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Inter preting the Significance of the Lagged Interest Rate

in Estimated Monetary Policy Rules

Abstract

Many researchers have found that the lagged interest rate enters estimated
monetary policy rules with overwhelming significance. However, arecent paper
by Rudebusch (2002) argues that the lagged interest rate is not a fundamental
component of the U.S. policy rule, and that its significance arises from the
omission of serially correlated variables from the policy rule. This paper
demonstrates that, contrary to Rudebusch's claims, these two hypotheses can be
directly distinguished in the estimation of the policy rule. Our findings indicate
that while serially correlated omitted variables may be present, the lagged interest
rate enters the policy rule in its own right and plays an important role in describing
the behavior of the federal funds rate.



1. Introduction

Over the past ten years there has been extensive research on the setting of monetary
policy. One of the findings of this literature, and perhaps the one that sparked much of the
subsequent research, is that monetary policy can be described to alarge extent by ssmple policy
rules that determine the short-term interest rate as a function of a small number of variables, such
as the output gap and inflation. Taylor (1993) was among the first to reach this conclusion.
Taylor’s point was not that policymakers actually follow a simple policy rule or consider only a
couple of variablesin setting monetary policy. On the contrary, he argued that simple algebraic
rules were unlikely to capture the complexities of the policy process. Nonetheless, he found that
the results from that process could be well approximated by afairly simple description of the
short-term interest rate.

A large number of other researchers have subsequently refined this point. These papers
have focused on estimating simple policy rules from realized data, rather than imposing the
reaction coefficients assumed by Taylor, and on modifying the ssmple rule in various directions.
But although the literature has arrived at many different specifications and estimates of simple
policy rules, many of them find that the lagged interest rate enters the estimated policy rule with
overwhelming significance. Thisfinding is evident not only in the United States, as described by
Sack (1998), Amato and Laubach (1999), and Clarida, Gali, and Gertler (2000), but alsoin a
number of other industrial countries, as described by Goodhart (1997).

Although thereis general agreement that the lagged interest rate is a significant variable
in estimated policy rules, there is some debate about why thisisthe case. The presence of the

lagged term tends to make the federal funds rate adjust sluggishly in response to changesin



economic conditions, a factor that policymakers may find attractive for a number of reasons.
First, inertial policy, by influencing expectations of future policy movements, can alow the
policymaker to exercise effective control of output and inflation without requiring aggressive
movements in the short-term interest rate, as emphasized by Woodford (1999), Williams (1999),
and Levin, Wieland, and Williams (1999). Second, inertial movements in the federal funds rate
may be optimal in the presence of various uncertainties about the structure of the macroeconomic
model, about the values of the parameters of the model, or about the quality of contemporaneous
datareleases. The effects of such uncertainties on optimal policy are examined in Sack (1998,
2000), Orphanides (1998), Rudebusch (2001), and Wieland (1998), among others.?> These
arguments, and some of the relevant references, are summarized in more detail in Sack and
Wieland (2000).

Rudebusch (2002), however, argues that the lagged interest rate may not enter the actual
policy rule at al. Instead, he argues that the significance of the lagged interest rate in estimates
of the policy rule may be attributed to serially correlated errorsin the policy rule that correspond
to the FOMC'’ sreaction to other factors. As evidence, he points to the lack of predictive power
of the term structure, arguing that federal funds rate movements should be predictable (and
should be predicted by the term structure) if the coefficient on the lagged interest rate truly

represented sluggish adjustment. Rudebusch concludes that “the lagged policy rate, though

2 Many papers also assume that the policymaker's loss function contains a penalty for changesin the policy interest
rate. Whilethisis aconvenient way to capture the smoothness of interest rate movements, the theoretical
justification for the penalty is not clear. One possibility isaconcern that large policy moves could, either by
confusing market participants or by causing large movements in asset prices, have adverse effects on the operation
of some financial markets. For example, at the February 1994 FOMC meeting, as the Committee was considering
tightening after along period of unchanged policy, Chairman Greenspan argued that a 25 basis point policy
tightening was preferable to a 50 basis point tightening in part because the larger move had “a very high probability
of cracking these [financial] markets’ (FOMC Secretariat, 1994, p. 53).



useful in mopping up residual serial correlation, should not be given a structural partial
adjustment interpretation with regard to central bank behavior.”

