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Over the past 30 years, debates about the useful ness of the
Phillips curve for explaining inflation behavior have been
ongoing. At the end of the 1970s, the Phillips rel ationship was
heavily criticized for its apparent inability to characterize
inflation dynamcs in the face of oil shocks. The rel ationship
was al so deened i nappropriate as a policy tool because of its
potential instability in the face of changes in the economc
envi ronnent. Subsequent enpirical work in the early 1990s showed
that such criticismwas largely unjustified. By controlling for
supply shocks as shifters in the Phillips relationship, these
studi es provi ded evidence of a stable and significant tradeoff
between inflation and unenpl oynent.! | ndeed, the Phillips
rel ati onship continues to feature promnently in severa
macr oecononetri c nodel s used for policy analysis.?

More recently, though, as a result of the striking
conbi nati on of declining unenpl oynent with no attendant
inflationary pressures during the second half of the 1990s,
criticismhas nmounted once again. This devel opnment has | ed many
researchers to question again the viability of the Phillips curve
and its useful ness as a nmacroeconom c policy tool. Wile the
debate continues, the fall in inflation coupled with significant
slack in the econony since |late 2002 seens consistent with a

standard Phillips curve tradeoff.

lsee, for exanple, Fuhrer, 1995 and Tootel |, 1994.



One of the reasons for the recurring debates about the
exi stence of an inflation and unenpl oynent tradeoff is that there
have been several instances when | arge novenents in the
unenpl oyment rate have elicited little response in the inflation
rate. Figure 1 shows the behavior of inflation, neasured by the
change in the core personal consunption expenditures (PCE)
deflator, and the unenpl oynent rate for each of the four decades,
beginning in the 1960s. In the 1960s (Chart A), the unenpl oynent
rate fluctuated between 4 percent and 7 percent for many years,
with little change in the inflation rate. The tradeoff was
evident only at the end of the decade, when the unenpl oynent rate
dropped bel ow 4 percent.

After the oil price shock of the early 1970s and the
associ ated stagflation (Chart B), the years 1976 to 1979 saw t he
unenpl oynent rate decrease noticeably, with only a nodest change
in inflation.

Then, the relationship seened to re-establish itself; the
recession of the early 1980s (Chart C) saw the expected tradeoff,
with increasing rates of unenpl oynment associated with a sharp
decline in inflation. However, this tradeoff was not apparent
from 1985 to 1989, even though the unenpl oynent rate dropped
appr eci abl y.

Simlarly, the recession of the early 1990s (Chart D)
witnessed a large fall in inflation, but since 1994 and through
| ate 2002, |arge novenents in the unenployment rate, at first
decreasi ng and then increasing, have been associated with

relatively small changes in inflation

2 Blinder (1998), for exanple, notes that “a linear Phillips curve fits
the data extrenely well.” Not everyone would agree with such a
statement. See,for exanple, Atkeson and Ohanian (2001).



In principle, these episodes of horizontal novenent -- that
is, episodes of inflation stability coupled with [ arge changes in
t he unenpl oynent rate -- are consistent with a Phillips curve
rel ationship. They just require the curve to shift in the sane
direction as the novenent in the unenpl oynent rate. For exanpl e,
t he experience of the second half of the 1990s can be reconcil ed,
at least partly, with a Phillips curve tradeoff, by arguing that
over this period the natural rate of unenpl oynent decli ned.

Econonetric representations of the Phillips relationship
usual |y incorporate factors that can cause the Phillips curve to
shift over time. Typical control variables are food and energy
shocks, inflation expectations, and, in sone instances, a
changi ng natural rate of unenploynent.® So far, however, the
literature has not provided a test of whether such controls are
sufficient to explain the episodes of horizontal novenent.

In this paper, we test the explanatory power of a piecew se
linear specification of the Phillips relationship against a
sinple linear specification. The piecew se |inear specification
allows the inflation and unenpl oynment tradeoff to vary with the
| evel of the unenploynent rate. Such a specification nmaintains
that the tradeoff may vary, dependi ng on whet her the unenpl oynent
rate lies within or outside sone range. |If the usual shifters are
sufficient to characterize periods of horizontal novenent, then a
pi ecewi se |inear specification should not inprove upon the

standard linear Phillips curve.*

3 Sonme woul d argue that the acceleration of productivity in the second
hal f of the 1990s was an inportant contributing factor to | ow
inflation. There is little conpelling evidence, though, supporting the

i nclusion of productivity as a control variable in the Phillips

rel ati onshi p.

