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ABSTRACT

Uncertainties associated with the informational content of real-time data and the
impact of policy initiatives on expectations have been offered as rationales for grad-
ualism in monetary policy. Our objective is to assess these potential explanations
quantitatively. Focusing on inflation as the key variable of interest to central banks,
we construct indices of inflation pressure to characterize the state of the economy be-
fore and after the implementation of monetary policy. Using six vintages of US data,
we analyze changes in the information content of economic data across revisions and
the importance of expectations in determining the impact of monetary policy. We
find that monetary policy affects inflation pressure and realized inflation primarily
through its impact on expectations. We also find that while the Fed manages to
influence expectations almost two thirds of the time the impact can be quantitatively
small at times. One policy implication is that policy communication perhaps plays

an even more crucial role for a gradualist central bank than one might think a prior.
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1. Introduction

Central banks generally implement interest rate changes gradually, rather than in
large discrete jumps. A number of recent theoretical contributions suggest that grad-
ualism represents a best response to the informational uncertainties that central banks
face when formulating policy. It has also been suggested that gradual implementation
ultimately requires smaller adjustments in interest rates because the expectational
changes that accompany smaller repeated (unidirectional) changes have a greater
reinforcing impact than would result from a single large adjustment.

Our objective, in this article, is to provide a quantitative assessment of the main
rationales for gradualism that have been proposed in the literature. To this end, we
address three related issues. The first focuses on whether informational uncertainties
stemming from data revisions significantly affect the assessment of economic condi-
tions. The second centers on the role that the expectations of forward-looking agents
play in determining the effectiveness of monetary policy. The third is concerned with
the extent to which using final revised data, rather than realtime data, affects the
assessment of both the strength of the monetary authority’s stabilization effort and
effectiveness of the policies that were implemented.

In order to assess the impact of monetary policy on the economy, we need some
means of quantifying the state of the economy before and after the implementation
of monetary policy. We accomplish this by focusing on inflation as the key variable of
interest to central banks and constructing indices of inflation pressure to characterize
the state of the economy. The indices we employ are adapted from indices developed
by Weymark and Shintani (2006) to examine the impact of systematic monetary pol-
icy decisions in the United States. The proposed indicators possess several desirable
attributes. They provide summary measures of inflation pressure prior to the im-
plementation of a monetary policy initiative, the degree to which monetary policy
decisions change inflation pressure, and the overall effectiveness of monetary policy
initiatives.

Inflation pressure can be thought of as arising from two sources, an excess demand



for goods (positive output gap) and expectations of future price increases (inflation-
ary expectations). Interest rate increases reduce inflation pressure when they lead
to reductions in the demand for goods and/or inflationary expectations. Our first
measure, which we call ex ante inflation pressure, characterizes the inflationary envi-
ronment faced by the policy authority prior to the implementation of a given policy
initiative. Ex ante inflation pressure is measured as the change in the inflation rate
that would have been observed if the monetary authority had held its interest rate
instrument constant.! Our second indicator, which we refer to as ez post inflation
pressure, measures the amount of inflation pressure that remains subsequent to the
implementation of a particular policy initiative.

Our measures of ex ante and ex post inflation pressure are used to construct two
indices that measure the degree to which a policy succeeded in moderating inflation
pressure. We introduce two indices for this purpose. The first of these indices, the
index of Effective Price Stabilization, measures the degree to which the policy that was
implemented succeeded in preventing ex ante inflation pressure from being realized as
observed inflation. The degree to which a monetary policy is successful in moderating
realized inflation is only one aspect of policy effectiveness. A second aspect, which is
of at least equal importance, is the extent to which the policy succeeded in moderating
the inflationary environment. This aspect of policy effectiveness is captured by our
index of Monetary Policy Effectiveness in which the magnitudes of ex post and and
ante inflation pressure are compared. The index of Monetary Policy Effectiveness
provides a measure of the degree to which inflationary expectations were affected by
the policy that was implemented.

The measures of inflation pressure needed to calculate our indices are not directly
observable. They are counterfactuals and must therefore be imputed from a theoret-

ical model. In order to obtain estimates of inflation pressure, we apply a two-step

INote that our general definition is extremely flexible in that it does not specify any particular
timing between the implementation of the interest rate change and its impact on the economy. Our
definition can accommodate a wide range of forward-looking and pre-emptive policy actions on the

part of the central bank.



methodology that Weymark (1995, 1998) used to measure exchange market pressure.
First, we propose model-independent definitions of each index. We then apply these
definitions to a theoretical model and derive model-specific index formulae which pro-
vide a functional relationship between inflation pressure and economic variables that
are directly observable. We then estimate our model and use the estimation results
to perform specific counterfactual experiments that enable us to obtain our measures
of ex ante and ex post inflation pressure.

Both the concept of inflation pressure and the methods we use to construct infla-
tion pressure indices are new to the literature. Measures of monetary policy effective-
ness, on the other hand, exist in various forms in earlier studies. Most of the earlier
studies focus on impact of monetary policy shocks (i.e., non-systematic monetary
policy) on output.? An exception is Boivin and Giannoni (2006) who use impulse
response functions to assess the impact of both systematic and non-systematic mon-
etary policy. The measure of monetary policy effectiveness that we introduce here is
novel in that it captures the impact of systematic monetary policy on inflation in the
form of a summary statistic that has a simple, intuitively appealing interpretation.
Our indices are also more informative than their predecessors in that they allow us
to characterize the inflationary environment both before and after action is taken by

a central bank.?

2See, for example, Bernanke (1990), Bernanke and Blinder (1992), Bernanke and Mihov (1998),
Christiano and Eichenbaum (1992), Romer and Romer (1999), and Strongin (1995), among others.
Although Romer and Romer (2004) are interested in the impact of monetary policy on prices as
well as output, they also employ a measure of monetary policy that is purged of all endogenous

components.

3Many of the earlier studies of monetary policy performance are based on a vector autoregressive
(VAR) models (e.g., see Christiano, Eichenbaum, and Evans (2000) for a survey). More recent
research has proposed variants that allow for richer information sets to be employed without having
to give up some of the advantages of restricting statistical analyses to a smaller number of time
series (e.g., Bernanke, Boivin, and Eliasz 2005). However, regardless of the approach taken, existing
techniques generally rely on retrospective views of monetary policy actions, and these typically resort

to final revised data.



The particular era in U.S. monetary history we are interested in covers roughly
the period between 1999 and 2004. This period is interesting because it contains
periods of sustained interest rate increases as well as decreases. Beginning in June
1999, the Federal Reserve raised the Federal Funds rate five times in succession in
increments of 25 basis points. From January 2001 to June 2003 the Federal Funds
rate was reduced 550 basis points in thirteen incremental steps (nine 50 basis point
increments and four 25 basis point increments). Orphanides (2001, 2003) has argued
persuasively that any assessment of the conduct of monetary policy must take into
account the fact that the information available to central banks at the time policy is
formulated is inherently noisy.* Accordingly, in this paper, we use six vintages of US
data, spanning the period 1998 to 2004 to conduct our analysis.

The rest of the paper is organized as follows. In section 2 we briefly review some
of the hypotheses that have been put forward to explain gradualism in monetary
policy. Section 3 describes the methodology that we employ to obtain our measures
of ex ante and ex post inflation pressure. Formal definitions of these measures as
well as our indices of effective price stabilization and monetary policy effectiveness
are also given in this section. The empirical model we use to study the implications
of data revisions for the conduct of monetary policy in the United States is described
in Section 4. Section 5 provides a discussion of the data sources and estimation
procedures employed. The empirical results are discussed in Section 6. Concluding

remarks may be found in Section 7.

2. Gradualism in Monetary Policy

Although the debate about the presence of gradualism in monetary policy is an old
one (e.g., see Goodhart 1999, and references therein), it is generally understood to-
day as referring to the interest rate smoothing phenomenon. Even if central banks

abide by the steady state requirement of the Taylor principle, namely that to tighten

4Croushore and Evans (2006) provide a survey of contributions to the real-time litera-
ture. Croushore also maintains an up to date list of the literature on real time data at

http://oncampus.richmond.edu/ dcrousho/data.htm



monetary policy the interest rate response must exceed the increase in inflationary
expectations, there is nothing to prevent the monetary authority from doing so in
measured steps.” While Taylor’s (1993) original rule did not contain a lagged interest
rate, it is common practice to include one or more nominal interest rate lags when
estimating Taylor rules empirically. Whether such a formulation of the central bank
reaction function is appropriate, or simply a useful data-fitting device, has also been
the subject of considerable debate (Sack 2000). Rudebusch (2002) contends that the
observed gradualism in monetary policy occurs because the economy evolves slowly,
with key macroeconomic variables exhibiting a high degree of serial correlation. As a
consequence, the monetary response of the central bank to changes in theses variables
exhibits a similar gradual, serially correlated adjustment over time.% English, Nelson,
and Sack (2003) conclude that Rudebusch’s (2002) findings are due to a co-existence
of serial correlation and partial adjustment. Based on the available empirical evi-
dence, it is not possible to definitively reject gradualism in the setting of the policy
instrument.

A number of explanations have been advanced in support of the interest rate
smoothing phenomenon.” One explanation centers on the inherent uncertainties that

central banks face when formulating monetary policy. With imperfect knowledge

See Walsh (2003), and Woodford (2003, p. 254), both of whom regard this long run principle as
a crucial one for the conduct of good monetary policy. However, there are equally good reasons to
argue that this standard cannot or indeed need not be met at all times. Circumstances may require
the central bank to suspend the principle, at least in the short run. See, for example, Taylor and
Williams (2010).

6Rudebusch (2002) focuses on the contradiction between estimated Taylor rules with a high
degree of interest rate persistence (quite frequently, 0.8 or more) when many other studies report
considerable difficulty in predicting policy rates. Soderlind, Séderstrom, and Vredin (2003) report
that interest rate persistence is a necessary, but not sufficient, condition for predictability. If there

is one omitted variable then a high degree of persistence need not imply high predictability.
"Siklos (2002), Goodhart (2005), Sack and Wieland (2000), and Walsh (2003) review various

aspects of this literature. Bernanke (2004) also provides a useful summary of the various rationales

for gradualism in monetary policy implementation.



about the structure of the economy, the timing and magnitude of any policy action
becomes uncertain. The resulting model uncertainty is compounded by the fact that
information about the current state of the economy changes continuously, so that
policy decisions must, inevitably, be made on the basis of noisy data. In most cases,
gradualism provides the most appropriate means of implementing effective monetary
policy in an uncertain environment.® Gradualism allows the policy-maker to ob-
serve the impact of a small initial policy change and modify future policy changes
as economic conditions evolve. Proceeding in small methodical steps also reduces
the policy-maker’s reliance on forecasts of unobservable variables such as potential
output.”

A second justification for gradualism, originally proposed by Goodfriend (1991)
and formalized by Woodford (1999, 2003a), contends that smaller, repetitive changes
in the central bank’s short-term interest rate target have a bigger impact on expec-
tations, and therefore on long-term interest rates, than larger discrete changes would
have. The greater is the impact on expectations and longer-term rates, the greater will
be the impact of a given policy change on private expenditure and investment deci-
sions. Furthermore, gradual interest rate adjustments make monetary policy changes
easier to forecast. Central banks that change interest rates too frequently also run
the risk of overreacting unnecessarily in the face of constant shocks, thereby raising
the risk of a loss of credibility in the delivery of monetary policy. Finally, central
banks, such as the U.S. Fed, make decisions in a committee setting, and the desire
to reach a consensus can mean taking fewer risks, or implementing policy changes in
smaller steps when this is deemed necessary.

