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Abstract

This paper evaluates VAR models designed to analyse the monetary policy transmis-
sion mechanism in the United States by considering three issues: specification, identifica-
tion, and the effect of the omission of the long-term interest rate. Specification analysis
suggests that only VAR models estimated on a single monetary regime feature para-
meters stability and do not show signs of mis-specification. The identification analysis
shows that VAR-based monetary policy shocks and policy disturbances identified from
alternative sources are not highly correlated but yield similar descriptions of the mone-
tary transmission mechanism. Lastly, the inclusion of the long-term interest rate in
a benchmark VAR delivers a more precise estimation of the structural parameters
capturing behaviour in the market for reserves and shows that contemporaneous fluctu-
ations in long-term interest rates are an important determinant of the monetary author-
ity’s reaction function. ( 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Vector autoregressive (VAR) models are widely used in the empirical analysis
of monetary policy issues. This methodology has undoubtedly the merit of
avoiding the need for a complete specification of a structural model of the
economy; however, when the effects of monetary policy actions are to be
evaluated, a fundamental identification problem must be solved. Policy actions
which are an endogenous response to current developments in the economy
must be separated from exogenous policy actions. Only when the latter are
identified the dynamic analysis of the VAR system may yield reliable informa-
tion on the monetary transmission mechanism.

Increasing attention to monetary shocks identification issues has been de-
voted in the recent VAR literature, with a special focus on the functioning of the
bank reserves market, which is directly affected by monetary policy actions
(Gordon and Leeper, 1994; Strongin, 1995; Bernanke and Mihov, 1995; Chris-
tiano et al., 1996a; Leeper et al., 1996). Following a different, though related, line
of research, other authors have constructed measures of monetary policy shocks
using direct financial market information, not derived from a VAR system
(Rudebusch, 1996; Skinner and Zettelmeyer, 1996; Favero et al., 1996).

The main purpose of this paper is to assess the properties of these different
measures for the United States, evaluating the implied dynamic responses of the
economy to monetary policy shocks using a common benchmark VAR model.

Section 2 introduces the VAR-based analysis of the monetary transmission
mechanism and describes a six-variable VAR (based on the work by Strongin,
1995 and Bernanke and Mihov, 1995) which will be used as a benchmark in the
following discussion. The chosen general formulation nests alternative assump-
tions on the specific targets and operating procedures adopted by the Federal
Reserve in conducting monetary policy.

Section 3 analyses the issue of the econometric specification of the benchmark
VAR, focusing on parameter stability and on residual properties over various
sample periods. On the basis of the specification results, Section 4 focuses on the
most recent part of the sample, starting in 1988, and compares the measure of
monetary policy shocks derived from the benchmark VAR with alternative
measures constructed using financial market information. Such measures are
then included in the VAR as additional exogenous variables and the responses
of the economy to these shocks are contrasted with those obtained from the
benchmark VAR.

Finally, Section 5 further extends the estimated system by including a long-
term interest rate as an additional endogenous variable, so that the response of
the interest rate term structure to monetary policy shocks can be evaluated.
Section 6 ends the paper with a summary of the main conclusions.
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2. VAR models and the analysis of the monetary transmission mechanism

2.1. On the interpretation of VAR analysis

VAR analyses of the monetary transmission mechanism started developing
when the failure of traditional Cowles Commission models was rationalized by
two demolishing theoretical critiques due to Lucas (1976) and Sims (1980). The
Lucas critique applies to structural models when the coefficent describing the
impact of monetary policy on the macroeconomic variables of interest depend
on the monetary policy regimes; in this case no model estimated under a specific
regime can be used to simulate the effects of a different monetary policy regime.
The Sims critique attacks identification from a different perspective, pointing
out that the restrictions needed to support exogeneity in structural Cowles
Commision-type models are ‘incredible’ in an environment where agents opti-
mise intertemporally. VAR models and structural Cowles Commission models
of the monetary transmission mechanism specify the same statitistical model
(i.e. reduced form) of the data generating process, and therefore, in general, also
the VAR approach is subject to the Lucas and Sims critique. In fact, the criticism
that structural equation restrictions are incredible could just be refereed to the
contemporaneous correlation matrix restrictions generally used in the VAR
literature; similarly the Lucas critique also applies to this type of models, given
their backward-looking autoregressive structure.

However, VAR models differ from structural Cowles Commission models as
to the purpose of their specification and estimation. This difference allows to
implement VAR analysis by identifying models imposing more ‘credible’ restric-
tions and by using them in some specific contexts where the Lucas critique
should not apply.

The common structure shared by Cowles Commission and VAR models
specified to analyse the impact of monetary policy can be represented as follows:
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where Y and M are vectors of macroeconomic (non-policy) variables (e.g. output
and prices) and variables controlled by the monetary policymaker (e.g. interest
rates and monetary aggregates containing information on monetary policy
actions) respectively. Matrix A describes the contemporaneous relations among
the variables and C(¸) is a matrix finite-order lag polynomial.

m,A
mY

mMB
is a vector of structural disturbances to the non-policy and policy variables;
non-zero off-diagonal elements of B allow some shocks to affect directly more
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than one endogenous variable in the system. The main difference between the
two approaches lies in the aim for which models are estimated.

On the one hand, traditional structural models are designed to identify the
impact of policy variables on macroeconomic quantities in order to determine
the value to be assigned to the monetary instruments (M ) to achieve a given
target for the macroeconomic variables (Y ), assuming exogeneity of the policy
variables in M on the ground that these are the instruments controlled by the
policy maker. Identification in traditional structural models is obtained without
assuming the orthogonality of structural disturbances. As a consequence, im-
pulse response analysis cannot be implemented within this framework, dynamic
multipliers being computed instead. Dynamic multipliers describe the impact of
monetary policy variables on macroeconomic quantities without separating
changes in the monetary variable into the expected and unexpected compo-
nents.

The assumed exogeneity of the monetary variables makes the model invalid
for policy analysis if monetary policy reacts endogenously to the macroeco-
nomic variables. To our reading, this is the kind of restriction labelled as
‘incredible’ by Sims. Outside the tradition of structural modelling, a similar
framework has been used to assess the impact on macroeconomic variables of
qualitative indicators of monetary policy derived adopting the ‘narrative ap-
proach’ of Romer and Romer (1989, 1994). In a recent paper, Leeper (1997)
shows that even the dummy variable generated by the ‘narrative approach’
(identifying episodes of deliberate monetary contractions) is predictable from
past macroeconomic variables, thus reflecting the endogenous response of
policy to the economy, and the estimated coefficients cannot provide an unbias-
ed estimate of the response of the macroeconomic variables to a monetary
impulse. Furthermore, the lack of superexogeneity of the monetary variable
would make the inference invalid if the coefficients in Eq. (2.1) are functions of
the distribution of the monetary variable (the Lucas critique).

On the other hand, VAR models of the transmission mechanism are not
estimated to yield advice on the best monetary policy; they are rather estimated
to provide empirical evidence on the response of macroeconomic variables to
monetary policy impulses in order to discriminate between alternative theoret-
ical models of the economy. Monetary policy actions should be identified using
theory-free restrictions, taking into account the potential endogeneity of policy
instruments. Viewed in this perspective, VAR models can be identified and used
in full awareness of the two critiques mentioned above. As an example, in a series
of recent papers by Christiano et al. (1996a,b), apply the VAR approach to
derive ‘stylized facts’ on the effect of a contractionary policy shock, and conclude
that plausible models of the monetary transmission mechanism should be
consistent at least with the following evidence on price, output and interest rates:
(i) the aggregate price level initially responds very little; (ii) interest rates initially
rise, and (iii) aggregate output initially falls, with a j-shaped response, with a zero

1072 F.C. Bagliano, C.A. Favero / European Economic Review 42 (1998) 1069—1112



long-run effect of the monetary impulse. Such evidence leads to the dismissal of
traditional real business cycle model, which are not compatible with the liquid-
ity effect of monetary policy on interest rates, and of the Lucas (1972) model of
money, in which the effect of monetary policy on output depends on price
misperceptions. The evidence seems to be more in line with alternative intepreta-
tions of the monetary transmission mechanism based on sticky prices models
(Goodfriend and King, 1997), limited participation models (Christiano and
Eichenbaum, 1992) or models with indeterminacy-sunspot equilibria (Farmer,
1997).

