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Abstract

Although the persistence of inflation is a central concern of macroeconomics, there is no
consensus regarding whether or not inflation is stationary or has a unit root. We show that, in the
context of a “textbook” macroeconomic model, inflation is stationary if and only if the Taylor
rule obeys the Taylor principle, so that the real interest rate is increased when inflation rises
above the target inflation rate. We estimate Markov switching models for both inflation and real-
time forward looking Taylor rules. Inflation appears to have a unit root for most of the 1967 —
1981 period, and is stationary before 1967 and after 1981. We find that the Fed's response to
inflation is also regime dependent, with both the pre and post-Volcker samples containing
monetary regimes where the Fed both did and did not follow the Taylor principle. This contrasts
to recent research that suggests the Fed' s response to inflation has been time invariant, and that
changes in monetary policy only occurred with respect to the output gap
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1. Introduction

The persistence of inflation is a central concern of macroeconomics. In the New Keynesian
macroeconomic model, with Taylor (1979) being among the earliest and best known examples,
there is no tradeoff between the level of unemployment and the level of inflation, but there is a
tradeoff between the variability of unemployment and the persistence of inflation.

The standard way to measure persistence in economic time series is through the
autoregressive/unit root model. If the unit root null hypothesis can be rejected in favor of the
aternative hypothesis of level stationarity, shocks will eventually dissipate and the series will
revert to its equilibrium level. Conversely, if the unit root null cannot be rejected, shocks are
permanent and the series never returnsto its original value.

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

What could account for these inconclusive results? One possibility, of course, is that
inflation is close enough to having a unit root that existent statistical techniques cannot
conclusively answer the question. In that case, the answer itself becomes uninteresting. Whether
inflation is stationary with an autoregressive coefficient of 0.999 or a unit root with a coefficient
of 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, and potentially more interesting,
hypothesis. Suppose that inflation is stationary during some time periods and follows a unit root
during others. In particular, we will investigate the hypothesis that inflation switches regimes
between stationary and unit root states. This would certainly be consistent with inconclusive
results from the application of unit root tests.

The hypothesis of regime switching between stationary and unit root states seems
problematic for most macroeconomic variables. The choice between stationarity and unit root
behavior for real GDP is related to the predictions of various macroeconomic models, and it is
difficult to see why the economy would follow one model during some regimes and a different
model during others. While it is sometimes postulated that real exchange rates follow some
variant of a threshold autoregressive process and exhibit unit root behavior for small deviations
from parity and stationary behavior for large deviations from parity, this is based on arbitrage
arguments do not seem applicable to inflation. Unit roots in financial variables such as nominal
interest rates and nominal exchange rates are often justified based on information acquisition in
markets, and it is difficult to see how these would be subject to regime switches across time.

The main idea of this paper is that inflation is a policy variable for which regime switching
between stationary and unit root states emerges as a natural outcome of a standard
macroeconomic model. We show that, in the context of a “textbook” model with an IS curve, a
Phillips curve, and a Taylor rule, inflation will be stationary if and only if the centra bank
follows the Taylor principle and raises the nominal interest rate more than point-for-point when
inflation exceeds the target inflation rate, so that the real interest rate rises.

The two hypotheses of the paper are that inflation can be characterized by regime switching

between stationary and unit root states and that the regime switches can be explained by changes



in the parameters of the Taylor rule. We first estimate a Markov switching model for quarterly
U.S. inflation from 1954:3 to 2007:1. We find that there are two distinct inflationary regimes,
one in which inflation has a unit root, and one in which inflationary shocks are transitory. The
estimated dates for the unit root state are most of the 1967:3 — 1981:1 period, during which U.S.
inflation experienced its highest levels. Beginning in 1981:2, when disinflation began, we
estimate that the inflation rate is mean reverting.

We proceed to estimate a Markov switching model for a forward looking Taylor rule,
utilizing various real-time inflation forecasts and measure of the output gap. We again find
evidence of two separate regimes, where the Fed follows the Taylor principle in one state, but
not the other. The dates for which monetary policy is stabilizing, so that the Taylor rule obeys
the Taylor principle, correspond closely with the dates for which inflation is characterized by a
stationary state. Conversely, the dates for which monetary policy is not stabilizing correspond
closely with the dates for which inflation is characterized by a unit root state.

2. The Uncertain Unit Root in Inflation

There is a large literature that investigates unit roots in inflation. Table 1 summarizes the
evolution of ideas about the stationarity of inflation in the empirical literature during the last
three decades. While Nelson and Schwert (1977) and Barsky (1987) find evidence supporting the
presence of a unit root in inflation, Rose (1988) rejects the unit root hypothesis and Neusser
(1991) presents evidence, consistent with the stationarity of inflation, that the ex-post real
interest rate is stationary. Baillie et a. (1996) find strong evidence of long memory with mean
reverting behavior while Culver and Papell (1997) regect the unit root using panel, but not

univariate, methods.



