Monetary Policy Rules Based on Real-Time Data
By ATHANASIOS ORPHANIDES

This paper examines the magnitude of informational problems associated with the
implementation and interpretation of simple monetary policy rules. Using Taylor’s
rule as an example, | demonstrate that real-time policy recommendations differ
considerably from those obtained with ex post revised data. Further, estimated
policy reaction functions based on ex post revised data provide misleading descrip-
tions of historical policy and obscure the behavior suggested by information
available to the Federal Reserve in real time. These results indicate that reliance on
the information actually available to policy makers in real time is essential for the
analysis of monetary policy rule§JEL E52, E58)

In recent years, simple policy rules have re- about the timeliness of data availability and
ceived attention as a means toward a moregnores difficulties associated with the accuracy
transparent and effective monetary policy. A of initial data and subsequent revisions. For
series of papers have examined the performancexample, the rule proposed by Taylor (1993)
of such rules in theoretical as well as empirical recommends setting the federal funds rate using
terms? Such rules typically specify that the the current-quarter output gap and inflation
monetary authority set its operating instrumentbased on the output deflator. Taylor’s rule has
as a function of one or two observable variablesreceived considerable attention in large part be-
reflecting inflationary and real activity condi- cause he demonstrated that the simple rule de-
tions in the economy. scribed the actual behavior of the federal funds

Often, however, the analysis underlying theserate rather surprisingly well. But as is well
policy rules is based on unrealistic assumptionsknown, the actual variables required for imple-

mentation of such a rule—potential output,

. nominal output, and real output—are not known
aeioard of Soverors of e Feders Reserve SYSe™ with any accuracy until much later. That s, the
Rebecca Zarutskie for their superb assistance with the orfule does not describe a policy that the Federal
ganization of the data during the summer of 1997 and Reserve could have actually followed.

Kendrew Witt fqr_valuable research assi_stance: | also tha}nk The primary source of this problem is the
CE:harIes Calomiris, Dean Croushore, Bill English, Charlie reliance orex postevised data for the analysis.
vans, Marvin Goodfriend, Ken Kuttner, David Lindsey, . . ..
Adrian Pagan, Dick Porter, Brian Sack, two anonymous INdeed, standard practice in empirical macro-
referees, and participants at presentations at New Yorkeconomics is to emplogx postrevised data for
University, the _Econometric Society, the Federal Reservethe analysis of historical time series without
System Committee on Macroeconomics Conference, a”dadequate investigation of the possible conse-

the NBER Conference on the Formulation of Monetary . .
Policy for useful discussions and comments. The opinionsquences of this practice on the resditslow-

expressed are those of the author and do not necessarilgVer, the measurement of many concepts .Of
reflect views of the Board of Governors of the Federal interest, for instance of output and its price, is

Reserve System. fraught with considerable uncertainties that are

1 See Dale Henderson and Warwick J. McKibbin (1993), _
John B. Taylor (1993), Ray C. Fair and E. Philip Howrey resolved only slowly and perhaps never com

(1996), Andrew Levin (1996), Laurence Ball (1997), Ben Pletely. Although this informational problem
Bernanke and Michael Woodford (1997), Richard Clarida

and Mark Gertler (1997), Jeffrey Fuhrer (1997), Orphanides

et al. (1997), Julio Rotemberg and Woodford (1997), Lars 2 Throughout, | refer to the informational problem as one
Svensson (1997), Bennett T. McCallum (1999), John Wil- associated with data “revisions” but this should be inter-
liams (1999), and the conference volumes edited by Ralphpreted to include redefinitions and rebenchmarks, although,
C. Bryant et al. (1993) and Philip Lowe (1997). Clarida et strictly speaking, these pose slightly different problems in
al. (1999) provide an extensive survey. some respects.
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may not be of significance for some purposes, itinformational problems using Taylor’'s rule as
is likely to be of great importance when the an example. First, | construct a database of
investigation concentrates on how policy mak- current quarter estimates/forecasts of the quan-
ers react or how they ought to react to currenttities required by the rule based only on infor-
information for setting policy. But this is ex- mation available in real time. Using this data |
actly the purpose of the study of simple reactive reconstruct the policy recommendations, which
monetary policy rules. would have been obtained in real time. | dem-
Informational problems can have a significant onstrate that the real-time policy recommenda-
impact in the analysis of policy rules for several tions differ considerably from those obtained
reasons. The most direct, perhaps, regardsvith the ex postrevised data. Further, | show
rules based on data that are not available wherthat estimated policy reaction functions based
they must supposedly be used. As McCallumon ex postrevised data yield misleading de-
(19934, b) pointed out, such rules are simply notscriptions of historical policy. Using Federal
operationaP A thornier issue concerns the in- Reserve staff forecasts | show that in the 1987—
fluence of data revisions on the “proper” policy 1993 period simple forward-looking specifica-
setting suggested by a reactive rule. Retrospections describe policy better than comparable
tively, the “appropriate” policy setting for a Taylor-type specifications, a fact that is largely
particular quarter may appear different with obscured when the analysis is based oneke
subsequent renditions of the data necessary tpostrevised data.
evaluate the rule for that quarter. Through a
distorted glass, the interpretation of historical I. Data and Measurement Issues
episodes may change. Policy that was in accor- in Taylor's Rule
dance with a fixed rule at the time the policy
was set may appear instead to have been exces- | focus my attention on a well-known family
sively easy or tight and vice versa. This issue isof policy rules that set the federal funds rate as
also of importance in the context of econometric a linear function of inflationm, and the output
model-based evaluations of alternative policy gapy. LettingR, denote the recommended level
rules. Standard current practice in such evaluafor the federal funds rate in quartgrthese rules
tions is to specify the policy instrument in terms take the simple form
of the variables it is reacting to, as if these
variables were known to the policy maker with (1) R =a,+ a,m + ayy,.
certainty and were not subject to revisions. Such
comparisons can be seriously misleading in theAs is well known, this family nests a parame-
presence of significant informational problems. terization proposed by Taylor (1993), which has
Reliance orex postrevised data can also prove received considerable attentiom, = 1, a,, =
misleading in efforts to identify the historical 1.5, anda, = 0.5 Taylor measured inflation
pattern of policy. Policy reaction functions es- for quartert, as the rate of change of the im-
timated based oex postrevised concepts and plicit output deflator over the previous four
data can be of questionable value for under-quarters and the output gap for quarteras
standing how policy makers react to the infor- the percent deviation of real GDP from a lin-
mation available to them in real time. ear trend capturing potential output. Although
This paper examines the magnitude of these