The explanation most germane to this paper stems from the observation that
some key data series are revised frequently or are, in any event, observed with error.
In what follows, we focus on the impact that changing information about key eco-

nomic variables has on the perception of the current state of the economy and on our

8See Brainard’s (1967) seminal article on the subject of model uncertainty and Orphanides (2003)

for an analysis of monetary policy formation with noisy data.
9See Orphanides and Williams (2002) for a detailed analysis.



assessment of the effectiveness of the central bank’s policy response.

3. Measuring Inflation Pressure

Any exogenous disturbance to the economy, whether it originates in the goods market
or not, has the potential to generate goods market disequilibria and so cause changes
in the inflation rate. Whether or not the inflationary changes that occur represent the
full impact of the disturbance on the goods market, or only a part of it, depends on the
extent to which changes in other economic variables (such as the interest rate) mitigate
the impact of the disturbance on the goods market before prices can respond. The
concept of ex ante inflation pressure that we propose here is intended as a measure of
the magnitude of the initial goods market disequilibrium in inflation equivalent units.
Ex ante inflation pressure therefore is the change in the inflation rate that would have
occurred in response to a given disturbance if no other variables had responded to that
particular disturbance. Because we usually cannot observe exogenous disturbances
in isolation and generally detect them through the changes in endogenous economic
variables that are precipitated by these disturbances, a counterfactual experiment
must be undertaken in order to compute ex ante inflation pressure.

The concept of ex ante inflation pressure and its computation is perhaps most eas-
ily conveyed through an illustrative example. Consider an economy with the following

structural characteristics:

T = oy + oqme1 + bimg +osyio1 + e (1)
Y = Bo+ Liyi—1 + BoEyr — Balimn — Evam] + 4 (2)
iv = piis—1 + (1= pe) o + VEemea + 7By + o4 (3)

where m; is the inflation rate in period ¢, y; is the output gap in period ¢, and 7,
is the period ¢ nominal interest rate. The variable E;m, 1 denotes the expectation
that rational agents form in period ¢ about the level of inflation that will prevail in
period t + 1. Similarly, E;y; ;1 is the rational, one-period-ahead expectation of the

output gap. The random disturbances ¢, 1;, and o; are assumed to be independently



distributed and to have zero means. Equation (1) is a Phillips curve (PC), (2) the IS
equation, and (3) is a standard version of the Taylor rule (TR).

According to the policy authority’s interest rate rule (3), the current interest rate
is a convex combination of the previous period’s interest rate and the weighted sum of
the policy authority’s one-period-ahead expectations about inflation and the output
gap. The (potentially) time-varying parameter p; measures the relationship between
the current interest rate and that of the previous period. It is assumed that the
policy authority can control the interest rate perfectly. Consequently, p, = 1 reflects
the policy authority’s decision to hold the period ¢ interest rate constant at its period
t —1 level.

The illustrative model given above is deliberately simple in order to make the
derivation of model-consistent inflation pressure measures as transparent as possible.
Nevertheless, the model incorporates many of the features that will be found in the
more complex structure that we employ in our empirical application. The PC and
IS equations are both hybrids in that they allow for persistence in inflation and the
output gap and also incorporate forward-looking expectations on the left-hand side.
Equations (1) and (2) also portray systematic monetary policy as having a delayed

impact on inflation. Substituting (2) into (1) yields:

T o= ap + army + aeEm 6
+ as{Bo + Biyi—2 + BoEi1yy — Balis—2 — Ey_om1] + 1} (4)

It is apparent from (4) that there is a two period control lag between the policy
authority’s policy tool, 7;, and the inflation rate in this economy. Batini and Nelson
(2001) have shown that for both the UK and US there is, on average, at least a four
quarter lag between the implementation of monetary policy and its peak impact on
inflation. This suggests that in a quarterly model, one would expect a control lag of at
least four periods. For the purposes of this illustration, a two period lag is sufficient;
longer control lags are considered as part of the empirical application. Note that the
two-period ahead inflation expectation in the policy authority’s interest rate response

function (3) is consistent with the control lag postulated in (4). The autoregressive

8



elements, forward-looking expectations, and the control lag between monetary policy
and inflation that are present in the equations above ensure that this model, though
simple, is rich enough to allow us to address all of the technical and methodological
issues that arise in computing inflation pressure in our empirical application in later

sections.
3.1 Ex Ante Inflation Pressure

The relationship between interest rate changes and inflation reflected in (4) is repre-
sented graphically in Figure 1. In Figure 1, the trade-off between inflation and the
interest rate that exists at various points in time is represented by the curves IRy,
IRy, and IR.. The lowest curve, I Ry, represents the trade-off that existed in period
t—3. The difference in the position of I Ry and highest curve, I R, represents the shift
in the trade-off caused by changes in any of the predetermined explanatory variables
on the right hand side of (4) other than i; . In the interests of expositional simplic-
ity, we assume for the moment that there are no exogenous expectational shocks, but
our framework can handle these without difficulty as well.

In Figure 1, the inflationary environment that the policy authority faced at the
beginning of period ¢t —2, is given by the distance between I Ry and I R,. This distance
can be measured horizontally (in interest rate units) or vertically (in inflation units).
Because we focus on inflation outcomes as the primary indicator of monetary policy
effectiveness, we choose to measure the distance between the inflation/interest rate
trade-off curves vertically.

Using the past period’s interest rate, 7;_3, as our benchmark, the impact of the dis-
turbance that is represented by the shift in the inflation/interest rate trade-off from
IRy and IR, is given by the vertical distance from m;_; to 77* at i;_3 in Figure 1.1

The vertical distance between I Ry and [ R,, measured at i;_3 provides a quantitative

10Clearly, it is possible to measure the vertical distance between IRy and IR, at many different
points along the horizontal axis, however, in order for the measures we derive to be operational,
it is advisable that we use as many directly observable variables as possible. We therefore use the

observed interest rate, i;_3, as our benchmark.



Figure 1: Graphical Representation of EAIP & EPIP

IR,
IRy

IR,

14—3 1t—2 {

characterization of the inflationary environment that the policy authority faced at
the beginning of period ¢t — 2, and to which it responded when it implemented its
interest rate policy in t — 2.

As 1;_3 is the interest rate that prevails at the end of period 3, prior to the
implementation of the policy authority’s period 2 interest rate policy, we define Ex

Ante Inflation Pressure as follows:

Definition: Ex ante inflation pressure is measured as the change in the inflation rate
that would have been realized if the interest rate had been held constant and this

policy decision had been correctly anticipated by economic agents.

Using the notation in Figure 1, the formal definition of our Ex Ante Inflation

Pressure index (EAIP) for period t is given by:
EAIP, = 7% — m4 (5)

where 77 denotes the inflation rate that would have been observed in period ¢ if the

monetary authority had held i;_o = 4;_3.
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3.2 Ex Post Inflation Pressure

Ex Post Inflation Pressure (EPIP) measures the inflation pressure that remains after a
policy change has been implemented. When agents form expectations rationally, their
expectations about the future path of endogenous variables are affected by changes
in policy variables. In Figure 1, the impact of the period ¢ — 2 interest rate policy on
expectations is shown as an inward shift of (i.e., improvement in) the inflation /interest
rate trade-off in that I R;, which represents the trade-off between inflation and the
interest rate after i,_o, has been implemented, lies to the left of IR..

In Figure 1, EPIP is represented as the vertical distance between IRy and IR;.
Using the notation in Figure 1, EPIP can then be characterized as the vertical dis-
tance from m;_; to w7 at i;_3. Notice that when the Lucas Critique holds, and
expectations change in response to changes in policy variables, this distance cannot
be observed directly once i;_5, which caused the shift in IR from IR, to IRy, has
been implemented.!! The measurement of EPIP therefore involves a measurement
experiment in which the change in inflation attributable to the interest rate change
is combined with the observed change in inflation, given the inflation/interest rate

trade-off represented by I R;. We therefore define Ex Post Inflation Pressure as:

Definition: Ex post inflation pressure is the change in the inflation rate that would
have occurred under the monetary policy actually implemented in a given period, if
the policy authority had unexpectedly maintained its policy instrument at the same

level as in the previous period.!?

Using the notation in Figure 1, the formal definition of our Ex Post Inflation

1 Although we focus here on rational expectation formation, our method of computing ex post
inflation pressure makes no a priori assumptions about the way in which expectations are formulated
and is therefore equally applicable in the case of bounded rationality. This point is discussed in

greater detail, in the context of measuring exchange market pressure, in Weymark (1998).

12The concept of ex post inflation pressure is analogous to the concept of exchange market pressure

introduced in Weymark (1995, 1998).
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Pressure index (EPIP) for period ¢ is given by:
EPIP, = 7" — m_ (6)

where 7;7 denotes the inflation rate that would have been observed in period ¢t if the
monetary authority had unexpectedly held ;o = 4;_3.

Note that although we have used a particular illustrative example to motivate the
concepts of ex ante and ex post inflation pressure, the verbal and formal definitions

of these measures given above are not specific to this model.

3.8 Two Indices of Policy Effectiveness

The effectiveness of monetary policy is most often evaluated historically using final
revised data. The monetary authority, however, must assess the effectiveness of its
policy initiatives in real time. In order study the impact that data revisions have on
the perceived effectiveness of monetary policy, we propose two indices. The first index,
which we call the Effective Price Stabilization (EPS) index, measures the degree to
which monetary policy was successful in preventing ex ante inflation pressure from
being realized as observed inflation. The success of a monetary policy is most often
judged on the basis of its impact on realized inflation. However, such success might
prove to be of short duration if the monetary policy is not also effective in altering the
inflationary environment in such a way as to improve the inflation /interest rate trade-
off. Our second index, the index of Monetary Policy Effectiveness (MPE), measures

the degree to which monetary policy moderated the underlying inflationary pressure.

3.3.1 Effective Price Stabilization

The IR curves shown in Figure 1 represent feasibility constraints that the monetary
authority faces. When an interest rate policy is implemented, the monetary authority
chooses a combination of inflation and interest rate that is a point on the relevant
feasibility constraint. In an economy populated with forward-looking rational agents,
changes in the monetary instrument will alter inflation expectations causing the fea-
sibility constraint to shift. Under the assumption that there is a negative relationship

between the interest rate and inflationary expectations, an interest rate increase would

12



cause the feasibility constraint to shift inwards. In Figure 1, we show the feasibility
constraint shifting inwards, from IR, to [ R; when the policy authority increases the
interest rate from 7;_3 to i;_». The impact of a polity initiative on observed inflation
therefore depends not only on the interest rate change, but also on the response of
private expectations to this policy initiative. Our Effective Price Stabilization (EPS)
index measures policy effectiveness in terms of the proportion of ex ante inflation pres-
sure that the policy initiative successfully prevented from being realized. Formally,

the EPS index is defined as

ATl't
"~ EAIP, (7)

EPSt,T — 1

where 7 is the length of the control lag between the interest rate and inflation. In the
context of our illustrative example, we set 7 = 2.