This paper attempts to answer the question of whether the lagged interest rateis a
fundamental component of the policy rule estimated for the United States, or whether its
significance can instead be attributed strictly to serially correlated errors. While the two
alternatives both result in considerable inertiain interest rate movements, we demonstrate that
thereisafundamental difference in their implications for the dynamics of the federal funds rate.
This difference allows usto estimate a policy rule with both components and to test their
significance and their relative importance in describing federal funds rate movements.

By relying on direct evidence from the estimated policy rule to distinguish between the
hypotheses of partial adjustment and serially correlated errors, this paper does not have to resort
to looking at indirect evidence from the term structure of interest rates, as in Rudebusch (2002).
A direct test is preferable, since the lack of predictive power of market interest rates that
Rudebusch finds might not speak at all to the difference between partial adjustment and serially
correlated errors, but might arise because of well known violations of the assumptions
underlying the expectations hypothesis.

Overadl, we do not disagree with the idea that various factors can push the federal funds
rate away from the prescription of asimple policy rule for atime. Indeed, one would expect this

to be the case since, as mentioned above, the simple policy rule is merely an approximation for

% Time variation in the term premium embedded in longer-term rates and various other factors can limit the
predictive power of longer-term interest rates, even when movements in the short-term rate are predictable.
Rudebusch alows for some variation in the term premium, but he imposes fairly strong assumptions about its
behavior that are unlikely to hold in practice.



the result of a complicated policy process. However, our results suggest that omitted factors
cannot account for the bulk of the significance of the lagged interest rate in estimated policy
rules. On the contrary, our results indicate that the lagged interest rate enters the policy rulein

its own right and plays an important role in the dynamics of the federal funds rate.

2. Two Modelsof the Federal Funds Rate
We begin by comparing two specifications of a monetary policy rule: one in which the
lagged interest rate enters, and one that does not include the lagged rate but allows serially

correlated errors. Thefirst of these two alternatives can be written as follows:

;t :bO +bITDTt +by B)t

. )
i =(1-A)0 +A0, +¢,,

where i isthe federal fundsrate, rristheinflation rate, y isthe output gap, and isani.i.d error
term. This specification has been termed a* partial adjustment” rule by some researchers,

including Clarida, Gali, and Gertler (1999). The reason isthat under this specification, the
federal funds rate moves gradually toward therate 7 , closing /- of the gap in each quarter (A is
assumed to be less than one). However, it isworth noting that i (which we refer to asthe
“Taylor-rulerate”) is not necessarily the desired level of theinterest rate, and in fact the interest
rate may never reach i,as output and inflation may respond to the movement in the interest rate

before i isreached.* But apositive A does result in inertial movements in the federal funds rate

* Note that the “Taylor-rule rate” is not the rate that would be implied by Taylor’s (1993) rule, but instead is that
implied by arule of the form assumed by Taylor with coefficients estimated based on the various specifications
described in the text.



in the direction of the Taylor-rule rate, and we will loosely refer to this as partial adjustment.
By comparison, a policy rule with serially correlated errors can be written as follows:
i, =by +b, U7, +b, [,

i, =i +u, 2
Ut :pUt—1+£f’

where v isaserialy correlated error term and the other variables are defined as in equation (1).
Under this specification, thereis no partial adjustment towards the Taylor-rule rate, and the funds
rate deviates from the Taylor-rule rate only by the error term. Under Rudebusch’ s (2002)
interpretation, this error term represents various episodic events that affect the federal funds rate
but are not included in the Taylor rule specification, such as the credit crunch in the early 1990s
or concerns about the seizing up of financial marketsin the fall of 1998.° These errors are
assumed to follow afirst-order autoregressive process, so that afraction /-p of the difference
(v) between the federal funds rate and the Taylor-rule rate closes each quarter.

