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Abstract

Although the persistence of inflation is a central concern of meaonomics, there is no consensus
regarding whether inflation is stationary or has a unit root. lcdinéext of a “textbook” macroeconomic

model, inflation is stationary if the Taylor principle is sid. We estimate Markov switching models

for inflation and real-time forward-looking Taylor rules. Inftet appears to have a unit root for most of
1967 — 1981, but is stationary before and afterwards. The respomdiation is also regime dependent,

with the pre and post-Volcker samples containing monetary esgivhere the Fed did and did not follow
the Taylor principle.
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1. Introduction

The persistence of inflation is a central concern of maormamics. In the New Keynesian
macroeconomic model, with Taylor (1979) being among the earliest and best kramples, there is no
tradeoff between thievel of unemployment and tHevel of inflation, but there is a tradeoff between the
variability of unemployment and thgersistencef inflation.

The standard way to measure persistence in economic time isetieough the autoregressive/unit
root model. If the unit root null hypothesis can be rejected in favtiteohlternative hypothesis of level
stationarity, shocks will eventually dissipate and the serikksaevert to its equilibrium level. Conversely,
if the unit root null cannot be rejected, shocks are permanerthargkries never returns to its original
value.

What do we know about unit roots and inflation? The answer istnnoh. There have been a
number of studies that test for unit roots in inflation, and tha@tseare all over the map. In some of the
studies, the unit root null is rejected in favor of theralative of stationarity. In others, the unit root null
cannot be rejected. In still others, the null can be rejecteddime time periods, but not for others.
Furthermore, there does not appear to be a clear pattermiimgveither time periods or techniques that
accounts for the variety of results.

What could account for these inconclusive results? One possibilitgurde; is that inflation is close
enough to having a unit root that existent statistical technicguesot conclusively answer the question.
In that case, the answer itself becomes uninteresting. Whetlfilation is stationary with an
autoregressive coefficient of 0.999 or a unit root with a cdefficof 1.0 does not make any difference
for the study of persistence over any economically relevant time horizon.

The purpose of this paper is to investigate a different, anat@dlg more interesting, hypothesis.
Suppose that inflation is stationary during some time periodgdiiogvs a unit root during others. In
particular, we will investigate the hypothesis that inflatavitches regimes between stationary and unit
root states. This would certainly be consistent with inconatusagults from the application of unit root
tests.

The hypothesis of regime switching between stationary and unistaes seems problematic for
most macroeconomic variables. The choice between statioaatyinit root behavior for real GDP is
related to the predictions of various macroeconomic modelsit adlifficult to see why the economy
would follow one model during some regimes and a different model dotfiregs. While it is sometimes
postulated that real exchange rates follow some varianttoEahold autoregressive process and exhibit
unit root behavior for small deviations from parity and statiprizehavior for large deviations from
parity, this is based on arbitrage arguments do not seem apglicaliflation. Unit roots in financial

variables such as nominal interest rates and nominal exchatege ai@ often justified based on



information acquisition in markets, and it is difficult toeshow these would be subject to regime
switches across time.

The main idea that underlies this paper is that inflatiom igolicy variable for which regime
switching between stationary and unit root states emergea aatural outcome of a standard
macroeconomic model. In the context of a “textbook” model with aoul8e, a Phillips curve, and a
Taylor rule, inflation will be stationary if and only if tleentral bank follows the Taylor principle and
raises the nominal interest rate more than point-for-point wifeation exceeds the target inflation rate,
so that the real interest rate rises. We investigateghsheeriods for which inflation is stationary
(contains a unit root) correspond to periods for which the Taylor principtisfied (not satisfied).

This idea is closely related to research on the Taylor preneipdl indeterminacy of inflation. Clarida,
Gali, and Gertler (2000) and Woodford (2008) show how, in the contexiNefnaKeynesian dynamic
stochastic general equilibrium (DSGE) model, a rise in erpdaflation will lead to a decline in the real
interest rate, stimulate aggregate demand, and become s#ififuif (approximately) the coefficient on
the inflation gap in the Taylor rule is below unity. We focus on &rooi in inflation because, while the
unit root hypothesis is testable, indeterminacy can only be inferred.

The first hypothesis of the paper is that inflation can beackenized by regime switching between
stationary and unit root states. We estimate a Markov lswganodel for quarterly U.S. inflation from
1954:3 to 2007:1. We find that there are two distinct inflatipmagimes, one in which inflation has a
unit root, and one in which inflationary shocks are transitory. Bliemated dates for the unit root state
are most of the 1967:3 — 1981:1 period, during which U.S. inflation exmerd its highest levels.
Beginning in 1981:2, when disinflation began, we estimate that the inflateoisnaean reverting.

The second hypothesis is that the regime switches in infladanbe explained by changes in the
parameters of the Taylor rule. While there is an extendiemiure on whether or not the Taylor principle
holds during different periods, the choice of sub-samples is typiosdide exogenously, usually to
correspond with the tenure of various Federal Reserve Chaiffaglor (1999) estimates rules over the
1960:1 — 1979:4 (pre-Volcker) and 1987:1 — 1997:3 (Greenspan) periods, and finde tefticient on
inflation is greater than unity, so that the Taylor principdéds, only in the latter period. Clarida, Gali,
and Gertler (2000) divide their sample into the 1960:1 — 1979:2 (pre-\Yplake 1979:3 — 1996:4
(Volcker-Greenspan) periods, and also find that the Taylor ptenbiolds only in the latter period. Their
results are robust to various measures of the output gap atltaling the first three years of the

Volcker regimé.

! In the context of a forward looking New Keynesgimillips Curve, Cogley and Sbordone (2008) hypadtteethat
inflation persistence stems from changes in trafidtion, which they attribute to changes in mongfolicy.
2 Favero and Monacelli (2005), estimate two-statekda switching models for the pre-Volcker (1961:3979:2)
and Volcker-Greenspan (1982:2 — 2002:4) periodslé/they find evidence of two monetary regimesacle



While the initial research on Taylor rule estimation usedised data, following the work of
Orphanides (2001) it has become standard practice to use reatlitaethat was available to
policymakers at the time that interest-rate-setting dwtisivere made. Orphanides (2004), using real-
time data, estimates Taylor rules for the 1965:4 — 1979:2 (prekdiyland 1979:3 — 1995:4 (Volcker-
Greenspan) periods. In contrast to earlier research witkegbdata, he finds that there was no significant
difference in the interest rate response to inflation betwle pre-Volcker and Volcker-Greenspan
periods, with the Taylor principle being satisfied during both periods. In additidimdsethat the interest
rate responded to the output gap during the Pre-Volcker, but not the VGid@nspan, periods.

Changes in the degree of monetary policy activism have alsodtedied by Cogley and Sargent
(2001, 2005), Primiceri (2005), and Sims and Zha (2006) using Bayesiamrstrvector autoregressive
models with time-varying coefficients. While Cogley and 8atg2001) find that monetary policy was
activist in the early 1960s, became neutral in the early 1978sdspassive for the remainder of the
1970s, and was activist from the early 1980s onward, Sims and Zha éindintle variation in the
variances of the disturbances is more important than tamnation in the coefficients of the monetary
policy rule. However, when Cogley and Sargent (2005) allow forrdekedasticity, they still find
important changes in monetary policy. Levin and Piger (2008), WBaygsian model selection in
modeling the persistence of inflation, find that models with clargdy in residual variance are
dominated by models with changes in conditional mean parametansicefir (2005) finds evidence of
higher volatility of monetary policy shocks before 1983 and thaesatic monetary policy has become
more responsive to inflation and unemployment during the lage26 relative to the 1960s and 1970s.
The Taylor principle, however, is not violated in either period.ikw@nmd Schorfheide (2004) use a
Bayesian approach to estimate a New Keynesian DSGE mdugy. find that, while monetary policy
reacted very aggressively towards inflation during theckér-Greenspan period, it was much less active
during the pre-Volcker period. They cannot reject the possilwfitgquilibrium indeterminacy for the
earlier period.