4 This is not the first attenpt to characterize a changing tradeoff over
different levels of the unenploynent rate, but it has the advantage of
parsimony. In 1958, A. W Phillips originally drew a nonlinear curve



Instead, our findings strongly support a piecew se |inear
Phillips relationship. The evidence indicates that the
traditional shifters in the relationship are insufficient to
characterize the episodes of horizontal novenment. Apparently, the
gap between the unenploynent rate and the natural rate of
unenpl oynent nust be larger or smaller than sone threshold val ues
before triggering a response in inflation. Wen the unenpl oynent
gap lies within the range defined by the thresholds, there is no
evidence of a significantly and econom cally rel evant tradeoff
bet ween inflation and unenpl oynent.

G anted that sonme features of the Phillips curve remain
theoretically puzzling,® what factors mght explain a piecew se
i near specification? Bargai ning between firns and workers
inplies that the negotiated wage lies within a range defi ned by
the reservation wage for the firmand the reservati on wage for
the worker. This range will shift when econom c conditions
change. Typically, the bargaining process has the feature that at
the tinme of renegotiating the wage, the new wage changes by the
smal | est possi bl e ambunt necessary to bring it within the range
defined by the reservati on wages of the worker and the firm
(Thomas and Worrall 1988). As a result, changes in econonic
conditions usually lead to small changes in wages and prices. It
is only when changes becone very large that a discrete junp in
the wage is necessary to bring it within the new range. This, in
turn, will lead to a discrete junp in prices (Hall 2003).

O her explanations for a piecew se linear Phillips curve

relate to the shape of the demand curve faced by firns. Suppose

such that | ow unenpl oynent rai ses wage inflation nore than high
unenpl oyment lowers it. Other types of nonlinearities in the Phillips
rel ati onshi p have been explored by Eisner, 1997.

5 See Bl anchard and Fischer, 1989.



firns face kinked demand curves, with the demand for their
product decreasing sharply if firms increase their price and
increasing little if firns decrease their price. Then it is
possi ble to show that shifts in demand can be acconpani ed by
little or no novenment in prices, unless such shifts becone very
| arge (Wbgl om 1982).

The rest of the paper continues with a description of the
i near and piecewi se linear Phillips curve representations, along
with an explanation of the testing and estimati on nethodol ogy.
The enpirical results then follow, along with a conclusion that

relates the findings to the nost recent inflation experience.



I. Linear vs. Piecewi se Linear Phillips Curves
The standard approach to estimating the Phillips curve posits

a linear short-run tradeoff between inflation and the [evel of an
i ndicator of the strength of demand in the econony, such as the
unenpl oynent rate. In its linear form a general Phillips curve
is given by the follow ng specification

g § d
p,=m+gap,; +tbu +qdDu_; +Q X,Z,_; +e,. (1)

=1 j=0 j=0
The dependent variable p, is the rate of inflation. Lagged

inflation captures the inertia in the way inflation expectations
are forned. Inflation expectations enter the Phillips

rel ationshi p because workers, concerned with real wages, take

i nto account expected changes in prices when contracting changes

in nomnal wages. Equation (1) then posits that expected

inflation,p, is formed as a wei ghted average of past inflation,
with the weights a;, estimted on actual data.® The variable u is

the indicator of the intensity of demand in the econony, which in
the present anal ysis takes the formof the unenpl oynent rate. The
unenpl oynent rate enters equation (1) both in levels and in first
differences (with the first difference u,-u,_, denoted by Du,).
Thus, the coefficient [ nmeasures the effect of the level of the

unenpl oynent rate on inflation, while the sumof coefficients d,

nmeasures the effect of current and | agged changes in unenpl oynent
on inflation (often called the “speed Iimt” effect). The crucial
paraneter of interest in the Phillips relationship is, of course,

B. In the enpirical section that follows, however, we will also

6 The sum of the coefficients on lagged inflation is usually constrained
to unity, so that in the long run actual inflation equals expected
inflation.



nmention sone results concerning the “speed Iimt” effect.