Nonlinear least squares estimates of the monetary policy rule under these two
specifications are presented in the top panel of Table 1. The sample includes quarterly datafrom
1987Q1 to 2000Q4. Thefederal fundsrate is defined as the average effective federal funds rate
over the quarter, the output gap is based on real GDP relative to the CBO’ s estimate of potential
GDP, and the inflation measure is the four-quarter change in the GDP deflator.® First, note that

the coefficients on the output gap and inflation are largely consistent with other estimates from

® For now, we assume that the innovation to the error term, &, isi.i.d., consistent with Rudebusch (2002). We
explore aternatives to this assumption below.

® The quarter-average funds rate is used to correspond with the observations for output and inflation, which are
based on activity over the quarter. However, the findings regarding the relative importance of the

parameters p and A are robust to using the end-of-quarter target federal funds rate in the estimated rule.



the literature, including a significant coefficient on the output gap and a coefficient on inflation
that is greater than 1.” More importantly, note that both rules capture the inertial behavior of the
federal funds rate, but in different ways—through a significant parameter A in equation (1), and
through a significant parameter pin equation (2). 2

Similar results are found under forward-looking policy rules. It iscommonly argued that
monetary policy must be preemptive, which has led researchers to consider various policy rules
that respond to forecasts of output and inflation.” Rudebusch (2002) considers arulein which
the policymaker responds to the contemporaneous output gap and the anticipated inflation rate

over the coming four quarters. Specifically, he replaces thefirst equationsin (1) and (2) with a
Taylor-rulerate determined by i, =b, +b_ [E, 7T, + b, [E,,y,, wherethe policy decision at

time¢ is, by assumption, based on information available at time z-/. Under this specification, the
two policy rules can be estimated using instrumental variables, where the instruments are based

on information available at time z-7.°

The results, shown in the bottom panel of Table 1, are
broadly similar to those found with the backward-looking rules, with the parameters p and A still
estimated to be substantial and highly significant.

The difficulty in distinguishing between the hypotheses of partial adjustment and serially

correlated errors, it has been argued, is that they have similar implications for the path of the

" Interestingly, under equation (2), we find that the coefficients on both output and inflation fall noticeably.
Rudebusch (2002) finds similar results.

8 |f the federal funds rate affects the output gap or the inflation rate within the current quarter, then the estimation
results reported here are potentially biased because the right-hand-side variables are correlated with the error term.
However, the results are only little changed if the equation is estimated using instruments known at time ¢- 7,
suggesting that such misspecification is not a problem.

9 See, for example, Clarida, Gali, and Gertler (2000) and Orphanides (2001).

19 The instruments we use are four lags each of inflation, the output gap, and the federal funds rate.



short-term interest rate. Indeed, thisis clearly the case for the dynamics of the fundsratein
response to a gap between the interest rate and the Taylor-rule rate. In both cases, in the absence
of new shocks, afixed portion of the gap (either /-A or 1-p) closes each period until the gap is
eliminated. The similarity of the two specifications led Rudebusch (2002) to seek indirect
evidence about the two hypotheses based on the term structure of interest rates.

We instead argue that the two hypotheses can be distinguished based on direct evidence
from the estimation of the policy rule. In particular, the two specifications have very different
implications for the response of the interest rate to changesin the Taylor-rule rate. To see that,
note that manipulating the partial-adjustment specification in equation (1) yields

N =@A-N)ID +@A-A) M, —i ) +eE,. ©)
This equation indicates that the interest rate only partially adjusts to changes in the Taylor-rule
rate as well asto the lagged difference between the Taylor-rule rate and the funds rate. Similar
manipulation of the serially-correlated-error specification in equation (2) yields

Di, =0i, + (1= ) Wiy = i) * &, @
The second term of equation (4) issimilar to that of equation (3)—the federal funds rate closes
only afraction of the lagged difference between the Taylor-rule rate and the actual rate.
However, the first term in the two specifications differs importantly. In contrast to the partia
adjustment case, the funds rate adjusts fully to changesin the Taylor-rule rate in the serially-

correlated-error specification, asthe serialy correlated error maintains the gap between the



federal funds rate and the new level of the Taylor-rule rate.™

The intuition for the distinction between the two specificationsis simple. Even if the
Federal Reserve isresponding to some factor that causesits policy to deviate from the Taylor-
rulerate asinrule (4), it should still respond fully to any observable changes in output and
inflation that shift the Taylor-rulerate. If the Federal Reserve instead follows a rule with some
partial adjustment asin (3), it reacts slowly to all macroeconomic developments, including
changesin the Taylor-rule rate.