At the empirical level, the starting point of VAR analysis is the estimation of
the reduced form of the underlying structural model Eq. (2.1):
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where u denotes the VAR residual vector. The relation between the VAR
residuals in u and the structural disturbances in m is therefore
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The identification of the relevant structural parameters, given the estimation of
the reduced form, is the most traditional problem in econometrics and requires
the imposition of some restrictions on the elements of A and B. A structural
model is then identified by (i) assuming orthogonality of the structural distur-
bances; (ii) imposing that macroeconomic variables do not simultaneously react
to monetary variables, while the simultaneous feedback in the other direction is
allowed, and (iii) imposing restrictions on the monetary block of the model
reflecting the operational procedures implemented by the monetary policy
maker. In models estimated on monthly data, restrictions (ii) are consistent with
a wide spectrum of alternative theoretical structures and imply a minimal
assumption on the lag of the impact of monetary policy on macroeconomic
variables, whereas restrictions (iii) are based on institutional analysis.

Having identified the ‘monetary rule’ by proposing an explicit solution to the
problem of the endogeneity of money, the VAR approach concentrates on
deviations from the rule. In fact, such deviations provide researchers with the
best opportunity to detect the response of macroeconomic variables to monet-
ary impulses that are not expected by the market. The first chain of most models
of the monetary transmission mechanism links the policy rates to the term
structure of the interest rates and the most popular model of the term structure,
the expectational model, predicts that the term structure does not generally
react to expected monetary impulses. The monetary impulses relevant to the
transmission analysis are therefore structural shocks in Eq. (2.1). The VAR
approach to the monetary transmission mechanism has been criticized on the
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basis that it views Central Banks as ‘random number generators’. This does not
seem to be correct: in fact, monetary policy rules are explicitly estimated in
structural VAR models. However, the focus is not on rules but on deviations
from rules, since only when central banks deviate from their rules it becomes
possible to collect interesting information on the response of macroeconomic
variables to monetary policy impulses, to be compared with the predictions of
the alternative theoretical models.

A final word on the Lucas critique. In order to limit the practical importance
of the critique, models should be estimated on a single monetary regime, since
regime shifts require different parameterizations. The objective of the specifica-
tion of VAR models for the analysis of the monetary transmission mechanism is
perfectly achieved by estimating models on a single policy regime. In fact, the
within-sample estimation results are not to be used for any out-of-sample
simulation.

To summarize, if VAR models are estimated to provide stylized facts on the
responses of macroeconomic variables to monetary impulses (to be compared
with the predictions of alternative theoretical models), then they can be specified
and used taking full account of both the Lucas and the Sims critiques. The latter
is accounted for by identifying shocks using restrictions related to the institu-
tional context and assumptions on the lag of the responses of macro variables to
monetary impulses which are compatible with a wide spectrum of alternative
theoretical model. The Lucas critique could be made irrelevant by estimating
such models on a single policy regime. Admittedly, this view restricts the
spectrum of structural applications of VAR models and implicitly criticizes
a good number of VAR-based applications available in the literature, but it
clarifies the framework in which we would like to put our contribution.

2.2. The benchmark VAR model

The baseline specification of our empirical work is a VAR system which has
by now become the standard reference model in the analysis of the monetary
transmission mechanism in the U.S. (Strongin, 1995; Bernanke and Mihov,
1995; Christiano et al., 1996a; Leeper et al., 1996; Bernanke and Mihov, 1995).
Our ‘benchmark’ specification of the general structural model in Eq. (2.1), with
the associated reduced-form VAR in Eq. (2.2), contains six variables, with the
vector of macroeconomic non-policy variables including gross domestic product
(GDP), the consumer price index (P) and the commodity price level (Pcm). A first
set of identifying assumptions imposed throughout our empirical analysis (using
data at a monthly frequency) is that the policy variables have no contempor-
aneous effect on macroeconomic quantities: the corresponding elements of
matrix A in Eq. (2.1) are set to zero accordingly. The vector of policy variables
includes the federal funds rate (FF), the quantity of total bank reserves (¹R) and
the amount of nonborrowed reserves (NBR). All policy variables are allowed to
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1We assume from the start that movements in the discount rate, which would enter Eq. (2.5) with
a negative sign, are completely anticipated, so that the innovation in the Fed funds-discount rate
differential is entirely attributable to the former rate.

be affected by current developments in the macroeconomy, so that the coeffi-
cients on the Y elements in the equations for FF, ¹R and NBR are left
completely unrestricted.

The contemporaneous relations among the Fed funds rate and the reserve
aggregates are derived, as in Bernanke and Mihov (1995), from a specific model
of the reserve market:

uTR"!auFF#lD, (2.4)

uBR"uFF#lB, (2.5)

uNBR"/DlD#/BlB#lS. (2.6)

Eqs. (2.4) and (2.5) describe banks’ demand equations (expressed in innovation,
i.e. VAR residual form) for total and borrowed reserves BR (time subscripts are
omitted): the federal funds rate affects negatively the demand for total reserves
Eq. (2.4) and positively the demand for borrowed reserves.1 lD and lB are
disturbances to total and borrowed reserves respectively. The supply of nonbor-
rowed reserves in Eq. (2.6) reflects the behaviour of the Federal Reserve. In
particular, by means of open-market operations, the Fed can change the amount
of NBR supplied to the banking system in response to (readily observed)
disturbances to total and borrowed reserve demand. Moreover, variations in
nonborrowed reserves may be due to monetary policy shocks unrelated to
reserve demand behaviour. In Eq. (2.6) the coefficients /D and /B measure the
reaction of the Fed to total and borrowed reserve demand movements, respec-
tively, and lS represents the monetary policy shock to be empirically identified.

Combining the market for reserves with the macroeconomic variables, we can
explicitly rewrite Eq. (2.3) as follows:
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Several features of Eq. (2.7) must be noted. First, VAR residuals from the first
three equations, describing the nonpolicy part of the system, are orthogonalized
simply by assuming a recursive (Choleski) structure for the corresponding block
of the A matrix. This procedure yields orthogonal disturbances to which we
do not attach a specific ‘structural’ interpretation, labelling them simply as
lNP
i

(i"1, 2, 3), where NP denotes a non-policy shock.
Second, as shown by Bernanke and Mihov (1995), the general formulation in

Eq. (2.7) nests various assumptions on the monetary policy operating proced-
ures that have been used in the literature to identify policy shocks. In particular,
under a federal funds rate targeting policy, nonborrowed reserves are adjusted
to offset shocks to total and borrowed reserves demand. Full adjustment implies
/D"1 and /B"!1 in Eqs. (2.6) and (2.7). From the account of the Fed
operating procedures in Strongin (1995) and the empirical results provided by
Bernanke and Mihov (1995) these assumptions seem to well characterize Fed’s
behaviour from the mid-60s to 1979 and again from 1988 onwards. Alterna-
tively, under a nonborrowed reserve target as in the 1979—1982 period, NBR do
not respond to reserve demand shocks, implying /D"/B"0. Finally, a bor-
rowed reserve target, that Strongin (1995) attributes to the Federal Reserve after
1982, implies that nonborrowed reserves fully accomodate total reserve demand
shocks (/D"1) and partially react to disturbances in the borrowing function
(/B"a/b) so as to maintain the chosen target. Given each of the above
assumptions on the prevailing monetary policy regime, the structural innova-
tion capturing policy shocks lS may be identified as the orthogonalized residual
of the FF equation (under federal funds rate targeting) or of the NBR equation
(under a nonborrowed reserve targeting) or, under a borrowed reserve targeting,
as a linear combination of the VAR residuals from the ¹R and NBR equations
(uTR!uNBR).

