcat interest rates, which makes it difficult to
choose "the" representative rate. Furthermore, the exact interest rate that is relevant has in many
countries changed over time in response to, in many cases, profound developments of central banks'
monetary operating techniques. Central banks may also alter the stance of policy without changing
official interest rates, for instance by varying the availability of credit at the official rates. Since
market-determined interest rates typically respond very quickly to changes in monetary policy
irrespective of whether they are expressed by a change in an official interest rate or by a change in the
availability of credit, we use thres-month interast rates as measures of the stance of policy.

2. The identification problem

Next we provide a brief overview of the identification problem as it arises in the case of
SVARS, using the empirical model in (1) as an example. The purpose of the overview is to explain
what is meant by identification and to explain the restrictions used to identify the model estimated in

this paper.
To obtain an estimate of (1), the first step is to model the vector of endogenous variables
using the following unrestricted VAR (disregarding for simplicity deterministic variables):

(L)X, = ¥, _ @

where D(L) is 2 finite-order matrix polynomial in the lag operator L. Equation (2) can be estimated
and inverted to yield the moving average represéentation

x, =C(L)v, : (€))

5In pmlim'uud wark we incorperated monetary aggregates (Mg or M3) in the anslysis, but found that they appesr
lazgely determined by moncy demand shocks that in turn have little, if any, impsct on the coonomy. The reasen for



where C(0) =1, and vI =[v‘,’ vP vf] is a vector of regression residuals, with variance-covariance
matrix Ev,v! =£2, which have no economic interpretation, The lag polynomial C(L) traces out the
dynamic responses of the ¢ndogenous varizbles to the regression residuals. '

By "identifying" the VAR, we map the parameters of the non-structural model (3) into
the structural model (1). Note that (1) and (3) imply that

v, = A(0), | Q)

and

A(L)=C(L)A(0) &)

Equations (4) and (5) illustrate that in order to identify the model we need to find an
estimate for A(0), the contemporancous. impact matrix. This is donc by imposing sufficient
restrictions to enable us to solve for 2 uﬁquc A(0), using estimates of C(L), or equivalently D(L), and
Q. To do so we assume, as is typical in VAR studies, that the structural shocks have a unit varianee-

covariance matrix, i.c. E g&7 = L.¢ Together with equation (4), this implies that:

Q = A()A0) ()

Since £ is 3x3, it contains six unique elements, which yield six identifying restrictions
on the impact matrix A(0). To identify A(0) we necd three more restrictions, which ¢an stem from
assumptions regarding either the contemporangous (short-run) or long-run effects of the structural
shocks on the endogenous variables.” The existing literature on VARs suggests that the choice of
identifying restrictions should be guided by the precise questions that we would litkce to addrecs.

Bemanke and Blinder (1992) identified monetary policy shocks in the United States
using the restriction that monctary policy has no instantaneous impact on output and inflation. While
this assumption is appealing given the broadly held view that the effects of monetary policy take 2
considerable tme to be felg, it does not allow us to identify shocks to aggregate supbly and demand
conditions for goods and services. Since monctary policy to a large extent may be interpreted as

reactions by policy to the inflation and output cffects of goods market disturbances, it is of substantial

these findings it simply that monetary dggregates are dominated by disturbances unrelated to the state of monetary
policy. e g. financial deregulation or tempaotary extcrnal capital flows.

& The essumption that the shocks have 2 unit variance is just a normalisation. If there 2re onlty three fundamental shocks
to the systern, then the orthegonality assumption is not particularly stringemt, a5 one ¢an always redefine the shocks to
be uncorrelated. To the extent that other unidentified shocks are important and affcet each of the endogenous variables
contemporancouzly, the orthogonality assumption will lexd to a misspecification of the three shocks. In thiz caze the
suppested solution would, however, be 1o inererse the dimension of the system. -

7 Sims (1980) in his seminal work on VARs assumed that the instantancous jmpact matix was lower trizngular,
Bermanke (1986), Blanchard and Watson (1786) and Zims (19£6) preposed contemporafienus Fero redtrictions that are
tuare genersl than the recursive restrictions, and which can be given a structural interpeetation. ‘Blanchard and Quah
(19289) and Shapiro and Watson (1988) pioncered the use of long-nun resttictions to identify SVARS.



interest to see how such shocks affect interest rates. This, of course, requires them to be identified.
Thus, while Bernanke and Blinder's restrictions may be helpful in identifying monetary policy shocks,
they arc not uscful for studying interest rate response to aggregate supply and demand shocks,

Long-run testrictions ¢an also be used to identify SVARs. However, also in this case
does their usefulness depend on the shocks we would like to identify. Indeed, long-run restrictions
have typically been used in the literature to distinguish 'bem-cen aggregate supply and demand
disturbances which are poorly identified using short-run restrictions. However, there are only a few
examples of long-run restrictions being ngad to study monetary policy shocks., One reason for this is
that it is difficult to think of long-run restrictions that uniquely identify monetary policy shocks.
Keating (1992) and Walsh (1993) use the restriction that monetary policy actions ean have no long-
run effects on real vatiables such as real output, the real interest rate or the real money stock. While
this assumption is plausible, tempomry demand shocks are likely to satisfy the same long-nm
restrictions, so that it is difficult to distinguish between these and monetary policy actions,

Given the relative advantages of short or long-run restrictions, in this paper we follow
Gali (1992), who employs a combination of short and long-run restrictions to identify a SVAR.2
First, in order to 1dentify the aggrepate supply shock, we assume that the agpregate demand and
meonetary policy shocks do not have permanent, but perhaps persistent, effects on the level of real
GDP.? This implies that the aggregate supply shocks are identified by the restriction that only they
affect the leve] of real GDP in the long nin. This restriction, which assentially says that the long-run
Phillips curve is vertical, is implicit or explicit in much of macroeconomic theory.