A number of studies (endogenously or exogenously) divide the series into sub-samples and
examine their properties. For example, McCulloch and Stec (2000) argue that a unit root process
governs the U.S. inflation series from the mid 1970's to the mid 1980's; before and after that
time period, the U.S. inflation series is nearly stationary. Barsky (1987) divides the time span
into two periods and shows that inflation was stationary until 1960 and became integrated
thereafter. Brunner and Hess (1993) arrive at the same conclusion by also having 1960 as a
threshold year.

More recent work tends to find fewer rejections of the unit root hypothesis. Ireland (1999)
and Stock and Watson (1999) report some rejections of the unit root null, but only at the 10%
level for some sub-samples. Bai and Ng (2001) and Henry and Shields (2003) cannot reject the
unit root null for the U.S. inflation rate.

While the empirical literature on inflation is large, it is not conclusive. The overal
impression is that the question of whether U.S. inflation contains a unit root or is stationary 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 model consisting of an IS curve, a
Taylor rule, and a Phillips curve and show that inflation has a unit root if and only if the Taylor
rule follows the Taylor principle! Following Taylor (1993), the monetary policy rule postul ated

to be followed by the Fed is
R =S~ )+ R (1)
where r is the short-term nominal interest rate target (Federal Funds Rate), 7, is the inflation

rate, 7i” is the target level of inflation (usually considered equal to 2%), 7, is the percentage

1 To our knowledge, the first textbook to present this “textbook” model was Hall and Taylor (1997).



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

According to the Taylor rule, the Fed raises the nominal interest rate if inflation rises
above its target and/or if output is above potential output, and lowers the nominal interest rate if
inflation falls below its target and/or if output is below potential output. The target level of

output deviation from long run trend 32 is O because, according to the natural rate hypothesis,

output cannot be permanently raised above potential. The target level for inflation is positive
because it is generally believed that deflation is much worse for an economy than low inflation.
According to what has become known as the “ Goldilocks Economy” (not too hot, not too cold,
but just right), if inflation equals its target of 2% and the output gap is zero, the nominal interest
rate would be 4%, the inflation rate would be 2%, and the real interest rate would be 2%.
The parameters 7 and R™ can be combined into one constant term, which leads to the
following equation,
r, = p+ A+ ) + o, (2)
The condition (1+¢) >1, known as the Taylor principle, states that, when inflation rises above
target, the Fed raises the nominal interest rate by more than point-for-point, so that the red
interest rate rises. This has been emphasized by Taylor as the crucial condition for economic
stability. Two aspects of the Taylor principle are worth noting. First, according to Taylor's
(1993) original formulation, ¢ =« = 0.5, so that the Taylor principle was automatically satisfied
by the Taylor rule. Second, as emphasized by Greenspan (2004), the Taylor principle is essentia
to the conduct of monetary policy independently of the specific form of the Taylor rule. Suppose
that a. was equal to zero, so that the Fed only responded to inflation and not to the output gap.

The condition for the Taylor principle would be unchanged.



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

#®=-0(R, -R), ©)
where the output gap depends negatively on the difference between the real interest rate and the
equilibrium real interest rate, and a Phillips curve,

Ti, =T, t AR +¢, 4
where inflation is above last period's inflation if the output gap is positive and below last
period’sinflation if the output gap is negative.?

Consider the following thought experiment. Start with inflation equal to its target level and
the output gap equal to zero. Now suppose there is a positive shock to inflation. If the Taylor
principle is satisfied, the Fed would raise the nominal interest rate in Equation (2) more than
point-for-point, increasing the real interest rate. The increase in the real interest rate will lead to a
negative output gap by the IS curve (3) and, in turn, to a decrease in inflation by the Phillips
curve (4). The process will continue until inflation returned to its original, target, level. Since
thereis no long-run effect of the shock, inflation is stationary if the Taylor principleis satisfied.

Now consider the same shock to inflation if the Taylor principle is not satisfied. Suppose
that =0. In this case, the Fed would raise the nominal interest rate in (2) exactly point-for-
point, leaving the real interest rate unchanged. With an unchanged real interest rate, the output
gap in (3) would stay at 0 and inflation in (4) would not be brought down. Since the effect of the
shock never dissipates, inflation has a unit root if the Taylor principleis not satisfied.