As pointed out by Rudebusch (1996), the validity of the VAR analysis of the
monetary transmission mechanism depends on two (closely related) crucial
questions: (i) ‘Does a VAR funds rate equation correctly model reactive Fed
policy?’, and (ii) ‘Do its residuals plausibly represent monetary policy shocks?’.
Rudebusch’s answer to both questions is simply no. In the following sections we
will use the general VAR Eqs. (2.2) and (2.7) as a benchmark in order to provide

1076 F.C. Bagliano, C.A. Favero / European Economic Review 42 (1998) 1069—1112



answers to the above two questions. We try to do so by addressing the following
issues:

f specification, with particular attention to parameter stability and residual
properties;

f identification, augmenting the VAR above with exogenous variables construc-
ted as alternative measures of monetary policy using non-VAR information
(Rudebusch, 1996; Skinner and Zettelmeyer, 1996; Favero et al., 1996) to
compare the dynamic response of the system with that derived by appropriate
structuralization of VAR residuals;

f inclusion of the long-term interest rate, extending the VAR above to evaluate
the response of the term structure to monetary policy shocks.

3. Specification

We employ monthly U.S. data from 1966(1) to 1996(3). Only from the mid-60s
the federal funds rate begins to be a significant tool for monetary policy (the level
of the federal funds rate starts to be constantly above the discount rate) and this
justifies the choice of the starting date of the sample. The variables used in the
benchmark VAR are defined as follows:

GDP: real gross domestic product, monthly seasonally adjusted series inter-
polated from national income and product accounts quarterly series
using the Chow—Lin procedure as described in Leeper et al. (1996)

P: consumer price index for urban consumers, total, seasonally adjusted;
Pcm: IMF index of world commodity price;
FF: federal funds rate, effective rate, per cent per annum;
¹R: total bank reserves, adjusted for reserve requirements changes, sea-

sonally adjusted;
NBR: nonborrowed bank reserves, adjusted for reserve requirements changes,

seasonally adjusted.

Given the linear identification structure adopted for the reserve and federal
funds rate shocks, ¹R and NBR cannot be transformed in logarithms. To
smooth the series, the levels of total and nonborrowed reserves are normalized
by a 36-month moving average of ¹R, as in Bernanke and Mihov (1995) (see
also Strongin, 1995 for a similar procedure). GDP, P and Pcm are in logarithms.
The series are plotted in Fig. 1. Some of the variables display a possibly
nonstationary behaviour. Nevertheless, we estimate the system with six lags and
all variables in levels, with no imposition of cointegrating relations. In doing so
we avoid a long-run identification problem, which may be in principle difficult
to solve, with no loss of information on the long-run properties of the system (for
a discussion of this issue see Sims et al. (1990), Hendry (1996) incurring some
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Fig. 1. Variables used in the benchmark VAR model.

2The econometric analysis is performed using PcFIM¸ by Doornik and Hendry (1996) and the
RATS procedure MALCOLM written by R. Mosconi.

loss due to the reduced efficiency of estimation but at no cost in terms of
consistency of estimators.

Prior to analysing monetary policy identification issues, we perform several
specification tests on the benchmark VAR.2 This is a preliminary but important
step in the empirical analysis, since the reduced form of the system must be well
specified (i.e. its residuals must be homoscedastic innovations and it must have
constant parameters) to be validly used as a statistical framework for the
formulation and testing of alternative structural hypotheses (Spanos (1990) and
Hendry (1996) emphasize this point).

We first look at the residuals from estimation of the six-variable system over
the whole sample (1966—1996), plotted in Fig. 2 in standardized form. Residuals
from all equations repeatedly exceed the $2 standard error bands, showing
serious departures from normality and homoscedasticity. The visual impression
of mis-specification is confirmed by the diagnostic tests reported in Table 1. As
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Fig. 2. Residuals from the benchmark VAR model (1966:1—1996:3).

far as the equations for the policy variables are concerned, (some of ) the well
documented changes in monetary policy operating procedures mentioned in the
preceding section are a potential explanation. For example, the federal funds
rate residuals display a huge increase in variability over the 1979—1982 period,
when a nonborrowed reserve target was in operation. Other large residuals may
be due to exceptional events, as the sudden increase in borrowings by Continen-
tal Illinois in 1984, determining a large (but readily reversed) drop in the ratio of
nonborrowed to total reserves. Overall, the diagnostic tests yield overwhelming
evidence of mis-specification, likely attributable to parameter instability.

Since it has often been noticed that VAR systems estimated over a relatively
long sample display parameter instability in at least some equations (see
Rudebusch, 1996; Bernanke and Mihov, 1995), we formally analyse the stability
issue, starting from the results of recursive one-step Chow stability tests on each
VAR equation. Large structural breaks are detected for all variables at several
dates in the sample. Moreover, recursive N-step system Chow tests reject
stability for most of the possible sample splits date from the beginning of the
sample, after initialization.
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Table 1
The specification of the benchmark VAR model

(A) Correlations of »AR residuals (Correlations for the whole sample (1966—1996) below the
diagonal; correlations for the 1988—1996 sample above the diagonal)

GDP P Pcm FF ¹R NBR

GDP 1 0.04 0.26 !0.18 !0.02 !0.04
P !0.09 1 !0.06 0.13 0.13 0.14
Pcm 0.06 0.10 1 0.05 !0.18 !0.12
FF 0.10 0.04 !0.08 1 !0.22 !0.20
¹R 0.02 0.02 !0.01 0.16 1 0.85
NBR 0.01 !0.07 0.07 !0.28 0.47 1

(B) Diagnostic tests (* and ** indicate statistical significance at the 5% and 1% level, respectively)

Sample GDP P Pcm FF ¹R NBR

Residual standard deviation
1966—1996 0.0046 0.0020 0.0208 0.569 0.0097 0.0171
1988—1996 0.0029 0.0013 0.0121 0.139 0.0071 0.0090

Normality test s2(2)
1966—1996 8.73* 71.42** 58.87** 846.64** 33.30** 152.97**
1988—1996 0.37 1.77 1.06 2.55 3.49 0.56

Residual autocorrelation test F(7,356)
1966—1996 0.30 2.54* 0.68 3.90** 2.82** 0.58
1988—1996 0.66 0.87 1.46 0.89 1.29 1.14

ARCH test F(7,349)
1966—1996 3.72** 15.10** 3.61** 12.03** 1.71 7.30**
1988—1996 0.42 0.22 0.34 0.78 0.77 1.20

However, it is widely recognized that the information provided by Chow tests
could be misleading when the breaks are not one-off and when they occur at
unknown dates (Andrews, 1993; Stock, 1994). In recent work, Sims (1996) and
Sims et al. (1990) have also remarked that deciding whether there is time
variation in parameters by conducting Chow tests with a standard significance
level is an inconsistent decision procedure, since when there is in fact no time
variation, the procedure does not lead to the correct decision with arbitrarily
high probability in large samples. Therefore, he advocated the use of informa-
tion criteria, such as the Schwarz criterion, to evaluate the difference between
a model fit to the full sample and a model allowing parameter change over
a chosen subsample. To take account of these criticisms to the recursive-Chow
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test procedure, we took a list of likely break points related to changes in
monetary policy operational procedures and evaluated stability by estimating
the model on a sample containing a single known break point. Based on the
account of the prevailing operating procedure offered by Bernanke and Mihov
(1995) and Strongin (1995), the following possible subsamples are considered:

f 1966:1—1972:12 (free reserves targeting);
f 1973:1—1979:10 (federal funds rate targeting);
f 1979:11—1982:10 (nonborrowed reserves targeting);
f 1982:11—1988:10 (federal funds rate-borrowed reserves targeting, pre-Green-

span period);
f 1988:11—1996:3 (federal funds rate—borrowed reserves targeting, Greenspan

period).

Table 2 displays the estimated VAR residuals correlation matrix over the
three sample periods characterized by a single operating procedure and spann-
ing more than six years (1966—1972, 1973—1979 and 1988—1996). Remarkable
changes in the pattern of correlations can be noticed, both within the block of
monetary variables and between the monetary and the nonpolicy variables.

Given the above list of changes in operating procedures and the need of
having a sufficient number of observations on either side of the potential break,
we concentrate on three possible break dates: 1973:1, 1979:11 and 1988:11. We
investigate the role of these potential breaks by estimating the VAR on the
samples 1966:1—1979:10, 1973:1—1982:10, and 1982:11—1996:3, respectively, so
that for each estimates there is only one potential (known) break date.