4 This family of rules was first examined in the policy

3 This problem is most common in rules requiring eon regime evaluation project reported in Bryant et al. (1993).
temporaneous data that are typically available with a lag. In Orphanides (1997) provides details. Briefly, that volume
principle this problem can be dealt with, either by recog- suggested encouraging stabilization performance for rules
nizing that the policy maker will have to employ within- of the fomR, — R} = 0(m, — #*) + 0y,, whereR}
period forecasts to operationalize the rule or by specifying reflects a baseline setting for the federal funds ratethe
that policy react to the latest available “current” information policy maker’s inflation target, anélthe responsiveness of
where current would refer to the last period for which data policy to inflation and output deviations from their targets.
are available. But in either case, the suggested policy pre-Taylor's parameterization obtains by using the sum of in-
scribed by the rule will differ from what would obtain if the  flation and the “equilibrium” real interest rat& for R}, and
rule were evaluated usinex postrevised data. settingr* = «* = 2 andf = 0.5.
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Taylor originally offered his parameterization typically in the months of February, March,
as a hypothetical rule that was representative ofMay, July, August, September, November, and
the rules examined in the model simulation December. (Occasionally, the “February” and
work, he also noted that it described actual“July” meetings actually take place at the end of
Federal Reserve policy surprisingly accuratelyJanuary and June, respectively.) | use informa-
in the 1987-1992 period he examined. Becausdion corresponding to the February, May, Au-
of this accuracy, which was reinforced in later gust, and November meetings. This choice has
studies such as Taylor (1994), his rule receivedthe following advantages. First, the dates al-
considerable attention in the financial press andwvays correspond to information available by
has been discussed by academics, policy mak{the beginning of) the middle month of a quar-
ers, and financial practitioners. Further, his par-ter. As a result, the constructed quarterly obser-
ticular parameterization has been seen notations are spaced approximately equally apart
simply as a guidepost to policy decisions, butin time. Indeed the timing of the FOMC meet-
also as a useful benchmark for predicting futureings does not permit constructing a quarterly
policy, as well as judging whether current pol- data set with approximately equally spaced
icy has been appropriately set. apart observations corresponding to the begin-
Operational implementation of such a rule, ning or end of a quarter. For rules such as
however, entails a significant information bur- Taylor’s, which are specified at a quarterly fre-
den; specifically it requires timely and accurate quency and which recommend that the policy
information regarding nominal output, real out- maker set the average federal funds rate in a
put, and the path of potential output. Unfortu- quarter using within-quarter information, the
nately, none of these concepts is known with middle of the quarter is more appropriate than
much accuracy until several quarters or perhapither the beginning or the end for evaluating a
years lateP. To quantify the effect of these prescription presumed fixed for the whole quar-
informational problems, | created a quarterly ter. Using the beginning of the quarter would
data base that could be used to reconstruchot allow the policy maker to react to that
Taylor's rule as could be implemented at the quarter’s data at all. Using the end would allow
Federal Reserve in real time and with later for more of the contemporaneous information to
data, matching the information corresponding toinfluence the rule but would make setting the
Taylor's 1993 and 1994 studies. To reflect in- average federal funds rate for the quarter at the
formation available to the Federal Open Marketrecommended level virtually impossible. Sec-
Committee (FOMC) as closely as possible, | ond, with this timing, the Greenbook forecasts
relied on information associated with the pro- for a quarter,t, always follow the announce-
duction of the Greenbook. This is a documentment of the first National Income and Product
summarizing the Federal Reserve staff's analy-Accounts (NIPA) output estimate for the previ-
sis of current and prospective economic condi-ous quartert — 1, at least for the sample
tions that is prepared by the staff for the FOMC relevant for this study. Consequently, moving
before each FOMC meeting. For the purpose offrom quarter to quarter, the NIPA data are of
tracking quarterly updates, | used information comparable accuracy relating to the complete-
corresponding to the FOMC meeting closest toness of the underlying information available.
the middle of the quarter. In the period relevant Finally, to match the information underlying
for this study, the FOMC met eight times a year, Taylor's 1993 and 1994 studies | used data
corresponding to the January 1993 and Novem-
ber 1994 Greenbooks.

>To be sure, this is not the only difficulty with the
implementation of the Taylor rule. Another major issue is
identifying the appropriate level of the equilibrium real 8 The data as available on those dates (and the -corre
interest rate*, which is required for calibrating the inter- sponding Greenbooks) best match the data underlying the
cept of the ruleq. This is particularly problematic because two Taylor studies. | reconstruct Taylor’s rule with both
r* is notoriously difficult to estimate and may well vary data sets. However, as data for 1992 (the end of Taylor's
over time. Here, | concentrate my attention to difficulties original sample) would have been expected to undergo
arising even if the parameterization of the rule is assumed tosubstantial revisions after January 1993, | concentrate on the
be correct. 1994 data set for most comparisons.
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FIGURE 1. REAL-TIME AND REVISED DATA FOR INFLATION

Examine first the implications for inflation available in 1994:4 and illustrates the signif-
data. To keep track of the alternative dataicance of these differences. Summary statis-
vintages, for any variabl¥, | use the notation tics are provided in Table 1. As can be seen,
Xys to denote the value for quartems ava differences as large as half a percentage point
able in quarters. Thus the seriesr 4., re-  are not uncommon. This difference alone sug-
flects the inflation data corresponding to gests possibly substantial differences in pol-
Taylor's 1994 study and available to the Fed- icy rule prescriptions based on real-time and
eral Reserve at the end of 1994, wheregs  revised data.
reflects the within-quarter estimates available Next, consider the output gap input re-
at the Federal Reserve in real time. In eachquired for implementing the Taylor rule.
case, the series reflects inflation as measuredgain, real-time estimates differ from subse-
by the change in the implicit output deflator quent estimates because of revisions and con-
over four quarters; however, the data obvi- ceptual changes regarding real output. In
ously differ in some ways. Real-time esti- addition, because output gap estimates reflect
mates are calculated with measurementmeasures of both actual and potential output,
concepts in use at the time rather than whatrevisions and conceptual changes in potential
Taylor used, that is, GDP in 1987 dollars for output are also reflected in revisions of the
all observations. Thus before 1992, GNP andoutput gap. As a result, some additional detail
not GDP is the measure of output; and theregarding potential output is warranted. Dur-
deflator uses 1982 rather than 1987 pricesing the period relevant for this study, the
For each quarter, the data reflect historicalFederal Reserve staff estimate of potential
information and unrevised contemporaneousoutput—theQ* series—was prepared accord-
forecasts for that quarter as available at theing to the method outlined in Peter K. Clark
time. Thus, they do not incorporate informa- (1982) and Steven Braun (1990). Briefly, this
tion that was not available and could therefore procedure defines the log of potential output
not influence policy decisions. Figure 1 com- as a linear spline: lo®@} = by + byt; + byt, +
pares the real-time inflation data with the data--- + b,t,, with prespecified knot points
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TABLE 1—SUMMARY STATISTICS. 1987:1-1992:4

Name MEAN SD MA MAD MIN MAX
f, 6.79 1.93 6.79 1.53 3.04 9.73
fo— 4 -0.13 0.54 0.45 0.43 -1.32 0.97
Tyt 3.46 0.75 3.46 0.64 2.25 4.66
Tyosa 3.76 0.68 3.76 0.60 2.60 4.71
Ve -1.25 2.16 1.98 1.91 ~4.36 1.90
Yyou:a -0.23 1.78 1.57 1.59 ~2.99 2.07
Vi -0.72 1.22 1.14 1.08 -2.85 0.81
Vioaa 0.71 1.75 1.67 1.57 -1.98 3.00