In order to diseriminate between the aggrepate demand and the monetary policy shocks,
we follow Bemnanke and Blinder (1992) and Galf (1992) and use the restriction that monetary policy
has no instantaneous effect on output.} An alternative assumption would be that rnoncté:y policy has
_ 1o instantancous effect on the rate of inflation. However, given that we use quarterly data, changes in
monetary policy could well have an effect on the price level, either by affecting the exchange rate and
import prices or by affecting the price index directly through mortgage interest mates. Thus, the
assumption of no instantaneous pass-through to prices seems less plausible. It would also be possible,
in principle, to assume that monstary policy has no conteruporancous cffect on cither inflation or real:
output. However, such over-identifying restrictions are more difficult to use since the "separation”
between estimation and identification that is possible in the cuse of just-identified models braaks
down, 1!

8 In preliminary work, we experimented with using only short-tun or long-run restrictions, but found that such
restrictions did not plausibly identify the underlying shocks. For some further discussion, see Section TI1.3.

9  This implies that the sccond and third elements in the first row of A(1) 2re zere, From eaquation (3) it follows that this
also implies two linear restrictions on the clements of the A(Q) matrix,

10 Thus, the thicd element in the first row of A(0) is zcro,
It See Raberts (1993) for details,

10



The three additional restrictions discussed sbove, together with equation (6), allow us o
find an estimate of A(0) and to identify the structural model. The sctual implementation of these
restrictions is somewhat complicated and is therefore relegated to the Technical Appendix,

. RESULTS

Next we turn to the econometric results, which stem from estimates of the SVAR model
discussed above on quarterly data for the period 1979:1-1993:4, using real GDP to measure economic
activity and cousumer price indices to measure the rate of inflation, Exact descriptions of the data are
provided in the Data Appendix. ' ‘

*“The purpose of this scetion is to assess whether our identification scheme generates
plausible estimates of the structural shocks, particularly the monetary policy shocks, and of the effects
of such shocks on the different econamies in the sample.12 Comparison of the results across countries
plays an important part in this assessment: since we believe that monetary policy shocks have the
same qualitative effects in different countries, we would have little faith in the restrictions unless they
yielded scnsible estimates for a number of countries.

The discussion is organised as follows. We first use impulse respdnse functions to study
the reactions of short-term interest rates, output and prices to monetary policy shocks, and aggregate
supply and demand disturbances.!? Since it is not clear whether real or nominal interest rates play a
more important role in the transmission process, we provide results for both. Second, we study the
relative importance of the different shocks using variance decompositions. We end the section by
briefly discussing the historical decompositions of moveinents in interest rates, output and prices into

the parts due to aggregate supply, aggregate demand and monetary policy shocks.

L Impulse responses

Figures 1.1-1.7 provide the estimated recponses of the levels of real and nominal short-
term interest rates, the level of real GDP and - with the exception of the United Kingdom - the
consumer price level in the G-7 countries to the three structural shocks. For the United Kingdom, we
found that monetary policy shocks consistently led to increases in both the consumer price index, and

the consumer price index adjusted for mortgage interest payments. In what follows, we therefore use
the GDP deflator in the case of the United Kingdom.

12 By "plausiblc™ we mecan that the signs (and also the size and persistence) of the effects eorrespond to our a priori
vi?mq.pammuypolicytightmingshwldincrcmmmiw and real interest rates, depress output and reduce
prices.

I3 The real intercst rate is dafined as the nominal intcrest rate minus the inflation rate over the last four quarters.
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Canada: Estimated impulse response functions (1979:1-1993:4)
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Germany: Estimated impulse response functions (1979:1-1993:4)
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- Japan: Estimated impulse response functions (1979:1-1993:4)
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Figure 1.6
United Kinpdom: Estimated impulse response functions (1979:1-1993:4)

ETARY PR SR SRiAN R

U ath

ot BT

Ak

-

L el

-

an

ks

T

ii.
3

»




AL AATL

ISl WA

2%
A

United States:

HONTTARY POLETY SanitR

ax

aT

-t

-8

Figure 1.7

Estimated lmpulse responsé functions (1979:1-1993:4)
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Monetary policy shocks

The first column of graphs displays the responses of the economy to monetary policy
- shacks together with & 1 standard deviation confidence intervals,}* The second graph in the first
column shows the cffect of a tightening on the short-term intercst rate. A one standard deviation
monetary policy shock increases short-term interest rates by between 60 and 100 basis points,
depending on the country considered. Exceptions to this general pattern are Germany and Japan,
where the typical tightening is about 40 basis points. The persistence varies substantially across
countries: in Canada and the United States nominal interest rates retumn 1o the starting level after about
three quarters while in the United Kingdom eight quarters or so elapse before the nominal interest rate
returpe to baseline. Qne finding is that nominal interest rates fall for 2 whils below their initial level
in 2 pumber of countries. However, the real short-term interest rate, plotted in the first graph, does
not display this "J-curve" behaviour, which suggests that the undershooting of the nominal rate is an
endogenous response o the fall in prices caused by the initial tightening of monetary policy,

The third graph in the first column shows the responses of consumer prices to the
monetary policy shock. The graphs illustrate that in all countries the price level falls following a
tightening of monetary policy and that 12-16 quarters elapse before the fall in the price level is
arrested. The impact effect of a monetary policy tightening on consumer prices might ditfer
sorewhat, but does not seem to be significantly different from zer except in Canada. The immediate
response o prices might be due to the effects of a tightening of monetary policy on the exchange rate
apd import prices, This may also explain why consumer prices in Germany fall contemnporaneously
with the monetary policy shocks, while prices in France and Italy, which operated under fixed
exchange rates during a large part of the sample period, and in Japan and the United States, which are
large and relatively closed economies, are initially unaffected by the monetary policy shock.