To test for stability we employed both the parameter constancy forecast tests
based on the full variance matrix of all forecast errors available in PcFIM¸

(Doornik and Hendry, 1996), and information criteria (Schwarz and Hannan-
Quinn). Results are reported in Table 3, panel A. The parameter constancy test
confirms the evidence of instability for the first two break points (1973 and 1979)
but not for the third (1988), whereas the information criteria weaken the
evidence for the first and third breaks but not for the second.

However, this evidence could still be considered as not conclusive. In particu-
lar, it could be argued that the break dates have been chosen after the data have
been informally examined and their status of ‘known’ is questionable. To allow
for this possibility we introduced an uncertainty of one year around the point
estimate of the break dates, and computed the Chow test (in s2 form) for
structural stability for every breakpoint. The largest statistic so obtained pro-
vides a stability test (‘maximum Chow’ test) for an unknown break point
(Andrews (1993) provides the underlying distributional theory and critical
values). We apply the maximum Chow test only to the three equations describ-
ing the market for reserves, which, given our structural identification assump-
tions (absence of contemporaneous effect of the monetary on the nonpolicy
variables), should be the only equations affected by changes in the monetary
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Table 2
Correlations of benchmark VAR residuals over different sub-samples

(A) Sample: 1966:1—1972:12

GDP P Pcm FF ¹R NBR

GDP 1
P !0.19 1
Pcm 0.18 !0.28 1
FF !0.11 0.07 !0.05 1
¹R 0.08 !0.15 0.15 !0.03 1
NBR 0.08 !0.06 0.01 !0.35 0.65 1

(B) Sample: 1973:1—1979:10

GDP P Pcm FF ¹R NBR

GDP 1
P !0.24 1
Pcm !0.02 0.14 1
FF !0.06 !0.26 !0.12 1
¹R !0.03 !0.05 !0.08 0.36 1
NBR !0.14 !0.32 0.06 !0.05 0.48 1

(C) Sample: 1988:11—1996:3

GDP P Pcm FF ¹R NBR

GDP 1
P 0.04 1
Pcm 0.26 !0.06 1
FF !0.18 0.13 0.05 1
¹R !0.02 0.13 !0.18 !0.22 1
NBR !0.04 0.14 !0.12 !0.20 0.85 1

policy regime. With 37 regressors in each equation, if the change point is known
the Chow statistic has critical values of around 52 and 59 at the 5% and 1%
significance level, respectively. In the case of unknown break points, the max-
imum Chow statistic has nonstandard distribution with higher critical values,
tabulated by Andrews (1993) for estimated equations with up to 20 regressors. In
the case of our trimming points (defining the portion of the sample in which the
break is contained), when uncertainty is allowed for, the correct critical values
are about 1.12 times the standard critical value of the s2 distribution (42.97
against 37.57 for 20 regressors and trimming points 0.45—0.55). Applying these
criteria (Table 3, panel B) we find strong evidence of instability in 1979, where
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Table 3
Testing stability of the benchmark VAR model

(A) Testing stability at known break dates

Full sample Schwarz criterion F-test for constant. Parameter constancy
(break date) Hannan-Quinn crit. parameters restr. forecast test

(unr./restr. model) (p-value) (p-value)

1966:1—1979:10 !41.61/!46.27 F(216, 530)"0.98 F(492, 47)"2.03
(1973:1) !46.49/!48.75 (0.56) (0.002)
1973:1—1982:10 !39.96/!42.05 F(216, 316)"2.57 F(210, 58)"3.96
(1979:11) !45.69/!44.95 (0.00) (0.00)
1982:11—1996:3 !43.38/!47.68 F(216, 500)"1.23 F(528, 34)"0.79
(1988:11) !48.36/!50.20 (0.035) (0.85)

(B) Testing stability with unknown break dates

Full sample Interval for the break
(sample truncation
fractions)

Maximum Chow test (s2 form) for equation for

FF ¹R NBR

1966:1—1979:10 1972:7—1973:7 79.5 51.8 72.3
(0.48—0.55)

1973:1—1982:10 1979:1—1979:12 296.3 93.3 146.7
(0.78—0.84)

1982:11—1996:3 1988:5—1989:5 78.8 92.7 93.9
(0.42—0.48)

the observed statistics range from a minimum of 93 for the total reserves equation,
to a maximum of 296 for the Fed funds rate equation, and some evidence of
instability in 1988—1989, where the statistics range from a minimum of 78 (Fed
funds rate equation) to a maximum of 94 (non borrowed reserves equation).

Overall, the results from the above stability analysis over the whole sample cast
serious doubts on the adequacy of our benchmark VAR as a statistical model
from which reliable measures of monetary policy innovations could be derived.

When estimation is performed over the most recent period, starting in
November 1988, no signs of mis-specification are detected by the diagnostic tests
reported in Table 1. All standardized residuals displayed in Fig. 3 are within the
$2p bands (with the only exception of one observation for the total reserves
equation). Although recursive stability tests on each equation show some
relatively minor episodes of instability (Fig. 4), at the whole system level the
hypothesis of structural stability cannot be rejected (Fig. 5). Therefore, we feel
justified in concentrating on this shorter sample period to evaluate different
methods for identifying monetary policy shocks.
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Fig. 3. Residuals from the benchmark VAR model (1988:11—1996:3).

4. Identifying shocks: an evaluation of alternative strategies

In this section we concentrate on the sample 1988(11)—1996(3) to compare
different procedures to identify monetary policy shocks. As shown in the
previous section, the benchmark VAR model does not display any parameter
instability over this sample period, and the analysis of the Fed’s operating
procedures suggests a single policy regime, to be associated with a precise
identifying scheme. We consider three alternative specifications for monetary
policy shocks, which are not derived by applying different structuralization to
the same reduced form VAR, but instead are obtained independently from the
estimation of the VAR model.

4.1. Identification

The benchmark shocks are derived by applying a standard identification
scheme on the VAR model. Monetary policy shocks are identified from the VAR
by assuming that policy variables react contemporaneously to the nonpolicy
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Fig. 4. Recursive stability tests on the benchmark VAR (1988:11—1996:3; initialization: 60 observa-
tions).

variables, while the converse does not hold, and by considering an operating
procedure in which the Fed fully offsets shocks to total and borrowed reserves
demand, which corresponds to the parametric assumption /D"1, /B"!1.
This scheme imposes one over-identifying restriction on the system, which has
now the following structural form:
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Estimation of Eq. (4.1) is implemented, instead of imposing the restriction
d
65
"!1, by means of a Choleski factorization of the VAR residuals with the
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Fig. 5. Recursive stability tests on the benchmark VAR model as a system (1988:11—1996:3; initia-
lization: 60 observations).

3Similar results are reported by Rudebusch (1996), who estimates a slightly different specification
on the same sample and contrasts the results with those derived by Leeper et al. (1996) from a similar
VAR but over a much longer sample period.

ordering shown above. The validity of the overidentifying restriction is then
checked by looking at the estimated d

65
coefficient and its standard error.

The results are reported in Table 4. We note that the simultaneous reaction of
the federal funds rate to the macroeconomic policy variables (captured by d

41
,

d
42

and d
43

) is not strongly significant. Such evidence is confirmed by Fig. 6,
showing a negligible difference between VAR innovations in the federal funds
rate and the structural monetary policy shocks lS, that we label BENCH.3 The
structural parameters describing the market for reserves are broadly in line with
the predictions of the model: a and b are not significant, though correctly signed.
Finally, the overidentifying restriction d

65
"!1 cannot be rejected, supporting

the validity of the identification scheme used.
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Fig. 6. Benchmark VAR innovations (FF) and structural residuals (BENCH).

We now consider several alternative measures of monetary policy shocks
derived independently from the estimation of the VAR model.