Notes:The sample consists of 24 quarterly observatifns.the daily average federal funds rate for quarten percent per
year.y, is the output gap for quarteéy defined as actual real output minus potential, as a fraction of potential, in petcent.

is inflation of the implicit deflator from the same quarter in the previous year, in percent. For any vaiiagle, ; denotes

the estimate oK, available in quartet + i. The statistics shown for each variable are: MEAN, the mean; SD, the standard
deviation; MA, the mean of the absolute value; MAD, the mean of the absolute value of the variable minus its mean; and MIN
and MAX, the minimum and maximum values. The superscFiptenotes reliance on a linear trend for potential output.

chosen to allow for historical breaks in po- guish them, | use the superscriptto denote
tential output growtH. the simple trend based alternative.) Thus,
For his original demonstration in 1993, y{3.; andy;|e,.4 reflect the output gap series
Taylor relied instead on a linear trend of the as in Taylor's 1993 and 1994 studies and
log of output, starting in 1984 and ending in Y o3, and y,q4.4 the Federal Reserve staff
1992, to measure the output gap. He em-estimates corresponding to the same data vin-
ployed a similar trend with later data in 1994. tages. For comparisons with real-time data
As a result of his judicious choice for the start available to the FOMC, I rely on the real-time
of the detrending period, Taylor's estimate staff estimates of the output g3p,. Another
for the growth of potential output for the approach would be to construct real-time es-
1987-1992 period was very similar to the timates of the output gap by detrending a
Federal Reserve staff estimate for that period.rolling sample with nine years of data, using
However, the level of Taylor's series was on the historical time series available during that
average about half a percentage point highemuarter. The resulting real-time estimeyﬁ:I
than theQ* series. This is attributed to the captures Taylor's detrending quite closely.
fact that, although Taylor’s linear detrending However, it is unclear whether these esti-
effectively imposed a zero average output gapmates would have been meaningful for policy
over the period selected for the detrending,decisions in real time. Significantly, this pro-
1984-1992, the level of th®* series does cedure would lack the judgment reflected in
not impose such a condition for this sample. Taylor's sample selection. For some observa-
To illustrate the similarity of the output gap tions, the start of the detrending period would
series based on Taylor's detrending and thecoincide with the 1980 or 1981 recessions.
Federal Reserve staff estimates, | recon-For others, the end of the detrending period
structed both sets of estimates. (To distin-would reflect the 1990 downturn. | construct
this alternative to illustrate some of these
problems but concentrate most of my atten-
” The coefficients of the spling,, ... , b, were estimated  tion on comparisons based on estimates of
by embedding the spline in a dynamic Okun’s law relation- ,otentia| output that were actually available
ship linking the unemployment gagp, — U7 to a distributed - .
lag of the output gap defined using the spline. The unem-to the FOM_C in real time and are therefore
ployment gap, that is, the difference between the actual andnore meaningful.
the natural rate of unemployment, was based on a time- Figure 2 presents the real-time and 1994:4
varying estimate of the natural rate of unemployment, which randitions of the alternative series for the output

accounted for changes in demographics, trend labor produc-, : . e
tivity, and other factors. End-of-sample estimates of trend gap. Comparison of the 1994:4 series in the two

labor productivity and the natural rate of unemployment Panels shows the similarity (U_p to a constant) of
also accommodated judgmental considerations. the Federal Reserve staff estimate of the output
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FIGURE 2. REAL-TIME AND REVISED DATA FOR OuTPUT GAP



http://pubs.aeaweb.org/action/showImage?doi=10.1257/aer.91.4.964&iName=master.img-001.png&w=403&h=522

970 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2001

gap and the series in Taylor's study. The top mq4., and yﬁgm, as presented in Taylor
panel also confirms that the real-time estimate(1994). As can be seen, this variant of the rule
of the output gap based on rolling linear de- also tracks the actual federal funds rate quite
trending hardly resembles Taylor's 1994 esti- well. Confirming the prior that revisions in the
mates of the historical output gap. However, data might alter the picture slightly, however,
comparison of the real-time and 1994:4 staff some discrepancies between the 1993 and 1994
estimates of the output gap indicates that theversions of the rule become evident for the rule
revisions in this series are also very large andrecommendations regarding 1992. The bottom
persistent This suggests a lack of reliability in panel of the figure plots the corresponding ren-
real-time estimates of the output gap, which ditions of the rule based on the Federal Reserve
poses a difficult problem in implementing the staff estimates of the output gapqs.; and

Taylor rule. Yijo4:4 @nd the corresponding inflation data. As
can be seen by comparing the top and bottom
Il. Reconstructing Taylor's Rule panels of the figure, the rules obtained using the

linear trend andQ* are essentially identical
Having re-created the data required for recon-except for an intercept shift resulting from the

structing the Taylor rule in real time and with difference in the output gap series explained
revised data, in this section | present compari-earlier. Indeed, as shown in Table 2, on average
sons of the alternative renditions of the rule. In from 1987 to 1992 the difference between
Figure 3 | reconstruct Taylor’s rule for the pe- RJQM andRyjg4.,4 Was 47 basis points, although
riod he originally examined when he proposed the standard deviation was very small, merely 6
the rule, 1987:1 to 1992:4. First, to match Tay- basis points, with the mean absolute demeaned
lor's rule as originally published, | use the difference only 5 basis points. As a result of this
wt|93:1andyﬁg3:lseries described earlier, which difference, comparing the corresponding rules
are based on NIPA data available at the timerequires an adjustment in the intercept of the
Taylor first presented his work, as of Januaryrule, equal to one-half the difference of the
1993 following the first estimate for the fourth average output gapsBeyond this adjustment,
quarter of 1992. The resulting rule is repre- however, the differences appear to be
sented by the dotted line in the top panel of theinconsequentiat?
figure. As noted by Taylor, the rule appears to Figure 4 compares the real-time rendition of
fit the actual data for the quarterly average levelthe rule with the actual federal funds rate (dash
of the federal funds rate over this period sur- line) and the comparable rule obtained using the
prisingly well. (The actual federal funds rate is revised data (dotted line). As is apparent from
shown by the solid line.) The dash—dot line in the figure, the prescriptions obtained from the
the panel shows the rule based on the later dataule using the real-time data do not appear to

have tracked the actual federal funds rate nearly

as closely as the formulation based on the

8 A decomposition of these large revisions in the Federal Postrevised data suggested. Table 2 provides a

Reserve staff estimates of the output gap into a component
resulting from revisions in the historical output data and
another resulting from revisions in estimates of potential  °® Comparisons of policy prescriptions from rule (1)
output would be of interest. Orphanides and Simon van based on alternative inflation and output gap measures are
Norden (1999) perform such decompositions for a numbermore meaningful when systematic differences that are
of alternative statistical techniques available for estimating known a priori are adjusted for. 18, is the systematic
the output gap. Their results suggest that, although revisiondifference in inflation and, the corresponding systematic
in actual output data alone can, at times, contribute greatlydifference in the output gap, an adjustment equal 18, +

to output gap mismeasurement, the difficulty associateda,d, in the intercept of the rule can achieve this result.