4. A Markov Switching Model for Inflation
We first showed that the preponderance of empirical evidence does not support either

stationarity or unit root behavior for the full sample of U.S. inflation. We then demonstrated that

2 Additional lags of inflation can be added as long as they sum to unity so that the natural rate property is satisfied.



the hypothesis that inflation switches between stationary and unit root states is consistent with a
“textbook” macro model if the policy followed by the Fed switches between following and
ignoring the Taylor principle. We will now investigate whether the behavior of inflation is
consistent with switching between stationary and unit root states.

To capture a possible switch in inflation persistence, we estimate a two state Markov
Switching autoregressive model for the ex post inflation rate. Since we are focusing on
persistence, we estimate an Augmented Dickey-Fuller representation with £ lags, which is
equivalent to an AR(k-1) model. The ADF specification is attractive since the sum of the AR

coefficients minus one enters as the coefficient on lagged inflation:
k
AT, =p, +y, T+ Zws,,,»Aﬂ;_f e, (5)

ys IS the main parameter of interest. A negative and significant value of ), would imply a

stationary inflation rate, while a value of zero would imply that inflation contains a unit root.

The unobserved state variable takes on the values zero or one: S, ={0,1} . We specify Gaussian
innovations, with state dependent variances,
£, ~N(0,02),
where the unobserved state variable is governed by the following transition probabilities:
Pr[S, =0|S,, =0]=¢
Pris, =1|S_, =] =p.
To measure inflation, we use the ex post GDP deflator.> Our sample runs from 1954:3 — 2007:1.

We maximize the exact log likelihood function using Hamilton’s (1989) agorithm.

3 Specifically, we calculate it as a difference between the quarterly seasonally adjusted annual rates of “GDP percent
change based on current dollars” and “ GDP percent change based on chained 2000 dollars’ available from the BEA
website at http://bea.gov/bea/dn/gdpchg.xls



We choose an AR(2) model for inflation, which correspondsto £ =1 in equation (5). We
also estimated AR(1) through AR(5) models as a robustness check. The residuals from the AR(1)
model display significant autocorrelation, while the results of higher order AR models are similar
to those of the AR(2) model.

Our parameter estimates are presented in Table 1. Figure 1 plots the inflation rate, with

the shaded areas corresponding to S, =0.* Our estimates suggest that there are two persistent

states of inflation. State zero occurs from the beginning of the sample through 1959:3, and for
most of the period from 1967:3 — 1981:1, which contains the so called Great Inflation. Inflation
is generaly high or growing in this state. We estimate inflation to be in state one from 1954:4 —
1967:2, briefly from 1975:2 — 1976:3, and then permanently beginning the 2" quarter of 1981.
All 3 of these subsamples are periods where inflation is low and/or falling. The volatility of
inflation, as measured by the estimated standard deviation, is nearly twice as large in the higher
inflation state.

Since inflation the level and growth rate of inflation appear to be regime dependent, we
now turn to the question of whether or not the persistence of inflation varies across these 2

regimes. Our parameter estimates suggest that inflation was unstable in state zero. ), is

statistically insignificant, which is consistent with a unit root in inflation. In addition, ), is

negative and significant, which implies that inflation is stationary in state one. Thus, our results
are consistent with inflation switching between stationary and unit root states, where the states
correspond to periods of low or high inflation.

For our real time Taylor rule estimates in the following section, our sample begins in

1965:4. Thus, we aso estimate a Markov Switching AR(2) for inflation for the 1965:4 — 2007:1

* Throughout the paper, we compute smoothed probabilities of being in state zero or one.



subsample. The parameter estimates are also reported in Table 1. The message for this
subsample is identical to that of the full sample. State zero lasts through the 1970s, again with
the exception of the 1975:2 — 1976:3 period where inflation briefly fell, and the switch to state

one occurs in 1981:2. As with the full sample, the estimated values of ), imply that inflation

has a unit root for most of the Great Inflation period, and switched to a stationary process in the
early 1980s.
5. A Markov Switching Model for the Taylor Rule
5.1 Model

Our goa in this section is to test whether the hypothesis that inflation switches between
stationary and unit root regimes is consistent with a “textbook” macro model if the policy
followed by the Fed switches from satisfying to not satisfying the Taylor principle. We first
demonstrate that our estimates from a Markov switching Taylor rule suggest two separate
regimes. We then determine that the Taylor rule parameter, ¢, in equation (1) is
indistinguishable from zero in one of the regimes and significantly positive in another. Finally,
we illustrate how closely the relationship between the periods characterized by the state where
the Taylor principleis not satisfied coincides with the periods where inflation is characterized by
aunit root.