Based on this difference between the two equations, we can test empirically to see which
model is more consistent with the data. To do so, we use nonlinear least squares to estimate the
changein the funds rate as a function of the change in the Taylor-rule rate and the lagged gap
between the Taylor-rule rate and the funds rate. The results, which are shown in Table 2, can
then be evaluated in light of equations (3) and (4). In the backward-looking version of the
model, the coefficient multiplying the expected change in the Taylor-rule rate iswell below 1,
consistent with the partial adjustment explanation of the significance of the lagged interest rate
and inconsistent with the serially-correlated-error specification. Indeed, the hypothesis that the
coefficient equals 1 is overwhelmingly rejected. Similar results are found under the forward-
looking specification of therule.

Although the data appear more consistent with the partial-adjustment specification, the

coefficient restriction in (3)—that the coefficient on the change in the Taylor-rule rate equals the

1 Of course, the fact that equations (3) and (4) have the same form owes to the simple structures assumed in each
case. For example, if the serially correlated errors had higher-order dynamics, then additional terms would be
introduced into equation (4). Similarly, more complicated specifications of partial adjustment would affect
equation (3). Nonetheless, the difference in the first terms of the equations, which is critical to distinguishing
between the two hypotheses, would remain unaffected by these changes.
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coefficient on the policy gap—can be rejected at the 5 percent significance level in the
backward-looking rule, although this constraint cannot be rejected at any conventional
significance level in the forward-looking case. Thus, of the two hypotheses, the data seem to
prefer partial adjustment to serially correlated errors, although the results are not perfectly

consistent with the partial-adjustment specification above.

3. Allowing Both Partial Adjustment and Serially Correlated Errors

Although the data appear to be more consistent with partial adjustment, there is no reason
to assume that only one of the two hypotheses holds. Indeed, both partial adjustment and serially
correlated errors could be contributing to the significance of the lagged federal fundsratein

estimates of monetary policy rules. The two hypotheses can be easily nested, as follows:

L

by +b, 0T, +b, Iy,
i, =(L=A)0, + A0, +0, (5)
Ut :pwt—l-l-gt’

where, as above, A isthe partial adjustment parameter, and pisthe serial correlation parameter.
In this case, the equation for the change in the funds rate becomes:

N =(1-A) N +A-N)A-p) i, —i )+ Ap D +&,. (6)
The first term captures the partial adjustment of the interest rate to the most recent change in the
Taylor-rule rate; the remaining terms reflect the low closing of any existing gap between the
funds rate and the Taylor-rule rate and the consequent inertia of interest rate changes. Since
A and p enter these latter terms symmetrically, distinguishing between the two hypotheses still

depends on the estimated response of the funds rate to changes in the Taylor-rule rate. Note that

11



if A equals 0, equation (6) reduces to the case of serially correlated errors (equation (4))
considered above, while if pequals0, it reduces to the case of partial adjustment (equation (3)).

The results from estimating equation (6) are shown in the first column of Table 3. The
estimates of A and p are both highly significant under the backward- and forward-looking rule
specifications, suggesting that both partia adjustment and serially correlated errors are present.'
Moreover, if we estimate equation (6) without imposing any restrictions on the coefficients, we
cannot reject the restriction that the coefficients on the three variables on the right hand side of
eguation (6) are the given functions of just two parameters (A and p) at conventional significance
levels. These results suggest that allowing for serially correlated errors does reduce the
estimated degree of partial adjustment to some extent, but the effect is small, with the A
parameter falling from 0.72 to 0.60 under the backward-looking rule and from 0.78 to 0.66 under
the forward-looking rule.