with obtaining end-of-sample estimates of potential output f/OI did not make this adjustment because the average
presents a greater problem. These decompositions are basetifference betweeryﬁgék4 andyyg4.4 could only be com

on constructing counterfactual estimates based on rollingputedex postand would not have been known in real time.
information sets. However, such counterfactuals are notTo avoid the resulting unnecessary complications, | concen-
possible to implement with the staff estimates because, agrate on comparing thex postand real-time versions of the
noted in footnote 7, these also reflect judgmental consider-rule using only theQ* concept of potential. As shown
ations. Consequently, | do not pursue such a decompositiorbelow, an additional bias is present when the real-time data
here. are employed.
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FIGURE 3. FEDERAL FUNDS RATE AND TAYLOR’'S RULE

snapshot of the revisions in the Taylor rule Taylor rule based on the Federal Reserve con-
prescriptions corresponding to alternative datacept of the output gap, the differences in what
vintages and concepts. Concentrating on thethe rule appears to have recommended in real
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TABLE 2—DESCRIPTIVE STATISTICS OF TAYLOR'S RULE: 1987:1-1992:4

Name MEAN SD MA MAD MIN MAX
fo = Rloas -0.02 0.40 0.30 0.30 -0.57 0.95
fo — Rigss ~0.20* 0.55 0.45 0.41 ~1.62 0.92
f, — Rl 0.96%* 0.83 1.11 0.65 -1.12 2.34
f, — Ryoas 0.40%+ 0.35 0.44 0.30 -0.26 1.05
fo — Ryosws 0.27% 0.52 0.46 0.39 -1.10 1.26
f, — Ry 1.23%* 0.68 1.23 0.48 0.23 3.26
Rlosa — Rl 1.16%+ 0.68 1.17 0.55 -0.14 2.50
Rysa:a = Ry 0.96%* 0.58 0.96 0.46 -0.07 1.99
Risa.a — Rysass 0.47%* 0.06 0.47 0.05 0.35 0.53
Rl — Ry 0.27 0.85 0.76 0.73 ~0.84 1.78

Notes: Ris Taylor’s rule, constructed as explained in the text. See also notes to Table 1.
* Mean is different from zero at the 10-percent level of significance.
** Mean is different from zero at the 5-percent level of significance.
*** Mean is different from zero at the 1-percent level of significance.

time R,; and what would be believed to have departure has been attributed to the fact the Fed
been recommended based on the revised dateesponded to the so-called “financial head-
Rijeo4:4 Can be substantial. The standard devia winds” facing the economy at the time by hold-
tion of this difference is 58 basis points, with ing the federal funds rate below where it would
the maximum difference approaching a stagger-have been held in the absence of such special
ing 200 basis points. Regarding the fit of the factors. Because such considerations are absent
rule, the standard deviation between the actuafrom the rule, such a departure from the rule
federal funddg, and the rule based on the revised could be termed, in retrospect, to have been
dataR;jq4.4 IS 52 basis points. The correspend quite appropriate. Yet, looking at the rule based
ing standard deviation with the real-time data on the real-time data appears to contradict the
Ry rises to 68 basis points. For comparison,premise of this argument. Indeed, throughout
note that the standard deviation of the quarterly1992, the federal funds rate was higher than
change in the federal funds rate over this periodwould be suggested by the Taylor rule. The
is only 54 basis points. That is, from a positive residual is of the wrong sign. Removing any
viewpoint, a one-quarter-ahead forecast of theadditional response resulting from “financial
federal funds rate—which naively specified that headwinds” would only make matters worse.
the rate would stay unchanged—would be moreThe missing element, in this case, is that in real
accurate than the forecasts obtained by a contime the recovery of output coming out of the
temporaneous observer having at his or her distecession in 1992 looked considerably worse
posal the within-quarter Greenbook forecaststhan the picture painted after several subsequent
and using the rule. revisions of the data. It may be worthwhile
Besides identifying such differences, anothernoting in this context that the end of the reces-
implication from the comparison between the sion, in March 1991, was not officially recog-
real-time andex postrevised renditions of the nized by the NBER until December 1992.
rule regards the historical interpretation of dif- Throughout 1992, some ambiguity lingered on.
ferences between Taylor’s rule and actual pol- This brings up a more general question re-
icy. Viewing these differences as “residuals,” it garding the extent to which the recommenda-
has been tempting to provide explanations fortions suggested by the Taylor rule change just
them, much as it is tempting to provide expla- within a few quarters of the corresponding pol-
nations for the residuals in any model. For in- icy decision. To evaluate the extent of such
stance, some observers have noted that one akvisions in the rule prescriptions and their com-
the most pronounced departures of actual policyponents, | used the real-time data to track the
from the rule occurred during the early phasesrecommendation obtained from the rule for four
of the current expansion starting in 1992. This quarters subsequent to the quarter for which the
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FIGURE 4. TAYLOR’S RULE BASED ON REAL-TIME AND REVISED DATA
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FIGURE 5. REAL-TIME RULE AND REVISIONS WITHIN A YEAR

Notes:For each quarter, the envelope around the rule indicates the range of recommendations for the federal funds rate that
would obtain using data as of that quarter and as of each of the subsequent four quarters. The rule shown is ba®&d on the
concept of potential output.

rule applied. That is, | constructed the revised Table 3 presents some statistics associated
estimatesr; ,; andy,; fori € {1, 2, 3, 4}  with the cumulative revisions from the quarter
and used them to construct the correspondinghe policy would have to be set to subsequent
rules,Ry; ;i = 1 + 1.5my,; + 0.5y, for  quarters for the two components of the rule as
i € {1, 2, 3, 4}. well as the rule itself. As can be seen in the middle
An envelope of the results for the rule reflect- panel, the standard deviation of the first revision
ing the minimum and maximum recommenda- of the output gap is quite large, 66 basis points.
tion for a given quarter obtained by using the As large as this may be, the cumulative revi-
rules withi € {0, 1, 2, 3, 4} is shown in Figure sions in subsequent quarters reveal even greater
5. As can be seen, considerable uncertainty revariation. The standard deviation of the revision
garding the correct setting of the rule is presentafter a year approaches one percentage point.
within a year of the quarter for which the policy  Revisions to inflation are smaller in magni-
decision must be made. Figure 6 shows thetude. As shown in the bottom panel of the table,
ranges of the change in the rule recommendathe standard deviation of the first revision of
tion and the corresponding changes in the un-nflation is 23 basis points, about a third as large
derlying inflation and output gap estimates.  as the corresponding revision for the output gap.
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TABLE 3—SUMMARY STATISTICS FORREVISIONS IN TAYLOR'S RULE AND ITs COMPONENTS 1987:1-1992:4

Name MEAN ) MA MAD MIN MAX
Rycr1 — Ry 0.07 0.46 0.37 0.37 -0.77 1.12
Ryt+2 — Ry 0.18 0.61 0.52 0.49 -0.82 1.70
Rycsa — Ry 0.18 0.66 0.57 0.55 -0.82 1.70
Ryc+a — Ry 0.25 0.67 0.58 0.51 -0.82 1.70
Ryoa:a — Ru 0.96 0.58 0.96 0.46 -0.07 1.99
Yoo — Yi 0.17 0.66 0.53 0.50 -1.30 1.37
Yaesz — Yae 0.27 0.78 0.62 0.63 -1.16 1.75
Yaess — Yig 0.30 0.86 0.74 0.71 -1.16 1.82
Yaes s — Yoe 0.33 0.94 0.83 0.80 -1.16 2.05
Yioaa — Yii 1.02 0.78 1.04 0.66 -0.17 2.25
Tyesr — Ty -0.01 0.23 0.19 0.19 -0.45 0.45
Tyesz — Ty 0.03 0.28 0.22 0.22 —0.44 0.58
Tyisa — Ty 0.02 0.26 0.20 0.21 —0.44 0.58
Tyesa — Ty 0.06 0.26 0.22 0.22 —0.44 0.58
Tyoss — Tt 0.30 0.30 0.32 0.22 -0.18 1.11

Notes:See notes to Tables 1 and 2.