Before proceeding with the estimation, we modify equation (2) in accordance with
previous research on the Taylor rule. We consider forward looking Taylor rules, so that the

Fed' sinterest rate target responds to expectations of current and future inflation:
o =p+Q+OE T, + o, )

where E. 7

M r+n

is the expectation of the inflation rate at time ¢+ 4 formed at time ¢. Rather than

making an instantaneous adjustment of the Federal Funds Rate towards its target level, the Fed



tends to smooth changes in the interest rate. As is common practice, we assume AR(1)

smoothing, so that the actual Federal Funds Rate r, is the following function of its target level

r=0=p) +prtE, (6)
where o is the degree of smoothing. The more instantaneous the response to the shocks, the
more £ tends to zero. Substituting (2)’ into (6) and allowing the parameters to switch between
the two regimes, we get the following two state specification for the nominal interest rate:

r= W= o Wi, + U EG)E T, +ag R+ forq +E,. (7)
Sims and Zha (2006) argue that if the variance is assumed to be constant, one may find spurious
structural change in the slope coefficients in monetary policy rules. We allow the Gaussian errors
to be heteroskedastic to sidestep this problem.
5.2 Data
Our rea time inflation forecasts come from the Greenbook dataset, which is available from
the Philadel phia Fed website.> The Greenbook forecasts are published with a five year lag, and
as of the writing of this paper, end in 2001:4. We extend the Greenbook forecasts through
2007:1 by splicing it with inflation forecasts from the Survey of Professional Forecasters (SPF).°
The inflation forecasts are predictions of the annualized quarter-over-quarter growth rate of the
GNP/GDP pricelevel. To estimate a Taylor rule, we need year-over-year inflation rate forecasts.
We thus transform the Greenbook/SPF data by taking the average of four consecutive quarter-

over-quarter forecasts. We then have E.7,,, for h =0, 1,..., 4. Since inflation at time ¢ is not

availableinrea time, % =0 isaforecast of current inflation, or a“nowcast.” It is based on four

® http://www.philadel phiafed.org/econ/f orecast/greenbook-data/phil a-data-set.cfm
® http://www.phil adel phiafed.org:80/econ/spf/index.cfm
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guarterly forecasts, from -3, t—2, t—1, and ¢, the first three of which are actua realized

values of inflation. For =2, E 7,,, isthe average of r+2 and ¢ +1 forecasts, the time ¢

nowcast, and the ¢ —1 realized inflation rate. Only the # =3 and /# =4 year-over-year inflation
forecasts are based entirely on unrealized values of inflation. The starting dates for the
Greenbook inflation forecasts are 1965:4 for # =0 and /# =1 and 1968:4, 1973:2, and 1974:2 for
h =2, 3, and 4 respectively.

For the output gap, we first consider the real-time measure used by Orphanides (2004), which
is based in part on estimates from the Council of Economic Advisors and the Commerce
Department. Orphanides’ data ends in 1998:4. We update the output gap series through 2007:1
using OECD real-time output gap estimates which are published in the OECD Economic
Outlook. We convert the annual estimates to quarterly data using quadratic interpolation.

5.3 Empirical Results

We estimate Equation (7) using Hamilton’s (1989) algorithm for the nowcast and forecasts of
inflation. We use the average Federal Funds Rates of the final month of the quarter as our
nominal interest rate. We allow the constant term (and hence the implied inflation target), as
well as the coefficient on expected inflation and the output gap, the interest rate smoothing
parameter, and innovation variance, to be regime dependent. We assume an equilibrium real
interest rate of 2.5%.

Our results are reported in Table 2. Figure 2 plots the Fed Funds Rate, the nowcast of

inflation, and the real-time measure of the output gap. The shaded area corresponds to S, =0.

The parameter estimates and estimated state distributions are consistent across the five inflation
forecasts. We estimate that what will be seen as the destabilizing Taylor rule state, state zero,

occurs from 1973:1 — 1975:1 and again from 1979:4 — 1985:3. State one occurs from the
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beginning of the sample through 1972:4, from 1975:2 — 1979:3, and again from 1985:4 through
the end of the sample.

In state zero, the coefficient on inflation, ¢ , isinsignificant for every inflation forecast. The
Fed was not raising the nominal interest rate more than point for point in response to higher
inflation. Indeed, asisvisually evident in Figure 2, the Taylor principle was not satisfied during
the shaded periods. There were a number of times when the nominal interest rate fell asinflation
rose. This probably explains why the estimates of ¢ are all negative in state zero, abeit
insignificant.