The first to be considered is the one originally proposed by Rudebusch (1996)
and further analysed by Brunner (1996). Monetary policy shocks are derived
from the 30-day Fed funds future contracts, which have been quoted on the
Chicago Board of Trade since October 1988, and are bets on the average
overnight fed funds rate for the delivery month, corresponding to the variable
included in the benchmark VAR. Fig. 7 reports the federal funds rate implicit in
the future contract along with the Fed’s federal fund rate target. Shocks are
constructed as the difference between the federal funds rate at month t and the
30-day federal funds future at month t!1. Such choice is based on the evidence,
that the regression of the federal funds rate at t on the 30-day federal
funds future at t!1 produces an intercept not significantly different from
zero, a slope coefficient not significantly different from one, and serially
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Table 4
The benchmark structural VAR model

The relation between reduced-form and structural disturbances is Eq. (2.7) in the text:

A
1 0 0 0 0 0

a21 1 0 0 0 0

a31 a32 1 0 0 0

a41 a42 a43 1 !1
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1
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Estimation is performed (with /D"1 and /B"!1 imposed) after rewriting the above expression as Du
t
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t
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64
"b d

65
"!1 (this restriction is not imposed in estimation). The sample period is: 1988(11)—1996(3).
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Fig. 7. The Fed funds target (TARGET) and the 30-day fed funds future (FFF30D).

uncorrelated residuals:

FF
t
"!0.037

(0.0436)

#0.999
(0.007)

FFF
t~1

#uL
t
,

R2"0.99, p"0.145, D¼"1.86.

This procedure produces shocks, labelled FFF, which are comparable to the
reduced form innovations from the VAR and not to the structural monetary
policy shocks, because surprises relative to the information available at the end
of month t!1 may reflect endogenous policy responses to news about the
economy that become available in the course of month t. For this reason we
map the FFF innovations into an equivalent of structural monetary policy
shocks by regressing them on the VAR innovations of the nonpolicy variables:

uL
t
"!0.92

(7.35)

uGDP
t

#27.78
(16.10)

uP
t
!2.04

(1.75)

uPcm
t
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t
,

R2"0.05, p"0.145, D¼"1.76.
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As in the case for the benchmark VAR model, the above regression does not
show any strong effect of current macroeconomic variables on the federal funds
rate. This kind of evidence is in line with the results in Rudebusch (1996) and
could justify the identification scheme adopted by some authors (e.g. Gordon
and Leeper, 1994), who assume that within the month the Fed reacts to current
money and financial market variables, but not to current innovations in the
goods market variables, which are observed with a one-month lag. On the other
hand, this empirical evidence does not support the view of endogeneity of money
on the sample considered. We label this measure of monetary policy shocks as
FFFS.

A second non-VAR measure of policy shocks is based on the work of Skinner
and Zettelmeyer (1996). They derive a measure of unanticipated monetary
policy shocks by following a two-step methodology: first, using information
from central bank reports and newspapers, a list of days on which monetary
policy announcements occurred is constructed; second, monetary policy shocks
are identified with the changes in the three-month interest rate on the days of
policy announcements. The validity of such procedure requires that (i) short
rates (e.g the overnight rate) are affected by policy; (ii) arbitrage is effective
between the overnight and the three-month interest rate; (iii) the impact of other
news affecting the three-month rate on the day of the policy decision is negli-
gible; (iv) policy actions are not endogenous responses to information that
becomes available on the day when the decision is taken. To ensure that
conditions (iii) and (iv) are applicable, Skinner and Zettelmeyer go through
reports of the policy actions and exclude from their sample those which do no
conform to requirements (iii) and (iv). The main problem with the index so
obtained is that it can only pin down shocks associated to monetary policy
decisions reflected in some action on controlled variables, whereas shocks
associated with no action (while some action was expected by the markets) are
neglected. In the latest part of our sample, when monetary policy decisions are
taken on the occasion of the FOMC meetings, we can overcome this problem by
extending the index to consider as shocks the change of the three month-rate on
occasion of the FOMC meetings. By doing so we derive shocks that we label
ESZ. For reference, we note that the shocks associated to no action are never
larger than 5 basis point in absolute value in our sample. Therefore, most of the
volatility of this series is generated at the dates where some action was taken and
the sample selection problem introduced by the original methodology of Skin-
ner and Zettelmeyer does not seem to be severe. ESZ are by their nature
structural shocks, directly comparable with the identified monetary policy
shocks of the benchmark VAR model.

The third alternative measure of shocks is based on the estimation of the term
structure of spot rates and of instantaneous forward rates as proposed by
Svensson (1994) and applied in Favero et al. (1996). The methodology is based
on the use of instantaneous forward rates as monetary policy indicators.
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Forward rates are interest rates on investments made at a future date, the
settlement date, and expiring at a date further into the future, the maturity date.
Instantaneous forward interest rates are the limit as the maturity date and the
settlement date approach one another.

To illustrate our derivation of spot rate, let us start by the consideration of
a zero-coupon bond issued at time t with a face value of 1, maturity of m years
and price PZC

mt
. The simple yield ½

mt
is related to the price as follows:

PZC
mt
"

1

(1#½
mt

)m
. (4.2)

Defining the spot rate r
mt

as log(1#½
mt

), which is the continuously com-
pounded yield, and the discount function D

mt
as the price at time t of a zero

coupon that pays one unit at time t#m, we then have

PZC
mt
"exp(!mr

mt
)"D

mt
. (4.3)

Consider now a coupon bond that pays a coupon rate of c per cent annually and
pays a face value of 1 at maturity. The price of the bond at trade date is given by
the following formula:

P
mt
"

m
+
k/1

cD
kt
#D

mt
. (4.4)

Given the observation of prices of coupon bonds, spot rates on zero coupon
equivalent can be derived by fitting a discount function based on the following
specification for the spot rates:
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Such specification has been originally introduced by Svensson (1994) and it is an
extension of the parametrization proposed by Nelson and Siegel (1987). Implied
forward rates can be calculated from spot rates. A forward rate at time t with
trade date t#t@ and settlement date t#¹ can be calculated as the return on an
investment strategy based on buying zero-coupon bonds at time t maturing at
time t#¹ and selling at time t zero-coupon bonds maturing at time t#t@ . The
forward rate is related to the spot rate by the following formula:

f
t`T,t`t{,t

"

¹r
T,t

!t@r
t{,t

¹!t@
(4.6)
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so the forward rate for a one-year investment with settlement in two years and
maturity in three years is equal to three times the three-year spot rate minus
twice the two-year spot rate. The instantaneous forward rate is the rate on
a forward contract with an infinitesimal investment after the settlement date:

f
mt
" lim

T?m

f
t`T,t`m,t

. (4.7)

In practice, we identify the instantaneous forward rate with an overnight
forward rate, a forward rate with maturity one day after the settlement. The
relation between instantaneous forward rate and spot rate is then

r
mt
"

:t`mq/t
fqt dq

m

or, equivalently,

f
mt
"r

mt
#m

Lr
m,t

Lm
. (4.8)

Given specification Eq. (4.5) for the spot rate, the resulting forward function is as
follows:
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Therefore, as k goes to zero the spot and the forward rate coincide at b
0
#b

1
and as k goes to infinity the spot and the forward rate coincide at b

0
. The

forward rate function features a constant, an exponential term decreasing when
b
1

is positive, and two ‘hump-shape’ terms. The relation between the spot rate
and the instantaneous forward rate at the same maturity is analogous to the
relation between a marginal and an average quantity. So the curve of instan-
taneous forward rate lies above the curve of spot rates, when this is positively
sloped, and below the curve of spot rates, when this is negatively sloped. If the
pure expectational model is valid and there is no term premium, then instan-
taneous forward rates at future dates can be interpreted as the expected spot
interest rates for those future rates. The observable equivalent of the instan-
taneous forward rate is the overnight rate. So the curve of instantaneous
forward rates at future dates can be interpreted as indicating the expected
overnight rates for those future dates. If the overnight rate is thought of as a rate
controlled by monetary authorities, then the curve of instantaneous forward
rates can be thought of as an indicator of expected monetary policy, based on
the pure expectational model. Monetary policy ‘surprises’ can be generated
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4 In a previous version of this paper we used the overnight federal funds rate instead of the federal
fund target. The original estimation produced different, and less interesting, results. Frederick
Mishkin pointed out that the overnight federal fund rate might display noisy behaviour in response
to liquidity shocks totally unrelated to monetary policy and suggested us to substitute it with the
federal funds target.

‘ex-post’ by computing the distance between observed overnight rates and
expected overnight rates.