As well, the cumulative revisions are not con- systematic component of monetary policy and
siderably more variable in subsequent quartersthe “residuals™, — Ry, provide the complete
However, because inflation enters the policy rulepath of the nonsystematic component—the
with a coefficient that is three times as large as thaimonetary policy shocks. Residuals based on
of the output gap (1.5 versus 0.5), these revisiongevised data, on the other hand, would also
can have as large an impact on the prescribedeflect the artificial contribution of data revi-
policy as the revisions in the output gap. sions. It is useful to examine how closely tie
An important observation is that substantial post constructed residuals—which is what an
revisions in the rule’s prescriptions for a given econometrician might reconstruct with the
quarter can be expected not only in the quarterpost data—correspond with the “true” shocks.
subsequent to the quarter for which the prescrip-The resulting correlations here are less than
tion is relevant, but also later on. Recalling that encouraging. The correlations of the real-time
the first revision of the rul®,,, , is not based residuals with their 1993:1 and 1994:4 rendi-
on forecastsput is based on the actual prelim- tions,f; — Ry g3.; andf; — Ryg4.4 are 0.31 and
inary data releases, it is clear that much of the0.56, respectively.
uncertainty concerning the appropriate prescrip-
tion is attributable to actual data revisions. This Ill. Estimated Reaction Functions
is important because it suggests that operational
variants of Taylor’s rule, which are specified to  Having demonstrated the difficulties associ-
respond tdaggedinflation and output data, are ated with implementing and interpreting the
subject to the same informational problems asTaylor rule based on revised data, | now turn to
rules specified to respond to within-quarter es-illustrating some additional difficulties related
timates. Indeed, the difference appears to bdo using revised data for estimating policy re-
simply a matter of degree. action functions.
Comparison of the policy rules based on the Consider first the general family of real-
alternative renditions of the data also highlights output-plus-inflation targeting rules:
some difficulties that data revisions introduce in
attempts to identify monetary policy shocks. (2) f, = pf,_;+ (1 — p)(a, + a,m + a,y,)
Suppose, for instance, that the Taylor rule in
fact correctly represents the monetary policy + 7.
reaction function. Then, the real-time imple-
mentation of the rul&; correctly identifies the  Whenp = 0 this collapses to the specification of
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Taylor's rule. Allowingp # 0 embeds Taylor's estimate is—0.62, whereas that between the
specification as a notional target in a policy rule revision and the final data is0.31*
with partial adjustment reflecting the possibility ~ As a consequence of the presence of noise in
of interest rate smoothing. In either case, (2) canthese data, estimation of a policy reaction func-
be estimated in one step with least squarestion such as (2) based on revised data yields
Estimation of policy reaction functions such as biased parameter estimates. To illustrate the
(2) usingex postrevised data is not uncommon. extent of the problem, in Tabl4 | present
However, it is not at all clear that the resulting least-squares estimates for the 1987-1992
estimates are informative for describing mone-period—the original sample in the Taylor
tary policy. Even under the assumption that therule—using the alternative vintages of data.
policy rule is properly specified, estimation with The first three columns provide estimates of the
revised data—instead of the data available wherspecification without partial adjustment € 0).
policy is actually set—can provide misleading Although this restriction is rejected by the data,
results. the resulting estimates exactly correspond to the
At issue here is whether revisions to the least squares fit of the specification of the
real-time data to which the policy maker re- Taylor rule and are shown here to allow this
sponds represent measurement error. Usingomparison. The first two columns show esti-
the data available in 1994:4 as a proxy for mates based on the revised data from 1994
“final” data, define the revisionse = using the linear trend an®* concepts of po-
Tyoa — e AN €Y = Yyg4.4 — Yy FOllow-  tential, respectively. The third column employs
ing N. Gregory Mankiw et al. (1984) and the real-time data available to the FOMC. As
Mankiw and Matthew D. Shapiro (1986), it is can be seen, and confirming what was already
useful to consider two polar hypotheses. Theevident to the naked eye in Figure 3, using the
first hypothesis is that the real-time estimatesex postrevised data yields an inflation response
represent rational forecasts of the true final
values. In that case, the revisions represent
rational forecast errors or “news.” The second 1Th : o -

L . . e dominance of noise in the output gap revisions
h_ypOtheS|3 is that _the real-time es“mates ar ay appear somewhat surprising in light of the Mankiw
simply the true variables measured with error. and Shapiro (1986) findings that revisions in the prelim-
In that case, the revisions represent observainary GNP reports reflect mostly news. The two findings
tion error or “noise.” Given that the real-time are not inconsistent, however. A key difference is that,
whereas Mankiw and Shapiro examined the properties of

estimates necessary for |mplementatlon of thethe quarterlygrowthrate of output revisions, my analysis

Taylor rule incorporate within-quarter esti- concentrates on the outpgap, which depends on the
mates of inflation and output, some elementievelof output and also potential output. The distinction
of news is undoubtedly part of the revision is crucial for two reasons. First, revisions in the level and
process. However for the most part the datagrowth rate of output have dlfferen_t patterns. Annyal
L . - ’ . ._rebenchmarks, for instance, often introduce one-sided
revisions in this samp!e' represent n0|s§a. Thlsadjustmems to theevel of output for several consecutive
can be seen by examining the correlations ofquarters. Such revisions may significantly change the
the revisions with the real-time and final data, level of output for these consecutive quarters without a
as suggested by Mankiw and Shapiro (1986).508% 22080 17 e 2o o o darying
Sp_ecmcally, If.the data revisions represent methodology for measurement and updating of potential
noise, the revisions should be uncorrelatedoytpyt. As with many other detrending techniques, there
with the final data but correlated with the is a systematic and partly forecastable component in the
real-time values. On the other hand, if the revisions of Q*, which introduces serially correlated
data revisions represent news the revision%ﬂeasurement error in the real-time output gap estimates.
. ’ . n this sample, the first-order serial correlation of the
S_hOU|d be uncorrelated \_Nlth the_ real-time €S- revision process for the output gap is 0.4. Although this
timates but correlated with the final data. For may appear high, it is by no means unusual. The corre-
inflation, the correlation between the revision sponding correlation in the revision to the linear trend
and the real-time estimate is0.44, whereas bPased output gap estimatgs, is 0.8 in this sample.