By comparison, Rudebusch (2002) also nests the hypotheses of partial adjustment and
serialy correlated errors into a single equation and finds that he cannot distinguish between the
two hypotheses. However, his empirical exercise differsfrom oursin that he allows either
partial adjustment or serialy correlated errors to be present, but not both. In particular,
Rudebusch estimates an equation similar to (6), only he leaves off the last term in the equation

(the regressor i,.;) because he assumes that either A=0 or p=0.* Once that term isincluded, it

12 \We employ a sample ending in 2000Q4 for the backward-looking rule so that the sample will be the same as for
the forward-looking rule. If the sample used for the backward-looking rule is extended to 2001Q4, thereby adding
four quarters during which policy was adjusted very rapidly relative to historical norms, the estimated value of

A falsabit, to 0.55, while the estimated value of prisesto 0.84. Both coefficients remain strongly significant.

%3 | ndeed, we can replicate Rudebusch’ s findings if we leave off the |ast term of equation (6). The other difference
in the approach, that we use a differenced equation while he uses an equation specified in interest rate levels, has no

12



becomes evident that both factors are significantly present in the estimated rule.

We can use our estimates of the policy rule (6) to gauge the relative importance of partial
adjustment and serially correlated errors in explaining the departure of the federal funds rate
from the Taylor-rule rate. To do so, we simulate the path of the federal funds rate under two
counterfactual scenarios. one with no partial adjustment (A=0) and one with no serial correlation
in the errors (p=0). Inthe simulation exercises, we take as given the paths of output and
inflation, the other parameters of the policy rule, and the series of innovations €. Of course, the
paths of output and inflation will depend on the parameters A and p, since those parameters
affect the dynamics of the federal fundsrate. A more precise decomposition would require a
model of the determination of output and inflation, which we do not pursue here. Nevertheless,
the decomposition presented may be suggestive of the relative importance of the different
factors.

The results are best understood by first rearranging equation (6) to yield the interest rate
gap, or the difference between the actual federal funds rate and the Taylor-rule rate:

i, =1, =AW, —i)+p_, +&,. (7)
For ssimplicity, we focus only on the backward-looking specification. According to equation (7),
if there were no partial adjustment, then the variance of the interest rate gap would be determined
by the variance of the serially correlated errors, the second term, and the variance of the
innovation, the third term. At first glance, it might appear that the remaining variance of the

interest rate gap, reflecting the effects of the first term, captures the impact of partial adjustment.

effect on the estimated parameters. To be consistent across policy rules estimated in levels and differences, we
report in the tables R? statistics based on the level of the funds rate.
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However, things are not that simple, because this term is also affected by the interaction between
the two components. In particular, for a given variance of the innovation, serial correlation of
the errors increases the size of the gap between the lagged funds rate and the Taylor-rule rate,
thereby boosting the effect of partial adjustment on the variance of the interest rate gap. By
setting p to zero, however, the simulation isolates the partial adjustment component of the
variance of the interest rate gap (as the variance of the first term adjusts accordingly). The
remainder of the variance of the interest rate gap owes to the interaction between the two factors.

The results of this decomposition, shown in Table 4, indicate that partial adjustment
accounts for 36 percent of the variance of the deviation of the federal funds rate from the Taylor-
rulerate. By contrast, serially correlated errors only account for 15 percent. The results also
indicate that the interaction between these two components importantly adds to the variance of
theinterest rate gap. Overadll, our estimated parameters suggest that both serialy correlated
errors and partial adjustment are statistically significant, but, at least over our sample, partia
adjustment appears to have been a more important factor in explaining deviations of the federal
funds rate from the Taylor-rule rate.**

To assess the precision of our point estimate for the decomposition, we employ a
bootstrap method that accounts for sampling error in the estimation of the parameters. The
bootstrap approach is taken because the decomposition of the variance is a complicated function

of the estimated regression parameters. We start by drawing 10,000 series of 56 values of &from

1 However, the ranking of the importance of the two factors may not be very robust. As noted earlier, if the sample
is extended to 2001Q4 for the backward-looking rule, the value of A falls and that of prises. With these alternative
parameters, partial adjustment still accounts for about 25 percent of the variance in the difference between the funds
rate and the Taylor-rule rate, but the share attributed to serial correlation rises to about 35 percent.
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the actual distribution of the estimated residuals. For each series of residuals, we then use our
estimated parameters and the actual values of 7rand y to generate values for the interest rate. We
then estimate the values of the parameters for each of the 10,000 samples and calculate the
decomposition for each sample.