Finally, the Phillips curve relationship incorporates current and

| agged supply shock vari ables, here summari zed by the vector Z,
(normalized so that Z,=0 indicates absence of supply shocks),

while e is a serially uncorrelated error term

The prinma facie evidence on the rel ationship between
inflation and unenpl oynent di scussed in the previous section
suggests much horizontal novenent in the Phillips curve. In terns

of equation (1), this horizontal novenent could be accounted for
by the supply shocks Z,, or by changes in inflation expectations.

Figure 2 shows a scatterplot of the partial correlation between
inflation and the | evel of the unenploynent rate that arises from
estimati ng equation (1) over the period fromthe third quarter of

1961 through the fourth quarter of 2002.7 The estimation uses
observations for which the unenploynment rate u, ranges only

between 4.0 percent and 7.5 percent over the period considered.
The figure shows that within the specified range of the

unenpl oynent rate, little inverse relationship between inflation
and unenpl oynent is apparent even after controlling for supply
shocks and inflation expectations.

If we instead estimate equation (1) using all the
observations -- and not just the observations for which the
unenpl oynent rate |lies between 4.0 percent and 7.5 percent -- the
estimated tradeoff between inflation and unenpl oynent becones
statistically significant and economcally relevant. One

potential explanation for this phenonenon is that the tradeoff

” Details about the estimation are given in Section Il1l. The neasure of
inflation used in deriving Figure 2 is the change in the core PCE
defl at or.



between inflation and unenpl oynent differs at different |evels of
t he unenpl oynent rate. Broadly speaking, the tradeoff could be
nore pronounced for high and | ow val ues of the unenploynment rate
than for “normal” values. To assess whether this is indeed the
case, we consider a nore general specification of equation (1)

that takes the follow ng form
o & é 1
pt :E+anpt-J+@Jt+a ngth—]-I-aXJZt_]-I-et! (1 )
j=1 j=0 j=0

wher e

p=ml(u)+m@- 1)), B=b,I(u)+b,1- I(u)), and
d=d1(u)+d,(@- 1 (u,)).

The indicator variable I(u) takes the value of 1 when the

unenpl oyment rate u, lies within a specified interval [g,g,], and

the value of 0 when u, lies outside that interval. Sinply put,
equation (1') allows the intercept m and the coefficients on the

level and first difference of the unenployment rate, b and d,,

to take different values according to whether u, Iies inside or

outsi de a specified range.
The piecewise linear formof equation (1) is illustrated in
Figure 3, which depicts the partial correlation between inflation

and the | evel of unenploynent. The tradeoff between inflation and

unenpl oyment takes the value of b, when the unenploynent rate is
inside the interval between g, and g,, and it takes the val ue of

b, when the unenploynent rate is outside this interval. In

principle, there is no reason to constrain the tradeoff between
inflation and unenpl oynent to be the same for “low and “high”

val ues of the unenploynent rate. In equation (1), we do



constrain the coefficients m, b, and dj to be the sane when the

unenpl oynent rate is below threshold g, or above threshold g,

only to preserve degrees of freedomat the estinmation stage.
Since we are mainly interested in assessing the strength of the
tradeoff between inflation and unenpl oyment when the unenpl oynment
rate is not particularly high or low, this sinplification is not
crucial. Mreover, to the extent that the piecew se |inear
relationship in (1) is statistically better than the |inear
relationship (1), then, a fortiori, a piecew se |inear
relationship that is even nore flexible than (1') will perform
better than the linear relationship (1).