We estimate a Markov switching model for a forward lookiagldr rule, utilizing various real-time
inflation forecasts and measures of the output gap. We find edd#rtwo separate regimes, where the
Fed follows the Taylor principle in one state, but not the othke dstimated dates for the Taylor
principle state are 1965:4 — 1972:4, 1975:2 — 1979:3, and 1985:4 — 2007:1t&hdahich monetary
policy is stabilizing, so that the Taylor rule obeys the Gaptinciple, correspond fairly closely with the
dates for which inflation is characterized by a stationtatesConversely, the dates for which monetary

policy is not stabilizing correspond fairly closely with theedator which inflation is characterized by a

period, the Taylor principle is satisfied in neitlstate for the pre-Volcker period and in one & $tates for the
Volcker-Greenspan period.



unit root state. In addition, the coefficient on the output gamig significant in the stable Taylor rule
state.

The period between 1981 and 1985, however, is an exception to the catessmgras inflation is
characterized by a stationary state but the Taylor priméphot satisfied. During this period of rapidly
falling inflation, the Federal Reserve operating procedures iadotargeting non-borrowed reserves
rather than the Federal Funds Rawhen inflation fell, the Federal Funds rate did not fall by endagh
satisfy the Taylor principle so that, as shown by Taylor (198®) Federal Funds rate was too high
compared with the baseline of a Taylor (1993) rule. In contoashe “textbook” example where the
Taylor principle does not hold because policy is too accommod#tigeTaylor principle did not hold
during this period because policy was too restrictive.

Another seemingly anomalous result is that, with the excemfo@973 and 1974, the Taylor
principle held during almost all of the Great Inflation. Levin a@agldr (2009), using data @x antereal
interest rates, characterize monetary policy from 1965 to 1980sases of stop-start episodes of rising
inflation, belated policy tightening, and contracting economic agtiwhich causes a reversal of the
policy tightening before inflation returns to its initial ratestimating a Taylor rule with shifts in the
intercept in 1970:2 and 1976:1 to allow for increases in the Fed'&itripflation objective, they find
that the Taylor principle held during the 1965:1 — 1980:3 period.

A major theme of this paper is that, by using Markov switching methodsevabke to choose policy
regimes endogenously rather than impose regimes exogenously basdétkeremtdFederal Reserve
chairmanships. A direct comparison of our results is with QOriplea (2004) who, using real-time data,
finds that the Taylor principle held in both the Pre-Volcker dedMolcker-Greenspan periods. When the
break date is endogenized, each of Orphanides’ regimes coptainds where the Fed both followed
and did not follow the Taylor principle. Another comparison is itivin (2006), who uses real-time
data to estimate a forward-looking Taylor rule with timeyirsg coefficients! He finds that the Fed’s
response to forecasted inflation was strong until 1974, fell isebcend half of the 1970s (perhaps not
satisfying the Taylor principle), and strengthened between 1980 and 1982spbese to real economic
activity weakened throughout the 1970s and, from the mid-1980s on, ressbrategly to inflation and
weakly to real activity. While our regimes do not corresporat#y with his time-varying coefficients,
our results on the monetary policy response to inflation are much more congruent with(B206) than
with Orphanides (2004), who finds that the Taylor principle hag t@hsistently since 1965. Our results
on the monetary policy response to real economic activity, in cgna@srd with neither Orphanides
(2004) nor Boivin (2006).

3 See Goodfriend (2007) for further discussion.
* Kim and Nelson (2006) and Kim, Kishor, and Nel$dB07) also estimate time-varying parameters moditts
revised and real time data, respectively.



2. The Uncertain Unit Root in Inflation

There is a large literature that investigates unit roottflation. The Appendix summarizes the
evolution of ideas about the stationarity of inflation in the eiwgli literature during the last three
decades. While Nelson and Schwert (1977) and Barsky (1987) finchegidapporting the presence of a
unit root in inflation, Rose (1988) rejects the unit root hypothasisNeusser (1991) presents evidence,
consistent with the stationarity of inflation, that the ex-poat mgerest rate is stationary. Baillie et al.
(1996) find strong evidence of long memory with mean reverting b@hashile Culver and Papell
(1997) reject the unit root using panel, but not univariate, methods. tdcently, Bai and Ng (2001) and
Henry and Shields (2003) cannot reject the unit root null for the U.S. anfliette.

A number of studies (endogenously or exogenously) divide the ssioesub-samples and examine
their properties. For example, McCulloch and Stec (2000) argue tinat root process governs the U.S.
inflation series from the mid 1970’s to the mid 1980’s; before and after that timd,peedJ.S. inflation
series is nearly stationary. Barsky (1987) divides the sipaa into two periods and shows that inflation
was stationary until 1960 and became integrated thereafter. BranddHess (1993) arrive at the same
conclusion by also having 1960 as a threshold year. Ireland (1999) andaStbt¥atson (1999) report
some rejections of the unit root null, but only at the 10% Ieredome sub-samples. Evans and Wachtel
(1993) estimate a Markov Switching model of inflation, with oregeshon-stationary by construction.
They find that inflation is 1(1) during 1965 — 1985 and I(0) otherwise.

Levin and Piger (2003) estimate a univariate autoregressdael of inflation dynamics applying
both classical and Bayesian econometric methods, while allowing $tructural break at an unknown
date. They find strong evidence for a break in the intercefhteoAR equation around 1991.2. Allowing
for a break in intercept, the inflation measures generally extglatively low inflation persistence,
rejecting the unit root for all measures of inflation.

Pivetta and Reis (2007) look at a quarterly seriegftation since 1965 and conclude that persistence
is constant and relatively high. Using various classical aage8ian methods with several different
measures of persistence, they are unable to reject the omtit Benati (2008) comes to the same
conclusion looking at GDP and PCE inflations after 1951. The aattmnates an AR (p) model via the
Hansen (1999) ‘grid bootstrap’ median-unbiased estimator of the sum of thegaessive coefficients.

While the empirical literature on inflation is largeisinot conclusive. The overall impression is that
the question of whether U.S. inflation contains a unit root ofatiosary has not been answered, and is

unlikely to be answered by the application of more unit root tests.



3. The Taylor Rule and Inflation

In this section, we construct a “textbook” macroeconomic maotetisting of an IS curve, a Taylor
rule, and a Phillips curve and show that inflation has a aaoitif and only if the Taylor rule follows the
Taylor principle?> Following Taylor (1993), the monetary policy rule postulated tdobewed by the
Fed is

r=p +dp.-p)+ny +R (1)
where rt* is the short-term nominal interest rate target (Fedaratls Rate)p, is the inflation ratep’
is the target level of inflation (usually considered equa%s), V, is the percentage deviation of output

from its long run trend (the output gap), aRdis the equilibrium level of the real interest rate (also
usually considered equal to 2%).