When Am, = 0, EPS,_, =1, indicating that monetary policy in period ¢t — j was
100% successful in preventing ex ante inflation pressure from being realized in period
t. When EPS,_, = 0, that is, Am, = EAIP,, the policy initiative was unsuccessful
in moderating the impact of ex ante inflation pressure on observed inflation. It is
also conceivable that the policy impact on inflation can be either larger or smaller
relative to EAIP, resulting in values for EPS that can be either negative or exceed 1.
For example, a monetary policy that consistently under-reacts to changes in inflation
expectations relative to the requirements of the Taylor principle would lead to EPS <
0. An especially aggressive change in the stance of monetary policy, on the other hand,
could produce a sufficiently large reduction in inflation to cause the value of EPS to
exceed unity. Alternatively, one can think of monetary policy as displaying a form of
overshooting as positive or negative EAIP values are offset by a change in inflation in
the opposite direction. It is fairly clear that negative values of EPS are not consistent
with good (i.e., effective) monetary policy practice. The interpretation of EPS values
greater than unity is not quite as clear-cut. While it is true that EPS values that
exceed unity indicate overshooting of the zero inflation target, which would occur if
the policy authority underestimated the impact of its policy on expectations, EPS

values in this range could just as easily be associated with a purposeful effort on the

13



part of the policy authority to alter the mean inflation level.

3.3.2 Monetary Policy Effectiveness

While it is conceivable that policy initiatives might be able to prevent temporary
changes in inflation pressure from being realized, it is not very likely that this would
be possible in the longer term unless the policy was also successful in moderating the
underlying inflationary environment. It seems then that an important aspect of policy
effectiveness is the degree to which the policy reduced inflation pressure overall. Ex
post Inflation pressure, measures the inflation pressure that remains subsequent to the
implementation of a particular monetary policy initiative. The difference between ex
ante and ex post inflation pressure therefore reflects the impact of a particular policy
on the inflationary environment. Our index of Monetary Policy Effectiveness (MPE)

is therefore defined as
EPIP,

~ EAIP, (8)

MPE,;_, =1

where, as before, 7 reflects the length of the policy control lag. As in (7), for the

illustrative example, 7 = 2.

Clearly, if EPIP = 0, then monetary policy is completely effective in neutralizing
inflation pressure resulting in MPE =0. A monetary policy that leaves ex post and ex
ante inflationary pressures the same results in MPE = 1 and is completely ineffective
in the sense that there has been no discernible impact on the inflationary environment.
Partial reductions in inflationary pressure result in values for MPE that range between
0 and 1. As in the case of EPS, negative values for MPE, as well as values that
exceed 1, are also possible. A negative value indicates that EPIP and EAIP moved in
opposite directions, clearly a sign of policy effectiveness (but possibly also evidence of
overshooting the target inflation rate). A value for MPE that exceeds unity indicates
that EPIP exceeds EAIP. In this case, the actual monetary policy has magnified

inflation pressure and this is clearly an indication that policy is ineffective.!?

BBNote that our EPS and MPE indices are not defined when EAIP = 0. Situations in which
EAIP is exactly equal to zero can be expected to be quite rare, so this issue is unlikely to be of

much practical importance. What could be more troublesome is that as EAIP gets very small and
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3.4 Operational Index Formulae

The concepts of ex ante and ex post inflation pressure that we propose, and upon
which we base our indices of policy effectiveness, are counterfactuals.!* As such, they
are not directly observable. However, by applying the definitions of our counterfac-
tual inflation pressure measures to an appropriately specified model, it is possible to
derive operational measures of inflation pressure that can be computed using avail-
able macroeconomic data.'> Although the operational formulae that we derive are
necessarily model-specific, the definitions used to obtain these formulae are model-
independent and can be applied to a wide variety of structural models.

The concepts of inflation pressure that we propose, and the method of obtaining
their operational counterparts, are new to the literature. They are also the main
tool that we employ to determine the extent to which the perception of the state of
the economy is affected by data revisions. Details of the methodology we employ to
derive our operational inflation pressure measures have been relegated to Appendix
1. Here, we confine ourselves to providing only the operational formulae themselves.

The operational inflation pressure formulae obtained in the context of the economy

approaches zero, PIIP may approach negative infinity and MPE may approach positive infinity. This
difficulty could be avoided by defining indices in terms of imputed price levels rather than changes
in price levels, but doing so would make the estimation of our counterfactuals considerably more
difficult because of the nonstationarity of price level data. Our preferred solution is simply to be
particularly careful to interpret large (absolute) PIIP and MPE values in light of the underlying
magnitude of EAIP.

141t has been pointed out to us that there are potentially two sets of inflation pressure indicators,
depending on whether the Fed makes a single real time change in the fed funds rate or implements
a series of interest rate changes. Inflation pressure can, in principle, be re-evaluated each period,
conditional on the steps the Fed actually took. In practice, however, we make some simplifying
assumptions to reduce the scope of the numerical approximations that must be made. This may
indeed affect the accurate measurement of inflation pressure but we believe not in any significant

fashion.

15The main requirement for a model to be appropriate for this purpose is that it contain an explicit

channel of transmission between the policy instrument and inflation.
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described by (1)-(3) are:
EAIPt = A?Tt —+ 06362AZ'15,2 — FgAit,Q. (9)

EPIPt = Aﬂ't + +Oé3ﬁ3Ait_2. (10)

where I's is a complex composite of the structural and reduced-form coefficients con-
tained in our illustrative model. It is straightforward to show, as we do in Appendix
1, that the operational formulae given in (9) and (10) are fully equivalent to their
respective conceptual counterparts, (5) and (6).

Operational indices of policy effectiveness are easily obtained using the operational

inflation pressure measures given above. Substituting (9) into (7) yields

Aﬂ't
11
Aﬂ't -+ [06363 — Fg]Ait_Q ( )

EPSt,Q == 1 -

where EPS; 5 measures the degree to which the policy implemented in ¢ — 2 was
successful in preventing the underlying inflation pressure from being realized in period
t. Substituting (9) and (10) into (8) results in the following operational monetary
policy effectiveness index for period t — 2

A’ﬂ't + 053/83A/L.t_2

MPE, ;=1 — .
=2 A?Tt -+ [06363 — F3}Ait_2

(12)

4. A Quarterly Model of the US Economy

In order to estimate our ex ante and ex post inflation pressure measures, it is first
necessary to specify and estimate a structural model. Since its introduction, the small
structural model of the US specified by Clarida, Gali, and Gertler (CGG 1999) has
been employed in numerous studies. As there now exists a vast literature that relies
on a fairly common structure for a small model of the U.S. economy, we follow the
current consensus and estimate a variant of that model.'

The CGG (1999) model consists of three equations that describe aggregate de-
mand, aggregate supply, and the U.S. Fed’s reaction function. All three equations

16See also Fuhrer (2002), Rudebusch (2002), and Svensson (1997).
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contain both forward and backward-looking elements, and are therefore consistent
with Woodford’s (2003) view that models ought to contain history dependent com-

ponents. The following equations then describe the U.S. economy:

Ty = Qg + Q1 + OéQEt']Tt+2 + a3lYi_2 + € (13)
Yr = Bo + Brye—1 + BoEitira — Bsliv—1 — Eom1] +m; (14)
iy = prir—1 + (1 — pe)[Y0 + Vo EeTipm + Y EYisn + 0] m,n >0 (15)

where all variables are as previously defined for (1)-(3).!"

Equation (13) is the aggregate supply or Phillips curve (PC), Equation (14) is
an IS or aggregate demand curve. The Fed’s policy response function is represented
as a Taylor rule in equation (15). Both the IS and PC curves are hybrids in the
sense of containing both forward and backward-looking components. The Taylor rule
is written in the standard form in which interest rate smoothing, captured by the
parameter p, together with forward-looking inflation and output gap terms jointly
determine the current setting of the policy instrument.'® Note that in our specifica-
tion, p is potentially time-varying. Note also that, for convenience and simplicity, the
forecasting horizon of the central bank, that is, m and n are not specified a priori as
this can clearly change as the economic environment dictates. Furthermore, we do
not impose the restriction m = n, which is often found in the literature (e.g., see Gali,
and Gertler (2007), and references therein). This provides our model with greater
flexibility in that it allows the central bank to be more or less forward-looking about
inflation vis-a-vis the output gap over time. A similar argument applies, in principle,

to the PC and IS curves in equations (13) and (14). However, in keeping with the

1"In estimating (13) and (14) we found that the fit was improved when we allowed for non-zero
intercept terms in both equations as well as a lagged real interest rate term in (14). The exact

specifications of our estimation equations have been relegated to the Appendix.

18Tn what follows we focus on simple or standard Taylor rules. The relevant literature finds that
such rules perform nearly as well as optimal rules and have the advantage of being relatively more

robust to model misspecification. See Woodford (2003b).
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vast majority of aggregate demand and supply specifications available in the litera-
ture, we retain the specifications as shown. The origin of the aggregate supply or PC
curve in (13) can be traced to Calvo (1983) and emerges from the staggered pricing
phenomenon. Equation (14) is based on the IS curve derived from a representative
agent who maximizes an inter-temporal utility function with some habit persistence
(Fuhrer 2000).

There are a two issues that bear mentioning at this point. First, as is apparent
from (13) and (14), our empirical model specifies a three quarter control lag between
the interest rate and inflation. Several recent studies indicate that, for the US, lag
between the implementation of an interest rate change and the peak impact of that
change on inflation lies somewhere between one and two years. In preliminary esti-
mations we allowed for control lags of varying lengths but did not find allowing for
a longer control lag significantly improved the fit of the model. Because the com-
plexity of the derivations required to compute our counterfactual inflation pressure
measures increases with the length of control lag, and we could find no compelling
reason to incorporate a longer control lag, we have used a three quarter control lag
for all vintages.

Another potential point of concern is the possibility of time-varying model struc-
ture, that goes beyond changes in the parameter values from vintage to vintage.
Specifically, once inflation, the output gap, and the interest rate, are observed, it is
conceivable that the model that best describes the environment as summarized by the
IS and PC curves may have changed.!® In what follows we re-estimate the underlying
model for each vintage, and we also allow for modest changes in the model structure
(particularly in the case of the Taylor Rule). However, it is beyond the scope of this
article to consider alternative rational expectations solutions, variations in the lags of
parameters included in the IS and PC equations, and/or time variation of parameters

within each vintage.

19The entire structure of the model may have changed. However, under the circumstances, even

a change in m or n in equation (15) is sufficient.
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5. Data and Model Estimation

5.1 Data Sources and Vintages

The real time data we employ are from the Federal Reserve Bank of Philadelphia Real-
Time Data Set (www.philadelphiafed.org/econ/forecast/real-time-data/index.cfm).
In the estimates shown below we revised only the output gap estimates in real-time.
Interest rates and consumer prices are from the Federal Reserve Bank of St. Louis
FRED II database (www.research.stlouisfed.org/fred2). These two series are not gen-
erally subject to revisions considered to be quantitatively or qualitatively important.?’
Since the IS curve requires estimation of a real interest rate variable we consider sev-
eral candidates as proxies for E;m;1,, . They are: the mean one year ahead inflation
rate ( w1+ T2 + T3 + ma]/ 4), the Greenbook forecasts, forecasts from the Sur-
vey of Professional forecasters (SPF), estimates from the Livingston survey, and the
University of Michigan survey. The latter three series are available from the Federal

1 Green-

Reserve Bank of Philadelphia (www.philadelphiafed.org/econ /forecastl).?
book forecasts, widely believed to be superior to other forecasts (e.g., Romer and
Romer 2000), are available only until 2005:3, at the time of writing. Accordingly,
the available data are supplemented with inflation forecasts from The Economist and
Consensus forecasts (www.consensuseconomics.com). These two series are more up
to date, but the time span covered by them is shorter as the available sample begins

only in the early 1990s. All forecasts are one-year-ahead forecasts (e.g., four quarter

ahead forecasts).??