Anot her potential explanation for the weak tradeoff between
inflation and unenpl oynment depicted in Figure 2 is that the
linear relationship in equation (1) omts sone inportant
expl anatory variable that acts as a shifter to the inflation-
unenpl oynent tradeoff. An obvious candidate is a timne-varying
natural rate of unenploynent.® As shown in the previous section,
during the years 1994 to 1999, the unenploynent rate fell from
6.5 percent to 4.1 percent, while the rate of price inflation
actually declined slightly. Instead of reflecting a | ack of a
significant tradeoff over this range of the unenpl oynment rate,
the failure of inflation to increase over this period could be
due to a decline in the natural rate of unenploynent. Such a
decline would lead to a “shifting in” of the Phillips curve, with
potentially little effect on inflation. If this is indeed the
case, then the suggested piecewi se |linear representation (1)

woul d grossly m srepresent the nature of the inflation-

8 Equation (1) assumes that, absent supply shocks, there is a constant
natural |evel of the unenployment rate that is consistent with a



unenpl oynent tradeoff, even if it were to provide a better
approximation to the data than the linear relationship (1).

For this reason, we consider an alternative fornul ati on of
the linear Phillips curve relationship that explicitly allows for
a changing natural rate of unenpl oynent:

g & d
p,=aap.; tb(u-u')+qdDu_;+ax,Z_; +e (2)

j=1 j=0 j=0
wher e uy denotes the tinme-varying natural rate of unenpl oynent.

Factors related to | abor demand and supply, such as denographics
and productivity, could in principle lead to changes in the
natural rate of unenploynent. Unfortunately, the natural rate of
unenpl oyment is not known, and the series u needs to be
estimated. None of the nmethods commonly used for estimating a
time-varying natural rate of unenploynent is fool proof, and the
uncertainty surrounding the estimated u is usually large. Thus,
while equation (2) is potentially nore informative than (1),
estimates of a Phillips relationship of the formof (2) should
still be regarded with caution

The piecewi se linear counterpart to the linear specification

(2) is given bhy:

Qo

S |
pt=E+éajpt-j+gut_utN)+ ngJt—j-l-éXth-j-l-et! (2’)
= j=0

0

j
wher e

H=mi(u - ul)+my@- 1(u - u"), B=b,1(u - u")+bs(- I(u-u)), and
gzdll(ut' utN)+do(l' I(ut - utN))-

The interpretation of the coefficients in equation (2’') is the

constant |evel of inflation. This constant natural |evel of the
unenpl oynment rate is estimated as -/ .

10



same as in equation (1'), but now I(u, -u) takes the value of 1

when the unenpl oyment gap -- i.e., the deviation of the

unenpl oynent rate fromthe time-varying natural rate of
unenpl oynent -- lies within a specified interval [g,g,], and it

takes the value of 0 when the unenpl oynent gap |ies outside that
interval. If the presence of a changing tradeoff between
inflation and the | evel of unenploynent over different ranges of
t he unenpl oynent rate is largely the result of a tine-varying
natural rate of unenploynent, then equation (2') should not
provide a better representation of the data than the |inear
specification (2).

In the next section, we proceed to estimate the piecew se
linear, or threshold, relationships (1') and (2') and their
nested |inear versions, equations (1) and (2), respectively. In
so doi ng, we assess whether the difference between a linear and a
threshol d representation of the Phillips relationship is

nmeani ngful, fromboth a statistical and an econom ¢ standpoi nt.

11



Il. Estimation Method and Data Description

In order to evaluate enpirically a threshold relationship
such as (1') or (2'), it is necessary to estimate, in addition to

all other paraneters in the relationship, the threshold

paranmeters g, and ¢g,. Estimation is greatly sinplified by noting

that for given values of g, and g,, it is possible to estinmate

the threshold relationship by ordinary |east squares (CLS). As a
result, the nethod for estimating a threshold rel ationship

consi sts of a sequential process that performs OLS on (1') or

(2') over different values of the pair (9,,09,). The threshold

estimates are then given by the pair (g§,,d,) for which the QLS

regression of (1) or (2') yields the m ninum sum of squared
residual s. The other paraneters’ estimates in relationship (1)
or (2') result fromthe OLS regression that uses (§,,§g,) as the
pair of threshold estinates.

The linear relationships (1) and (2) of the Phillips curve
can be thought of as restricted versions of (1') and (2'),
respectively.® In particular, in the linear case the paraneters

are restricted to be equal inside and outside the interval [g, 0,]

for any value of g, and g,.' Since the threshold specification

nests its linear version, the threshold nodel will always provide
at least as good a fit as the linear nodel. The question is

whether the fit is significantly better froma statistica

® OF course, relationships (1) and (2) can be estimted directly by OLS
0 1f the parameters are restricted to be equal inside and outside a
given interval [g,9,], then the restriction will apply to any interva

[0,9,]. as one can easily infer fromFigure 3. As a result, when the

l'inear restriction holds, the threshold values g, and g, are not
identified.