According to the Taylor rule, the Fed raises the nominalastaate if inflation rises above its
target and/or if output is above potential output, and lowersitinginal interest rate if inflation falls

below its target and/or if output is below potential output. fEinget level of output deviation from long

run trend y, is 0 because, according to the natural rate hypothesis, output tenpetmanently raised

above potential. The target level for inflation is positivedose it is generally believed that deflation is
much worse for an economy than low inflation. According to whabkaeme known as the “Goldilocks

Economy” (not too hot, not too cold, but just right), if inflation equisldarget of 2% and the output gap
is zero, the nominal interest rate would be 4%, the inflatitmwauld be 2%, and the real interest rate

would be 2%.

The parameterp and R* can be combined into one constant term, which leads to the following

equation,
o= m+ L+ d)p, +uf, (2)

The condition(L+ @) >1, known as the Taylor principle, states that, when inflatiors rid®mve target,
the Fed raises the nominal interest rate by more than poiptfot- so that the real interest rate rises.
This has been emphasized by Taylor as the crucial conditiodoomic stability. Two aspects of the
Taylor principle are worth noting. First, according to Tayl¢t893) original formulationg = n = 0.5,
so that the Taylor principle was automatically satisfied H®y Taylor rule. Second, as emphasized by
Greenspan (2004), the Taylor principle is essential to the conduct of monetayyinuidisendently of the
specific form of the Taylor rule. Suppose thatwas equal to zero, so that the Fed only responded to

inflation and not to the output gap. The condition for the Taylor principledimeiunchanged.

® To our knowledge, the first textbook to preseig ttextbook” model was Hall and Taylor (1997).



The textbook macro model is completed by adding an IS curve,

i =-s(R - R), (3)
where the output gap depends negatively on the difference betWeeredl interest rate and the
equilibrium real interest rate, and a “textbook” Phillips curve,

P =Pty te 4
where inflation is above last period’s inflation if the outaip is positive and below last period’s
inflation if the output gap is negatiVe.

Consider the following thought experiment. Start with inflatiqona# to its target level and the output
gap equal to zero. Now suppose there is a positive shock tooinfld the Taylor principle is satisfied,
the Fed would raise the nominal interest rate in Equation (2) timanepoint-for-point, increasing the real
interest rate. The increase in the real interest ratelesitl to a negative output gap by the IS curve (3)
and, in turn, to a decrease in inflation by the Phillips curveT(d. process will continue until inflation
returned to its original, target, level. Since there is no long-run efféloe ahock, inflation is stationary if
the Taylor principle is satisfied.

Now consider the same shock to inflation if the Taylor prindipleot satisfied. Suppose tlat 0.

In this case, the Fed would raise the nominal interesing® exactly point-for-point, leaving the real
interest rate unchanged. With an unchanged real interesthateutput gap in (3) would stay at 0 and
inflation in (4) would not be brought down. Since the effect of the sheekr dissipates, inflation has a
unit root if the Taylor principle is not satisfied.

The exact correspondence between stationary inflation antagter principle does not necessarily
generalize beyond the textbook version of the model. In the New Kieyneodels of Clarida, Gali, and
Gertler (2000) and Woodford (2008), among others, which consist ofgaagade supply relation, an
intertemporal 1S relation, and a Taylor rule, the condition dodeterminate solution becomes more
complicated if there is a systematic response of theestteate to output variations. Clarida, Gali, and
Gertler (2000), however, argue that the deviation is quamgtatalmost negligible. In Woodford (2008),
the correspondence is unchanged unless, in addition to an interestspaase to output variations,
inflation does not respond one-for-one to changes in expected inflateorig @nd Leeper (2007)
generalize the Taylor principle in the context of a model whegecoefficients of the monetary policy
rule evolve according to a Markov switching process. They shatvptolicy can produce determinate
rational expectations equilibrium even if there are substat¢ialations from the Taylor principle for

short periods or modest deviations for prolonged periods.

® The history of various types of Phillips curveslidcussed in Gordon (2009). Additional lags ofatibn can be
added as long as they sum to unity.



4. A Markov Switching Model for Inflation

We first showed that the preponderance of empirical evidenceradwesupport either stationarity or
unit root behavior for the full sample of U.S. inflation. Wentldemonstrated that the hypothesis that
inflation switches between stationary and unit root statesnisistent with a “textbook” macro model if
the policy followed by the Fed switches between following and igndtiegTaylor principle. We will
now investigate whether the behavior of inflation is consistétht switching between stationary and unit
root states.

To capture a possible switch in inflation persistence, wenatdi a two state Markov Switching
autoregressive model for the ex post inflation rate. Sincare/docusing on persistence, we estimate an
Augmented Dickey-Fuller representation withags, which is equivalent to an AR(k-1) model. The ADF
specification is attractive since the sum of the AR ddiefits minus one enters as the coefficient on

lagged inflation:
k
Do, =m +g.,p..t Do te )
i=1
The main parameter of interesgis. A negative and significant value gf; would imply a stationary
inflation rate, while a value of zero would imply that infba&it contains a unit root. The unobserved state

variable takes on the values zero or o%:={0,1} . We specify Gaussian innovations, with state
dependent variances,
e ~N(@0s3),
where the unobserved state variable is governed by the following trapsitioebilities:
Pr[S =0]S.,=0]=q
PriS =1|S., =1 =p.

To measure inflation, we use the ex post GDP deflat@ur sample runs from 1954:3 — 2007:1. We
maximize the exact log likelihood function using Hamilton’s (1989) aligarit

We choose an AR(2) model for inflation, which correspondk tol in equation (5). We also
estimated AR(1) through AR(5) models as a robustness checkreStiuals from the AR(1) model
display significant autocorrelation, while the results of higitder AR models are similar to those of the
AR(2) model.

" Specifically, we calculate inflation as the diffece between the quarterly seasonally adjustedaarates of
“GDP percent change based on current dollars” &10P percent change based on chained 2000 dolleadable
from the BEA website at http://bea.gov/bea/dn/gdpxis



Our parameter estimates are presented in Table 1. The topgbdfiglre 1 plots the inflation

rate, with the shaded areas correspondin§, te 0.2 Our estimates suggest that there are two persistent

states of inflation. State zero occurs from the beginningeo§ample through 1959:3, and for most of the
period from 1967:3 — 1981:1, which contains the so called Great Inflatidatidnfis generally high or
growing in this state. We estimate inflation to be in state one from4.954967:2, briefly from 1975:2 —
1976:3, and then permanently beginning tfeqRiarter of 1981. All 3 of these subsamples are periods
where inflation is low and/or falling. The volatility of inflah, as measured by the estimated standard
deviation, is nearly twice as large in the higher inflation state.

Since the level and growth rate of inflation appear to beneeglependent, we now turn to the

guestion of whether or not the persistence of inflation va@ess these 2 regimes. The estimates

suggest that inflation was unstable in state zero. The pteagpeis not statistically significantly

different from zero, which is consistent with a unit root in indiat In addition, g, is negative and

significant, which implies that inflation is stationary imtst one. Thus, our results are consistent with
inflation switching between stationary and unit root states, wherstates correspond both to periods of
low and high inflation and low and high inflation variabifity.