20A caveat is in order. Croushore (2007) investigates revisions to the personal consumption ex-
penditures index (PCE). In what follows, we rely on CPI inflation due in part to data limitations,
and focus on the impact of real time revisions of the output gap which are substantial, as we shall
see. However, the various proxies for the real interest rate utilized in this paper can essentially be

viewed as amounting to the adoption of different views about the likely future course of inflation.

21 An additional complication, ignored in the analysis to follow, is that Greenbook forecasts are

for the chain-weighted implicit price deflator while other proxies are based on CPI inflation.

22Many Fed officials favor the price index for personal consumption expenditures and not the CPL.

We have estimated all of the equations using the chain-weighted PCE index (not shown) but our
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The output gap can also be estimated in several ways. For the most part we rely
on estimates based on data for real potential Gross Domestic Product generated by
the Congressional Budget Office (www.cbo.gov/Spreadsheets.shtml), as well as esti-
mates based on quadratic and cubic detrending (also see Siklos and Wohar 2006) in
addition to generating H-P filtered output gap estimates (using a smoothing param-
eter of 1600). Figure 2 illustrates how estimates of the output gap can change rather
substantially depending on the vintage of the data. Correlations between output gaps
for vintages that are temporally close to each other are, of course, very high (e.g.,
August 1998 versus November 1999) but the simple correlation can be as low as 0.695
as is the case between the November 1999 and May 2004 vintages, for the sample
shown in Figure 2. Turning points also differ between vintages with once again, the
greatest differences between output gap vintages that are least correlated with each
other. For example, it not unusual for differences between August 1998 (the earliest
vintage considered) and May 2004 (the most recent vintage) estimates of the output
gap to be around 0.5% of GDP and for the sign of the output gap for a particular
quarter to change as more recent vintages are considered.

Since least squares cannot be used to estimate (13)-(15) we resort, as have others,
to GMM. The choice of instruments is a crucial, but often neglected, aspect of GMM
estimation (e.g., Jondeau, Le Bihan and Galles 2004). One complication is that
the list of instruments could well have changed over time as the U.S. Fed either
added or dropped economic indicators that were believed to be statistically relevant
or economically meaningful for setting the policy instrument. Nevertheless, in what
follows, we have chosen a fixed set of instruments. We employ indicators that are
not only likely to be correlated either with inflation or the output gap, but are also
believed to capture a wide range of other economic phenomena that the Fed may have
been concerned about in recent years (e.g., developments in asset prices). Lastly, in

estimating and evaluating the inflation pressure indicators, we must be mindful of the

conclusions are unchanged. Clark (1999) argues that improvements in the CPI make it a better

index for monetary policy purposes.
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sample period over which (13)-(15) are estimated. In particular, it is widely believed
that a structural break, or regime shift, may have taken place around the time of
Paul Volcker’s tenure as Fed Chairman. Therefore, estimates were generated for two
samples, one that begins in 1970:1, and another one that begins in 1980:4. The former
sample is generally preferred because it provides us with a sufficiently long sample
to explore the evolution of monetary policy effectiveness. The possibility exists of a
structural break arising from of the Monetary Control Act of 1980. Lanne (2006) is
just one of several authors who reports evidence of a break in the term structure of
US interest rates around 1980. Nevertheless, as we were able to generate comparable
estimates for both subsamples (results not shown) we chose to rely on coefficients
obtained from a longer sample in creating our indexes of inflation pressure. All the
models are estimated using quarterly data.?

As previously noted, the choice of vintages was dictated by the desire to replicate
the environment facing the U.S. Fed between 1970 and 2004. Figures 3A and 3B show
that the fed funds rate rose steadily between 1999 and 2000, before the tech bubble
linitiated a period of expansionary monetary policy. The Fed consistently reduced
the fed funds rate beginning in 2001, at first sharply in the midst of a brief recession
(identified subsequently by the NBER reference cycle), again in the aftermath of the
terrorist attacks of 9/11, and then more slowly until 2003. The reference rate was
then left unchanged for about a year.

We employ six vintages of data in our analysis: August 1998, February 1999, May
and November 2002, May 2003, and May 2004. Table A5.1 in the appendix provides a
synopsis of the contents of the minutes released shortly after the FOMC meetings that
took place in the months when the vintages chosen for analysis would also have been
available to policymakers. We chose vintages that match the last available dataset
that FOMC officials would have seen prior to a particular FOMC meeting.

It is generally assumed that the current setting of a policy instrument reflects the

23We did experiment with other possible breakpoints around the early 1980s but model estimates

appeared much less sensitive to sample choice once we move away from a break in 1980.
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central banks outlook over the next two years. Thus the August 1998 vintage, which
contains information dated approximately two years prior to the interest rate peak of
2000, provides important insights into the economic conditions that caused the Fed
to initiate a period of sustained interest rate increases. The February 1999 vintage
reveals that, while FOMC members unanimously decided to leave the policy rate
unchanged, there was an expectation that a policy adjustment might be necessary
in the near future. The May and November 2002 vintages represent the information
available to the Fed approximately two years prior to the start of steady rises in the fed
funds rate. The May 2003 vintage reveals concerns about the possibility of deflation
or, as the Fed minutes famously put it, “a significant further decline in inflation to an
unwelcome level.” The May 2004 vintage is the one available roughly two years before
the Fed decided to pause making further changes in the fed funds rate. Consequently,
the last available data points for the various vintages are as follows with vintage dates
in parenthesis: 1998Q2 (August 1998), 1998Q4 (February 1999), 2002Q1 (May 2002),
2002Q3 (November 2002), 2003Q1(May 2003), 2004Q1 (May 2004).

5.2 Model Estimates for the U.S. Economy

The objective is to produce estimates of appropriate structural equations with coef-
ficients that are plausible, when judged on a priori grounds, and are also congruent
with the data. Recent research has shown that it takes somewhere between one and
two years for monetary policy to have its peak impact on inflation. We therefore esti-
mated the PC and IS equations under a variety of lead and lag restrictions that could
potentially result in a cumulative control lag of 4-9 quarters. Turning to reaction
function estimates while, ideally, these should satisfy the Taylor principle Orphanides
(1998) has shown that reaction functions may fail, ex post, to always produce es-
timates consistent with good monetary practice. Moreover, since it is also unclear
what the steady state real interest rate is we did not impose any restriction except
that it should be expected to be positive.

Because the variables in theoretical models of the economy may have different

empirical representations, we estimated numerous alternative versions of IS, PC and
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Taylor rules based on a variety of proxies for the real interest rate and expected
inflation. In choosing among the many variations of PC, IS, and Taylor Rule estima-
tions, we we imposed the following restrictions or expectations on the signs and/or

magnitudes of core coefficient estimates. They are:
ap < 1,0&2 < op,03 > 0,51 > O,ﬁg > O,ﬁg > O,’Yﬂ- > O,’}/y > 0.

where all the expected signs were explained above. The only additional restriction re-
quiring some comment is the one that sets the coefficient on the backward-looking por-
tion of the Phillips curve. The practice of restricting the coefficient on the backward-
looking inflation component to be larger than the coefficient on the forward-looking
component (i.e., @y < «i) has become quite pervasive (e.g., see CGG 1999, and
Woodford 2003b).

In producing the estimates to be used in computing EAIP and EPIP, we ended
up relying inflation forecasts based either on the Greenbook forecasts or the Survey
of Professional Forecasters.?* In the case of the output gap all estimates are based
on the CBOs estimates. We did not find that a cumulative control lag exceeding
3 quarters yielded significant improvements for any vintage in either the reliability
of the estimates or the fit of the model to the data. As the aglebraic complexity
of deriving model-consistent ex ante inflation pressure measures is increasing in the
control lag, we chose to use (13) and (14) as our structural PC and IS equations for
all vintages. It is interesting to note that while there were a large number of PC
estimates that, based on the restrictions we imposed, were empirically plausible, the
same cannot be said to be true for the IS curve.? Details of the final estimation
results for (13)-(15) are reported in Appendix 4.

Table 1 shows that the estimated PC, IS, and TR equations fulfill all of the

24Greenbook inflation forecasts were used for the May 2002, November 2002, May 2003, and May
2004 vintages; data from the Survey of Professional Forecasters was used for the August 1998 and

February 1999 vintages.

25 Anywhere from 56 to 119 PC estimates satisfied the properties set out in the paper while between

3 and 28 IS equations fulfilled the restrictions given above.
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restrictions given above.26 It is evident that only the February 1999 vintage satisfies
the Taylor principle.?” As we have noted above, the February 1999 vintage is the only
one that precedes a run-up in the fed funds rate. All other vintages represent policy

decisions made prior to either a fall in the fed funds rate or a long pause.
5.8 Model-Consistent Inflation Pressure Formulae

In order to obtain model-consistent formulae for ex ante and ex post inflation pressure,
we apply the procedures described in Appendix 1 to the empirical model (13)-(15).
As before, we begin by substituting the IS equation into the PC equation to obtain

T o= ap + a1+ s + 6

+ as{fo + B1yi—3 + BoEi_oyrro — Bslir—s — Ei_smi_o] + mi_a}. (16)

In the presence of a three quarter control lag between interest rate changes and
inflation, computation of our counterfactual inflation pressure measures requires that
we impute the impact of a change in the interest rate from i;_4 to i;_3 on the inflation-
ary environment. To do this, we first identify all of the variables in (16) that directly
or indirectly depend on i;_3. Because rational agents will alter their expectations
in response to changes in policy, the computation of EAIP requires us to derive the
relationship between i, 3 and all of the expectational variables in (16). Owing to the
complexity of the model, closed-form analytical solutions cannot be obtained. We
therefore use Sims’ (2001) Gensys algorithm and the available parameter estimates
to estimate the rational expectations solution for our empirical model. Sims’ algo-
rithm produced unique rational expectations solutions of the following form for all

six vintages:
XL XL X X X X XL X
Ty =Cy + {1 4+ Y1 + C5Yr—o + Chii—1 + cier + gy + oy (17)

where z is replaced with 7, y, or 7, to obtain the RE solutions for each of these

26 A more detailed report of the estimation results is provided in the Appendix.

27 As is well known, Fed policy during the last decade have indeed been criticized as being too lax

(e.g., Taylor 2010, and references therein that relate to the Taylor principle).
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endogenous variables. The coefficients in (17) that were computed using Gensys are
reported in the Appendix.