In contrast, state one implies a significant and positive value of ¢ for every inflation

forecast, suggesting that the Fed followed a stabilizing Taylor rule. 51 ranges from 0.91 to 1.11,

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

How do we reconcile the timing of our Taylor rule regimes with the univariate inflation
results from the previous section? Recall that we estimate inflation to be an unstable (unit root)
process for most of the 1970s, except for the six quarter 1975:2 — 1976:3 subsample, and to be
stable beginning in 1981:2. Thistiming is certainly related to the timing of our estimate states
for the Taylor rule, but not exact. In particular, we estimate that the 1975:2 — 1979:3 period is
characterized as a stabilizing Taylor rule state, even though our univariate inflation estimates
from the previous section suggest inflation contains a unit root in the latter half of this
subsample. Monetary policy during the four years prceding Paul Volcker's tenure is not
generaly regarded as being consistent with a stabilizing Taylor rule. However, while inflation

was rising during this period, the Fed Funds rates was in fact rising by more than point for point.
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We aso estimate that the Taylor rule was destabilizing from 1979:4 — 1985:3. This is of
course the period during which Paul VVolcker lowered inflation. This disinflation came about via
targeting nonborrowed reserves, not through an explicit interest rate target. Indeed, while
disinflation occurred through most of this period, nominal interest rates were quite erratic,
experiencing their highest levels and largest volatility. We would surely not expect our estimates
to suggest that the Fed was pulling down inflation via the increasing the Fed Funds rate. Findly,
beginning in 1985:4 and lasting through the rest of the sample, we estimate that the Taylor
principle held. Thisis the time frame of what has come to be permanently lower inflation. The
switch to this state accords with the beginning of the Great M oderation.

Turning to the output gap, we find that the Fed increased the nominal interest rate when
output was above capacity when the Taylor principle held, and with # = 4 asthe only exception,
ignored the output gap when they did not follow the Taylor principle. We will return to this
point after discussing alternative measures of the output gap.

We find that there is much more interest rate smoothing in the stable Taylor rule state. The

typica 2 is state zero is about 0.5, compared to around 0.8 when the Fed follows the Taylor

principle. Not surprisingly, the estimated innovation standard deviation is about 4 times larger in

state zero than in the stable state one. We also report estimates of the implied inflation target,
7. When the Fed was actively targeting inflation via changes in the Fed Funds rate, we get
estimates of 7~ between 2% and 2.5%. In contrast, when the Fed does not follow the Taylor

principle, the estimates of 7~ range from 21% to 35%. These numbers are so large that they
suggest to the authors that the Fed did not have atarget level of inflation.
Taylor (2000) has suggested that the real-time output gap from Orphanides (2004) that we

utilize in Table 2 was affected by political influence. Thereis also evidence that Fed Chairman
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Burns and then CEA-Chairman Greenspan did not place a large weight on this output gap
measure in forming policy decisions.” For these reasons, we consider two alternative real-times
measures of the output gap based on quadratic detrending, which has become a fairly standard
method of constructing an output gap for Taylor rules. We construct our first output gap as
deviations from a quadratic trend, with arolling window of 20 years. We also compute recursive
deviations from a quadratic trend. For both output gaps, the observation at time ¢ uses data up
through time 7 — 1, so that both measures are available to the policy maker in real time.

We present our parameter results for the rolling and recursive output gaps in Tables 3 and 4
respectively. Figure 3 and 4 plot the Fed Funds rate, output gap, and the nowcast of inflation,

again with shaded areas corresponding to S, =0. The timing of the state distribution for the
Taylor rule remains unchanged. Qualitatively, the parameter estimate convey the same message

as Table 2. For every inflation forecast, & is insignificant in state zero, and positive and
significant in state 1. For the rolling window output gap, the estimates of (1+¢) are closer to
Taylor's (1993) value of 1.5 than we see in Table 2. They range from 1.49 to 1.80. For the
recursive output gap, (1+ 5) rangesfrom 1.77—-1.87for n=0,1,and2. For h=3and 4, (1+ 5)
is 2.45 and 2.65 respectively. These estimates for the longer horizons are quite high, and the
standard errorson & are more than twice as large as the lower horizons, which probably reflects
the shorter samplesfor /# =3 and 4.

In terms of the output gap, the results are qualitatively identical to Table 2. The Federa

Reserve ignored the output gap when it was not following a stabilizing Taylor rule, and

raised/lowered the nominal interest rate when output was above/below its estimated potential in

’ See Cecchetti et al. (2007) for further discussion.
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the stable Taylor rule state. The parameter estimates for the interest rate smoothing coefficient
and the innovation standard deviation display no significant differences from Table 2.
5.4 The View from the Trenches

It isuseful to compare our results to Orphanides (2004). Using data from 1965:4 — 1995:4,
he estimates forward looking Taylor rulesfor # = 1 — 4.2 He splits the sample into pre and post-
Volcker periods, with the change occurring between 1979:2 and 1979:3. He concludes that there
was no significant change in the Fed's response to inflation before and after Volcker: in both

regimes the Fed was estimated to have followed a stabilizing Taylor rule. (1+¢) isestimated to

be around 1.5 pre-Volcker, and around 2.0 after 1979:3. The one significant change he finds is
with respect to the output gap: the Fed responded to deviations of output from its potential
before, but not after Volcker became Chair.