For the real time Taylor rule estimates in the followsggtion, our sample begins in 1965:4.
Therefore, we also estimate a Markov Switching AR(2) mdaelinflation for the 1965:4 — 2007:1
subsample. The bottom panel of Figure 1 plots the inflation ratéhanuhrameter estimates are reported
in Table 1. The message for this subsample is identical totlla¢ full sample. State zero lasts through

the 1970s, again with the exception of the 1975:2 — 1976:3 period wiilatembriefly fell, and the

switch to state one occurs in 1981:2. As with the full sampke estimated values @fg imply that

inflation has a unit root for most of the Great Inflation period, switched to arsiagiprocess in the early

1980s, and continued as a stationary process through the 1980s, 1990s, and 2000s.

5. A Markov Switching Model for the Taylor Rule
5.1 Model

Our goal in this section is to test whether the hypothesis that inflatitthew between stationary
and unit root regimes is consistent with a “textbook” macro middle policy followed by the Fed
switches from satisfying to not satisfying the Taylor prileipWe first demonstrate that our estimates

from a Markov switching Taylor rule suggest two separatgmes. We then determine that the Taylor

& Throughout the paper, we compute smoothed prdbesibf being in state zero or one.

° Evans and Wachtel (1993) estimate a Markov Swigchiodel of inflation. They restrict one of thetetato be a
driftless random walk and the other to follow an(AR We do not impose that either state is a randaii, allow
for (but do not find) drift in the random walk statind find that the stationary state is bettecrilesd by an AR (2).



rule parameterg, in equation (1) is indistinguishable from zero in one of themeg and significantly
positive in another. Finally, we illustrate how closely theti@tship between the periods characterized
by the state where the Taylor principle is not satisfied a@scwith the periods where inflation is
characterized by a unit root.

Before proceeding with the estimation, we modify equation (2) eordence with previous
research on the Taylor rule. We consider forward lookingoFayles, so that the Fed’s interest rate

target responds to expectations of current and future inflation:
rt* =mt (l+ d)Etth + VVg’t (6)
where E,p,,,, is the expectation of the inflation rate at titne h formed at timet. We use the period

expectation of inflation in time, rather than the inflation rate itself, because the inflatada is not
contemporaneously known to policymakers.
Rather than making an instantaneous adjustment of the FEdeidd Rate towards its target level,

the Fed tends to smooth changes in the interest rate. As isaorpractice, we assume AR(1)

smoothing, so that the actual Federal Funds Raitethe following function of its target Ievef :
e = (1' r)rt* I, 1T E (7)
where r is the degree of smoothing. The more instantaneous the respaseshocks, the more

tends to zero. Substituting (6) into (7) and allowing the paramteswitch between the two regimes, we
get the following two state specification for the nominal interdst ra
o= (- rmy + W+ G )E P + W Gif+ rgTat 6 ®

Sims and Zha (2006) argue that if the variance is assumed to be constant, one npayifindg structural
change in the slope coefficients in monetary policy rules. Wawvathe Gaussian errors to be
heteroskedastic to sidestep this problem.
5.2 Data

Our real time inflation forecasts come from the Greenbookseftavhich is available from the
Philadelphia Fed websit&. The Greenbook forecasts are published with a five yeamtaljas of the
writing of this paper, end in 2001:4. We extend the Greenbook fordbasteggh 2007:1 by splicing it
with inflation forecasts from the Survey of ProfessionaieEasters (SPEJ. The inflation forecasts are
predictions of the annualized quarter-over-quarter growth rateedENP/GDP price level. To estimate a

Taylor rule, we need year-over-year inflation rate fagts. We thus transform the Greenbook/SPF data

by taking the average of four consecutive quarter-over-quiarecasts. We then havep,,, forh =0,

10 http://www.philadelphiafed.org/econ/forecast/gieenk-data/phila-data-set.cfm
M http://www.philadelphiafed.org:80/econ/spf/inddric
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1,..., 4. Since inflation at timeis not available in real timeh = 0 is a forecast of current inflation, or a
“nowcast.” It is based on four quarterly forecasts, ffiom3, t- 2, t- 1, andt, the first three of which

are actual realized values of inflation. HoF 2, E,p,,, is the average df + 2 andt +1 forecasts, the

time t nowcast, and thé- 1 realized inflation rate. Only thb =3 and h =4 year-over-year inflation
forecasts are based entirely on unrealized values ofiimflaThe starting dates for the Greenbook
inflation forecasts are 1965:4 féor=0 and h =1 and 1968:4, 1973:2, and 1974:2 for= 2, 3, and 4
respectively.

For the output gap, we first consider the real-time meassee by Orphanides (2004), which is
based in part on estimates from the Council of Economic Advi§oEA) and the Commerce
Department. Orphanides’ data ends in 1998:4. We update the output gaptleerugh 2007:1 using
OECD real-time output gap estimates which are published i@E@D Economic OutlookWe convert
the annual estimates to quarterly data using quadratic integoola@V/e also compute output gaps as
percentage deviations from quadratic and Hodrick-Prescott treadshdse measures, we use real-time
GDP data compiled by the Philadelphia Fed. The vintages start id1®&&%.end in 2007:1, and the data
for each vintage starts in 1947:1. For each quarter starting in 196&al-time output gap is computed
as the percentage deviation from trend at the end of the samspig all data that was available at the
time to estimate the trend.

5.3 Empirical Results

We estimate Equation (8) using Hamilton’s (1989) algorithm tfer nowcast and forecasts of
inflation. We use the average Federal Funds Rates of tHenfimath of the quarter as our nominal
interest rate. We allow the constant term, as well asdbfficients on expected inflation and the output
gap, the interest rate smoothing parameter, and innovation variance, toriedegendent.

Our results are reported in Table 2. Figure 2 plots the BadsHRate, the nowcast of inflation, and
Orphanides’ real-time measure of the output gap. The shadedoaresponds tcé =0. The parameter

estimates and estimated state distributions are consistessdbe five inflation forecasts. We estimate
that what will be seen as the destabilizing Taylor rudéeststate zero, occurs from 1973:1 — 1975:1 and
again from 1979:4 — 1985:3. State one occurs from the beginning of theestimuigh 1972:4, from
1975:2 — 1979:3, and again from 1985:4 through the end of the sample.

In state zero, the coefficient on inflatioa,, is insignificant for every inflation forecast. The Fed was
not raising the nominal interest rate more than point for poirgsponse to higher inflation. Indeed, as is
visually evident in Figure 2, the Taylor principle was not &atisduring the shaded periods. There were
a number of times when the nominal interest rate fell datio rose. This probably explains why the

estimates of? are all negative in state zero, albeit insignificant.
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In contrast, state one implies a significant and positiveevalf @ for every inflation forecast,

suggesting that the Fed followed a stabilizing Taylor rule Warametef)’l ranges from 0.91 to 1.11,

which implies that the Fed was keeping inflation in check byesming the nominal interest rate by
around 2 percentage points when inflation increased by 1 percent.

How do we reconcile the timing of our Taylor rule regimeduliie univariate inflation results from
the previous section? Recall that we estimate inflatiolpet an unstable (unit root) process for most of
the 1970s, except for the six quarter 1975:2 — 1976:3 subsample, hadstable beginning in 1981:2.
This timing is certainly related to the timing of ouriestte states for the Taylor rule, but not exact. In
particular, we estimate that the 1975:2 — 1979:3 period is char®tt as a stabilizing Taylor rule state,
even though our univariate inflation estimates from the pre\seaSon suggest inflation contains a unit
root in the latter half of this subsample. Monetary policy dutivegfour years preceding Paul Volcker’s
tenure is not generally regarded as being consistent witlabdizng Taylor rule. However, while
inflation was rising during this period, the Federal Funds Rateiwéact, rising by more than point for
point.