It is apparent by lagging the RE solutions for m, y, or ¢ a sufficient number of
times and substituting the resulting expressions into (17), the solution for each of the
endogenous variables can be written as a function of 4;_3. It therefore follows that
Eimi1 and E;_oy;40 can also be expressed as functions of ¢;_3. In order to identify all
of the channels by which ;_3 affects m; we perform a series of backward iterations in
which lagged inflation variables are replaced by appropriately lagged versions of (16).
In particular, because we know, from (16), that m,_; is a function of E, jm;,; and
Ei_3y;11, and from (17) that both of these expectational terms are functions of i, 3,

we lag (13) one period and substitute the resulting expression into (16) to obtain

o= a + oqlog+oqmg + B m + asyi_s + €1 + aEymgs + €

+ as{Bo + Pryi—s + BoEi_oyiyo — Bslir—g — E4_sm_o] + m_2}. (18)

We continue on in this manner, lagging (13) two and three periods in order to replace
first m;_o in (18) and then, subsequently, ;_3. We also lag (14) three periods and use
the resulting expression to replace y;_3 in (16). After making these substitutions, we

obtain the following expression for 7;:

T = Zp+ ai‘ﬁ% + Z1Y—a + 04?043?/1:75 — ag(ar +m)Psi—a — asfsii_3 + € + 161
+ Q%Et—z + Q?Gt—3 + asni—o + as(ar + B1)ni—s + aoEimiio + gk 1m0
+ BB _om + aSanEy_sm 1 + asB3E s3mi_o + azBs(ay + B1)Er_ami_3

+ 3B oy + asfa(on + 1) Ei—syi—1. (19)

Using (17) to solve for the expectational expressions in (19) and making the relevant

substitutions, in we eventually obtain:

o= Qo+ Wm s+ almg+ Qo3+ Qaysa + Sazys 5 — azBsir_s + Qis_3
— az(aq + B1)Bsita + € + arer_1 + Qsero + ez + Qeny_s

+ ag(ay + fr)mp—3 + Q7049 (20)
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where the ) coefficients are complex composites of the structural estimates (1)-(3)
and the reduced-form coefficients in (17).%®

In (20), the component —asfsi;_3 reflects the impact that period ¢t — 3 interest
rate changes have on inflation in period ¢ via the period t — 2 output gap. The
impact of period ¢ — 3 interest rate changes on period ¢ inflation through induced
changes in expectations is captured by 4. Applying our definitions of ex ante and

ex post inflation pressure to (20) results in the following operational model-consistent

inflation pressure formulae:
EAIPt = Aﬂ't + [04363 - Q4]Ait_3 (21)

EPIPt = A?Tt + OégﬁgAit_3. (22)

Substituting (21) and (22) into (7) and (8) yields, respectively, operational EPS
and MPE formulae that are consistent with the economy characterized by (13)-(15).
Vintage-specific estimates of the coefficients in (21) and (22) may be found in Table
1. Table 1 also provides a summary of the EPS and MPE values that we obtain for
each vintage. Figures 4-6 provide diagrammatic evidence of the variation in EPS and

MPE index values across vintages.

6. Evaluating Policy Effectiveness
6.1 Vintage-Specific EPS and MPE Indices

In (21) the first right-hand component asf; reflects the direct impact of interest
rate changes on EAIP while the second component )4 captures the impact that
changes in interest rates have on EAIP through their impact on expectations. The
results reported in Table 2 indicate that the vintage-specific estimates of a3f33; and
Q4 vary across vintages. It is also apparent that the estimated €24 values are many
times larger (in some cases as much as 50 times larger), and also considerably more
variable across vintages, than the o303 estimates are. These observations lead us to

conclude that monetary policy primarily affects inflation outcomes through its impact

Z8Note that (20) is the counterpart of equation (A.5), which is derived in section 1 of the Appendix.
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on expectations. The variability in our vintage-specific estimates of €4 provides
a rationale for gradualist monetary policy. In particular, the Fed may choose to
act gradually because it cannot be sure of the impact that its policies will have on
expectations.

The EPS index measures the degree to which monetary policy successfully pre-
vented ex ante inflation pressure from being realized. Table 2 shows the percentage of
the estimated EPS index values that fall within prescribed ranges (defined in column
1) for each of the vintages considered. It is evident that the assessment of the Fed’s
success in controlling realized inflation as reflected in the values of the EPS index
fluctuates across vintages. It is interesting to note that these fluctuations are more
dramatic for EPS values outside the [0.1] interval. This indicates that the evaluation
of circumstances in which the Federal Reserve is suspected to have either reinforced
(EPS <0) or over-reacted to (EPS >1) the underlying inflationary pressure is partic-
ularly sensitive to the choice of data series. Figure 6, which shows the dispersion of
EPS values associated with each vintage, provides further evidence of the sensitivity
of monetary policy evaluations to data revisions.

The MPE index captures the impact of monetary policy on inflation expectations.
Table 2 shows that the Fed is successful in moderating inflationary expectations a
majority of the time, with the proportion of values that fall in the [0, 1] interval
ranging from a low of 56% of the sample for the May 2003 vintage to a high of
63% in the May 2002 vintage. It is also apparent that the actual impact of Fed
policies on inflation expectations varies considerably across vintages. If we consider,
for example, the February 1999, May 2002, and May 2003 vintages, the fraction of
ex ante inflation pressure removed by Fed actions is rather small as shown by the
relatively small values for the monetary policy effectiveness index. Estimates based
on the May 2004 vintage, by contrast, show the Fed to have been considerably more
successful in that the differences between ex ante and ex post inflation pressure values
are, in many cases, significantly greater for this vintage. It is interesting to note that

the impact of monetary policy on expectations does not appear to be sensitive to
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whether or not the economy was in a recession.

In Figure 4, positive MPE index values (i.e., those obtained when EPIP < EAIP)
are plotted against time. Also shown are the NBER recession dates (these are the
shaded areas). MPE values that fall in the [0,1] interval are unambiguously con-
sistent with the notion that the Fed was successful in changing expectations while
maintaining stable realized inflation. Figure 4 reveals that the Fed’s apparent success
in influencing inflation expectations is contingent on when the evaluation takes place.
For example, in the space of a mere two years of data, namely from May 2002 to
May 2004, an apparent failure to influence expectations is transformed, through data
revisions, into a relatively successful policy initiative. Any judgement based on the
May 2002 data series would clearly have been premature. It is notable that this is the
period when the Fed reduced rates in response to fears of deflation (also see Figure

2).

6.2 An Alternative Counter-Factual Frercise

Orphanides (2001, 2003) argues that any assessment of the conduct of monetary
policy must take into account the fact that the information available to central banks
at the time policy is formulated is inherently noisy. In this section we present the re-
sults of an additional counterfactual exercise that provides support for this view. Up
to this point, we have used vintage-specific indices of monetary policy effectiveness
to determine the degree to which changes in data availability affect the assessment
of monetary policy. We now alter the perspective somewhat by asking how our eval-
uation of the conduct of monetary policy would be affected if we had used the MPE
index obtained from the fully revised, May 2004 data to evaluate policy outcomes
for each vintage. This provides with an alternative view of the degree to which data
revisions affect the assessment of policy outcomes. The results of this exercise are
reported in Table 2 (in the row labeled “0 < MPE < 1”7 @ 2004) and in Figure 5.

It is evident from Table 2 that the perception of overall policy success does not
appear to be greatly affected by the change in metric. A comparison of Figures 4 and

5, however, tells a somewhat different story. The results presented in these figures
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show that the identification of the timing and magnitude of episodes when the Fed ei-
ther faced very uncertain prospects or situations which, at least ex post, were deemed
undesirable, is quite sensitive to the change in metric. It is especially instructive to
notice that the February 1999 and May 2003 vintages now display several values of
the index that are negative. These represent instances where the Fed’s actions ap-
pear, based on the May 2004 metric, to have caused inflation expectations to move in
the wrong direction, thereby exacerbating inflationary pressure. Clearly, it matters
a great deal whether the evaluation criteria employed in retrospective analyses of
monetary policy are constructed using real-time data or the final, fully revised data.

In the case of observed variables such and prices and output, it is reasonable to
assume that data revisions lead to successive reductions in measurement error. With
expectational variables, this may not be the case. It is quite conceivable that expec-
tations may actually change in response to interim data on observed variables (and
any other interim data that may become available). If this is the case, then changes
in expectational variables across vintages may not be entirely due to the gradual
elimination of measurement errors alone. Several important implications follow from
this line of reasoning. The first implication, which agrees with Orphanides’ position,
is that the efforts made by a central bank to control inflation should be evaluated
using real-time data using vintage-specific evaluation criteria. The assessment of the
outcomes attributable to particular monetary policy initiatives, by contrast, are prop-
erly evaluated using final, fully revised data and evaluation metrics that are consistent
with that data series. Finally, the fact that data revisions, and public announcements
made on the basis of these revisions, may themselves lead to expectational changes
across vintages of data, suggests that what the FOMC communicates before or after
a policy rate announcement potentially matters a great deal more than is commonly

thought.?”

291t is interesting to note that the minutes of the February 1999 meeting suggest a lack of clarity
in the direction of monetary policy with the FOMC believing that the fed funds rate was just as
likely to increase or decrease in upcoming settings. The minutes of the May 2003 are notable, ex

post, for raising the prospect of ‘unwelcome’ deflation that the Committee expected would prevail.

29



7. Conclusion

In this article we propose measures of ex ante and ex post inflation pressure which al-
low us to characterize the economic environment before and after the implementation
of monetary policy. We use our inflation pressure measures to construct two indices
of policy effectiveness. The Effective Price Stabilization index measures the degree to
which monetary policy succeeded in preventing ex ante inflation period from being
realized. The Monetary Policy Effectiveness index measures the degree to which a
monetary policy initiative altered the inflationary environment. In the context of
the analytical framework we employ, the impact of a monetary policy on the infla-
tionary environment is measured in terms of its impact on inflationary expectations.
We therefore obtain, from our MPE index, direct quantitative information about the
impact of monetary policy on expectations.

We use six vintages of real time data spanning the period 1998-2004. Throughout
this period the Federal Reserve altered its target federal funds rate methodically,
sometimes quite slowly and, at other times, more aggressively. Our analysis of this
period results in several interesting conclusions. We find that the assessment of both
the inflationary environment and perceived success of monetary policy in preventing
underlying inflation from being realized varies significantly across vintages of data.
Thus our results support the view that data uncertainty is, at least in part, responsible
for gradualism. We also find that monetary policy has its primary impact on the
economy through the changes in expectations that it generates and that estimates of
these expectational changes exhibit significant variation across data vintages. This
observation suggests a second, complementary, rationale for gradualism. In particular,
the Fed may have acted gradually because it could not be certain of the degree to
which its policy initiatives would influence expectations of future inflation.