The resulting distributions of the shares of the variance accounted for by the partial
adjustment terms and the serial correlation term are shown in Figure 1, along with the bootstrap
distributions of the parameters A and p.*> Asis evident from the figure, there is a considerable
amount of uncertainty about the share of the variance accounted for by partial adjustment, with
the 95 percent confidence interval for the share ranging from 7 to 91 percent. Nonetheless, for
these estimated parameter values, the partial adjustment component is more important than the

serially correlated errors component in about three-quarters of the samples.

4. Alternative Explanations

The above results indicate that both partial adjustment and serially correlated errors are
significant components of Federal Reserve behavior since the late 1980s, and that both play an
important role in explaining deviations of the federal funds rate from the Taylor-rule rate.
However, those results were derived under a particular model of the serially correlated errors—
namely, that the omitted variable is orthogonal to the other variables in the regression. This
corresponds to the case that Rudebusch considers, in which the omitted variable is interpreted as

representing episodic and unpredictable events. But it might also be useful to consider the

5 There is some difference between the means of the distributions and the point estimates shown in Tables 1 and 2,
suggesting that there may be small sample bias in the estimates of the shares or that the assumption that the errors
arei.i.d. isnot valid.

15



robustness of the above findings to alternative specifications of the errors.*®

The short answer to the question of robustnessis that some specifications of the error
term can surely generate a significant value of A even if there is no partial adjustment. Indeed,
the difficulty in arguing against this alternative hypothesis is that an omitted variable with the
right properties can generate almost any effect on the estimated coefficients. Asaresult, we will
limit the scope of our analysis to several plausible specifications of the omitted variable and
investigate whether, in those cases, one might find partial adjustment even when thereis none.

One possibility that raises some concern is that the Taylor-rule rate may be a noisy
estimate of the central bank'’s policy intentions. Recall from equations (3) and (4) that the
hypotheses of partial adjustment and serially correlated errors are distinguished by the
contemporaneous response of the federal funds rate to changes in the Taylor-rule rate, with the
partial adjustment being identified by an estimated coefficient that islessthan 1. But if the
Taylor-rule rate is measured with error, one might expect this coefficient to be biased
downwards, thus giving the appearance of partial adjustment. Indeed, in Monte Carlo exercises

we have been able to generate a positive and significant estimate for A even if the datais

generated from arule without partial adjustment (A=0) by assuming that the econometrician only

observes a noisy measure of the true Taylor-rule rate, i=i+ n , wherethe error term 7 is

assumed to be orthogonal to i .

16 We have also tested the robustness of our findings with respect to alternative measures of output and inflation.
The main conclusions are unaffected by the use of core CPI or core PCE price indexes instead of the GDP deflator.
They are also unchanged if one uses the unemployment rate rather than the output gap as the measure of resource
use.
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This exercise highlights that the appearance of partial adjustment can arise when the

measureof i contains elements to which the central bank does not actually respond. Note,

however, that thisis the reverse of the problem highlighted by Rudebusch (2002). Rudebusch
considers the possibility that the measure i omits variables to which the central bank actual ly

doesrespond, or i =i" +n, wherethe error term 7 is assumed to be orthogonal to the

econometrician’ s estimate of the Taylor-rulerate, ;" . Inthat case, the presence of the error term

does not generate a misleading appearance of partial adjustment, but simply shows up as an
autocorrelated error. Indeed, a straightforward Monte Carlo exercise confirms that the estimated
A isnot significantly positive in this case.

One can imagine a number of reasons why the measure of the Taylor-type rule used by
the econometrician might contain measurement error. One possibility that seems particularly
plausible is that the analysis uses data that were not available to policymakers at the time of their
policy decisions.’” To address thisissue, we re-estimate the backward-looking policy rule using
the “real time” data set that is available from the Federal Reserve Bank of Philadelphiaand
explained in Croushore and Stark (2000). The database includes the released measures of GDP
and the GDP deflator, from which we construct real-time measures of the output gap and
inflation.'® Because these variables are released with alag, the data used are the variables
released during the given quarter but pertaining to the previous quarter.