. ,  The fourth graph in the first colwnn shows that the increase in intercst rates depresses

output in all countries. It is striking that the output effects are so similar across countries: except in
the case of the United Kingdom, where the effect is somewhat larger, monetary policy shocks reduce
output by approximately 0.2 to 0.4% relative to baseline. The time paths of the GDP responses are
also quite similar across countries, although in Canada the peak effect is quite abrupt. In most
countries the negative effact on output peaks afier about five 10 six quarters and is undone after about
two to three years, The point estimates for the within-the-year response of output in Japan are
essentially zero and insignificant. Thus, our results for Japan suggest that the impact effect of
menetary policy is relatively muted and that the effects are somewhat delayed.

14 Thbe confidence bands are bootstrapped with 100 draws. Some experimentation suggested that using more than 100
draws had no impact on the results.



Aggregate demand shocks

The second columa in Figures 1.1-1.7 provides the responses of real and nominal interest rates to
expansionary aggregate demand shocks. Such demand shocks could stem from increases in
government spanding or shifts in the consumption or investment fimetions, MNote that nominal interest
rates increase in all countries following a demand shock. The responses of recal interest rates,
however, vary across countries. In Canada, Germany and the United States demand shocks increase
real interest rates. However, in France, Italy and Japan the real interest rate is essentially unaffected
by the demand shocks, and in the United Kingdom real rates fall.

The third graph in the second column shows that a typical aggregate demand shock
increases the price level by between 0.5 to 1.0%, with the peak effect typically reached afier about six
quarters. In France, Germany and the United Kingdom, the effect on the price level appears very
persistent or permanent, while in the other countries the price level tends to fall back towards its

initial level.

The cutput responses are provided in the fourth graph in the column, In all countries the
demand shovk expands output instantaicously, The size of the impact cffect varies across counwies,
from about 0.3% in France t0 as much as 0.8% in Germany. Furthermore, the results indicate that
output falls back below baseline for a while in Canada, Italy. Japan, the United Kingdom and the
United States, so that our estimates point to some cyclical behaviour following demand shocks.

Aggregare supply shacks

Finally, we turn to the effects of apgregate supply shocks, which are provided in the third
colurnn of Figures 2,1-2.7. As before, we first analyse the responses of real and nominal interest rates
and then turn to prices and output.

The first and secotid graphs in the last column show the responses of interest rates to
supply shocks. As can be scen, the reactions of the real and nominal interest rates continue to be quite
different. In France, Germany, Haly and Japan, nominal interest rates typically fall, but real rates rise,
in response to expansionary supply disturbances. This finding is not difficult to reconcile with theory.
Expansionary supply shocks increase the retumn 10 capital and therefore resl interest rates. At the
same time, they reduce inflativnary pressures and nominal interest rates. “In the United Kingdom and
the United States, both rates rise following the disturbance, although the nominal interast rates very
quickly retumn to their original level. In Canada, real rates are essentially unaffected by the supply
shock, while nominal rates fall.

Tuming to the effects of supply shocks on prices and output, the results indicate, not
surprisingly, that supply shocks expand income and depress prices by about 1% (in the United
Kingdom the cffects appear larger: about 2%). The long-run effects are also relatively slow to appear;
in most cases the adjustment to the new equilibrium takes at least 12 quarters,



r Variance decompositions

We next assess the relative importanee of the three structural shocks for the behaviour of
real and norminal interest rates, output and the price level. Table 1 gives an overview of how large 2
" fraction of the variancs of the forecast crror of the endogenous variables is due, at different forccast
horizons, to the three structural shocks.

Monetary paficy shocks

The table illustrates that monetary policy shocks tend to explain only a very small part of
the forecast errors on output and inflation.!® We view this as an cncouraging finding, since it suggests
that the unsystematic part in monetary policy plays only a minor role in macroeconomic fluctuations.
Of course, the finding that monetary policy shocks are relatively enimportant does not contradict the
notion that the monetary policy reaction function plays 2 significant role in offsetting or propagating
the cffects of aggregate supply and demand shocks.

Table 1
Variance decompositions
Canada
Varisble " Quarters Shocky
policy supply demand

Nominal interost 17T aveemean 1 2] 8] 17
4 A} 23 54
‘ 20 17 27 56
Real interest e ... T 1 24 1 14
4 46 5 49
20 -4 9 50
Real GDP ovireccssnsnrrmistss 1 o ‘ 13 . 87
4 12 34 54
20 2 N 7
Conmumner PriCes s cmsssn 1 10 88 2
4 3 91 6
20 4 g0 6

15 Cochrane (1994) uses & number of approaches to identify monetary poliey shocks in the United States. One
interesting finding is that the importance of monetary policy shocks shrinks as the identification of such shocks
becomes tmore credible, a3 judged by the shape of the impulse response functions.
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Table 1 (cont.)

Variance decompositions
France
Variable Quarters Shocks
policy wapply demand
Mominel intaract rate ......... 1 o3 1 [
4 69 3 28
20 36 33 26
Real interest mate ..o 1 96 1 3
4 76 22 4
20 &9 25 6
)10 K] ) — R I [\ 68 32
4 1 80 19
20 1 o5 3
CONSUMET PIISES sommeresnmrisss 1 3 19 ™
4 3 42 55
20 4 66 30
Germany
Variable Quarters Shocks
‘ policy supply demand
Nominal interast Tate oo 1 50 13 37
4 23 21 56
20 15 19 2]
Real intorest Tate i 1 87 5 8
4 76 7 ¥7
. 20 54 7 k ;]
Real GDP ....... PP . 1 0 32 &3
4 3 31 66
0 2 31 16
Consumer prices .o 1 10 - 21
') 3 314 39
20 4 44 £1
Ttaly
Variable Quarters Shocks
paticy supply demand
Nominal interest rate ......... 1 93 0 6
4 88 .0 12
20 55 2% 16
Real interest rate e H 71 [ 23
4 45 45 10
20 45 a4 11
Real GDP ..ccvverreccecmmememmane 1 0 54 46
4 10 s1 A0
20 6 £9 5
CONAUMET PCES wovnrreererers 1 4 55 4]
4 0 75 25
20 13 68 19
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Table 1 {cont.)