We also estimate that the Taylor rule was destabilizimgp 1979:4 — 1985:3. This is of course the
period during which the Fed, under Chairman Paul Volcker, loweréatiani. This disinflation came
about via targeting nonborrowed reserves, not through an expifeitest rate target. Indeed, while
disinflation occurred through most of the period, hominal intawdss were quite erratic, experiencing
their highest levels and largest volatility. We would suraby expect our estimates to suggest that the
Fed was pulling down inflation via the increasing the Fed FundsHaaly, beginning in 1985:4 and
lasting through the rest of the sample, we estimate that therTaimciple held. This is the time frame of
what has come to be permanently lower inflation. The switchisostate accords with the beginning of
the Great Moderation.

The second major component of the Taylor rule is that thedisesflowers the nominal interest rate
when the output gap is positive/negative. We find that the respbribe interest rate to the output gap

across all inflation forecast horizons was much stronger whemayler principle held. In State 1, the

coefficient W ranges from 0.65 to 0.77 and is always highly significant whil&tate 0, ranges from

0.31 to 0.51 and is most often marginally significant.
We find that there is much more interest rate smoothing istétide Taylor rule state. The typical

in state zero is about 0.5, compared to around 0.8 when the Fed fdflewlaylor principle. Not

surprisingly, the estimated innovation standard deviation is abaounted targer in state zero than in the

stable state one. We also report estimates of the impifation targetp . Since the constant term

depends on the inflation coefficient, the inflation targed, #oe equilibrium real interest rate, we assume

12



that the equilibrium real interest rate equals 2.5% and backroutnplied inflation target using the

estimated inflation coefficients. When the Fed was actitaglyeting inflation via changes in the Federal
Funds rate, we get estimates,trzﬁc between 2% and 2.5%. In contrast, when the Fed does not follow the

Taylor principle, the estimates gf” range from 21% to 35%. These numbers are so large that they
suggest that the Fed did not have a target level of inflation during taded$

Taylor (2000), Cecchetti et al. (2007), and Levin and Taylor (2089¢ argued that the real-time
CEA output gap estimates from Orphanides (2004) that we utiliZ@ble 2 were affected by political
influence during the 1970s and that neither economic analysts moynpakers paid serious attention to
these estimates. For these reasons, we consider two altemeai-time measures of the output gap based
on quadratic detrending, which has become a fairly standard methoahstructing output gaps for
Taylor rules. We construct our first output gap as deviatioos fa quadratic trend, with a rolling
window of 20 years. We also compute recursive deviations fromdrafiatrend. For both output gaps,
the observation at timeuses data up through tinte- 1, so that both measures were available to the
policy maker in real time.

We present our parameter results for the rolling and reeuutput gaps in Tables 3 and 4

respectively. Figure 3 and 4 plot the Fed Funds rate, output gap,eandvtibast of inflation, again with
shaded areas correspondingite: 0. The quadratic detrended output gap measures are much smaller

than the CEA output gap measures during the recessions of the midatf@i78arly 1980s. The largest
negative output gap occurs in 1975 for all three measuredallsufrom -16.15 percent for the CEA
measure to -11.39 percent and -10.42 percent for the rolling and vecgusidratic detrended measures,
respectively. The same pattern, although with less negativbaranoccurs in 1982 during the trough of
the early 1980s recession. By 1990, however, the pattern disappehtse largest negative output gap
during 1992 is about the same among the three measures.

Despite substantial differences between CEA and quadratiended output gap measures, the

parameter estimates in Tables 3 and 4 convey the same messagTable 2. The timing of the state

distribution for the Taylor rule is identical among the threesmess. For every inflation foreca&i is
insignificant in state zero, and positive and significant in stage For the rolling window output gap, the

estimates of(1+ @) are closer to Taylor's (1993) value of 1.5 than we see IneeTa They range from
1.49 to 1.80. For the recursive output gébt 5’) ranges from 1.77 to 1.87 far=0, 1, and 2. Fdn =3
and 4, 1+ c;’) is 2.45 and 2.65 respectively. These estimates for the longer hoaizogsite high, and

the standard errors od are more than twice as large as the lower horizons, whatiaply reflects the

shorter samples foh = 3 and 4.
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Turning to the output gap, the results in Tables 3 and 4 ary rdemtical to those in Table 2 for the

stabilizing Taylor rule state. The coefficiem on the output gap ranges from 0.67 to 0.81 and is

significant for all inflation forecast horizons. For the de#izing Taylor rule state, there is no evidence

that the Fed responded to the output gap. The coeffigte much smaller than in Table 2, ranging
from 0.07 to 0.34, and is almost never significant. The paransttarages for the interest rate smoothing
coefficient and the innovation standard deviation display no significanteditfes from Table 2.

In response to the concerns discussed above regarding the GEAretkoutput gap, Cecchetti et al.
(2007) and Levin and Taylor (2009) utilize a one-sided Hodrick-Pre@dBY) filtered real-time output
gap measure, using a smoothing parameter of 1600. We implememetssare in Table 5 and Figure 5.
The most negative HP filtered output gap is -6.63 percent for 19nSjderably smaller than for the
other measures. While the HP filtered gap is also less negative duriregession of the early 1980s, the
measures converge by the early 1990s. The timing of the statleutiistrs is similar to those in Figures 2
— 4 with two exceptions. State 0 does not continue as far intb98@s and there are two single-quarter
switches from State 1 to State 0 in 1969 and 1984.

We present parameter estimates for the one-sided HRdiltertput gap in Table 5. The estimates are

much worse than those for either the Greenbook or the quadratinddetreoutput gaps. Most

importantly, for every inflation forecasnA’ is insignificant in both state zero and state one. Whie th

coefficients are larger in state one than in state zeroe ikeno statistical evidence that the Taylor
principle was followed in either state. The coefficieritson the output gap are insignificant in state 0
and unreasonably large in state 1, and the smoothing paramésdarger than in Tables 2 — 4.

Baxter and King (1999) show that the one-sided HP filter doeextibit good behavior of cyclical
components near the end of the sample. Watson (2007) discusseshitémpn the context of real-time
data where, by construction, every output gap estimate is at thé #redsample. We take account of the
end-of-sample problem by forecasting and backcasting the G2 bgrl2 quarters in both directions,
assuming that growth rates follow an AR(4) process. As depiot&igure 6, the most negative output
gap is -5.55 percent for 1975, even smaller than for the one-sideit¢i@dfoutput gap estimates, and
the measures again converge by the early 1990s. The timing oftthdistabutions is similar to those in
Figures 2 — 4 with the exception of a single-quarter switch from State 1t¢c0Stal1969.

The parameter estimates for the HP filtered output gdpfarecasting and backcasting, reported in

Table 6, are not much better than those for the one-sideditelfed output gap. The parameté’r is

insignificant in both state zero and state one for evergtiofi forecast, failing to provide any statistical

evidence that the Taylor principle was followed in eithetest&/hile the coefficients# on the output
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gap are smaller in state 1 than with the one-sided fitiey, &re still unreasonably large. The estimates of

the smoothing parameter, in contrast, are similar to those reported in Tables 2 — 4.