12



standpoint. To address this issue, we performan F-test that uses
the sum of squared errors fromthe (restricted) |inear and the
(unrestricted) threshold nodel, respectively. Because under the
nul | hypothesis of linearity the values of the upper and | ower

thresholds g, and g, fromthe piecewise linear alternative are

not identified, the F-test has a non-standard distribution. The
distribution theory for such a test, however, is now well

devel oped (Hansen 1996 and 2000), and we rely on the extant
literature to construct p-values for the test. Box 1 provides
additional information about estimation and inference of
threshold nodels -- including informati on on how to obtain
confidence intervals for the estimates ¢§, and g,.

The data used in the estimation are quarterly and cover the
period fromthe third quarter of 1961 through the fourth quarter
of 2002. W consider three basic neasures of inflation: the
change in the core conponent of the chain-weighted deflator for
personal consunption expenditures, the change in the core

conponent of the Consumer Price Index (CPl), and the change in
t he chain-wei ghted GDP deflator.™ Qur neasure for u, is given by

the civilian unenpl oyment rate. Wen evaluating rel ationships (2)

and (2'), we also need to forman estimate of the tinme-varying

natural rate of unenploynment, u'. W use the Congressiona

Budget O fice (CBO neasure of uf, and we di scuss alternative
nmeasures later in the section. The supply shock vari abl es
included in Z, are the change in the relative price of food and

energy and Cordon’s (1982) series for wage and price controls.

1 Denoting the price index by p,, inflation is defined as
P, =100* ((p/ P.)* - D).

13



When the nmeasure of inflation is given by the change in the GDP
deflator, Z, al so includes the change in the trade-weighted

dollar. Data sources for all series are given in the data

appendi Xx.
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I11. Enpirical Findings

W first discuss estimation results for the linear and the
pi ecewi se linear forns of the Phillips curve with a constant
natural rate of unenploynent, equations (1) and (1),
respectively. In the piecew se |linear case, the threshold
paranmeters g, and g, are estinmated over a w de range of val ues
taken by the unenpl oynment rate during the sanple period. Table 1
sunmmari zes the main findings for the three nmeasures of inflation
consi dered. The table reports estimates for the nmain paraneter of
interest in the Phillips relationship, the coefficient b on the
| evel of the unenploynent rate, for both the Iinear and the
pi ecewi se |inear specifications. In the piecew se |inear

speci fication, the coefficient takes the value b, when the
unenpl oyment rate lies inside the interval [g,g,], and the val ue
b, when the unenpl oynent rate is either below g, or above g, --
outside the interval. The table also reports estimates of the

thresholds g, and g,, and, in square brackets, the 95 percent

confidence interval associated with these estinmates. The | ast
colum of the table shows the p-value of an F-test of the nul
hypot hesis of a |linear nodel against the estimated threshold
alternative.

As usual, the estimated coefficient on the |evel of the
unenpl oynent rate in the linear nodel is highly significant and
economcally relevant for all three nmeasures of inflation. The
pi ecewi se |linear representation of the Phillips curve shows that

the tradeoff between inflation and unenpl oynment is only

significant for values of the unenploynent rate bel ow g, or above

g,. For all three neasures of inflation, g, and g, are estimated

15



at about 4 percent and 7.5 percent, respectively. There is no

evi dence of a tradeoff between inflation and the level of the
unenpl oynent rate when the unenpl oynent rate |lies between 4
percent and 7.5 percent. In addition, it is possible to show that
“speed limt” effects are estinmated to be insignificantly

different fromzero when the unenploynent rate lies inside the

interval [§,d,]. However, for values of the unenploynent rate

bel ow §, or above g,, these effects tend to be significant and

| arger than the ones estimated by neans of a |inear
speci fi cation.*?