Exploiting the fact that intervention on policy rates takes place on occasion
of regular meetings of the Federal Open Market Committee, we estimate the
term structure of spot rates and of instantaneous forward rates the day before
regular meetings, obtaining a measure of expectations for Federal Reserve
interventions and an associated measure of monetary policy shocks. Our esti-
mated curves are fitted to the following rates: the federal fund target, 1m euro,
3m euro, 6m euro, 12m euro, 3, 5, 7, and 10-year fixed interest rate swap.4 The
measure of the expected overnight rate for the day after the meetings is then
subtracted to the observed target rate on that day to obtain a neasure of the
unexpected part of Fed interventions. The FOMC meets eight times a year;
therefore we construct a monthly measure of shocks which features four zeros
each year. Since the practice of deciding on interventions at given and known
dates is only recent (from 1994 onwards), in order to conduct our exercise on
a meaningful sample we supplement the result on the FOMC meetings from
1994 onwards with the results of the application of the proposed procedure to
the dates indicated by the analysis of Skinner and Zettelmeyer for the period
1988:11—1993:12. We label this measure of monetary policy shock as IFS
(instantaneous forward shocks).

Table 5 and Fig. 8 provide a first assessment of the alternative measures of
monetary policy shocks described above. We note that the correlations between
shocks range from 0.3 to 0.6. Regression analysis shows a maximum R2 of 0.2 for
the regression of BENCH on FFFS, while the R2 of the regression of BENCH
on ESZ is 0.1. The lowest R2 of 0.09 is obtained from the regression of BENCH
on IFS. The coefficients of all regressions are clearly, but not spectacularly,
significant.

On the basis of similar evidence, Rudebusch (1996) concluded that shocks
derived from VAR do not make sense as measures of monetary policy shocks.
We conclude that they are not strongly correlated with alternative measure-
ments of the same quantity and investigate further the issue by analysing how
sensitive the description of the monetary transmission mechanism is to alterna-
tive specifications of policy shocks. We do so by including the above measures of
monetary policy shocks in the benchmark VAR as exogenous variables and by
deriving the associated impulse response functions.
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Table 5
Comparing alternative measures of monetary policy shocks. Sample period: 1988:11—1996:3

BENCH FFFS ESZ IFS

Mean 0 0 !0.005 !0.009
Standard deviation 0.104 0.141 0.056 0.176
Correlation matrix BENCH 1

FFFS 0.475 1
ESS 0.327 0.363 1
IFS 0.294 0.364 0.581 1

Regression of BENCH onto:

FFFS ESZ IFS

Coefficient 0.326 0.602 0.174
S.E. 0.068 0.186 0.06
R2 0.21 0.11 0.09
p 0.093 0.099 0.100
D¼ 1.85 2.00 2.04

4.2. Estimation and impulse response functions

We estimate four structural models, augmenting the benchmark specification
in Eq. (4.1) with the inclusion of each of the alternative measures of policy
shocks discussed above as contemporaneous exogenous variables in the VAR:

A
1 0 0 0 0 0

d
21

1 0 0 0 0

d
31

d
32

1 0 0 0

d
41

d
42

d
43

1 0 0

d
51

d
52

d
53

d
54

1 0

d
61

d
62

d
63

d
64

d
65

1
B A

GDP
t

P
t

Pcm
t

FF
t

¹R
t

NBR
t

B
"C*(¸) A

GDP
t~1

P
t~1

Pcm
t~1

FF
t~1

¹R
t~1

NBR
t~1

B#A
g
GNP
g
P

g
Pcm

g
FF

g
TR

g
NBR

B x
t
#A

lNP
1t

lNP
2t

lNP
3t
lB
t

lD
t

lS
t

B (4.10)

F.C. Bagliano, C.A. Favero / European Economic Review 42 (1998) 1069—1112 1095



Fig. 8. Alternative measures of monetary policy shocks.
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where x
t

is set in turn equal to FFFS
t
, ESZ

t
and IFS

t
. No lags of x

t
are

introduced because this variable is meant to be a direct measure of monetary
policy shocks. All models are estimated over the sample 1988(11)—1996(3).

Results are reported in Table 6. It can be immediately noted that all alterna-
tive estimates of the g

GDP
, g

P
, and g

Pcm
parameters show that the contempor-

aneous effect of the monetary policy shocks on the macroeconomic variables is
never significant. Therefore, one of the crucial identifying assumptions in the
benchmark VAR model is validated by the estimation based on alternative
measures of policy shocks. The estimates of g

FF
show a quantitatively and

statistically significant positive impact for FFFS, ESZ, and IFS on the federal
funds rate. This evidence weakens the conclusion by Rudebusch (1996) that
VAR-based monetary policy shocks do not make sense. The estimates of
g
TR

and g
NBR

are not significant when FFFS and ESZ are used but become
significant, and correctly signed, in the model with the IFS shock. We note that
the parameters a and b are not significant also in the benchmark model, where
they constitute the only channel through which monetary policy affects contem-
poraneously the market for reserves. It seems that the inclusion of the IFS
shocks in the VAR allows a better determination of the parameters determining
demand and supply behaviour in th market for reserves. All other estimated
structural parameters do not show a significant difference between the bench-
mark model and the model based on FFFS, ESZ, and IFS shocks.

On the basis of this evidence, we proceed further by comparing the impulse
responses of the benchmark VAR model with those derived by considering
FFFS, ESZ and IFS as monetary policy shocks. The impulse response functions
for the four models along with 95% confidence intervals computed for the
benchmark VAR are reported in Fig. 9. The plots clearly show that the alterna-
tive measures of policy shocks yield descriptions of the monetary transmission
mechanism which are not significantly different (in a statistical sense) from each
other.

4.3. Discussion

Our results deserve discussion on, at least, three issues: interpretation of the
impulse responses, measurement of the policy shocks, robustness. Next, we will
reconsider the relevance of Rudebusch’s critique in the light of our results.

On the interpretation of the impulse responses, it could be argued that the low
correlation between our alternative measures of policy shocks implies that at
least some of them must contain a substantial amount of variability that it is not
due to unexpected monetary actions. As a consequence, impulse response
estimates could be affected by errors-in-variables bias or, in the worst case, the
additional variability might reflect endogenous factors. While the errors-in-
variables bias is not easily dismissed, some arguments can be made to rule out
the worst-case scenario. The impulse responses from the benchmark VAR model
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Table 6
The VAR with exogenous measures of monetary policy shocks

The estimated VAR models are of the following form:
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where D is a lower-triangular matrix of coefficients, x is in turn equal to FFFS, ESZ and IFS (the exogenous measures of monetary policy shocks
discussed in the text) and the g

i
’s denote the coefficients on the policy shocks included in the VAR as contemporaneous exogenous variables. For

completeness, also the results from estimation of the benchmark (BENCH) specification are reported in the first line of the table (in this case x,0).
The sample period is 1988(11)—1996(3).
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Fig. 9. Impulse responses to alternative monetary policy shocks (dashed lines: 95% confidence
interval bands for the benchmark VAR)

are by now rather widely accepted as a description of the monetary transmission
mechanism on the ground that it is very hard to think of any other shock other
than monetary capable of generating the observed responses both in the vari-
ables describing the market for reserves and in the macroeconomic variables. To
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support the endogeneity argument one should then be able to identify the
endogenous factors that allow to estimate responses of the six variables analysed
that are observationally equivalent to the response we have observed to our
different measures of monetary policy shocks. The fact that we cannot find any
cannot be conclusive but it is consistent with our comments on the empirical
results.