Variance decompositions

Japan
Variable Quarters Shocks
. policy supply demand
Nominal interest L wone i 85 1 i4
4 57 I 42
20 47 7 47
ST T o e T — 1 60 28 11
4 56 ig 5
20 39 55 6
Retl GDF ececrererecivssrrsnsnens i 0 ‘79 21
4 2 87 11
20 2 96 2
Consumer PHCES commusnirnn 1 2 44 53
4 4 33 63
20 19 45 36
United Klngdom
Variable Quarters Shocks
poticy supply demand
Nomina] interest rate ......... H 25 0 5
4 £1 0 18
' 20 74 1 25
Roal intcrest Fals womerevermise ] 61 38 1
4 g 58 4
20 ig 58 5
TN ] — 1 0 45 55
4 4 o4 32
20 - 90 E)
Consumer prices «.o...coverses 1 1 80 20
4 4 67 29
20 6 78 16
United States
Varisble Quarters Shocks
policy supply demand

Nominal interest fate ...vvne t 34 ¢ 45
4 32 .13 5
20 26 16 57
Real interest e cveverinns 1 75 16 9
4 30 66 4
20 4 61 14
PRV €] 0 ——— 1 0 46 54
4 g 71 20
20 3 20 7
Consumer prices 1 7 40 53
4 1 k-3 61
20 8 .8l 131




Note that the variance decompositions for the short-term interest ratc indicate that
monetary policy shocks account for @ significant part of their forecast error va:iaime, especially in the
short run. However, the fraction explained decreascs significantly over the long run, whea less than
one-third of the variation in interest rates is accounted for by monetary policy shocks. Italy and Japan
are exceptions, where about half of the forecast error variance can be attributed to monetary policy

shocks,
Aggregate supply and demand shocks

The vardance decompositions of forecast errors on output indicate that in the short run
most of the variation is due to a mixture of aggregate supply and demand shocks. By construction,
supply shocks start to dominate demand shocks as increasingly longer forecast honzons are
considered. 'I‘ummg to the relative importance of aggregate supply and demand shocks for the
forecast error variance of consumer prices, the results suggest that these vary quite substantially across
countries. In Canada, for instance, supply shocks explain approximately 90% of the forecast error on
the price level, while in France demand shocks explain about 80% in the shost run, and as much #5
30% over five years. Finally, aggregate demand shocks typically explain a larger fraction of the
variance of the forecast error on short-term interest rates, in particular at horizons of more than one

year, than aggrcgate supply shooks.

3. Does the identification scheme work?

Several aspects of the above results warrant comment. First, the estimated impulse
responses are broadly similar across countries and the size and duration of the estimated effects are
plausible. Furthermore, there are no cases in which the estimated impulse responses have the “wrong”
sign and are significant. We view these findings as encouraging and as suggesting that the mixture of
long and short-num restrictions we use produces plausible estimates of the different shocks.

Second, it is interesting to compare the results discussed above with the results in studies
using solely short or long-run restrictions. A common finding in VAR studies that solely use short-
tun restrictions to identify the monetary policy shocks is that a tightening of monctary policy
increases inflation rates temporarily.'$ This finding, which is sometimes referred to as the "price
puzzle”, is typically rationalised as being due to the central bank raising interest rates in response to
expectations of increases in the rate of infladon. For this hypothesis to explain the price puzzlc,
central banks must react to information that is not included in past inflation and real income growth
rates and must systematically and correctly predict changes in inflation rates. Using short and long-
nun restrictions, however, we find that estimated monetary policy shocks reduce inflationary pressures
in all the countries we study. The finding that the price puzzle does not arise when aggregate supply

16 w..-.uimmmsnmmm-vmbhvm.m(mummﬂ:mummmmmmm-
decomposition to impose the short-rua restriction that changes in monstary policy have no contemparansous effects
o sither output or inflation. In all countrics the “price puzzic® appears. See also the discussion in Sims (1992).



shocks are identified by long-tun restrictions suggests that the puzzle is due to the fact that the short-
run identifying restrictions alonc do not propetly discriminate batween contractionaty aggrepate
supply shocks and monetary policy shocks.1?

An alternative method to identify monetary policy is to use solely long-run restrictions.
Keating (1992) and Walsh (1993) identify monetary policy shocks by assuming that they have no
permanent effects on real GDP, the real interest rate or the real money stock. While this restriction is
appealing from a theoretical standpoint, we found that using similar long-run restrictions in the three-
variable system cstimatcd above does not allow us to discriminate between monetary policy shocks
and temporury demand shocks, which also do not have long-run effects on real output and the real
interest rate.!® While the identification strategy used by Keating (1992) and Walsh (1993) leads to
plausible results in the United States and Canadz, a tightsning of monetary policy in the four
European countries is associated with a reduction of interest rates. This suggests that the monetary
policy innovations are misidentified, Furthermore, in the United States and Canada the results also
poin't-to a large undershooting of the interest rate following the initial positive shock. This appears to
indicate that the impulse response parameters ar¢ the results of an interaction of monctary policy and
other temporary demand shocks. These results suggest that using only long-run restrictions to
identi fy monetary policy shocks is hazardous,