Our two main results, the change in the Federal Reserve's response to inflation and the
output gap, and their correspondence to the stability of inflation, are noticeably different from
Orphanides findings. Orphanides splits his sample after 1979:2. While thisis an intuitive break
date, it is chosen exogenously, and implies only two regimes. Our results suggest that when the
break date is endogenized via Markov switching, that each of Orphanides “regimes’ contains
periods where the Federal reserve both did and did not follow the Taylor principle. We find not
only did the Federal Reserve change their response to inflation throughout the entire sample, but
that the timing of these changes in not ssimply pre and post Volcker. Indeed, for the Volcker
years, we conclude that it was not until he had less than two years remaining in his term that
monetary policy permanently switched to a stabilizing Taylor rule. This starkly contrasts with

the conclusion that (1+¢) >1 for the entire sample.

8 He uses AR(2) smoothing in the published version, although AR(1) smoothing in aworking paper verison leads to
the same conclusions.
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While Orphanides concludes that the response to the output gap is regime dependent, we find
that the regime dependence is a function of whether or not the Fed is trying to stabilize inflation,
not whether or not Paul Volcker had yet taken office.

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

For every inflation forecast, the estimated value of ¢ isinsignificant in state zero and significant
in state one, with (1+ 5) around 1.5. Asin Table 2, which isidentical to Table 5 save for the

end date, we find that the output gap coefficient is only significant in the stable Taylor rule state
(again with 7 =4 as the exception). Since we are using the exact same data as in Orphanides
(2004), we are left with the conclusion that Orphanides’ (2004) claim that the Federal Reserve
has not changed its response to inflation since 1965 is the result of assuming that the date of a
possible regime change coincided with Paul Volcker taking over as Chairman of the Fed.
6. Conclusions

The purpose of this paper is to investigate the relationship between the conduct of
monetary policy and the persistence of inflation. We first show that, in the context of a
“textbook” macroeconomic model with an IS curve, a Phillips curve, and a Taylor rule, inflation
will be stationary if and only if the Taylor rule obeys the Taylor principle so that the real interest
rate is increased when inflation rises above the target inflation rate. Since there is no reason to
presume that monetary policy is either always stabilizing or always not stabilizing, it is plausible

to think that inflation might switch from stationary to unit root behavior.
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We proceed to estimate a Markov switching model for inflation, and show that inflation
IS best characterized by two states, one stationary and the other with a unit root. The unit root
state spans most of the period from the 1967 — 1981, and inflation appears stable beginning in
1981:2. Findly, we estimate a Markov switching model for various real-time forward looking
Taylor rules. The estimated Taylor rule equation switches between states where the Fed does
and does try to stabilize inflation by following the Taylor Principle. We find that the pre and
post-Volcker subsamples each contain multiple Taylor rule regimes. In particular, for most of
Volcker's tenure at the Fed we find that the Fed did not follow a Taylor rule, but switched to a
stabilizing Taylor rule state in 1985:4, which has endured to the present. Thisis in contrast to
previous research which has suggested that the Fed's response to inflation has been time

invariant.
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Table 1 Evolution of Conclusion About the US Inflation Series Properties

Year  Author(s) Framework Findings about inflation

1977  Nelson and Schwert Analysis of autocorrelation structure Nonstationary behavior of inflation

1987 Barsky Estimation of autocorrelations [(0) until 1960 and I(1) thereafter

1988 Rose Dickey-Fuller tests 1(0)

1991  Neusser Cointegration tests 1(0)

1993  Brunner and Hess Dickey-Fuller-type test with 1(0) from 1947 to 1959, and 1(0) from 1960 to 1992

bootstrapped critical values

1993 Evansand Wachtel Markov Switching I(1) during 1965-1985, 1(0) elsewhere

1996 Baillieetd ARFIMA Long memory process with mean reversion

1997  Culver and Papell Panel unit root tests 1(0) for 3 countries out of 13 using UR test with breaks, 1(1) for 7 of them; the
last 3 countries are marginal

1999 Ireland Phillips-Perron tests the unit root hypothesis for inflation can be rejected, but only at the 0.10
significance level; in the post-1970 sample, the unit root hypothesis cannot be
rejected.