The last colum in the table shows that, when inflation is
nmeasured by either the core PCE deflator or the core CPl index,
the null hypothesis of a linear nodel is rejected in favor of a
t hreshol d specification. The snall p-values indicate that the
pi ecewi se |linear representation of the Phillips curve is, froma
statistical standpoint, highly significant. Wen inflation is
i nstead neasured by the GDP deflator, the null hypothesis is
rejected in favor of a threshold specification only marginally at
the asynptotic 5 percent level. This, however, has to do with the
presence of two influential observations.®™ As shown in the |ast
row of the table, when these two observati ons are excluded from
the sanple, the piecewise |inear representation of the Phillips

curve agai n becones highly significant.

2 This is true when inflation is measured either by the core CPl index
or by the GDP deflator. However, when inflation is neasured by the core
PCE deflator, speed limt effects are estimated to be insignificantly
different fromzero in both the |inear and the piecew se |inear

speci fications.

13 These observations are for the second quarter of 1981 and the first
quarter of 1996.
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Confidence intervals for the estimated §, and g, in the

table are often large and run into the | ower and upper bounds for
t he unenpl oynment rate, 3.9 percent and 7.6 percent, respectively,
over which we are searching for threshold effects. Still, it is
interesting to note that, when inflation is neasured by either

the core PCE deflator or the core CPl index, the t-statistic

associated with the estimated coefficient b, is never greater

than 2 for any pair (g,,94) within the 3.9 percent to 7.6 percent
range. Wien inflation is neasured by the GDP deflator and we drop
the two outliers fromthe sanple, the maxinumt-statistic for b,
is 2.1, with the t-statistic above 2 in only 4 of the

approxi nately 800 different pairs (g,,9,) we consider over the
nmentioned range. Overall, the findings in the table | end support
to a piecewise linear version of the Phillips curve, with a
statistically significant and econom cally rel evant tradeoff
between inflation and unenpl oynent only for particularly high or
| ow val ues of the unenpl oynent rate.

W next ask whether these findings continue to hold over a
shorter sanple period. Table 2 reports estinmation results for the
sane specifications of the Phillips relationship as in Table 1,
but over the period fromthe third quarter of 1961 through the
fourth quarter of 1986. There are two reasons to be interested in
this particular sanple period. First, some have argued that the
natural rate of unenploynent was quite stable over the 1960s,
1970s, and 1980s. If so, then estimating relationships (1) and
(1) over the period 1961 to 1986 should alleviate the criticism

that the rel ationships are msspecified by not allowing for a

14 see, for exanple, Fuhrer (1995), Gordon (1998), and Tootell (1994).
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time-varying natural rate of unenpl oynent. Second, over the
peri od 1987 to 2002, the unenploynment rate has been outside the
range of 4 percent to 7.5 percent only in three quarters. It
seens natural, then, to ask to what extent the findings in Table
1 are driven by the experience of the past 15 years.

Overall, the results in Table 2 confirm our previous
findings. For the piecew se |linear specification, we find
evidence of a statistically significant tradeoff between

inflation and the | evel of the unenploynent rate only outside the
estimated interval [g,§,]. The point estinmates for g, and g, are

essentially the sane as before for all three neasures of
inflation. The null hypothesis of a linear nodel is rejected in
favor of the threshold alternative when inflation is neasured by
the core CPlI index or the GDP deflator. One cannot reject the
hypot hesis of a linear specification when inflation is nmeasured

by the core PCE deflator, but the t-statistic associated with the

estimated coefficient b, is never greater than 2 for any pair

(9,,9,4) within the 3.9 percent to 7.6 percent range.

It is possible to conpare the perfornmance of the threshold
specification (1') vis-a-vis the linear specification (1) by
nmeans of a “dynam c¢” simulation, in which predicted val ues of
inflation for the current period are fed into subsequent periods
as | agged values. In essence, the sinmulation is a multi-period
i n-sanpl e forecast of inflation that does not refer to an actua
inflation rate over the simulation horizon. Figure 4 depicts the
result of this exercise for core CPl inflation over the period
1961 to 1986, using the estimates reported in Table 2.
Considering that the sinulation runs over 25 years, both the

linear and the piecewi se linear nodel performwell. It is

18



evi dent, though, that the threshold nodel tracks actual inflation
much better than the |inear nodel