4. Historical decompositions

Next we provide estimates of the three structural shocks and ask what role the different
shocks played in the sample period. Figures 2.1-2.7 present, in the first row, estimates of the three
disturbances in the seven countries. These graphs are difficult to interpret since, by construction, the
disturbances are serially uncomelated, orthogonal and have unit variance. To better assess their
importance, we decompose the time paths of the nominal short-term interest rate (row 2), the real
short-term interest rate (row 3), the output level (row 4), and the consumer price index (row 5) into the
parts due to the policy (column 1), aggregate demand (column 2) and aggregate supply shock
(column 3). ‘

In interpreting the graphs two points should be kept in mind. First, the purpose of this
excrcise is to see whether the estimates of the three shocks, and the role the SVAR model attributes to
them in different historical episodcs, are gompatible with the established view of monetary policy
events in the countries in question, However, since the decompositions are point estimates of the role

17 Another unattractive feature of VARs that solely use short-run restrictions is that the impulse response functions
imply thit monetary policy docs have pormancnt effects on output (if output is modelled ac exhibiting a unit vaat).
Our identification strategy plausibly restricts these effects to be zero in the long run.

18 Following Walsh (1993) and Keating (1992), we modelled the interest rate a5 being non-stationary (se¢ the mixed
cvidenoe on this in Table | in the Data Appendix) and sscume that monetery policy shocks can hive no long-run
effects on real output and the real interest rate. This provides 4 trizagular system of long-run zero restrictions, which
can casily be implemented using the Blanchard and Quah (1989) methodology. -

25



Figure 2.1
Canada: Historical decomposition of output, prices and interest rates
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France: Historical decomposition of output, prices and interest cates
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Figure 2.3

Germany: Historical decomposition of output, prices and interest rates
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Italy: Historical decomposition of output, prices and interest rates
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Figure 2.5
Japan: Historical decomposition of output, prices and interest rates
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United Kingdom: Historical decomposition of output, prices and interest rates
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Figure 2.7

United States: Historical decomposition of output, prices and interest rates
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of the three disturbances in different time periods (and thus subject to uncertainty), one should be
carefill not to overinterpret the smaller movements in these graphs. Second, the monetary policy
shocks may be interpreted as deviations from the "average” response of monctary authoritics to the
estimated aggregate supply and demand disturbances in the sample perod. However, the SVAR
techmqucs do not allow us to identify the central banks' (implicit) reaction functions: the effects of
aggregate supply and demand shocks are thus a convolution of their “direet” effect and any “indirect”
cffect they may have through the central banks policy reactions, One implication of this is that the
effects and importance of the different disturbances are sensitive to any shifts in the reaction function
duting the sample period. For example, to the extent that the response of monetary policy to the first
and second oil shock differed, as has frequently been argued, including the first oil shock in our
sample period would change the estimated impulse response fimctions to a supply shock. This would
in turn change the estimates of monetaty policy shocks during and following the second oil shock,

With these caveats in mind, we next briefly comment on the results for each country. For

reasons of space, we focus on business ¢ycle developments since 1985.
. Canada

The results for Canada are shown in Figure 2,1. Most of the variation in output since
1987 seems to be due to aggregate demand developments. These aggregate demand movements
contributed to 2 large extent to the rise and decline of nominal and real interest rates and the rise and
collapse in inflation since 1988. However, monetary policy and supply shocks play a role during the
recent cycle. It is striking that the tax changes in 1991 are attributed to aggregate supply shocks,
which lead to a contraction in output and 2 quite dramatic rise in inflation.

In comparison to the average monetary policy response to economic disturbances during
this period, the estimated monetary policy shocks indicate that policy was tightened considerably in
1990, increasing both nominal and real interest mtes by about 250 basis points. This seems to have
exacerbated the £211 in output in 1990 and also contributed to a drop in inflation,

France and Iialy

The results for France and Italy, which are reported in Figures 2.2 and 2.4, arc in many
ways very similar. In both countries most of the movements in output and inflation are atitibutad to
longer-run supply developments. Aggregate demand developments 21so play, however, 2 wle in the
recent business cycle and have in France, in particular, contributed to the recent rise and fall in
nominal interest rates. Furthermore, the role of monetary policy innovations in determining output
and price movements is limited. The movements in the shori-term interest rates over the 1992.93
period, which were caused by monetary policy responses to speculative capital flows, ate
appropriately viewed as discretionaty monetary policy by the empirical model, but have, especially in
France, only negligible effects on output and prices.
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Germany

Figure 2.3 shows that, as in France and Italy, discretionary shifts in Gorman monetary
policy have played enly 2 very limited role in determining recent output and price developments, One
notable difference with the results reported for France and Italy, however, is the clear role of aggrepate
demand movements in accounting for the expansion in 1990 and 1991 and the subsequent contraction
in economic activity. The increase in interest ratcs between 1988 and 1992, and the subsequent
relaxation of monetary polidy, is viewed as largely due to the response of interest rates to the
behaviour of aggregate demand over the period. The results are thus compatible with the view that
the Bundesbank tightened monetary conditions in order to reduce the inflationary pressures associated
with German unifieation,

Japan

The results for Japan are provided in Figure 2.5. Onec surprising feature is that the
movements in the nominal interest rate are, to a comparatively large degree, attributed to monetary
policy shocks. In particular, the large increase and subsequent decrease in interest rates since 1988
appear only to a modest degree due to central bank responses to aggregate demand shocks, and not at
all to supply shocks. Tumning to the real intcrest rates in row 3, it appears that monetary policy was
relatively loose during 1987-88 with real interest rates more than 100 basis points below baseline and
was subsequently tightened in 1989, leading to positive real interest rateg since then, The period of
relatively loose monetary policy, followed by a2 relative tightening, contributed to the recent rise and
decline in prices and output. Most of the recent collapse in output is, however, attributed to negative
supply developments.