Overall, we find that while the Fed manages to influence expectations almost

Thus there appears to be an association between the state of mind of the FOMC and the variation
in the information content of the February 1999 and May 2003 vintages that results from applying
the 2004 MPE formula to these earlier series.
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two thirds of the time the impact can be quantitatively small at times. One policy
implication is that policy communication perhaps plays an even more crucial role for

a gradualist central bank than one might think a priori.
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Table 1 Summary of Coefficient Estimates Used to Generate Measures of MP Effectiveness

PHILLIPS CURVE IS CURVE TAYLOR RULE
VINTAGE 0898 | 0299 | 0502 | 1102 | 0503 | 0504 | 0898 | 0299 | 0502 | 1102 | 0503 | 0504 | 0898 0299 | 0502 | 1102 | 0503 0504
CONSTANT 1.16 1.09 55 52 57 -.07 1.02 1.04 .66 .60 68 20 41 2.48 .66 68 .70 .08
T 68 68 82 .80 .80 .80 NA NA NA NA NA NA NA NA NA NA NA NA
t-1
Ex,., 2102) | 252) | 25(2) | 28(2) | -27(2) | .29(2) NA NA NA NA NA NA | 1.553) | .31(1) | .65(3) | .72(3) | 4.05(3) | 1.44(0)
tvt+
y .06 .10 .10 .10 .09 .09 NA NA NA NA NA NA NA NA NA NA NA NA
t-2
y NA NA NA NA NA NA 78 78 78 78 77 76 NA NA NA NA NA NA
t-1
li,—E 7] NA NA NA NA NA NA 007 | -007 | -006 | -007 | -006 | -0.06 NA NA NA NA NA NA
Ey,., NA NA NA NA NA NA 27(4) | 27(4) | 28(4) | 27(4) | 3004) | 28(4) | .17(3) | 1.43(2) | .44(3) | .56(3) | 3.93(3) | .86(2)
t7t+
P NA NA NA NA NA NA -.07 -.07 -.06 -.07 -.06 -.06 .89 91 90 | .91 96 93
t-1
FORECAST SPF SPF G G G G G G G G G G NA NA NA NA NA NA
TYPE
GAP CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO CBO
DEFN

Note: The VINTAGE is the month/year. The first column indicates the number of leads/lags where appropriate. Leads/lags are shown in parenthesis and were
selected because they had theoretically plausible signs and magnitudes. The appendix lists the total number of estimated equations with theoretically plausible
sets of coefficient values and provides additional estimation details including standard errors. FORECAST indicates the type of inflation forecast used in each
specification where G = Greenbook forecast, SPF = Survey of Professional Forecasters. GAP DEF’N indicates the type of output gap measure used where CBO =
Congressional Budget Office. For the Taylor rule the estimates shown are the steady state parameter estimates for the variables in question and the constant is
the estimated steady state real interest rate (i.e., 7, /(1— p)).NA means not applicable.




TABLE 2
Monetary Policy Effectiveness and Effective Price Stabilization

in the United States: 1970-2007

EAIP Vintages
Coeflicients | Aug 1998 | Feb 1999 | May 2002 | Nov 2002 | May 2003 | May 2004
a3 0.0042 0.0042 0.0060 0.0070 0.0054 0.0054
Qy —0.1900 | —0.0234 | —0.0286 | —0.2803 | —0.0276 —0.2514
EPS & MPE
Thresholds % of Sample
0 <MPE< 1 58.33 58.93 62.40 62.20 55.80 60.90
0 <EPS<'1 58.33 58.04 61.60 61.40 55.00 60.20
0 <MPE< 1 60.19 59.82 61.60 61.42 58.65 Unchanged
@May 2004
MPE< 0 33.33 41.07 37.60 33.86 44.20 30.80
EPS< 0 32.41 41.07 37.60 28.35 44.19 28.57
MPE> 1 8.34 0.00 0.00 3.94 0.00 8.3
EPS> 1 9.26 0.90 0.80 10.24 0.80 11.28
Observations 108 112 125 127 129 133

Note: a303 reflects the direct impact of monetary policy on inflation through the interest rate channel;
Q4 captures the impact of monetary policy on inflation through expectational changes initiated by the
policy implemented. Under the* % of sample’ heading, the columns show, for each vintage, the fraction,
in percent, of the sample over which the Fed partially succeeded in preventing ex ante inflation pressure
from being realized as observed inflation (i.e., 0 < EPS < 1), the fraction over which the Fed’s policy
caused observed changes in inflation to exceed ex ante inflation pressure (i.e., EPS< 0), and the fraction
of the sample over which monetary policy caused observed inflation to move in the opposite direction
to ex ante inflation pressure (i.e., EPS> 1). Also shown are the fractions of the sample over which the
Fed succeeded in partially reducing inflation pressure ((i.e., 0 < MPE < 1), the fraction over which
inflation pressure was magnified by policy actions (i.e., MPE< 0), and the fraction of the sample over

which monetary policy caused EPIP and EAIP to move in opposite directions (i.e., MPE>1).
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Figure 2 Output Gaps By Vintage of Data
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Figure 3A Target Federal Funds Rate: 1970-2007
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Source: Series DFEDTAR, from FRED II, daily
(http://research.stlouisfed.org/fred2/series/DFEDTAR/downloaddata?cid=118). The vertical lines date
the vintages employed in the analysis of inflation pressure.




Figure 4 Monetary Policy Effectiveness By Vintage:
Successful Occurrences of Changes in Inflation Expectations
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Note: For each vintage the index of Monetary Policy Effectiveness (MPE) is measured on the vertical axis. Only instances where the MPE indicates that ‘ex post’
inflation pressure is lower than ‘ex ante’ inflation pressure (i.e., 0 < EPS < 1), that is, monetary policy succeeded in influencing inflation expectations in the
correct direction, are plotted. See also Table 3. The shaded areas are the NBER recession dates.



Figure 5 Revisiting Past Monetary Policy Decisions:
Monetary Policy Effectiveness Based on the May 2004 Vintage
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Figure 6 How Successful was the Fed in Reducing Ex Ante Inflation Pressure:
The Distribution of Effective Price Stabilization (EPS)
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APPENDIX

A1l. Deriving Operational Inflation Pressure Formulae

This appendix provides details of the derivation of operational inflation pressure for-

mulae for the illustrative example given in Section 3 of the main text.

Al.1 Ex Ante Inflation Pressure

Ex ante inflation pressure (EAIP) provides a quantitative characterization of the
inflationary environment that the policy authority faced prior to implementing a par-
ticular policy in a given period. An implication of the Lucas critique is that changes
in policy will, when agents form expectations rationally, also bring about changes in
private agents’ expectations. According to our definition, measuring EAIP entails a
counterfactual policy experiment in which we must not only ascertain what impact
an observed change in the interest rate had on the inflationary environment, but also
the extent to which the inflationary environment was affected by any expectational
changes brought about by the observed interest rate change.

In terms of our illustrative example, we need to determine what impact the ob-
served policy change Ai; 5 had on each of the expectational terms in (4). In order
to accomplish this task, we need to make some assumption about the private sector’s
expectation formation process. We assume that agents form expectations rationally
and that their information sets contain contemporaneous and lagged observations of
the variables 7y, y;, and 7;, but only lagged information about the disturbance terms
€, N, and oy.

The first step in deriving a model-consistent EAIP formula is to recognize that
the illustrative model specifies a two period control lag between the interest rate and
inflation. In order to conduct our counterfactual policy experiment, we therefore
need to determine which of the variables that appear on the right-hand-side of (4)
are functions of i;_o. It is apparent from the structural equations that m;_; depends

on E;_ym;, and E;_ym; depends on y;_1, which, in turn, depends on 7;_5. Lagging (1)
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one period and substituting the resulting expression into (4) results in

2 .
m = Ao+ ajm_s + A1yi—o — asfsii—g + Eimag + ok m

+ asB3E_omi_1 + BB 1y + € + anm—1 + agny— (A1)

where Ay = ap(1 + ay) + asfy and A; = asz(ay + F1).

Having expressed the observable variables in terms of i,_o or earlier, we turn our
attention to the expectational terms in (A.1). The assumption agents are fully rational
implies that agents will adjust their expectations about the future path of the economy
in response to changes in policy variables. This means that in order to obtain a
measure for 7%, we need to determine what impact the observed policy change,
Ai;_s, had on each of the expectational terms in (A.1). This, in turn, requires us to
make some assumption about the private sector’s expectation formation process so
that we may solve for the expectational terms as functions of #;_s.

We assume that agents form expectations rationally and that their information
sets contain contemporaneous and lagged observations of the variables 7y, y;, and i,
but only lagged information about the disturbance terms ¢;, 7;, and ¢,.3°. For appro-
priate coefficient values, the model described in (1)-(3) will have a unique rational

expectations solution of the form

Tt = go + 1Tt—1 + 92Ye—1 + 93te—1 + Ga€s + g5 + G60y (A.2)
Ye = ho + himi_1 + hoyy—1 + hsty_1 + hae + hsny + hgoy (A.3)
iy = ko + kim—1 + koyi—1 + ksig—1 + kaey + ksny + Kooy (A.4)

In order to express the expectational variables E;m; 1, By 11, Ey om 1, and E;_qy,

in terms of i;_o, (A.2)-(A.4) are used to make successive backward substitutions until

30Tt turns out that even this simple illustrative model is sufficiently complex to preclude a closed
form analytical rational expectations solution. Using numerical methods to solve the model would
require estimation of (1)-(3) and as a numerical solution is not necessary for the purpose of this
illustration, we postpone the application of numerical methods and the accompanying estimation
until Section 5, where we estimate our indices for the United States using a quarterly empirical

model
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all expectational variables are written in terms of variables dated t — 2 or earlier.?!
An example of the reverse substitution procedure as well as the resulting expressions
for the expectational variables obtained by this method are provided in Section A3.
With expectations expressed in terms of exogenous and predetermined variables, and

all right-hand-side variables dated ¢t — 2 or earlier, (A.1) may be written as

m = Lo+Tim_o+Toyo — agBsis—o + I'stz_o + €

+ (o + Qq)e—1 + (az + a2Qs5)ni—1 + Q6041 (A.5)

where the I' and ) coefficients are complex composites of the structural coefficients
in, (1)-(3), and the coefficients in the rational expectations solutions, (A.2)-(A.4). In
(A.5), the term —as33i;_o reflects the direct impact of the interest rate on inflation
(via the output gap), while the term I'si;_5 captures the effect that the interest rate
has on inflation through its impact on expectations.

The unobservable variable 77 can now be obtained by setting i;_o = i;_3 in (A.5):

mt = Do+ Tim_o+ Doyr—o — a3Bsi4—3 + I'siy_3 + &

+ (o + Qq)er—1 + (s + a2Qs)ni—1 + Q0. (A.6)

Using (A.5) and (A.6), we obtain the following operational measure of ex ante inflation
pressure

EAIPt,Q = Aﬂ't -+ 05352A7:t72 — F3A’it,2. (A?)

Note that in (A.7) the first interest rate component on the right-hand-side captures
the impact that interest rate changes have on inflation through the output gap term
while the second interest rate component reflects the impact that the policy change

had on expectations.

31Note that the length of the control lag between the interest rate and inflation determines how

far back in time one needs to go, and therefore how many reverse iterations are needed at this stage.
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A1.2 Ex Post Inflation Pressure

Ex post inflation pressure is the inflation pressure that remains after the monetary
policy response has taken effect. In Figure 1, ex post inflation pressure in period ¢ is
given as the vertical distance between the two feasibility constraints, I Ry and I R;, at
i;—3. Using the notation in Figure 1, ex post inflation pressure is given by 7;* — m;_1.
In order to obtain this measure, we need to express Ai;_» in inflation-equivalent units.
We therefore need to know how many period ¢ inflation units and interest rate unit
in period ¢ — 2 represents.

In the context of our illustrative model, ex post inflation pressure is the change
in inflation that would have been generated by €, 1,1, m_1, ¥;_2, and i;_3, given the
expectations that were formulated under the policy actually implemented (i.e., under

i1—2). Replacing i;_5 with 7,3 in (A.1) yields

rp 2 .
T = Ao+ aim_g + Aiyi—o — a3fBsii_3 + cEym + oqanEm

+ a3BsE_omi_1 + BoEi_ 1y + € + a1 + azne—y (A.8)

It follows directly from (A.1) and (A.8) that 7, = m;+ 3034, 5.>* Substituting this
expression into (6) yields the operational, model-consistent ex post inflation pressure

formula

EPIPt_Q = Aﬂ't + OégﬂgAit_g. (Ag)

Comparing (A.7) and (A.9), it is immediately apparent that
EAIPt,Q = EPIPt,Q - FgAZ.t,Q. (AlO)

Note that when the expectational changes induced by policy initiatives are consistent
with the objectives of stabilization policy, I's would be expected to be negative,
resulting in EAIP, > EPIP,.