The resulting estimates are shown in the top panel of Table 3. The most significant

17 See Orphanides (2001) for an analysis of the implications of real-time data for estimating monetary policy rules.
18 To construct an output gap measure, we fit a quadratic trend through the data available at each point in time,
allowing for abreak in the linear termin 1973Q1.
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finding isthat both partial adjustment and serially correlated errors remain present in the
estimated policy rule. Note, however, that the coefficients on the output gap and inflation are
affected by the use of real-time data, with the coefficient on inflation falling well below 1.
Orphanides (2001) finds asimilar result in his analysis of the impact of real-time data on
estimated policy rules. He argues that rules with forward-looking components are more
plausible in the context of real-time data. To investigate this possibility, we also estimate areal-
time version of our forward-looking policy rule based on the same real-time measure of the
lagged output gap and real-time forecasts of inflation over the next four quarters prepared by
Federal Reserve Board staff for the Federal Open Market Committee® The results, shown in
the bottom panel, indicate that the estimated response of policy to the forecast of inflation is
much stronger.”* More importantly, the estimated values of A and o remain significantly
positive.

Overdll, the results indicate that the partial adjustment found in estimated policy rules
does not appear to be driven by the use of data that was not available at the time of the policy
decisions. However, a number of other considerations could give rise to the appearance of a

positive A. For example, the central bank might not respond to all of the components of output

or inflation equally, which would create an errors-in-variables problem for i . Alternatively, the

responsiveness of the central bank's policy rule could have shifted over the sample, or the

19 This finding might reflect that the Federal Reserve is responding to more timely inflation information than the
lagged GDP deflator, including aternative inflation measures, data on factor prices, or forward-looking inflation
measures from surveys.

% This data comes from a dataset of real-time Greenbook forecasts for output and inflation that the Federal Reserve
Bank of Philadelphia also makes available. Orphanides’ (2001) analysisis also based on these forecasts.

2 For the forward-looking rule, our sample endsin 1995 since more recent data on Greenbook forecasts are not yet
publicly available. The baseline results shown in the first column of the table are not greatly changed if the model is
estimated over a sample ending in 1995.
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equilibrium federal funds rate in the policy rule could have varied over time.”* To be sure, we
cannot rule out all of the possibilities that might lead to a positive A. Nevertheless, the above

discussion helpsto clarify the situation that can lead to the appearance of partial adjustment—

errorinthe i eguation—and indicates that one of the most plausible sources of that error—the

dependence of policymakers on real-time data—does not appear to drive our results.

5. Conclusions

The analysis presented here highlights an important difference between the behavior of
the federal funds rate under a policy rule with partial adjustment versus one with serially-
correlated errors. This difference can be used as the basis for empirical teststo distinguish
between the two hypotheses based directly on estimates of the monetary policy rule. The results
indicate that the partial adjustment of the short-term interest rate to economic conditionsis an
important feature of Federal Reserve behavior. Indeed, this characteristic of the policy rule
accounts for a considerable fraction of the deviations of the federal funds rate from the Taylor-
rule rate since 1987, at least under the specification considered.

The results also support the notion that the estimated policy rule omits serially correlated
errors, which could reflect various episodic factors described in Rudebusch (2002). Indeed, we

strongly agree with the view that the estimated policy rule is ssimply a rough approximation of

2 Changes in the equilibrium funds rate are unlikely to generate a positive A. If changes in the equilibrium funds
rate are not correlated with inflation and the output gap, then the errors in the estimated Taylor-rule rate would not
be correlated with the actual Taylor-rule rate, and, as noted earlier, the estimate of A would not be biased.
Moreover, if the equilibrium funds rate were positively correlated with the output gap, which might seem most
plausible, then the estimated value of A would be biased down, not up, thereby understating the degree of partial
adjustment.
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policy decisions, and thus it would be surprising if it did not periodically miss important factors
influencing policy decisions. Nevertheless, our results indicate that even allowing for serially
correlated errors, the partial adjustment term in the estimated policy rule remains significant. In
fact, the bulk of the partial adjustment found in monetary policy rules remains even once serialy

correlated errors are permitted.
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Tablel: Estimated Monetary Policy Rules Allowing Either
Partial Adjustment or Serially Correlated Errors