United Kingdom

In Figure 2.6 we provide the results for the United Kingdom. A striking finding is that
also in the United Kingdom is a very large fraction of the movements in nominal interest rates due to
monetary policy shocks; thus, only a small part of changes in interest tates can be forecast by past
inflation and output.'* Perhaps even more striking is the finding that the estimates suggest that the
monetary policy shocks have played an increasingly important role in accounting for fluctuations in
real GDP growth and inflation. In particular, the flnetuation in GDP growth and inflation since 1988
are, according to our estimates, essentially entirely due to the monetary policy shocks.

United States

Finally, in Figure 2.7 we present the estimates for the United States, Tuming to the
decomposition of real income, we note that aggregate demand shocls have playcd a critical rolc in
accounting for the recent recession, with aggregate supply developments playing a smaller but
reinforcing role. The incrazse in nominal interest rates hetwesn 1986 and 199f), and the subsequent

19 Ome possible explanation for this finding is that the monetary policy reaction function may have shifted repeatedly
over the sample.
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reduction, appear almost entirely due to these aggregate demand shocks, although their effects on the
real interest rate are relatively subdued.

Interestingly, the estimated monetary policy shocks suggest that, in comparison with the
average response to economic disturbances during this period, monetary policy has followed a
pronounced counter-cyclical pantern since 1986: first by raising interest rates relatively early in the
upturn, and subsequently by lowcn‘hg them. In particular, the reduction in real rates between 1989
and 1993 is mainly attcibuted to a discretionary casing of monctary policy, with slack aggregate
demand playing a contributing role. Rows 4 and $ show that the implied contributions to output and
prices offset part of the negative demand and supply developments, .

1v. THE EFFECTS OF MONETARY POLICY: SOME SIMULATIONS

In this section we compare the effects of monetary policy shocks across countries. A
direct comparison of the impulse responses is made difficult by the fact that a typical monetary policy
shock varies in size and duration across countries, For example, in Germany and Japan the typical
shock 1s small in wins of basis polats but quite pesistent, while i Canada aud Italy a typical shock
is large but transitory. In order to render the results comparable, we standardise the monetary policy
shocks by assuming that the central bank raises the nominal short-term interest rate by 100 basis
points for eight quarters, after which the interest rate is retumed to baseline.

Of course, it is conceptually unappealing to perform simulation experiments by fixing
endogenous variables. In this case, however, the increase in the short-term interest rate is of moderate
size and only temporary, and it is not grossly at odds with the actual behaviour of interest rates during
the estimation period.

In most countries this standardised simulation leads to 2 new long-run equilibrium, with
output returning to baseline and prices converging 1o a new long-run level. 20 However, in Germany,
Japan and to & lesser extent in France, the results display some instability with prices continuing to
fall even 20 ;:luartcrs afler the initial increase in interest rates, The reason for this is that, as indicated
by the earlier discussion, a typical monetary policy tightening in Germany and Japan is followed by a
period of undershooting of the nominal interest rates. This phenomenon, which was also noted to a
lesser degree in the other countries, is explained by the fact that nominal interest rates endogenousty
respond to the fall in prices caused by the initial monetary tightening, Since nominal interest rates
tend to fall after the initial monetary policy shock, additional positive (tightening) monetary policy
shocks are required to maintain the nominal rate at baseline, even after the initial policy tightening is
undone. While in the other countries these additional shocks eventually die out, in the German and
Japanese case ever larger policy shocks are needed to maintain the bascline path of the nominal

20 This is a0 implication of our identifying assumption that the long-run Phillips curve is vertical.
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interest rate, This results in output and inffation declining at au increasing tate, while the real interest
rate is increasing.

These prt;bléms could be alleviated in two ways. We could let the nominal interest rate
adjust automatically after fixing the first eight quarters. Depending on how important the endogenous
undcrshooting is, this could lecad to quite different nominal interest rate paths thereafler.
Alternatively, we could fix the path of the real interest rate, In panel (b} of Figure 3 we chose the
latter solution, as it might be theoretically more appealing to standardise the effect on the real interest
rate,

In Figure 3 we compare the results of the standardised monetary policy simulation
experiment across countries for both a fixed nomiral interest rate path (first column) and a fixed real
interest rate path (second column). It should be stressed that the plotted responses are point estimates.
Focusing initially on the first colurnn, several comments can be made. As discussed above, forcing
the nominal interest rate path to return to baseline results in a prolonged period of high real interest
Tates and thus tight monetary policy. This is particularly the case in the United States, where prices
respond quite vigorously to the monetary policy tightening. As discussed above, it is also the source
of the instability in the German and Japanese case, explainiug the persisient effects on output and

prices towards the end of the simulation period.

In most countries the effect of the monetary tghtening on ourput is quite rapid. The
effect on output in Germany, Canada and the United States is quite similar and reaches a peak effect
of about 1,5% below baseline after nine quarters. Although the effects in France and [taly are also
similar, the peak effect is only half as large as in the first group of countries. One obvious
explanation for the difference is that, as discussed in Section IIL4, part of the monetary policy shocks
in France and Italy are due to reactions by the central bank to speculative capital flows. The
difference in effectivencss of monetary policy could thus be related to the lack of an exchange rate
channel in France and Italy 2! “The effects on output in Japan and the United Kingdom fall in between
these two extremes, with the effect of a Japanese monetary tightening being somewhat more persistent

than in other countries,

Output in most countries returns back to its bascline level afier six to seven years.
Exceptions in Figure 3 are Germany, Japan and France, where the policy experiment leads to very
prolonged effects on both output and inflation because of the instability problems discussed above.