Unfortunately, the reported success of the piecew se |inear
specification is mrrored by its failure to track inflation in a
dynam c sinulation over the period 1987 to 2002, using the

estimates in either Table 1 or Table 2. The reason is that the
threshold g, is usually estimated at about 7.5 percent. The

threshold nodel largely fails to capture the decline in inflation
associated with the recession and the slowinitial recovery of
the early 1990s, when the unenpl oynent rate was above the 7.5
percent mark in only two quarters.®

Thi s observation, per se, does not nean that a piecew se
i near representation of the Phillips curve cannot capture recent
inflation dynam cs. Indeed, it is possible to show that the
pi ecewi se linear relationship (1') estimted over the period 1987
to 2002 is highly significant, with the null hypothesis of a
linear relationship (1) always rejected in favor of the threshold
alternative. But the estimated interval over which there is
l[ittle or no tradeoff between inflation and the unenpl oynent rate

now ranges from about 4 percent to 6.5 percent. Wth such an
estimate of g,, it is not surprising that the threshold
relationship perforns very well in a dynam c simnulation of
inflation over the past 15 years. Yet, we find it sonewhat
unappeal ing to resort to a change in g, in order to explain
recent inflation behavior. Paraneter instability could in fact be
the result of having specified equation (1') incorrectly. For

this reason, in the rest of this section we explore whether a

> As a result, in a dynamic sinulation over the period 1987 to 2002,
the piecewi se |inear nmodel would predict core CPI inflation in the
range of 5 percent to 6 percent over the past decade.
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Phillips curve relationship that allows for a tinme-varying
natural rate of unenpl oynent provides a nore stable guidance for
inflation dynam cs.

There are several approaches to estimating the path of a
time-varying natural rate of unenpl oynent. One approach estinmates
a changing natural rate of unenploynent froma linear Phillips
relationship in which the intercept is allowed to vary over tine.
Anot her approach takes a constant natural rate of unenpl oynent
estimate froma linear Phillips curve such as equation (1), but
then adjusts the estimate to account for denographic factors.
Changes in these factors cause the “denographical ly adjusted”
estimate of the natural rate of unenploynent to change over tine.
An exanple of the latter approach is the Congressional Budget
Ofice (CBO neasure of the natural rate of unenpl oynment, which
we take as our estinmate of the time-varying natural rate of
unenpl oynent in what follows. In essence, such a neasure varies
over tinme because the shares of different denographic groups
(broken down by age, sex, and race) in the |labor force vary.?®

Figure 5 depicts the CBO estimate of the natural rate of
unenpl oynent, the actual value of the civilian unenploynent rate,
and the “unenpl oynent gap,” which is the difference between the
unenpl oynent rate and the natural rate of unenploynment. The
figure shows an increase in the estimate of the natural rate of
unenpl oyment from about 5.5 percent at the begi nning of the

1960s, to about 6.25 percent in the |ate 1970s. Since then, the

18 The CBO estimtes, by nmeans of a linear Phillips curve such as
equation (1), a natural rate of unenploynent for married males. This
natural rate of unenployment in turn is used to estinmate a natural rate
of unenploynment for different denographic groups. The overall natura
rate of unenploynent is then computed as a wei ghted average of the
natural rate of unenploynment for the different denographic groups, with
the wei ghts set equal to each group's share of the |abor force.
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natural rate of unenpl oynent has declined, nost notably in the
past decade, to close to 5 percent. The increase in young workers
-- who have hi gher unenpl oynment rates than ol der workers --
accounts for nuch of the rise in the natural rate of unenpl oynent
before 1980, while the recent decrease in the nunber of young
wor kers expl ains nuch of the recent fall in the natural rate of
unenpl oynent. Because changes in the estinmated natural rate of
unenpl oynent occur very gradually over time, the unenpl oynent gap
depicted in the figure tracks the actual unenploynment rate
cl osel y.

Tabl e 3 summarizes estimation results for the unenpl oynment
gap version of the linear and piecewi se linear Phillips curves,
equations (2) and (2'), respectively. In the piecew se |inear

speci fication, the threshold paraneters g, and g, are now

estimated over a wi de range of val ues taken by the unenpl oynent

gap during the sanple period. Thus, the tradeoff between

inflation and the unenpl oynent gap is given by b, when the
unenpl oynent gap lies inside the interval [g,g,], and by b, when
t he unenpl oynent gap is either below g, or above g,.