Why are the parameter estimates with the HP filterepubgfaps so much worse than with the other
output gap measures? Why we obviously cannot provide a definitiveegrmve possibility is that, since
the methodology for computing HP detrended data was not availalld @8, HP filtered output gaps
do not constitute real-time data for the 1970s. This is discusdmmth Cecchetti et al. (2007) and Levin
and Taylor (2009), who justify the use of the HP method on the Ibegig torresponds well with less
formal procedures economists used to compute trends. Our @guitet in accord with this assessment.
The two leading methods used to compute output gaps in the 1970sneareald quadratic detrending.
The maximum negative output gap in 1975 with linear detrendirOi81 percent, comparable to the
-11.39 percent and -10.42 percent estimates for the quadratic detrended outffut gaps

While the maximum negative output gap in 1975 with quadratic detignslilarger than with HP
filtering, it is much smaller than with the CEA estimatesduby Orphanides. Since the CEA output gaps
are too large to be viewed as believable at the time, andRHgtéfed output gaps do not constitute real-
time data, we fell that the quadratic detrended output gaps are thequtefiéernative.

5.4 The View from the Trenches and Beyond

It is useful to compare our results to Orphanides (2004). Using damta 1965:4 to 1995:4, he
estimates forward looking Taylor rules for= 1 — 4** He splits the sample into pre and post-Volcker
periods, with the change occurring between 1979:2 and 1979:3, and condiatigbete was no
significant change in the Fed’s response to inflation before and aftekey. In both regimes the Fed was

estimated to have followed a stabilizing Taylor rule. paeameter(L+ @) is estimated to be about 1.5

pre-Volcker and about 2.0 after 1979:3. The one significant chanfjedseas with respect to the output
gap: the Fed responded to deviations of output from its potdrgfare, but not after Volcker became
Chair.

Our two main results, the change in the Federal Resensgsnsge to inflation and the output gap,
and their correspondence to the stability of inflation, are radtlgedifferent from Orphanides’ findings.
Orphanides splits his sample after 1979:2. While this is aiftiuatioreak date, it is chosen exogenously
and implies only two regimes. Our results suggest that wiebreak date is endogenized via Markov
switching, each of Orphanides’ “regimes” contains periodsre/lthe Federal Reserve did and did not

follow the Taylor principle. We find that not only did the FedeRaserve change their response to

2| inear detrending, however, is no longer an appacp method to measure U.S. postwar output gapsaiBse
growth rates in the 1950s and 1960s were higheriththe 1970s and afterwards, every output gagy 4873 is
negative.

13 He uses AR (2) smoothing in the published versadthough AR(1) smoothing in a working paper vendieads
to the same conclusions.
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inflation throughout the entire sample, but that the timing of tiska@ges in not simply pre and post-
Volcker. Indeed, for the Volcker years, we conclude that it m@suntil he had less than two years
remaining in his term that monetary policy permanently switcto a stabilizing Taylor rule. This starkly

contrasts with the conclusion thét+ @) >1 for the entire sample. While Orphanides concludes that the

response to the output gap is regime dependent, we findhthaegime dependence is a function of
whether or not the Fed is trying to stabilize inflation, not Wweetr not Paul Volcker had yet taken
office.

To determine if the difference between our results and Qigéxs (2004) is due to endogenizing the
timing of the regime switches, or merely an artifact ohgs larger sample, we re-estimate our Markov
switching Taylor rule for Orphanides’ sample ending in 1995:4. pilvameter estimates are reported in
Table 5 and Figure 5 plots the data and estimated statéulisin. The estimated dates of the unstable

state are identical to those of the full sample. For eidlgtion forecast, the estimated value @f is

insignificant in state zero and significant in state onéh v(ll+c;') around 1.5. As in Table 2, which is

identical to Table 5 except for the end date, we find that theibgfp coefficient is only significant in
the stable Taylor rule state (again whh= 4 as the exception). Since we are using the exact same data as
in Orphanides (2004), we are left with the conclusion that @igha’ (2004) claim that the Federal
Reserve has not changed its response to inflation since 4966 fesult of assuming that the date of a
possible regime change coincided with Paul Volcker taking over as Gimaghthe Fed.

We also compare our results to Boivin (2006). He estimatesafd looking Taylor rules with real
time data, time varying policy coefficients, and heteroskediigstFixing the break date of the variance

of the policy shock to October 1979, he finds that the Fed’s resgorinflation changed throughout the

1970s. In the early part of the decafe- 5’) was well above unity, fell below unity from 1975 to 1979,

but then rose above unity in 1980 where it remained until the end ehhiple. These results differ from
both Orphanides’ and ours. Boivin's estimated destabilizing Taylerfrom 1975-1979 contrasts with
our estimates, which suggest that the Taylor principle wisaved during this period. Again, while this
period is not usually thought of as one where the Taylor principldgiag followed, the visual evidence
is compelling. Also in contrast to Boivin, we estimate thatTaylor principle was not followed from the
beginning of Volcker's reign through the third quarter of 1985.
Regarding the output gap, Boivin’s results are closer to Orgésrthan our§’ He estimates a

gradually decreasing but significantly positive response from 1870 Volcker's appointment, then a

statistically insignificant response until 1986, after whiaheffect is smaller than the pre-Volcker period

14 Boivin (2006) uses an unemployment gap whichésdifference between unemployment and its estimated
natural rate.
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but significant. Boivin also allows for two changes (thregimes) in the variance of the policy shock;
1979.10 and 1982.10. His results for the time varying responsedtidnfand output are qualitatively
unchanged.

Time varying parameter (Boivin) and Markov switching (oudels each have advantages and
disadvantages. While Boivin’s coefficients are allowed tole gradually, ours are restricted to two
regimes with endogenously determined break dates. If the policficter@s evolve gradually, Markov
switching models will produce discrete estimates of the smdaihge, with the switch occurring when
the probability of changing states exceeds 50 percent. If thmgeha policy coefficients is discrete, the
time varying parameters model will produce smooth estinwdtd®e discrete change, with the estimated
change in the parameters starting before the actual changes.docaddition, we restrict the switches in
inflation and output gap coefficients to occur simultaneously, whereirBdoes not, but our variance

switches are chosen endogenously, whereas Boivin’s variance breakre@&esgenous.

6. Conclusions

The purpose of this paper is to investigate the relationshipebat the conduct of monetary
policy and the persistence of inflation. In the context of atbeok” macroeconomic model with an IS
curve, a Phillips curve, and a Taylor rule, inflation willdiationary if and only if the Taylor rule obeys
the Taylor principle so that the real interest rate is incteaden inflation rises above the target inflation
rate. Since there is no reason to presume that monetary gobither always stabilizing or always not
stabilizing, it is plausible to think that inflation might swititbhm stationary to unit root behavior.