21 Preliminary resulis from estimated models in which we include the exchange rate confirm this hypothesis. In contrast
o what gne would expect, the exchange rate actually depreciates following a monetary policy tightening in France and
Taly. Presumably this undost garne of the negative affects of the palicy tightaning on output.
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The second row of Figure 3 shows the responses of the consumer price index. Apart
from mostly insignificant contémporancous price jumps, the monetary policy tightening takes same
time to affect prices. This is most clearly the case in the United Kingdom, Japan, France, and Italy,
where prices only start falling after more than a year. In part this probably reflects the smaller effects
on output in these countrics. For France and Italy it could again also be explained by the lack of an
exchange rate channel. The longer-run effect on the price level is more pronounced in the United
States than in most of the other countries. This could, huwever, Le rclated to the higher real interest

rate after cight quarters.

In the second column of Figure 3 we report the effects on output, prices and the nominal
interest rate of increasing the real interest rate by 100 basis points during eight quarters. To the extent
that it is the real rather than the nominal interest rate that matters more for spending decisions, this
simulation may provide a more comparable policy experiment. As can be seen from comparing the
first and second colurnns in Figure 3, the range of outcomes is smaller in this case. Furthermore, the
results for output and prices during the first eight quarters are very similar to the results in the first
column. The third graph of the second column shows that, afier the initial tightening for cight
quarters, nomninal interest rates undershoot in all countries in response to the declining prices caused
by the initial monetary tightening. Nominal interest rates retum to baseline, as prices stabilise around
their new long-nm level towards the end of the simulation peried. This undershooting accounts for
the somewhat different dynamics of output and prices after the initial shock. The problems of
instability in Germany, Japan and France disappear, and in most countries output returns to baseline
before the end of the simulation period. One exception is Germany, where the effects of a monctary
tightening on output are again more persistent than in the other countries. It is quite striking how
similar the effects on prices are in this case.

V. . CONCLUSIONS

In this paper we provide some evidence of the monetary policy transmission mechanmism
in the G-7 countries using a parsimonious macroeconometric model of output, prices and a short-term
interest rate, To cahance comparability, we use similar data series, the same sample period and the
same econometric methodology for all the countries in the study. In what follows we sum up some of

the main conclusions we have drawn from the research underlying this paper.

Although in many respects SVARSs are an appealing methodology to use in cross-country
analysic, it should be stressed that the estimated effects of monetary policy shocks are in general
sensitive to the choice of identifying restrictions. Indeed, what would appear to be small changes in
the identifying restrictions can lead to drastic changes in the estimated impulse responses.

Despite this, we believe for threc reasons that our results capture fundzmental

relationships in the data. First, the results using our proposed identifying scheme arc broadly stable
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across countries and over time.22 Second, they compare quite well with the results from structural
macroeconometric models and avoid the so-called “price puzzle” found in many other VAR studies of
the transmission mechanism, Third, they provide plausible accounts of different historical episodas,

‘ The estimates of the effects of monctary policy piovide litdle evidence of large
differences in the transmission mechanism between countries, particularly not when estimated
confidence bands are taken into account. We find that over the estimation period the effects of a
standardised monetary policy tightzning on output and inflation are very similar in Canada, Germany
and the United States. The point estimates of the effect on output in France and Italy are somewhat
smaller, but may be duc to the absence of 2 significant exchange rate channel in these countries during
the estimation period. The effects on output in the United Kingdom and Japan fall somewhere in
between, The finding that differences in monetary policy effectiveness between countries are limited
does not necessarily imply that there are no such differences, only that they are difficult to document
econometrically, at least using VAR techniques. '

One of the obvious limitations of using a minimal macroeconometric model is that it is
hard to document the channels of monetary policy transmission. Qne possible extension is 1o include
the exchange rate in the model. This would make it possible to control for differences in the exchange
rate channel and would also enable us to identify the effects of exchanpe market turbulence on the
short-term interest rate, We leave this for future research,

22 Except for the United Kingdom, the qualitative results were vaty similar when we eitimated the model over 3 longer
sample petiod which included the first oil shock.
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DATA APPENDIX

Real income is measured by real GDPZ? and prices by the consumer price index, 2% except
for the United Kingdom, for which we use real nonwoil GDP and the GDP deflator.2 All series are
seasonally adjusted, The selection of the short-term interest rate varies between countries. For
Canada, the United Kingdom and the United States we use the yield on three-month Treasury bills. 26
For France, Germany, and Japan we use three-month money market rates 27 The quarterly data points
are averages of the monthly observations.

In order to use long-run identifying restrictions, shocks to the endogenous variables must
have long-run effects, i.e. the relevant variables need to be non-stationary. As a preliminary step it is
therefore useful to investigate the long-run properties of the data using unit root tests. Table A
comtaing the results from Augmented (with 4 lags) Dickey-Fuller tests on the data, together with
critical values from MacKinnon (1991). The power of the tests is likely to be affected adversely by the

inclusion of the lagged differences, since some lags are likely to be insignificant,

Note that in many cases we can reject the hypothesis that the leve! of prices is non-
stationary when no time trend is included in the tests. When the time trend is included, however, the
test statistics typically fall drastically, We interpret this result as being due to the fact that in the early

part of the sample the rate of inflation was typically quite high, and then fell gradually to very low
levels in the early 1990s. In the absence of a time trend, the secular fall in the inflation rate is

interpreted as the price level converging to a constant level; in the presence of the time trend, the fall
in inflation is properly interpreted as being secular in nature, and not as evidence that the price level is -
stationary.?® Given the low power of ADF tests, we interpret the results as indicating that the rates of
inflation and real output growth are stationary around a linear time trend.

Turning to the shori-term interest rates, the results indicate that at the 10% level we can
reject the unit root hypothesis in France, Germany, Italy and the United Kingdom using at least one of
the two tests. Given the low power of the tests, we again conclude that the short-term interest rates

are likely to be stationary.