. - ._Orphanides and van Norden (1999) show that autocorre-
that between the revision and the final data IsIations of this magnitude for revisions in output gap

only —0.05. For the output gap, the correla- estimates are common across a large number of alterna-
tion between the revision and the real-time tive techniques employed for estimating potential output.
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TABLE 4—TAYLOR-TYPE ESTIMATED RULES WITH ALTERNATIVE DATA

Vintage of data and concept of potential

1994:4 1994:4 Real-time 1994:4 1994:4 Real-time
T Q* Q* T Q* Q*
ay 0.68 1.04 4.89 2.06 2.49 7.53
(1.27) (1.16) (1.06) (2.08) (1.83) (3.25)
a, 151 1.57 0.79 0.99 1.15 0.10
(0.31) (0.28) (0.26) (0.61) (0.47) (0.84)
a, 0.60 0.58 0.65 1.08 0.99 1.07
(0.05) (0.05) (0.06) (0.37) (0.28) (0.40)
p 0.65 0.61 0.65
(0.16) (0.14) (0.19)
R2 0.92 0.93 0.91 0.97 0.97 0.96
SEE 0.55 0.51 0.57 0.34 0.32 0.36

Notes:The regressions shown are least-squares estimates of the equation

fo=pfi_1+ (1= p)ag + a,m + a,yy) + m¢

for the 1987:1-1992:4 period. The columns correspond to alternative vintages of data as shown. When no entry appears
for p it is restricted to zero. The standard errors shown in parentheses are based on the Newey—West heteroskedasticity
and serial correlation robust estimator.

close to 1.5 and an output gap response close tproperly. In particular, in asserting that the
0.5—the values in Taylor's parameterizatisn. FOMC sets the federal funds rate by responding
This is not the case when the real-time data areonly to the current quarter outlook of economic
employed. The policy reaction function appearsactivity and to the rate of inflation from four
quite different with a considerably lower re- quarters earlier to the current quarter, the poli-
sponse to inflation and a worse fit. The differ- cymakers are restricted to appear myopic.
ence becomes more pronounced with the partiaRather, because monetary policy operates with
adjustment specification shown in the last threea lag, successful stabilization policy needs to be
columns of the table. The estimates of the par-more forward looking and estimated policy re-
tial adjustment coefficienp also confirm con- action functions should at least accommodate as
siderable interest rate smoothing. much. Indeed, as Chairman Alan Greenspan

A disturbing result from the table is that the explained in a recent testimony: “Because mon-
inflation coefficient estimated with the real-time etary policy works with a lag, it is not the
data is nowhere near one and could well equalconditions prevailing today that are critical but
zero. This result would suggest—if one were rather those likely to prevail six to twelve
prepared to take this policy reaction function months, or even longer, from now. Hence, as
seriously—that monetary policy over the esti- difficult as it is, we must arrive at some judg-
mation period might have led to an unstable ment about the most probable direction of the
inflation process. Henderson and McKibbin economy and the distribution of risks around
(1993) and Clarida et al. (1998) find thef > that expectation” (January 21, 1997 testimony
1 is required for stability in model economies by Chairman Greenspan before the Senate
with monetary policy rules of this type. Committee on the Budget).

A more likely explanation, however, is that  The possibility that policy might be more
the policy reaction function is not specified appropriately described as forward looking

has attracted increased attention since early
1994, following the so-called preemptive
12 Similar estimates obtain with the 1993 data Taylor strike against inflation that year, however, it

originally employed. These are presented in OrphanideswWould be erroneous to presume that po“FY
(1997). has been forward looking only since this
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TABLE 5—FORWARD-LOOKING RULES ESTIMATED WITH 1994:4 DAnTA

Horizon relative to decision period (in quarters)

-1 0 1 2 3 4
a 10.65 2.96 1.10 -0.82 -2.05 -3.67
(7.30) (2.27) (0.87) (0.59) (0.79) (2.77)
a, -1.13 1.00 1.51 2.05 2.39 2.80
(2.07) (0.62) (0.23) (0.16) (0.21) (0.76)
a, 2.15 1.17 0.95 0.62 0.47 1.56
(1.15) (0.44) (0.29) (0.29) (0.48) (3.09)
p 0.83 0.69 0.70 0.70 0.76 0.91
(0.13) (0.15) (0.09) (0.11) (0.14) (0.14)
R? 0.97 0.98 0.98 0.97 0.97 0.97
SEE 0.36 0.30 0.34 0.37 0.38 0.39

Notes: The regressions shown are estimates of the equation
fo=pfioi+ (1= p)(ag + a,;mai + ayyeai) + m

for the 1987:1-1993:4 period. The columns correspond to different valués Estimation is by instrumental variables
for i = 0 as detailed in the text. The standard errors shown in parentheses are based on the Newey-West
heteroskedasticity and serial correlation robust estimator.

recent episode. Some research has alreadforecasts from the same Greenbooks | use to
begun to sort out whether monetary policy hasassess the within-quarter outlook used to con-
been forwardlooking or backward looking in struct Taylor's rule in real timé?

the past, especially since the 1986°For the The policy reaction functions | estimate take
most part, estimation of the forward-looking the form

specifications has relied on instrumental vari-

ables estimation techniques using the actual fo=pfi_ 1+ (1 —p)ag+ a,m .
(andex postrevised) data. Although in theory
such techniques can provide consistent esti- + ayYici) + e

mates under some assumptions, the added
noise in the data may present significant com-Here,i reflects the “target” horizon relative to
plications in practice. To illustrate some of the quarter at which the federal funds rate is
these difficulties, | compare estimated reac-decided. For Taylor’s rule the relevant hori-
tion functions using both thex postrevised zon is the present quartér= 0. For forward-
and the real-time data for the 1987-1993 pe-looking alternativesi > 0. | examine
riod. For the forward-looking variants of the horizons ranging from 1 to 4 quarters ahead.
estimated policy reaction functions, | employ For completeness, | also estimate a backward-
looking policy reaction function for = —1.
This is of some interest because this timing
13 Clarida et al. (1998) investigate forward-looking reac implies reacting to the most recent available
tion functions such as the ones examined here. Clarida andjgtg (for the previous quarter), which renders

Gertler (1997_) find such rules useful for describing German the rule operational without reliance on
monetary policy as well. 45