On the measurement of monetary policy shocks, it could be argued that the
similar pattern of the impulse responses is hard to reconcile with the low
correlation between the identified shocks. In other words, some justification on
how models can disagree on policy shocks and agree on their effect is called for.
Sims (1996) has already provided some answers to this question. His argument is
based on the observation, fully consistent with our views in Section 2.1, that
VAR models are best understood in a simultaneous equation framework.
Consider a simple supply and demand simultaneous equation model: identifica-
tion of the structural parameters in the demand equation requires some vari-
ables which shift the supply curve while not affecting demand. There might well
exist more than one such ‘supply shifter’, and, despite their being all valid
instruments to identify demand, they might be very little correlated. In the
extreme case of orthogonal instruments, the alternative use of one of the
instruments will lead to the same estimates of the demand parameters indepen-
dently from the omission of the other instrument and from the lack of correla-
tion between them. We cannot argue that this is what is happening in our model;
however, note that the estimate of the impulse response functions depend
uniquely on the estimates of the A, B and C matrices in Eq. (2.1), and they are
not significantly different from each other when alternative measurement of the
monetary impulses are used. Note also that both the magnitude and the
significance of the estimates of the contemporaneous relation between the VAR
federal funds innovation and the alternative measurements of monetary policy
improves when the estimation is conducted in a multivariate framework rather
than using a static regression analysis. This is easily checked by comparing the
static regression coefficients and t-ratios reported in Table 5, with the VAR-
based estimates of coefficients g

FF
and the associated t-values reported in

Table 6.
If the exogenous variables included in the estimated system (FFFS, ESZ and

IFS) are good measures of monetary policy shocks, they capture the variability
of the Fed funds rate innovations due to unexpected policy actions. The
remaining variability is left in the residual of the FF equation (lS). The estimated
standard deviation of lS (reported in the last panel of Table 6) decreases from
0.10 in the benchmark model (with no exogenous measure of policy) to, foe
example, 0.07 and 0.09 when FFFS and IFS are added, implying that the bulk of
the FF innovation variability is not related to monetary policy shocks. What
distinguishes the monetary policy shock from the remaning FF shock (lS) is the
impact effect on the reserves market. When policy shocks are measured by
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5This idea was suggested to us by Stefan Gerlach. The data source is DATASTREAM.

FFFS and IFS there is a relatively strong ‘liquidity effect’ on the reserves
market, measured by the estimated coefficients g

TR
and g

NBR
(!0.014 and

!0.011, respectively, in the IFS case) reported in Table 6, and the lS distur-
bances have weaker impacts on ¹R and NBR. These effects are measured by
!d

54
and d

54
d
64
!d

65
(corresponding to a#b) for total and nonborrowed

reserves, respectively: e.g. in the IFS case they are !0.003 and !0.008.
Though the relatively high standard errors do not allow these differences in the
estimated coefficients to be statistically significant, the point estimates may
support the view that the exogenous variables adequately capture monetary
policy shocks.

Lastly, we briefly address the robustness issue. Although we have documented
our choice of the sample size by the need of having a statistical model with stable
parameters, it could be observed that seven and a half year of monthly data
could not be a sample long enough to analyse the monetary transmission
mechanism and that the evidence of instability in 1988 provided in Section 3 is
not overwhelming. The analysis could then be extended to a sample beginning in
1983, to check for robustness. Unfortunately, it is difficult to extend our
comparison of alternative measures prior to 1988, since the federal funds future
is available only from the end of 1988 onwards and our methodology of deriving
estimates of shocks from shifts in instantaneous forward rates is not applicable
when the dates of monetary policy action are not taken at given and known
dates. However, from the one- and two-month rate on eurodollar deposits,
available since 1983, a one-month forward rate can be derived and then subtrac-
ted from the observed one-month rate, to yield a non-VAR-based measure of
monetary policy shocks, labelled EºR$.5

We have implemented our check for robustness by comparing EºR$ with
federal funds future-based shocks, and then by using EºR$ as as alternative
measure of policy shocks over the sample 1983—1996. A regression of the
one-month eurodollar shocks on the federal funds future shock over the period
1988—1997 delivers a point estimate of 0.86 with a t-ratio of about 10, the
correlation between the two shocks being 0.54. When our VAR analysis is
extended to the sample 1983—1996, we find evidence in favour of robustness of
all our previous results. The static regression of the VAR-based (BENCH)
shocks onto EºR$ delivers a coefficient of 0.24 with a t-ratio of about five and
this coefficient raises to 0.50 with a t-ratio of about seven when estimated within
a multivariate framework. The impulse responses generated by the policy shock
identified in the benchmark VAR and by EºR$ (when included in the VAR as
a contemporaneous exogenous variable) are not different from each other in
a statitistical sense, with a pattern of point estimates very similar to the one
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6A referee noted that this point is valid only when the measurement error is correlated with
preliminary, but not with final, data. When the converse is true, the VAR parameters are still
inconsistently estimated.

7An example is provided by consumption under the theory of pure life-cycle-rational expecta-
tions. It behaves as a random walk: only innovations in any other macro-variables should affect

previously found over the shorter sample. Interestingly, we now find that
innovations in the macroeconomic variables are statistically significant in ex-
plaining innovations in the federal funds rate both in the benchmark VAR and
when the EºR$ is included in estimation. In particular, innovations in output
and prices are significant with point estimates suggesting a higher weight on
inflation in the monetary authorities’ reaction function.

We are now in the position to assess our results in the light of the criticism to
monetary VAR by Rudebusch (1996), who criticized standard monetary VAR
models under four respects: (i) the assumption of a time-invariant, linear
structure, (ii) the use of a limited information set in the policy reaction function,
(iii) the use of final revised data, and (iv) the presence of long distributed lags in
the policy reaction function. The alternative measures of monetary policy
shocks used in the above analysis are not affected by any of Rudebusch’s
criticisms: no time-invariant, linear structure is required by any of our method of
deriving monetary policy shocks from financial markets, the information set
available coincides with the one used by financial markets, there is no problem
of data revisions in financial data, and no specification of a lag structure is
assumed in their derivation.

However, when we analyse the impulse response functions we use our
measures of monetary policy in a VAR and at least some of the original criticism
could still be valid. We believe that the discussion of stability in Section 3 has
dealt with the time-invariance issue. A linear structure is imposed on the system,
and therefore we cannot allow for asymmetric effects of restrictive and expan-
sionary monetary policy. This is beyond the scope of this paper, but it is an
interesting area on our agenda for future research. Revised data are used, and
the effect of revisions could be important. However, Bernanke and Mihov (1996)
and Sims (1996) pointed out that if policy authorities make efficient used of
flawed but immediately observable measures of final data, and if the resultant
measurement errors do not affect the behaviour of other variables in the
economy, then no bias is introduced by assuming that monetary authorities
react to final revised data. Measurement errors simply help the identification of
monetary policy by adding a source of exogenous variation.6 Lastly, concerning
the point that long lags in the VAR specification of the policy reaction function
imply that the Fed reacts systematically to old information, Sims, 1996 again has
forcefully argued that even variables that display no inertia (and this is not even
necessary in the case of interest rates used as policy instruments) do not
necessarily show absence of long lags in regressions on other variables.7
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consumption in a regression including lagged consumption. However, if other macro variables show
inertia, a regression of consumption on lagged consumption and current and lagged values of other
macroeconomic variables might show significant coefficients on lags of the other macro variables.
The fact that consumption follows a random walk is not incompatible with the significance of, for
instance, current and lagged income in a regression of consumption on lagged consumption and
those two income variables.

On the basis of the previous discussion we believe that the evidence supports
the results reported in Brunner (1996) and casts serious doubts on the statement
that VAR-based monetary policy shocks do not make sense.

5. The role of long-term interest rates

There is a well-established practice of excluding a long-term interest rate from
VAR systems estimated to investigate the monetary transmission mechanism.
Such choice is common to models using alternative empirical counterparts for
monetary policy shocks; in fact, long-term interest rates are not included in
systems specified to capture federal funds targeting (Bernanke and Blinder, 1992;
Bernanke and Mihov, 1995), as well as in models featuring nonborrowed
reserves targeting (Christiano et al., 1996a,b), and borrowed reserves targeting
(Strongin, 1995). It is also common to studies applied to different countries and
using different sample sizes (Sims, 1992; Leeper et al., 1996).

There is one obvious reason for excluding long-term interest rates from VAR
models designed to investigate the monetary transmission mechanism: identi-
fication. In fact, it is very difficult to rule out simultaneous feedbacks between
long-term and short-term interest rates; hence it is hard to find a suitable set of
restrictions to distinguish structural shocks to long-term rates from structural
shocks to short-term rates, determined on the reserves market. This identifica-
tion problem becomes evident in one of the very few studies in which long-term
and short-term interest rates are both included in the estimated VAR, Gordon
and Leeper (1994). In that paper supply and demand shocks in the market for
reserves are identified from a VAR including total reserves, the federal funds
rate, the price level, output, unemployment, commodity prices and the 10-year
bond yield. Identification is achieved by supplementing the usual assumption
that goods market do not respond to current money market disturbances with
the assumption that financial market as well do not respond to such distur-
bances. Ruling out the simultaneous reaction of the long-term rate to current
monetary policy shocks seems a questionable identifying restriction, especially if
the data are observed at a monthly frequency.