23 The code in the BIS database is RHGE,
24 The code is VEBA_ 01, except for Italy, whers VEBAITO02 was used.
25 The codes ars RUGBGRO4 and RNBBGEOL.

26 The codes were as follows: Canade, HEPACADL; Italy, HEPAIT02; the United Kingdom, HEFAGBO!; the United
States: HEPAUS0Z,

27 The codes were as follows: France, HEEAFR02; Getmany, HEEADEOZ; Japan, HEEAJF02.

2% L is interesting to nolc that in the case of variables that are Likely ta he statinnary, such as the rate of inflation or resl
income growth, there is typicatly littic differcnce briween the 1est statistics with and without  time trend.
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Table A

ADF tests for unit roots
" 1973:1-1993:4

Countries Varisbles ‘Without trend} With tread?
CROME ormrrrrrienann Pt - 316 - 080
Apy - 146 - 3;e
¥t - 158 - L70
Ay - & X - 402
T ’ e 221 - 187
Ary - BSgmee - 391%
Framee e VT Pt «  2461* - . 037
Apy - 106 - 268
¥t = 153 -
Ay - 3Gt .« 3697t
r - 2750 - am
Ary - 5,15 > - 525 waw
GOMUADY corcresncnscassssismans Pt - 13 - 219
Apt - LBg - 1.8t
¥t ©= 035 -« 303
vt - 3529w « 351
) « 35| % s 34g e
Ary - 405 %% - 403
| (9 P . 326 0.02
Apy R ¥ 1 - 3g3e
y - 1.85 - 22
Ay - 489 e - 5208
£ - 262 - 242
Ary - 566 v = 6.03 *
BT R Pt - 535w s 515 A
Apr - 227 w376
»n - 0T - 3.04
Ayt - 360 % - 364
1t - 157 . 2.8
Ary - 3aq = - YR
United Kingdom .....ccconns 1 - 326 % Q.01
Apy ‘ - L& - 362+
Yt - 039 - 233
By - 221 « 22
n . - 293 - 274
Ary - 438 e = 457 %>
United States .....cuwcrnsnnss Pt - 288" « L7
Apy - 220 - 340+
o - 013 - 315
Ay - BTB e - 372
1t - 170 -« 188
art - - 298 - 310

Note: */**/*%* indicates significance at 10/5/1% level.
! Criticsl values: -2.58; -2.90; -3 .51. 2 Critical values: -3.25: -3 .46; 4.07.
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TECHNICAL APPENDIX

This appendix presents the precise form of our estimated equations and reviews how the
identifying restrictions are imposed. The estimation strategy follows Shapiro and Watson (1988).

The model consiste of three equations: an income equation, a prics equation and an
interest rate equation. We first estimate the income equation, which is given by (disregarding the

cotistant and trend term):

Eakqu.k +ZB&Alpz-u +25 Ar_, +e! (A1)

k=i k=0 1T

where n denotes the order of the VAR. The results reported in the paper are based on n=5. Since the
change in the inflation rate and intercst rates enters in the equations, the Jevel of the inflation rate and
interest rates have no permanent effects on the level of income. Thus, the residual is proportional to
the aggregate supply shock, €], Note also that since contemporaneous prices and interest rates enter,
the equation is estimated with instrumental variables, using AY,; Apy, and 1, (f=l...n) as

instruments.

We also estimate, by OLS, the inflation and interest equations, which are given by:

B fa n
Ap, = Ed’nﬁhu +ET&APH. +Zﬂnf...|,, +v! (A2)
kml k=l k=]
k= szAYn x +ZA'I:APQ-I: +Zl1k1} A (A3)

These are reduced form equations, in the sense that the crrors are corralated with the
aggregate supply shock in (Al), and are lincar combinations of the structural aggregate demand and
monetary policy shocks, Next we disentangle these contemporaneous correlations in the data.

The estimated reduced form errors in v, are functions of the underlying, unobserved,
structural disturbances in e,. More precisely, we have that:

vi{ {b, 0 0 el
VP =|by by by x| el T (Ad)

vy by, by by £r

We calculate the by's and the structural shocks using a two-step procedure. We first decompose the

regression ermors into three orthogonal shocks, which wa then nommunlise to have unit variance,
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Since the residual in the first equation, v/, is proportional to the supply shock, 7, we set

b,, = 1. Since the structural shocks are orthogonal, we can obtain preliminary estimates of b,, and by,
by ruaning the following regressions:

Vi =b,el +& (A5)

Ve =byg) +E | (46)
&7 and & are correlated, but, by construction, orthogonal to €], To proceed, note that

£l = bz.zg: +b,El (A7)

Ef =b.&, +b,,er (A8)

Our task is to obtain estimates of the variables on the tight-hand side of (A7 - A8). Since
monetary policy shocks have no contemporaneous effect on the level of income, its effect on the
income level through the interest rate {b38,) and on the income level through the price level (b,;B,)

d 8, IBES
must sum to 2610, 50 that by =—by,8, /B,. This in tum implies that £¢ = (B8 /B50) We

(b22 + 50 /Bﬂbll) )
therefore set the (non-normalised) demand shock equal to £l +8,/BLEr. We can then obtain a
preliminary estimate of b,, and by, by estimating (A7) and (AB). The residual in (A8) is proportional
to the monetary policy shock, so we set by; = 1, which in turn gives us an estimate of b,,.

The oblained estimates of the b;’s and the structural shocks are preliminary in the sense
“that the structural shocks do not have unit variance. The last step of the identification procedure
involves normalising the shocks and parameters by redefining them as:

B =Beel (Ab)

g =(gel) e, )

50 that

Vv, =Q=BgelB" =B'B"
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