14Use of Greenbook forecasts in estimating reaction forecz_ist . .
functions was introduced by Stephen K. McNees (1986). Estimation results are shown in Tables 5 and
Christina D. Romer and David H. Romer (1996) find these
forecasts to be quite accurate relative to alternative private
forecasts. To be noted, these forecasts may not represent the °If, as Allan H. Meltzer (1987) argues, forecasts are too
views of the FOMC and suffer from a serious problem in inaccurate to be useful for monetary policy decisions, and
that they are conditioned on a specific policy path, which policy is formulated in terms of recent economic outcomes,
may not necessarily coincide with the path consistent such backward-looking rules might provide a better descrip-
with the Committee’s outlook for policy. Despite this prob- tion of policy. However, because a monetary aggregate
lem, they may provide as useful proxies for the appro- could be a superior intermediate target in that case, it might
priate forecasts as feasible with the information currently also prove a better policy indicator than the lagged output
available. and inflation measures examined here.
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TABLE 6—FORWARD-LOOKING RULES ESTIMATED WITH REAL-TIME DATA
Horizon relative to decision period (in quarters)
-1 0 1 2 3 4
ag 19.81 9.71 5.83 5.71 3.55 1.80
(13.60) (6.84) (3.86) (3.03) (2.29) (0.98)
a, -3.35 -0.49 0.57 0.62 1.18 1.64
(3.71) (1.76) (0.92) (0.70) (0.53) (0.22)
a, 2.63 1.64 1.25 1.33 1.15 0.97
(1.60) (0.90) (0.52) (0.44) (0.34) (0.17)
p 0.90 0.83 0.77 0.77 0.72 0.66
~ (0.08) (0.12) (0.12) (0.09) (0.09) (0.08)
R? 0.97 0.97 0.98 0.98 0.98 0.98
SEE 0.39 0.37 0.35 0.34 0.33 0.32

Notes: The regressions shown are least-squares estimates of the equation
fo=pfi_1+ (1= p)ag + a,mesip + ayYeeip) + M

for the 1987:1-1993:4 period. The columns correspond to different values. fdhe standard errors shown in
parentheses are based on the Newey—-West heteroskedasticity and serial correlation robust estimator.

6. Table 5 presents estimates of the forward-ously. Comparing the fitted reaction functions
looking policy reaction functions based on the corresponding to the different horizons reveals
ex postevised data as of 1994. Table 6 presentssome interesting patterns. The point estimate of
the comparable estimates based on the actua,,, the coefficient reflecting the response to
forecasts available in real time. As already men-inflation, rises as the horizon becomes forward
tioned, when the estimation is based on &xe from an implausible negative value for the
postrevised data, instruments are needed for thebackward-looking specification to a value sur-
forward-looking rules. With the exception of prisingly close to the 1.5 value Taylor specified
the first column (the backward-looking case, in his rule, and significantly greater than 1 in the
i = —1), the estimates shown in Table 5 are four-quarter-ahead specification. Also, the point
based on instrumental variables using four lagsestimates ofa, drop as the horizon becomes
each of the federal funds rate, inflation, and themore forward from an implausibly high value of
output gap as instruments. Overall, the esti-2.63 for the backward-looking specification to a
mated reaction functions fit the federal funds considerably smaller value, 0.97, in the four-
rate quite well, regardless of the horizon. How- quarter-ahead specification. As with the esti-
ever, based on the estimated standard errors, themates based on the final data, the overall fit of
results shown in the table suggest that when wethese reaction functions is quite high regardless
rely onex postrevised data to compare alterna- of the horizon. However, based on the estimated
tives in this sample, the Taylor-type contempo- standard errors, when we concentrate our atten-
raneous reaction function provides the besttion to the forecasts actually available in real
specification among the alternative horizons.time at the Federal Reserve we find that the
The fit of the contemporaneous horizon is betterforward-looking specifications provide a some-
than either the lagged specificationss —1, or  what better fit.
the forward-looking alternatives,> 0. Indeed, Figure 7 shows the policy prescriptions cor-
the fit of the forward-looking alternatives pro- responding to the contemporaneous and four-
gressively deteriorates with the horizon. quarter horizon policy reaction functions from
Table 6 presents the corresponding leastTable 6. The bottom panel, which shows the
squares estimates based on the real-time data. Iprescriptions including the partial adjustment to
this case, it is not necessary to instrument forthe previous quarter's federal funds rate, con-
the inflation and output gap forecasts becausdirms that the two specifications fit the data
the real-time forecasts are based on exactly thaearly equally well. Comparison of the implicit
information actually available contemporane- notional targets for the federal funds rate shown
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in the top panel, however, illustrates that the f = c, + c,f,_; + Comsij + CaVeripn + €,
differences in the two specifications are not

trivial. The forward-looking specification cap-

tures the contours of the federal funds rate confor i # 4. Now the estimated parametecs
siderably better. reflect the estimates @, a,, a,, andp in the

These results suggest that the concern regardappropriate column withi # 4 in Table
ing the validity of estimated policy reaction 6. These estimated parameters, of course, will
functions based on final data is justified. As the not necessarily reflect the true responsiveness of
analysis for this sample suggests, results basegolicy to inflation and output in this case.
on theex postrevised data instead of the data Rather, the parameters will be a convolution of
available in real time could easily overshadow the true response coefficients and the projection
the fact that forward-looking policy reaction of the variables in the true reaction function
functions appear to provide a more accuratem, ., and Y, ., on the regressorsf,_;,
description of policy than Taylor-type contem- m_, Ve it
poraneous specifications.

Returning to the real-time estimates in Table
6, it may appear somewhat puzzling that the
response parameteas. anda, vary so dramat
ically with the horizon, although the fit of the
regressions at the different horizons are so sim-
ilar. As mentioned earlier, a strong prior that
policy responded sufficiently strongly to infla-
tion over this period to maintain stability in the
long run would suggest that the policy reaction
functions implyinga,. < 1 are likely misspeei  Two observations are in order. First, if these
fied. By this measure, only the estimated three-projections can capture the bulk of the variation
and four-quarter-ahead specifications would ap-of ., 4; and y;. 4 then the misspecified
pear reasonable. As well, these specificationgeaction functions will fit the data nearly as
would correspond most closely to the “six to well as the true policy. (If the projections were
twelve months or even longer” horizon that perfect, the reaction function fit would be iden-
Chairman Greenspan identified as critical for tical.) Indeed this is the case here. The four-
monetary policy decisions in the congressionalquarter-ahead forecasts of inflation and the
testimony cited previously. With these consid- output gap are highly collinear with forecasts at
erations, it may be useful to examine whetherthe earlier horizons. This explains why the fit of
the pattern of the estimated response paramethe other regressions in Table 6 are nearly as
ters, especiallya_, is the result of a misspeci high as that of the four-quarter-ahead specifica-
fication of the appropriate policy horizon. tion. The second, is that the pattern of the pro-

For concreteness, suppose that the true reagection coefficientsy,; determines the pattern of
tion function is exactly the one corresponding to the estimated parametecsof the misspecified
the four-quarter-ahead forecast estimated withpolicy reaction functions. Concentrating on the
the real-time Greenbook data. It is convenient toinflation forecast projection, as we move the