1999  Stock and Watson DF-GLStests p?]val ues are larger that 10% for both CPI and PCE inflations before 1982, and
less than 10% after 1985

2000 McCullochand Stec  ARIMA In the early portion of our period, a unit root in inflation may be rejected, while
in the later portion, it generally cannot be. Whole period: Jan. 1959 - May, 1999

2001 Bai and Ng PANIC Cannot reject aUR at 5%

2003  Henry and Shields Two regime TUR Cannot regject a UR for the USiinflation rate

Note: The table contains the finding of various authors in different times. The right column shows their conclusions about the stationarity of
inflation.
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Table 1 Real-time GDP deflator inflation ADF-test results: A7, =u +) 7, +¢ A5, +E,

1954:3 -2007:1 1965:4 —2007:1

State S 0 1 0 1
Persistence y 0.03 -0.09*** 0.01 -0.10%**

(0.03) (0.01) (0.03) (0.01)
seria corr. -0.26*** -0.35%** -0.30*** -0.33***
]

(0.12) (0.07) (0.14) (0.07)
St c 0.40%v* 0.22%** 0.37*** 0.22+**

(0.04) (0.01) (0.03) (0.01)
Const 0.00 0.22%** 0.08 0.24***

(0.12) (0.04) (0.17) (0.04)
Prob[S|S] 0.95*** 0.97*** 0.97*** 0.98***

(0.03) (0.02) (0.04) (0.01)

Notes: Inflation is defined as the year-over-year GDP deflator growth
rate. Laglength p=1.
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Figure 1 Revised GDP deflator inflation and the state distribution over 1954:3 —2007:1
sample (at the top) and 1965:4 — 2007:1 sample (at the bottom)



Table 2 Forward-looking Taylor rule estimates over 1965:4-2007:1 sample for the Orphanides
(2004) Greenbook real-time output gap and various inflation forecast horizons A:

r= (= pg Wug, + @+ Cg)E T, +ag R+ por +E,

h=0 h=1 h=2 h=3 h=4
State i={0,1} 0 1 0 1 0 1 0 1 0 1
Inflation & 03 091 -027 095 -030 098 -013 117 024 111
(033) (0.28) (0.33) (0.22) (036) (023) (031 (0.23) (0.35) (0.22)
Outputgap® 050 070 045 067 040 065 031 077 051 073
(0.26) (0.13) (0.26) (0.10) (0.25) (0.10) (0.22) (0.11) (0.23) (0.11)
Smoothingp 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 o 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 055 905 038 898 018 702 -047 1021 -0.27
(291) (0.76) (295 (0.64) (303) (063) (262) (062 (337) (0.63)
P[S=i|S.=] 093 098 093 098 094 098 09 098 095 098
(0.04) (0.01) (0.04) (0.01) (0.04) (0.02) (0.03) (0.02) (0.04) (0.00)
Implied n° 2127 213 2441 224 2125 237 3540 255 3239 250

Notes: The interest rate 7, 1s the last month of the quarter average Federal Funds rate. Inflation is defined as the
yeat-over-year GDP deflator growth rate. Greenbook inflation forecasts starting dates are 1965:4, 1968:3,
1968:4, 1973:3, 1974:2 for h=0,...,4 respectively. The Greenbook output gap series comes from Orphanides
(2004). The 1999:1-2007:1 output gap series is the OECD real-time estimates of the US production slack;
inflation forecasts are from SPF. The equilibrium real interest rate is assumed to be 2.5%.
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Figure 2 Taylor rule state distributions with the “nowcast” of inflation and Orphanides (2004) real-time
output gap estimated over 1965:4-2007:1 sample
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Table 3 Forward-looking Taylor rule estimates for the moving window quadratic output gap and
various inflation forecast horizons / over 1965:4-2007:1 sample:

r= (= pg Wug, + @+ Cg)E T, +ag R+ por +E,

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

State S 0 1 0 1 0 1 0 1 0 1

Inflation & 040 049 -029 058 -033 063 -017 078 -002 080
(0.43) (0.28) (0.45) (0.20) (0.47) (0.19) (0.41) (0.23) (156) (0.12)
Outputgapw 017 067 015 075 017 077 007 075 021 077
(0.36) (0.16) (0.37) (0.12) (0.37) (0.12) (0.38) (0.13) (0.12) (0.18)
Smoothingp 053 086 053 080 054 078 045 083 046 082
(0.18) (0.04) (0.18) (0.04) (0.17) (0.04) (0.19) (0.03) (0.13) (0.03)

St Dev 258 058 257 056 261 055 263 048 269 048
(0.33) (0.04) (0.33) (0.04) (035 (0.04) (035 (0.03) (0.38) (0.04)
Const 757 073 676 066 718 050 603 009 591 001