We proceed to estimate a Markov switching model for imftgtand show that inflation is best
characterized by two states, one stationary and the other wiiit r@ot. The unit root state spans most of
the period from the 1967 — 1981, and inflation appears stable beginrifgir?. Finally, we estimate a
Markov switching model for various real-time forward lookingylba rules. The estimated Taylor rule
equation switches between states where the Fed does and dimestayilize inflation by following the
Taylor Principle. We find that the pre and post-Volcker subsasmngdeh contain multiple Taylor rule
regimes. In particular, for most of Volcker’s tenure at the Fed we findhtadted did not follow a Taylor
rule, but switched to a stabilizing Taylor rule state in 198&%hich has endured to the present. This is in
contrast to Orphanides (2004) who, using real-time data, findshhdted’'s response to inflation has

been time invariant.
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Appendix: Evolution of Conclusions about US Inflation Series Rperties

Year Author(s) Framework Findings about Inflation
1977  Nelson and Schwert Analysis of autocorrelasimacture Nonstationary behavior of inflation
1987 Barsky Estimation of autocorrelations 1(0)ilut®60 and 1(1) thereafter
1988 Rose Dickey-Fuller tests 1(0)
1991  Neusser Cointegration tests 1(0)
1993  Brunner and Hess Dickey-Fuller-type test with [(0) from 1947 to 1959, and I(0) from 1960 to 1992
bootstrapped critical values
1993 Evans and Wachtel Markov Switching (1) durl®$5-1985, 1(0) elsewhere
1996 Balillie et al ARFIMA Long memory process wittean reversion
1997  Culver and Papell Panel unit root tests I¢D)3f countries out of 13 using UR test with bredkk) for 7 of them; the
last 3 countries are marginal
1999 Ireland Phillips-Perron tests the unit roopdthesis for inflation can be rejected, but onlytlz 0.10
significance level; in the post-1970 sample, thi& oot hypothesis cannot be
rejected.
1999  Stock and Watson DF-GLS tests p-values agedahat 10% for both CPI and PCE inflations beft®82, and
less than 10% after 1985
2000  McCulloch and Stec ARIMA In the early portiohour period, a unit root in inflation may be reted, while
in the later portion, it generally cannot be. Whopkriod: Jan. 1959 - May,
1999
2001 Baiand Ng PANIC Cannot reject a UR at 5%
2003 Henry and Shields Two regime TUR Cannot regddR for the US inflation rate
2003 Levin and Piger AR with an exogenous break aBre the intercept, no break in persistence; tafezunit root
2007  Pivetta and Reis Various classical and Bagasiethods  Persistence is constant and high. Caeject the unit root.
2008 Benati AR(p) with median-unbiased estimat@annot reject the unit root for US inflation withher the GDP deflator or the
of the sum of the autoregressivé®CE after 1951.
coefficients.

Note: The table contains the finding of varioushaus in different times. The right column showsithconclusions about the stationarity of
inflation.
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Table 1 Markov Switching Model for Inflation:
Dp, = m +g.P.1 %V Do, +e&

1954:3 — 2007:1 1965:4 — 2007:1
State S={0,1} 0 1 0 1
Persistence 0.03 -0.09%** 0.01 -0.10***
(0.03) (0.01) (0.03) (0.01)
serial corr. -0.26%** -0.35%** -0.30*** -0.33***
(0.12) (0.07) (0.14) (0.07)
St Dev 0.40*** 0.22%** 0.37%** 0.22%**
(0.04) (0.01) (0.03) (0.01)
Const 0.00 0.227%** 0.08 0.24***
(0.12) (0.04) (0.17) (0.04)
P[S=i|S.=i] 0.95%* 0.97** 0.97*** 0.98***
(0.03) (0.02) (0.04) (0.01)

=——Revised inflation rate

1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006

Inflation rate, %

——Revised inflation rate

0
1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005

Figure 1 Revised GDP deflator inflation and the st& distribution over the 1954:3 — 2007:1
sample (top) and the 1965:4 — 2007:1 sample (bottdm



Table 2 Taylor Rule Estimates with Real-Time Greenbook Output Gaps

o= Q- re)\m + @+ a)EPun + s S+ ref,+ 6

h=0 h=1 H=2 H=3 h=4
State S={0,1} 0 1 0 1 0 1 0 1 0 1
Inflation 036 091 027 095 -030 098 -0.13 117  -0.241.11
(0.33) (0.28) (0.33) (0.22) (0.36) (0.23) (0.31)(0.23) (0.35)  (0.22)
Outputgap 050 070 045 067 040 065 031 077 051  0.73
(0.26) (0.13) (0.26) (0.10) (0.25) (0.10) (0.22)(0.11) (0.23) (0.11)
Smoothing 047 083 050 080 053 080 054 079 038 081
(0.16) (0.04) (0.14) (0.04) (0.14) (0.03) (0.13)(0.03) (0.18) (0.03)
St Dev 237 055 230 052 228 049 220 039 234 044
(0.30) (0.04) (0.28) (0.04) (0.27) (0.04) (0.25)(0.04) (0.30) (0.03)
Const 1011 055 9.05 038 898 0.18 7.02 -047 10.21 .27-0
(291) (0.76) (2.95) (0.64) (3.03) (0.63) (2.62)(0.62) (3.37) (0.63)
P[S=i|S.=] 093 098 093 098 094 098 096 098 095 980.
(0.04) (0.01) (0.04) (0.01) (0.04) (0.02) (0.03)(0.02) (0.04) (0.01)
Implied 2127 213 2441 224 2125 237 3540 255  32.3®.50
! " # $%8&(
#$)&*( #$)&'( #+*&X( #+'&, " - !
" 0 1,2 ##H#& & 034
56 " "7 " 6
, %8

Percent

L

-20

==—=TFederal Funds Rate

Fitted Federal Funds Rate

——Inflation forecast

* Qutput gap

1966 1969

1972

1975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005

Figure 2 Taylor rule state distributions with the “nowcast” of inflation and real-time Greenbook outpu gaps

estimated over the 1965:4-2007:1 sample
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Table 3 Taylor Rule Estimates with Real-Time Rolling Window Quadraic Detrended Output Gaps:

o= Q- re)\m + @+ a)EPun + s S+ ref,+ 6

h=0 H=1 h=2 h=3 h=4

State S={0,1} 0 1 0 1 0 1 0 1 0 1

Inflation 040 049 029 058 -033 063 -0.17 078  -0.020.80
(0.43) (0.28) (0.45) (0.20) (0.47) (0.19) (0.41)(0.23) (1.56) (0.12)
Outputgap  0.17 067 015 075 017 077 007 075 021  0.77
(0.36) (0.16) (0.37) (0.12) (0.37) (0.12) (0.38)(0.13) (0.12) (0.18)
Smoothing 053 086 053 080 054 078 045 083 046  0.82
(0.18) (0.04) (0.18) (0.04) (0.17) (0.04) (0.19)(0.03) (0.13) (0.03)

St Dev 258 058 257 056 261 055 263 048 2,69  0.48
(0.33) (0.04) (0.33) (0.04) (0.35) (0.04) (0.35)(0.03) (0.38) (0.04)
Const 757 073 676 066 718 050 603 009 591 001

(3.03) (0.95) (3.39) (0.67) (354) (0.62) (3.27)(0.75) (11.97) (0.52)
P[S=ilS.=] 092 098 092 098 092 098 095 098 094 980.
(0.05) (0.01) (0.05) (0.01) (0.05 (0.01) (0.04)(0.01) (0.05) (0.01)

Implied ~ 12.59 3.63 14.49 3.21 14.18 3.17 20.98 3.10 172.23.11
! n
HE9&'( #$)&H( H#$)&'( HH&H( H#H&, oL HHHE A&
11} n 6 n - .
, %8
o Percent
=== TFederal Funds Rate
""" Fitted Federal Funds Rate
15 5 ——Inflation forecast ]
i Qurput gap

15 | | L . L L L | | | . . |
1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 199% 2002 2005