Tiap = Y10 T Yk + V12Tt + it
+ Yi3Ye+ip t €
Ye+at = Y20 + Yorfio 1 + voomis it

1 YasYi+ip t €2

rewrite this as horizon fromi = 4 backward the following
pattern emergesy,, falls, whereasy,; andvy, 5
fo= b+ bufi_y + byme s g + BaYeeap + Mo rise. Intuitively, the lag of the federal funds rate

and the output gap become increasingly more

informative for predictingr, , 4, relative to the
where the parametes, a,, a,, andp in the  contribution of inflation. These tend to raise the
last column of Table 6 are simple transforma- estimates ot,; andc; and reduce that of, in
tions of theb;, specifically,a,, = b,/(1 — b;),  the misspecified reaction function relative to
a, = by/(1 — b;) andp = b;. Next, consider the estimates ob;, b,, andb;. The result is
the case with a misspecified horizon, the esti-the appearance of a greater partial adjust-
mation of the reaction function ment coefficientp for the less forward-looking
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specifications in Table 6 and also the reductionthat are difficult to assess in practice involve
in the inflation response coefficieat. relative  much greater uncertainty than is often recog-
to that of outputa,. The quantitative magni nized. Using Taylor’s rule as an illustration, and
tudes of these effects, of course, are specific taconcentrating on the sample originally used by
the sample and horizon in question and theTaylor to formulate his rule, revisions of the
estimated parameters; depend on both the recommendation obtained by the rule for a spe-
inflation and the output gap projections. Impor- cific quarter are shown to be very large. Further,
tantly, as illustrated in Table 6, estimation of a although the rule may appear to describe actual
policy reaction function with a misspecified ho- policy fairly accurately when thex postevised
rizon can yield extremely misleading informa- data are employed, it does not provide nearly as
tion regarding the responsiveness of policy toaccurate a picture if real-time data are used to
the inflation and real economic activity outlook. construct what the rule would have recom-
The difficulties in interpreting these coeffi- mended when policy was actually set.
cients can also be seen by a simple check on the Interpretation of historical policy based on
implicit estimates of the equilibrium real-inter- revised data instead of the data available to
est rate embedded in the policy reaction func-policy makers when policy decisions were
tion. In steady state, the output gap equals zeromade appears to be of questionable value. Esti-
inflation equals the policy maker’s target, mated policy reaction functions obtained using
and the nominal interest rate is the sum of thethe ex postrevised data yield misleading de-
inflation target and the equilibrium real interest scriptions of historical policy. The presence of
rate. Thus, for the correctly estimated policy noise results in biased estimates and potentially
reaction function, and conditioning on an infla- obscures the appropriate specification of the
tion targets*, the parameters in Table 6 pro- policy reaction function. Needless to say, iden-
vide an estimate of the equilibrium real interest tification of monetary policy shocks under such
rate:r* = a, + (a, — 1)#*. Based on the circumstances becomes a haphazard enterprise.
four-quarter-ahead horizon, the implied equilib- Taking account of the information problem
rium real interest rates for inflation targets of 0 documented here may cloud some of the en-
and 2 percent are 1.8 and 3.1 percent, respeccouraging results arguing in favor of policy
tively. On the other hand, using the parametersadhering to such rules. One of the reasons sim-
shown for the earlier horizons yields consider- ple rules are believed useful is that they can
ably higher and quite misleading estimates.provide the policy maker with the flexibility to
Again, the reason is that the imputed estimatesachieve some of the benefits of discretionary
are incorrect because the parameters of the esshort-run stabilization policy while retaining
timated policy reaction functions at the earlier credibility toward the long-term goal of price
horizons cannot be interpreted as behavioralstability. The rationale is that, because simple
parameters. rules are easy to evaluate, departures from the
rules would be easily detectable. As long as
IV. Conclusion policy moves in accordance with a rule, credi-
bility is maintained. But disagreements over the
Quantitative evidence suggesting that mone-current economic outlook or the likely direction
tary policy guided by simple rules achieves of pending data revisions can make it difficult to
good results in simulated models of the macro-assess whether policy deviated from or was set
economy continues to accumulate. Thus, simplen accordance with an agreed-upon fixed policy
rules appear to offer useful baselines for policy rule. Implementation of supposedly transparent
discussions. The discussion, however, oftenfeedback rules may be anything but simple.
does not place proper emphasis on the informa- These findings also suggest that great care is
tional problem associated with some of the ad-required in treating the informational require-
vocated policy rules. This paper examines thements associated with the evaluation of simple
magnitude of this informational problem. The policy rules. The presence of noise in real-time
evidence suggests that it is substantial. estimates of inflation and the output gap must
Reactive policy rules that require the policy be accounted for in evaluating rules setting pol-
maker to respond to macroeconomic conditionsicy in reaction to these variables. Ignoring this
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informational problem in the evaluation of al-  Gross National Product by Pooling Prelimi-
ternative policies would tend to overstate the nary Labor-Market Data.Journal of Busi-
degree to which monetary policy can stabilize ness and Economic StatisticSuly 1990,
economic fluctuations and could yield mislead-  8(3), pp. 293-304.

ing comparisons of alternative policy rules. Us- Bryant, Ralph C.; Hooper, Peter and Mann,
ing an estimated model of the U.S. economy, Catherine, L. eds.Evaluating policy regimes:
Orphanides (1998) confirms that this is a first- New research in empirical macroeconomics
order issue for efficient policy design. Notably, =~ Washington, DC: Brookings Institution
had the Federal Reserve adopted policies that Press, 1993.

appear efficient when the informational prob- Clarida, Richard; Gali, Jordi and Gertler, Mark.
lem highlighted here is ignored would have “Monetary Policy Rules and Macroeconomic
resulted in worse macroeconomic performance Stability: Evidence and Some Theory.” Na-
than actual experience since the 1980’s. In the tional Bureau of Economic Research (Cam-
absence of informational problems, activist bridge, MA) Working Paper No. 6442,
rules that require policy to react strongly to  March 1998.

current data appear to yield a high degree of . “The Science of Monetary Policy: A
stability. But less activist rules prove more ef- New Keynesian Perspective.Journal of
fective once the informational limitations en-  Economic LiteratureDecember 199937(4),
countered by policy makers in practice are pp. 1661-1707.

considered. Less activism avoids the counter-Clarida, Richard and Gertler, Mark. “How the
productive gyrations to the monetary policy in-  Bundesbank Conducts Monetary Policy,” in
strument that are introduced by responding to Christina D. Romer and David H. Romer,
the noise in the data instead of the true under- eds., Reducing inflation: Motivation and
lying developments in the economy. Unless the strategy Chicago: University of Chicago,
evaluation of the performance of policy rules 1997.

reacting to noisy data addresses this informa-Clark, Peter K. “Okun’s Law and Potential
tional problem, meaningful comparisons among GNP.” Board of Governors of the Federal
alternative rules are not possible. Reserve System, October 1982.

The results in this paper suggest that analysigrair, Ray C. and Howrey, E. Philip. “Evaluating
of monetary policy rules based on data other Alternative Monetary Policy RulesJournal
than what is available to policy makers in real of Monetary Economi¢s October 1996,
time may be difficult to interpret. The treatment  38(2), pp. 173-93.
of the informational limitations inherent in the Fuhrer, Jeffrey C. “Inflation/Output Variance
formulation of monetary policy requires greater Trade-Offs and Optimal Monetary Policy.”
attention in analysis pertaining to policy rules.  Journal of Money, Credit, and Bankinlylay
To the extent simple policy rules offer the 1997,292), pp. 214-34.
promise to provide a useful baseline for improv- Henderson, Dale and McKibbin, Warwick J. “A
ing policy decisions, a step toward clarification =~ Comparison of Some Basic Monetary Pol-
of their potential would be a welcome step in  icy Regimes for Open Economies: Implica-

the right direction. tions of Different Degrees of Instrument
Adjustment and Wage Persistence.” Carn-
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