Owing to the two period policy control lag in the example that we employ here,

EAIP, and EPIP; may both be subject to disturbances that cannot be anticipated at

32Note that (A.1) and (A.5) are equivalent expressions, so that m;” could have been obtained from

(A.5) by setting azf3it—o2 = a3f3i:—3 while leaving I'si;_o unchanged.
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the time policy is formulated. Equation (A.10) shows that unanticipated disturbances
will affect both inflation pressure measures equally. Consequently, any observed dif-
ference between EAIP, and EPIP, can properly be interpreted as reflecting the impact

of the policy initiative on the inflationary environment.

A2. Shocks, Inflation Pressure, and Policy Effectiveness

This section provides analytical details of the manner in which our measures of infla-
tion pressure and policy effectiveness capture the impact of shocks on the economic
environment and the degree to which policy initiatives were successful in moderating
the impact of those shocks on the economy. In what follows, we consider, individually,

a supply shock as well as a demand shock.
A2.1 Supply Disturbances

We consider a situation in which there is a positive price shock in period ¢ — 2 so that
€_o > 0. In the context of the illustrative model we use in Section 3, where there is
a two-period control lag between the policy instrument and the inflation rate, there
is nothing that the policy authority can do to moderate the impact of this shock on
inflation in periods ¢t — 2 or t — 1. Policy undertaken in period t — 2 can, however,
affect the impact of the period t — 2 shock on inflation in period ¢.

For an economy with the structure described in by (1)-(3), €2 affects m; through
its impact on m;_o, m_1, and y;_1. According to (A.5), with all disturbances other

than €;_, set to zero, the realized inflation rate in period ¢ is given by
7y = Lo+ Di[m—s + €—2] + Toyr—o — a3 P12 + I'ziy_s. (A.11)

From (9), the impact of the shock on the economic environment prior to the imple-

mentation of interest rate policy in period ¢t — 2 can be expressed as
mi* =To+ Ti[ms + € o] + Toyr o — asBsis—3 + Lsiss. (A.12)

Because €;_5 is, in this example, assumed to be the only disturbance, and y;_» is

independent of €_o, y; o = y;_3. After lagging (A.11) one period and setting y; o =
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y—3 in (A.12), we obtain
EAIPt = tha — Tt—1 = F1€t72~ <A13)

Comparing (A.11) and (A.12) we see that 77 = m; + [a303 — ['3]Ai;_o. From this
it follows that

EAIPt = ﬂ_tma — -1 = F1€t_2 = A’Tft + [04363 - Fg]Ait_g, <A14)

which establishes that the conceptual and operational EAIP measures are fully equiv-
alent.

Ex post inflation pressure is intended to characterize the post-policy inflationary
environment. When a policy initiative successfully moderates the impact of a distur-
bance (such at ¢_» > 0) on the economy, the observed inflation rate only partially
reflects the underlying post-policy inflationary environment. This is because part of
the underlying inflation pressure is absorbed by the change in the policy instrument.
Notice that in Figure 1, 7,? reflects the combined magnitudes of 7; and Ai;_». Notice
also that the expectations relevant for measuring 7;” are those held under i;_o, and
not those associated with the past policy i;_3. The expression for m;” that we obtain

from (A.11) when ¢, 5 is the only economic disturbance is then given by
m " =To+ Difm3 + €-o] + Toyr—o — azfBsis—3 + aipo. (A.15)
After lagging (A.11) one period and setting y;_o = y;_3 in (A.15), we obtain
EPIP; = 7 — 1 = T169 + T3A0; . (A.16)

As we have pointed out above, the term I'3Ai;_5 reflects the impact of interest rate
on inflation through the expectation formation channel. Equation (A.16) indicates
that our concept of ex post inflation pressure characterizes changes in the inflationary
environment in terms of changes in inflation expectations.

Comparing (A.11) and (A.12) we see that 7" = 7, + a3f3A4;_5, from which it

follows directly that
EPIPt = Wfp — M1 = F1€t_2 + FgAit_g = A?Tt + 06363Ait_2. (Al?)
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The conceptual and operational EPIP measures are therefore fully equivalent.

The analysis of the impact of the supply disturbance ¢, 5 on observed inflation
and on our measures of inflation pressure provides us with an analytical basis for
interpreting the measures of policy effectiveness that were introduced in Section 3 of

the main text. Substituting (A.13) into (7) yields
Tiero —asfsAi o] o300

[
EPS;, s =1-—
2 e e

(A.18)

The coefficient a3/33 measures impact of a one unit change in the interest rate in period
t—2 on inflation in period t. Consequently, EPS;_s measures the proportion of period
t ex ante inflation pressure that was relieved by the interest rate policy implemented in
period t — 2. Because disturbances like €, 5 are generally not individually observable,
even in retrospect, it would be very difficult to compute (A.18) directly. Fortunately,
the equivalence between the conceptual and operational characterizations of ex ante
inflation pressure that is demonstrated above, provides us with a means of obtaining
an EPS index that can be computed from observed data. Using (A.14) and (A.18)
we obtain the following operational EPS index:

- Aﬂ't
Amy + [agfs — T3] Ady_g’

EPS, , =1 (A.19)

which appears in the main text as (11).
To show the impact of the supply disturbance €, 5 on the index of monetary policy

effectiveness, we substitute (A.13) and (A.16) into (8) to obtain

Tr€e—g + T3 iy o] _ —I'3A4;_,
| YT Fieio

MPE, ,=1— (A.20)

The coefficient I'; in (A.5) measures the impact that the expectational changes
brought about by the change in the period ¢ — 2 interest rate have on inflation in
period ¢. Thus (A.20) shows that the MPE index measures the degree to which the
policy initiative undertaken in period t — 2 was successful in moderating inflation-
ary expectations. Using (A.14) and (A.18) we yields the following operational MPE

index:
ATy + 303009
Amy + [agfs; — D] Aip_s’

MPE,_, = (A.21)

44



which appears in the main text as (12).
A2.2 Demand Disturbances

A demand disturbance in period t —2 (such as, for example, 1;_o > 0) is, in its impact
on our inflation pressure and policy effectiveness measures, very similar to the supply
disturbance discussed in the previous sub-section. In the context of our illustrative
model, a positive demand disturbance in ¢ — 2 would bring about an increase in y;_s,
which would cause m;_; and y;_; to increase, and thus lead to an increase in 7;. Under
the assumption that the demand disturbance in ¢t — 2 is the only disturbance to the

economy, the realized inflation rate in period ¢ is then given by
= Lo+ Dime—g + To[yi—3 + mi—a] — asfsis—o + T'siy_s. (A.22)

Using the same procedures as those employed above for the supply disturbance,

it is straight forward to show that EAIP; and EPIP; can be expressed as
EAIPt = 7Tt$a — -1 = FQT/t_Q = Aﬂ't + [04353 - Fg]A’it_g (A23)
EPIPt = ﬂ_z:p — T¢—1 = FQT]t_Q + FgAit_Q = A?Tt + OZgﬁgAl.t_Q. (A24)

The remaining analysis is analogous to that given above for the supply disturbance.
A3. Derivation of Equation (A.5)

When there is a two-period control lag between inflation and the policy authority’s
interest rate instrument, it is necessary to express (4) in terms of i;_» in order to obtain
our operational (and counterfactual) ex ante and ex post inflation pressure formulae.
In the context of our illustrative model, we therefore need to express the expectational
variables Eymiq, Ey_1my, Ey_om_1, and E;_17;. In this appendix we show how (A.5)
is derived from (A.1).

We begin by solving for each of the expectational terms in (A.1) as functions of
variables dated ¢t —2 or earlier. The number of iterations required to obtain the desired
expression increases with the number of periods that lie between the expectational
variable and the policy instrument. In this appendix, we use E;m;,1, which leads the

policy instrument 7, 5 by three periods, to demonstrate our methodology.
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It follows from (A.2) and our assumptions about the information set available to

private agents, that E;m;,1 can be expressed as
Eiit1 = go + 17t + Gaye + gsie. (A.25)

Substituting (A.2)-(A.4) into (A.25) results in
Eimi1 = Go+ Gimyy + Goye1 + G3iyq (A.26)

where Go = go(1+91)+g2h0+gsko, G1 = gi +galhi+gski, Go = g1g2+ g2ha+ gsks, and
G3 = q193 + g2hs + gsks. Lagging (A.2)-(A.4) one period and making the appropriate
substitutions into (A.26) yields

Eimipr = Qo + Qimi—2 + Qalr—o + Q3tp—o + Quer—1 + Q51 + Qs0v—1 (A.27)

where QQ = GO + GlgO + Ggho + ngo and Qj = Glgj + Ggh]‘ + ngj, for ] = ]_, ceny 6.
The expressions for the remaining expectational terms can be obtained in a similar

manner and are summarized below.

Ei—om—1 = go + g17—2 + GoYr—2 + g3is—2 (A.28)
Et—17Tt = Go + G17Tt_2 + Gzyt_Q + Ggit_g <A29)
Ev oy = Ho + Him—o + Hoyr—o + Hsiy—o (A.30)

where H() = ho(l -+ hg) + h190 + hgko, Hj = hlg]‘ -+ hghj + h,3k’j, for j = 1, ,3

Equation (A.5) can then be obtained by substituting (A.27)-(A.30) into (A.1):

m = To+Tim_o+Toyo — agBsir—o + I'stz_o + €

+ (oq + Qq)er—1 + (az + a2Qs5)ni—1 + Q6011 (A.5)

where I'; = ¢¢ + a2Q; + oG + asfBsg; + asBiHj, for j = 0,...,3, with ¢y = Ao,
gbl = Oé%, ¢2 = Al, and qbg = O
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A4. GMM Estimates and Rational Expectations Solutions

A4.1 Estimates used in the Gensys Computations

Results of the GMM estimations for (13)-(15) are given below. Barlett kernels were

employed in all estimations.