Figure 3 Taylor rule state distributions with the “nowcast” of inflation and rolling window quadratic
detrended output gaps estimated over the 1965:4-2D0 sample
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Table 4 Taylor Rule Estimates with Real-Time Recursive QuadratiDetrended Output Gaps

o= Q- re)\m + @+ a)EPun + s S+ ref,+ 6

h=0 h=1 h=2 h=3 h=4

State S={0,1} 0 1 0 1 0 1 0 1 0 1

Inflation 037 077 029 087 -032 087 -006 145  0.18 .651
(0.41) (0.37) (0.42) (0.33) (0.43) (0.32) (0.57)(0.88) (0.83) (0.84)
Outputgap 034 079 028 081 024 074 017 067 012  0.69
(0.39) (0.22) (0.39) (0.19) (0.37) (0.18) (0.50)(0.34) (0.63) (0.34)
Smoothing 052 0.88 052 086 053 086 045 093 045  0.93
(0.17) (0.03) (0.16) (0.03) (0.16) (0.03) (0.22)(0.03) (0.25) (0.03)

St Dev 254 057 252 056 250 054 294 052 312 052
(0.33) (0.04) (0.32) (0.04) (0.32) (0.04) (0.51)(0.04) (0.55) (0.04)
Const 7.76 086 699 -1.06 724 -1.12 535 -253  3.88 3.07

(2.97) (1.37) (3.16) (1.19) (3.13) (1.15) (4.82)(2.81) (7.17) (2.79)
P[S=i|S.=i] 0.92 098 092 098 093 098 088 097 097 860.
(0.05) (0.01) (0.05) (0.01) (0.05) (0.01) (0.09)(0.02) (0.02) (0.10)
Implied * 14.07 438 1571 410 1477 416 5171 347  -7.703.38

HS%&!( #D)&( #$)&'( H+*&*( #+'&, . HHHE &
o 6

, %08

Figure 4 Taylor rule state distributions with the “nowcast” of inflation and recursive window detrendel
output gaps estimated over the 1965:4-2007:1 sample
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Table 5 Taylor rule Estimates for One-Sided HP-Filtered OutptiGaps:

o= Q- re)\m + @+ a)EPun + s S+ ref,+ 6

h=0 h=1 h= h=3 h=4
State S={0,1} 0 1 0 1 0 1 0 1 0 1
Inflation 007 077 022 084 010 087 029 077 045  0.82
(0.73) (0.49) (0.57) (0.75) (0.54) (0.69) (0.65)(0.79) (0.72) (0.74)
Outputgap  0.49 283 063 450 046 449 038 482 038 453
(0.78) (1.18) (0.53) (2.59) (0.49) (2.55) (0.52)(2.73) (0.57) (2.42)
Smoothing 054 092 056 094 057 094 052 095 052 095
(0.19) (0.02) (0.14) (0.03) (0.15) (0.03) (0.18)(0.02) (0.09) (0.02)
St Dev 2.82 052 261 049 267 048 279 046 294 045
(0.42) (0.04) (0.39) (0.05) (0.40) (0.04) (0.42)(0.03) (0.48) (0.03)
Const 484 018 275 051 359 073 231 -061 170 .770
(5.11) (1.57) (3.91) (2.62) (3.85) (2.43) (477)(2.74) (5.34) (2.61)
P[S=i|S.=i] 0.83 097 084 096 086 096 090 097 0.8 970.
(0.08) (0.02) (0.08) (0.03) (0.07) (0.02) (0.06)(0.02) (0.08) (0.02)
Implied * 3342 198 -113 358 -1090 371 066 403 177 .983
! ’
" HHHE . +&

HS%&!( #8)8*( #P)&'( #HH&*( #+'&, .
"o 6

, %8

Figure 5 Taylor rule state distributions with the “nowcast” of inflation and one-sided HP-filtered ouput gaps
estimated over the 1965:4-2007:1 sample
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Table 6 Taylor Rule Estimates for Two-Sided HP-Filtered Output Gap:

o= Q- re)\m + @+ a)EPun + s S+ ref,+ 6

h=0 h=1 h=2 h=3 h=4

State S={0,1} 0 1 0 1 0 1 0 1 0 1
Inflation 037 039 020 034 -021 034 -008 035 -0.200.34
(0.46) (0.27) (0.48) (0.24) (0.52) (0.24) (0.47)(0.26)  (0.48)  (0.25)
Outputgap 037 211 060 245 053 247 041 253 061  2.45
(0.74) (0.49) (0.63) (0.57) (0.61) (0.64) (0.58)(0.59) (0.63) (0.57)

Smoothing 053 086 058 086 058 086 053 087 058  0.85
(0.17) (0.03) (0.14) (0.02) (0.14) (0.02) (0.16)(0.03) (0.14) (0.03)

St Dev 257 052 248 049 248 048 256 045 248  0.49
(0.34) (0.04) (0.32) (0.04) (0.32) (0.04) (0.33)(0.03) (0.32) (0.05)

Const 720 171 605 202 620 192 533 173 605 202
(3.11) (0.81) (3.28) (0.80) (3.63) (0.80) (3.32)(0.87) (3.28) (0.80)
P[S=i|S.=i] 0.0 098 091 097 092 097 095 097 091 970.
(0.06) (0.01) (0.05) (0.02) (0.05) (0.02) (0.04)(0.01) (0.06) (0.02)

Implied * 12.70 200 17.75 145 1761 171 3538 220  17.75.41

! ’
HHHE, &

HS%&!( #D)8( #$)&'( #H+*&*( #+'&, .
o 6

, %08

Figure 6 Taylor rule state distributions with the “nowcast” of inflation and two-sided HP-filtered oufput gaps

estimated over 1965:4-2007:1 sample
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Table 7 Taylor rule estimates with Greenbook real-time output gapsver the 1965:4-1995:4 sample:

o= Q- re)\m + @+ a)EPun + s S+ ref,+ 6

h=0 h=1 h=2 h=3 h=4

State S={0,1} 0 1 0 1 0 1 0 1 0 1

Inflation 039 042 030 037 -035 043 -050 055 -0.24 530
(0.33) (0.25) (0.31) (0.17) (0.35) (0.19) (0.36) .38 (0.34) (0.20)
Outputgap  0.42 052 047 053 044 052 055 047 051  0.54
(0.26) (0.26) (0.25) (0.07) (0.25) (0.09) (0.27) .1@ (0.21) (0.09)
Smoothing  0.46 078 048 070 050 071 030 082 036 0.74
(0.15) (0.06) (0.14) (0.05) (0.15) (0.05) (0.20) .08) (0.17)  (0.06)

St Dev 238 061 230 056 232 056 246 053 235 047
(0.30) (0.05) (0.27) (0.05) (0.28) (0.06) (0.34) .08 (0.31) (0.06)
Const 10.46 237 951 253 967 231 1241 173 1035 917

(2.96) (086) (2.82) (0.63) (3.08) (0.74) (3.98) 1@ (3.18) (0.75)
P[S=i|S,=] 093 098 093 098 093 097 093 097 095 097

(0.05) (0.01) (0.04) (0.02) (0.04) (0.02) (0.05) .0®) (0.04) (0.02)
Implied 2051 030 2333 -0.08 2063 046 19.68 1.37  32.321.33

HS%&!( #$)&*( #D)&'( #H&*( #+'&, oL !
0 1,2 , %8

Figure 7 Taylor rule state distributions with the “nowcast” of inflation and real-time Greenbook outpu gaps
estimated over the 1965:4-1995:4 sample
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