Coefficient Eqgn. (1) Eqgn. (2)
Backward-looking Policy Rules:
by 2.10 2.89
(3.18) (3.39)
br 1.56 1.10
(6.01) (4.79)
b, 0.93 0.28
(7.27) (2.56)
A 0.72 _
(12.05)
P _ 0.92
(16.61)
R 0.96 0.96
Forward-looking Policy Rules:
by 201 0.86
(1.48) (0.33)
br 1.63 2.07
(3.16) (2.93)
by 0.81 0.54
(3.73) (2.24)
A 0.78 _
(10.92)
P _ 0.74
(5.37)
R 0.95 0.82

Estimates of the policy rules shown by equation number from the text. All rules estimated
using quarterly data from 1987Q1 to 2000Q4. T-statistics shown in parentheses are corrected
for heteroskedasticity and serial correlation. Instruments used for the forward-looking rules
are four lags each of the federal funds rate, inflation, and the output gap. To be consistent

across policy rules estimated in levels and differences, all R? statistics are reported for the
level of the funds rate.
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Table2: Estimated Monetary Policy Rules Used to Test between
Partial Adjustment and Serially Correlated Errors

Coefficient Egns. (3 and 4)
(Unconstrained)

Backward-looking Policy Rule:

by 1.79
(2.52)

by 1.66
(6.05)

b, 0.88
(5.77)

Coef. on Aft 0.42
(4.39)

Coef. on (ft_l =1,_) 0.22
(4.21)

R 0.96

Forward-looking Policy Rule:

by 0.81
(0.28)

by 2.10
(1.84)

b, 0.85
(2.75)

Coef. on Aft 0.38
(1.53)

Coef. on (ft_l =1,_) 0.19
(2.02)

R’ 0.93

Estimates of policy rules of the form shown in equations (3) and (4), without the restrictions on the

coefficientson Ai, and (i,_; —i,,). All rules estimated using quarterly datafrom 1987Q1 to 2000Q4.

T-statistics shown in parentheses are corrected for heteroskedasticity and serial correlation. Instruments
used for the forward-looking rules are four lags each of the federal funds rate, inflation, and the output
gap. To be consistent across policy rules estimated in levels and differences, all R? statistics are
reported for the level of the funds rate.
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Table3: Estimated Monetary Policy Rules Allowing Both
Partial Adjustment and Serially Correlated Errors

Coefficient Eqgn. (6) Eqgn. (6) with
Red-Time Data

Backward-looking Policy Rules:

by 1.87 4.07
(2.50) (5.51)
br 1.60 0.40
(5.66) (1.30)
b, 0.72 0.85
(4.65) (5.02)
A 0.60 0.72
(6.08) (7.55)
0 0.62 0.43
(4.87) (3.97)
R’ 0.97 0.97

Forward-looking Policy Rules:

by -0.83 1.82
(-0.20) (2.29)
b 2.71 1.13
(1.61) (4.12)
b, 0.66 0.66
(2.39) (6.27)
A 0.66 0.54
(4.06) (6.34)
0 0.67 0.47
(2.87) (3.45)
R’ 0.94 0.98

Estimates of the policy rules shown by equation number from the text. All rules estimated
using quarterly data from 1987Q1 to 2000Q4. T-statistics shown in parentheses are corrected
for heteroskedasticity and serial correlation. Instruments used for the forward-looking rulein
column (1) are four lags each of the federal fundsrate, inflation, and the output gap. For a
description of the forward-looking rule in column (2), see the text. To be consistent

across policy rules estimated in levels and differences, all R? statistics are reported for the
level of the funds rate.
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Table4: Variance Decomposition of Deviations of the Interest Rate
from the Taylor-Rule Rate

Source Estimated Share
Partial Adjustment 36.1
Serially Correlated Errors 14.8
Cross Terms 33.8
Contemporaneous Error 154
Total 100.0

Decomposition is based on backward-looking policy rule (6)
from Table 3. For adescription, seethe text. Total does not sum
due to rounding.
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