In the previous section we have introduced and discussed measures of mone-
tary policy shocks which are derived independently from the specification of the
VAR, and exploited this feature to assess the robustness of the estimated

F.C. Bagliano, C.A. Favero / European Economic Review 42 (1998) 1069—1112 1105



monetary transmission mechanism to alternative specifications of monetary
policy shocks. It seems natural to extend our framework to the inclusion of
long-term interest rates in the VAR.

We consider the IFS measure of policy shocks and estimate the following
structural model:

D A
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t

NBR
t
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lS
t
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t
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t

B ,

where D is now a seven-dimensional lower-triangular matrix and all variables
have already been defined with the exception of ¹10 — the yield on 10-year
Treasury bonds —, and lT10 — the associated structural disturbance. Ordering
¹10 after the block of non-policy variables allows a contemporaneous reaction
of the long rate to the macroeconomy. Moreover, the inclusion of the exogenous
shocks allows to identify a simultaneous feedback between the federal funds rate
and the long-term interest rate. The estimated elements of matrix D and of
vector u are reported in Table 7.

The estimated structural parameters support the significance of the policy
shocks in the equation for the federal funds rate (g

FF
"0.26), whereas the long

rate does not react contemporaneously to policy shocks (g
T10

"0.005). The
previous evidence of a non-significant contemporaneous reaction of the goods
market to monetary policy shocks is also confirmed. The inclusion of the
long-term interest rate in the VAR has a remarkable impact on the precision of
the estimates of the simultaneous response of total and nonborrowed reserves to
the monetary policy shock, captured by g

TR
and g

NBR
, respectively. Moreover,

there is a clearly significant contemporaneous reaction of the federal fund rate to
the long-term interest rate (measured by Dd

54
D"0.28), witnessing the relevance

of contemporaneous long-term interest rates in the policy maker’s reaction
function.

Having identified the structural model, we now turn to the analysis of the
monetary transmission mechanism, described by the impulse response functions
following a (one-standard-deviation) shock to our monetary policy variable. In
Fig. 10 the responses obtained in the VAR models specified with and without
the long-term interest rates are plotted (the 95% confidence intervals are
referred to the latter specification of the VAR). When the long-term rate is
included, the reduction in output following a monetary restriction is smaller in
magnitude and dies out more quickly than in the previous estimates, and also
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Table 7
The VAR with a long-term interest rate

The estimated VAR model is:
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where D is a (seven-dimensional) lower-triangular matrix of coefficients. The sample period is
1988(11)—1996(3).

Estimated elements of matrix D:

d
21

d
31

d
32

d
41

d
42

d
43

d
51

Coeff. !0.042 !1.865 0.635 !23.34 !23.96 !5.972 11.74
(S.E.) (0.052) (0.454) (0.942) (6.39) (12.12) (1.402) (5.75)

d
52

d
53

d
54

d
61

d
62

d
63

d
64

Coeff. !2.132 1.490 !0.281 !0.076 !0.479 0.055 0.002
(S.E.) (10.36) (1.29) (0.090) (0.291) (0.520) (0.066) (0.006)

d
65

d
71

d
72

d
73

d
74

d
75

d
76

Coeff. 0.002 0.069 !0.049 !0.007 0.009 !0.003 !1.065
(S.E.) (0.005) (0.145) (0.260) (0.033) (0.003) (0.0024) (0.055)

Estimated elements of vector u:

g
GDP

g
P

g
Pcm

g
T10

g
FF

g
TR

g
NBR

Coeff. 0.0002 0.0006 !0.140 0.005 0.260 !0.013 !0.012
(S.E.) (0.002) (0.001) (0.160) (0.120) (0.080) (0.003) (0.005)

Estimated standard deviations of structural disturbances:

lNP
1

lNP
2

lNP
3

l10
T

lS lD lB

Coeff. 0.002 0.001 0.008 0.086 0.092 0.004 0.002
(S.E.) (0.0001) (0.0001) (0.001) (0.010) (0.010) (0.001) (0.0002)
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Fig. 10. Impulse responses to the monetary policy shock in the benchmark VAR and to the IFS
shock in the VAR with long-term interest rate (dashed lines: 95% confidence interval bands for the
benchmark VAR).

consumer prices respond less to monetary policy shocks. The response of total
and nonborrowed reserves are perfectly in line with the previous results.

Lastly, in Fig. 11, we compare the dynamic response of all variables in the
extended VAR to a (restrictive) monetary policy disturbance (in the left-hand
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Fig. 11. Impulse responses to monetary policy shocks (IFS) and to shocks to the long-term interest
rate (dashed lines: 95% confidence interval bands).
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column) and to a shock to the long-term interest rate (in the right-hand column).
Given the assumed identifying hypothesis, the latter disturbance is not related to
monetary policy, and may reflect unexpected increases in default risk affecting
long rates. Looking at the effect of a monetary contraction, we note that the
long-term interest rate does not increase; in fact, ¹10 shows a decrease over the
first six months after the policy shock, before starting to rise back towards its
initial level. Therefore, the contractionary monetary impulse does not seem to be
transmitted to the real economy through increases in long-term interest rates
(Campbell (1995) provides an account of the long rate movements following the
1994 monetary policy restriction that is broadly consistent with the above
evidence.) Output declines also following a (structural) shock to the long-rate
itself (perhaps due to changed default-risk perceptions), determining a response
in the same direction of the federal funds rate. In reaction to both kinds of
disturbances the price level does not appear to decline significantly and the
dynamic behaviour of the reserve aggregates is consistent with the movement in
the federal funds rate.

6. Conclusions

This paper studies a benchmark six-variable VAR model for the U.S., includ-
ing the gross domestic product, a consumer price index, a commodity price
index, the federal funds rate, total reserves and nonborrowed reserves, com-
monly estimated to derive a measure of monetary policy shocks. Our evaluation
is conducted by addressing three issues: specification, identification, and the
effect of the omission of long-term interest rates.

The issue of the econometric specification of the VAR is addressed by running
a battery of diagnostic tests on the reduced form residuals and by testing for
parameter stability. On the whole sample period (1965—1996) we find strong
evidence of mis-specification and parameters’ instability for all estimated equa-
tions. In principle, these findings can be explained for the equations for policy
variables (the federal funds rate, total and nonborrowed reserves) with changes
in the Federal Reserve operating procedures (Bernanke and Mihov, 1995) but,
given the common procedure followed to identify monetary policy shocks, these
changes in policy regime cannot explain the instability in the equation for the
non-policy variables. However, when we concentrate on the most recent period
(1988—1996), coinciding with a single monetary policy regime, we do not find
evidence either of parameters’ instability or mis-specification. We then focus on
this sample period for further evaluation of the approach.

Over the shorter sample we address the issue of identification by comparing
the monetary policy shocks derived from the VAR with three alternative
measures obtained from direct observation of financial market behaviour. These
measures have been proposed by Rudebusch (1996) Skinner and Zettelmeyer
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(1996) and Favero et al. (1996). Our empirical analysis shows that, despite of the
not very high correlation between the benchmark VAR and the alternative
measures of monetary policy shocks, the descriptions of the monetary trasmis-
sion mechanism obtained by impulse response functions estimated are not
substantially different from each other.

Finally, we use our direct measurement of the monetary policy shock as an
opportunity to include a long-term rate in our benchmark VAR, distinguishing
monetary policy shocks from independent disturbances to long-term rates (an
identification problem that has often determined the exclusion of long-term
rates from estimated VAR models). The inclusion of the 10-year bond yield
allows us to show that there is a significant reaction of policy rates to contem-
poraneous fluctuations of long-term rates and that the effect on output of
a restrictive monetary policy seems not to be due to an increase in long-term
interest rates.
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