(303) (095 (339) (0.67) (354) (062) (327) (0.75) (11.97) (052)
P[S=i|S.=] 092 098 092 098 092 098 095 098 094 098
(0.05) (0.01) (0.05) (0.01) (0.05) (0.01) (0.04) (0.01) (0.05) (0.01)
Implied n° 1259 363 1449 321 1418 317 2098 310 17224 311

Notes: The interest rate 7, is the last month in a quarter average Federal Funds rate. Inflation is defined as the
year-over-year GDP deflator growth rate. Greenbook inflation forecasts starting dates are 1965:4, 1968:3,
1968:4, 1973:3, 1974:2 for h=0..4 respectively. The 1999:1-2007:1 inflation forecasts come from the Survey
of Professional Forecasters. The size of the moving window is 20 years. The equilibrium real interest rate is
assumed to be 2.5%.
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Figure 3 Taylor rule state distributions with the “nowcast” of inflation and Moving Window detrending
estimated over 1965:4-2007:1 sample
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Table 4 Forward-looking Taylor rule estimates for the recursive window quadratic output gap and
various inflation forecast horizons / over 1965:4-2007:1 sample:

r= (= pg Wug, + @+ Cg)E T, +ag R+ por +E,

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

State S 0 1 0 1 0 1 0 1 0 1

Inflation & 037 077 -029 087 -032 087 -006 145 018 165
(0.41) (0.37) (0.42) (0.33) (0.43) (0.32) (057) (0.88) (0.83) (0.84)
Outputgapw 034 079 028 08l 024 074 017 067 012 069
(039) (0.22) (0.39) (0.19) (0.37) (0.18) (0.50) (0.34) (0.63) (0.34)
Smoothingp 052 088 052 086 053 086 045 093 045 093
(017) (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) (051) (0.04) (055) (0.04)
Const 776 086 699 -106 724 -112 535 -253 388  -3.07

(297 (L37) (316) (L19) (313) (L15) (4.82) (281) (7.17) (279
P[S=i|S.=] 092 098 092 098 093 098 08 097 097 086
(0.05) (0.01) (0.05) (0.01) (0.05) (0.01) (0.09) (0.02) (0.02) (0.10)
Implied n° 1407 438 1571 410 1477 416 5171 347 -7.70  3.38

Notes: The interest rate 7, is the last month in a quarter average Federal Funds rate. Inflation is defined as the
year-over-year GDP deflator growth rate. Greenbook inflation forecasts starting dates are 1965:4, 1968:3,
1968:4, 1973:3, 1974:2 for h=0..4 respectively. The 1999:1-2007:1 inflation forecasts come from the Survey
of Professional Forecasters. The equilibrium real interest rate is assumed to be 2.5%.
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Figure 4 Taylor rule state distributions with the “nowcast” of inflation and Recursive Window detrending
estimated over 1965:4-2007:1 sample

24



Table 5 Forward-looking Taylor rule estimates over 1965:4-1995:4 sample for the Orphanides
(2004) Greenbook real-time output gap and various inflation forecast horizons A:

r= (= pg Wug, + @+ Cg)E T, +ag R+ por +E,

h=0 h=1 h=2 h=3 h=4
Statei={0, 1} 0 1 0 1 0 1 0 1 0 1

Inflation & 039 042 -030 037 -035 043 -050 055 -024 053
(0.33) (025 (0.31) (017) (0.35) (0.19) (0.36) (0.33) (0.34)  (0.20)
Outputgapw 042 052 047 053 044 052 055 047 051 054
(0.26) (026) (0.25) (0.07) (0.25) (0.09) (0.27) (0.12) (0.21)  (0.09)
Smoothingp 046 078 048 070 050 071 030 08 036 074
(0.15) (0.06) (0.14) (005 (0.15) (005 (0.20) (0.05) (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) (0.05) (0.31)  (0.06)
Const 1046 237 951 253 967 231 1241 173 1035 179

(2.96) (086) (282) (0.63) (308) (0.74) (398) (118 (318 (0.75)
P[S=i|S.,=i] 093 098 093 098 093 097 093 097 095 097

(0.05) (0.01) (0.04) (0.02) (0.04) (0.02) (0.05) (0.02) (0.04) (0.02)
Implied n° 2051 030 2333 -008 2063 046 1968 137 3232 133

Notes: The interest rate 7, is the last month in a quarter average Federal Funds rate. Inflation is defined as the
year-over-year GDP deflator growth rate. Greenbook inflation forecasts starting dates are 1965:4, 1968:3,
1968:4, 1973:3, 1974:2 for h=0..4 respectively. The Greenbook output gap series comes from Orphanides
(2004). The equilibrium real interest rate is assumed to be 2.5%.
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Figure S Taylor rule state distributions with the “nowcast” of inflation and Orphanides (2004) real-time
output gap estimated over 1965:4-1995:4 sample.

25