TABLE A4.1.1

Phillips Curve Estimates

Vintage Sample Coeflicient Estimates J-stat  Prob
Qp (6%} (0%)] (0% (J—stat)

Aug 1998 | 1982.1- | 1.16* 0.68"  0.21T  0.06** | 9.7003  0.4672
1998.2 | (0.53) (0.04) (0.08)  (0.02)

Feb 1999 | 1982.1- | 1.09* 0.68" 0231  0.06™ |9.2332 0.5101
19984 | (0.52) (0.23) (0.07)  (0.02)

May 2002 | 1974.1- | 055"  0.827  0.25f 0.10" | 9.0947 0.5231
2002.1 | (0.13) (0.03) (0.04)  (0.02)

Nov 2002 | 1974.4 - 0.52F  0.80"  0.28f 0.10" | 8.5152 0.5786
2002.3 (0.13)  (0.03) (0.04)  (0.01)

May 2003 | 1974.1- | 0.577  0.80F  0.27F  0.09" | 8.9670 0.5352
2003.1 | (0.14) (0.03) (0.05)  (0.02)
May 2004 | 1974.1- | —0.07  0.807  0.29% 0.09" |9.2136 0.51196

2004.1 | (0.13) (0.03) (0.04)  (0.02)

Note: Shown above are the vintage-specific GMM coefficient estimates for (13). Newey-West
standard errors are given below the coefficient estimates in parentheses. The significance level
is indicated with a * for 10%, ** for 5% and  for 1%. Details of variable definitions and

instrument lists are available in an appendix containing the raw estimation output.
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TABLE A4.1.2

IS Curve Estimates

Vintage Sample Coeflicient Estimates J-stat Prob

Bo B B2 B3 (J-stat)

Aug 1998 | 1975.3- | 1.12F  0.78"  0.277  0.07" | 8.4965  0.8098
1997.2 | (0.36) (0.03) (0.03) (0.02)

Feb 1999 | 1975.3- | 1.04" o0.78" 0277  0.077 | 8.0587 0.8398
19974 | (0.36) (0.03) (0.03) (0.02)

May 2002 | 1975.31- | 0.667 078" 0.28"  0.06* | 11.0192 0.6092
2002.1 | (0.24) (0.03) (0.05) (0.03)

Nov 2002 | 1975.3- | 0.60* 0.78' 027"  0.07* | 11.3205 0.5540
2002.3 | (0.27) (0.03) (0.05) (0.03)

May 2003 | 1975.3- | 0.68* 0.777  0.30"  0.06* | 10.5150 0.6514
2003.1 | (0.28) (0.03) (0.05) (0.03)

May 2004 | 1975.3- | 0.20* 0.76" 028"  0.06* | 11.8489 0.5401
2004.1 | (0.09) (0.03) (0.05) (0.03)

Note: Shown above are the vintage-specific GMM coefficient estimates for (14). Newey-West

standard errors are given below the coefficient estimates in parentheses. The significance level

is indicated with a * for 10%, ** for 5% and { for 1%. Details of variable definitions and

instrument lists are available in an appendix containing the raw estimation output.
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TABLE A4.1.3
Taylor Rule Estimates

Coefficient Estimates

Vintage | Sample | const  E;miim Eivin Ti_1 J-Stat Prob

5/0 m 5/# n :Yy P (J'Stat)

Aug 1998 | 1980.1- | 0.4114 3 1.5487" 3  0.1680 0.8897" | 8.876  0.884
1997.2 | (6.32) (0.34) (0.36)  (0.03)

Feb 1999 | 1980.1 - | 2.4757 1 0.3136 2 1.4288** 0.91317 | 12.015  0.678
1997.4 | (13.06) (0.42) (0.73)  (0.03)

May 2002 | 1980.1 - | 0.6642 3 0.6498* 3 0.4428 0.9018" | 10.428  0.579
2002.1 | (3.53) (0.41) (0.56)  (0.04)

Nov 2002 | 1980.1 - | 0.6752 3 0.7204" 3 0.5636** 0.9072F | 11.907  0.750
2002.3 | (3.64) (0.29) (0.29)  (0.03)

May 2003 | 1980.1 - | 0.6956 2 4.0522** 2 3.9338* 0.9586% | 13.720  0.547
2003.1 | (13.23) (2.31) (3.16)  (0.03)

May 2004 | 1980.1 - | 0.0807 0 1.4397F 2 0.85927 0.9262f | 11.366  0.837
2004.1 | (1.83) (0.32) (0.39)  (0.02)

Note: Shown above are the vintage-specific GMM coeflicient estimates for (15). Newey-West standard

errors are given below the coeflicient estimates in parentheses. The significance level is indicated with a

* for 10%, ** for 5% and 1 for 1%. Note that 79 = (1 — p)y0, Y= = (1 — p)7vr, and 3, = (1 — p)7y,. Details

of variable definitions and instrument lists are available in an appendix containing the raw estimation

output.

A4.2 Numerical Rational Expectations Solutions

The rational expectations solutions for the endogenous variables 7, v;, and 7, that

were computed using Sims’ Gensys program are reported in Table A4.2.4
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TABLE A4.2.4

Numerical Rational Solutions

Aug 1998 Feb 1999 May 2002 Nov 2002 May 2003 May 2004
Coefficient Estimates for
const 1.9498 2.0366 1.5020 1.1993 1.8255  —0.5996
i1 0.7461 0.7810 1.1964 1.3230 1.0956 1.1306
Yt—1 0.0360 0.0368 0.1678 0.2673 0.0956 0.1358
Yt—2 0.0659 0.0689 0.1458 0.1653 0.1232 0.1131
141 —0.0084 —0.0052  —0.0310 —0.0665  —0.0070  —0.0358
€t 1.0944 1.1462 1.4465 1.6263 1.3637 1.4032
M 0.0354 0.0305 0.1436 0.2367 0.0705 0.1185
o —0.0006 — 0.0003 — 0.0024 — 0.0050 — 0.0003 — 0.0023
Coefficient Estimates for v,
const | —3.2783 —3.2723  —1.4281 —0.3979  —1.2531 —0.0455
T_1 0.0509 0.0530  —0.2109 —0.2597  —0.2002  —0.2925
Yt—1 0.8293 0.8293 0.6854 0.6658 0.6670 0.6966
Yt—2 0.0044 0.0047  —0.0258 —0.0302  —0.0225  —0.0292
Ti—1 —0.1103  —0.1102 0.0604 —0.0429  —0.0560  —0.0948
€ —0.0067 —0.0072  —0.3377 —0.4021 —0.3247  —0.4468
M 1.0605 1.0606 0.9196 0.8635 0.9069 0.9579
o —0.0034 — 0.0034 — 0.0004 0.0022 — 0.0001 — 0.0028
Coeflicient Estimates for i,
const 9.7908 9.8841 6.6600 7.4924 36.7859  —1.2742
Te_1 0.2014 02205 0.6498 0.8818 6.5555 1.3824
Yt—1 0.4705 0.4733 0.4744 0.6622 3.9703 0.6306
Yt—2 0.0177 0.0195 0.0792 0.1102 0.7375 0.1382
141 0.6634 0.6648 0.7656 0.6967 0.2255 0.6398
€ 0.2523 0.2783 0.7500 1.0248 7.8676 1.6650
M 0.5729 0.5734 0.4845 0.6687 3.9772 0.7430
o 0.0670 0.0671 0.0866 0.0764 0.0477 0.0547

Note: Shown above are the reduced-form, rational expectation coefficient values obtained using
Sims’ (2001) computational program and the estimated coefficients for equations (13)-(15)
given in Tables A4.1.1-A4.1.3. The coefficients characterize a unique rational expectations

equilibrium.
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A5. Excerpts from FOMC Minutes
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Table 1 FOMC Minutes Excerpts

MEETING DATE HIGHLIGHTS VOTE STANCE OF POLICY
August 18, 1998 “...a directive that called for maintaining conditions consistent with an 10-1 “...all but one of the members
unchanged federal funds rate of about 5 % percent.” agreed on the desirability of
maintaining a steady policy
“...members remained persuaded that a significant rise in price inflation stance.”
was not likely to occur in the nearer term.”
“...it was clear one the basis of any measure that consumer prices and
inflation more generally had remained remarkably subdued in the
context of very tight labor markets...”
“The members generally anticipated somewhat more moderate growth
than they had in their previous forecasts, with prospective expansion at
a pace near or somewhat below the growth of economy’s potential.”
Feb. 2-3, 1999 “..the Committee believes that prospective developments are equally 11-0 “...all the members 20avourab an

likely to warrant an increase or a decrease in the federal funds rate
operating during the intermediate period.”

“...the persistence of subdued inflation and the absence of current
evidence of accelerating inflation were seen as arguing against a policy
tightening move at this point.”

“Indeed, the conjuncture over an extended period of strong economic
growth, very low rates of unemployment, and the absence of any
buildup of inflation could not be explained in terms of normal historical
relationships.”

“...members referred to continuing indications of an exceptional
economic performance that was characterized by the persistence of

unchanged policy stance.”




quite low inflation despite very high and rapidly rising levels of overall
output and employment. The members currently saw few signs that
more sustainable rate, but most continued to anticipate substantial
showing over the year ahead at a pace close to or somewhat above that
of the economy’s long-run potential.”

May 7, 2002

“All the members favoured the retention of a neutral balance of risks
statement to be released shortly after this meeting.”

“...current inflation pressures were subdued and were expected to
remain so for a considerable period, thereby providing adequate
opportunity to evaluate ongoing developments and tighten policy as
needed later.”

“The outlook for inflation remained favourable.”

“The current accommodative stance of policy continued to be viewed as
appropriate.”

“...the stance of monetary policy would have to become less
accommodative once clearer evidence emerged that a healthy
expansion was firmly established.”

“Nonetheless, activity would remain below the economy’s potential for
a period ahead and the persistence of underutilized resources was
expected to contribute to damped core consumer price inflation.”

10-0

“...all the members agreed on the
desirability of maintaining an
unchanged policy stance,...”

Nov. 6, 2002

“Members commented that the potential costs of a policy easing action
that later proved not to have been needed were quite limited in that
there was little risk that such a move would foster inflationary pressures
under likely economic conditions over the next several quarters.”

12-0

“...the current stance of monetary
policy was still quite
accommodative and was
providing important support to




“A 50 basis point move would tend to have a more pronounced effect
than usual in financial markets, at least initially, because it would be
largely unexpected and would come after an extended hiatus in
implementing policy changes.”

4

“...the Committee currently saw a likely need for further easing later.’

“...a failure to take action that was needed because of a faltering
economic performance would increase the odds of a cumulatively
weakening economy and possibly even attendant deflation. An effort to
offset such a development, should it appear to be materializing, would
permit difficult policy implementation problems.”

“The staff forecast prepared for this meeting suggested that, in light of
further weaker-than-expected incoming economic data, the expansion
of economic activity would be relatively muted for some time.”

economic activity,...”

May 6, 2003

“...the probability of some disinflation from an already low level
exceeded that of a pickup in inflation.”

“They [the members] recognized that the usual summary statement did
not allow for the circumstances in which the Committee saw some
probability, albeit minor, of a significant further decline in inflation to an

Ill

unwelcome leve

“Members commented that substantial additional disinflation would be
unwelcome because of the likely negative effects on economic activity
and the functioning of financial institutions and markets, and the
increased difficulty of conducting an effective monetary policy, at least

”

potentially in the event the economy was subjected to adverse shocks.

“Members anticipated that inflation would remain at a low level for an

11-0

“...all members indicated that they
could support a proposal to
maintain an unchanged policy
stance.”




extended period and indeed that the probability of further disinflation
was higher than that that of a pickup in inflation, given the current high
levels of excess capacity in labor and product markets, which seemed
likely to diminish only gradually.”

May 4, 2004

“All of the members agreed that, with policy tightening likely to begin
sooner than expected, the reference to patience was not longer
warranted. The Committee focused instead on a formulation that would
emphasize that policy tightening, once it began, probably could proceed

”n

at a pace that would be “measure”.

“...the statement should again indicate that the upside and downside
risk to sustainable growth for the next few quarters seemed to be
roughly equal. Members saw both downside and upside risks to
prospects for inflation.”

“Overall, Committee members were now more convinced that recent
robust growth would be sustained and most likely at a pace that would
be adequate to make appreciable headway in narrowing margins of
unutilized resources.”

“Survey measures of near-term inflation expectations edged up
somewhat in March and April, but measures of longer-term
expectations decreased.”

12-0

“..the Committee saw a
continuation of its existing policy
stance as providing a degree of
support to the economic
expansion that was still
appropriate.”

Source : http ://www.federalreserve.gov/fomc/minutes.
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