In the linear specification, estimtes of the tradeoff, b,
are significant and economcally relevant for all three neasures
of inflation. In the piecew se |inear specification, we find
evi dence of a significant tradeoff only for val ues of the
unenpl oyment gap bel ow g, or above ¢g,. In order to observe this
tradeoff, the unenpl oynent gap nust be bel ow -1.4 percent or
above 1.4 percent, approximately. It is interesting to note that
over the period 1961 to 2002, values of the gap below -1.4

percent usually map into values of the unenploynent rate at or
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bel ow 4 percent, and val ues of the gap above 1.4 percent usually
map i nto val ues of the unenploynent rate at or above 7.5 percent.
Such a mapping is precise, but not perfect. In particular, in the
early 1990s, the gap was above 1.5 percent for six consecutive
guarters, whereas the unenpl oynment rate was above 7.5 percent in
just two quarters. Still, there is a close simlarity between the
findings in Table 1 for the constant natural rate of unenpl oynent
specification (1') and the findings in Table 3 for the gap
specification (2).

The last colum in Table 3 shows that the null hypothesis of
a linear nodel is strongly rejected in favor of a threshold
specification when inflation is neasured by the core CPl index or
by the CGDP deflator. The linear nodel is rejected marginally when
inflation is neasured by the core PCE deflator. In this case,

however, the t-statistic associated with the estinated
coefficient b, is always considerably snaller than 2 for any of

the different pairs (g,,0,) we consider within the —1.4 percent to

1.4 percent range. Overall, we conclude that the piecew se |inear
nodel continues to be significant froma statistical standpoint
even when we allow for a time-varying natural rate of

unenpl oynent .

One could argue that such a finding is an artifact of our
chosen neasure of the tine-varying natural rate of unenpl oynent.
For this reason, we experinented with other estinmates of the
natural rate of unenploynent -- specifically with estinmates that
exhibit nore variability than the CBO neasure -- but we reached

simlar conclusions. In general, the nore variable the estinated

7 For exanple, we have estimted specifications (2) and (2') using a
| ong-run, two-sided noving average of the actual unenpl oynent rate as
the estimate for the tinme-varying natural rate of unenpl oynent (see
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natural rate of unenploynent, the smaller the estinmated interval
[0,9,] over which there is an insignificant tradeoff between

i nflation and unenpl oynent. A nore variable natural rate of
unenpl oynent tracks the actual unenploynment rate nore closely,

and this leads to a decline in the average size of the
unenpl oynent gap. But then the estimated interval [g, g,] over

which there is no significant tradeoff, while smaller, still
contains alnost two-thirds of the observations, as is the case
with the findings in Table 3.

Before concluding, let us briefly revisit the issue of
whet her the piecewi se |inear nodel can track inflation over the
years 1987 to 2002. In order to do so, we now estimate equations
(2) and (2') for the period 1961 to 1986, and we use these
estimates to forecast inflation over the next 16 years. The
results of this dynamic simulation for core CPl inflation are
displayed in Figure 6. In the first half of the sinulation, the

l'inear and threshol d specifications performequally well. Since
t he unenpl oynent gap is above the estimated threshold value g, of

1.4 percent for six quarters during the early 1990s, the
threshold nodel is able to capture the downturn in inflation that
occurred at that time. Not surprisingly, the threshol d nodel does
significantly better than the linear nodel in the latter half of
the simulation. The natural rate of unenploynent, while declining
over this period, is not declining fast enough to close the
negati ve unenpl oyment gap. As a result, the linear nodel predicts

a surge in inflation that never materialized. However, since the

St ai ger, Stock and Watson 2001). We have al so derived an estimate of
the tinme-varying natural rate of unenploynent froma linear Phillips
curve specification such as (1) that allows for a tinme-varying

i ntercept (see Gordon 1998).
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negative gap i s never below the estimated g, for extended peri ods

of time, the threshold nodel perforns reasonably well.
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I'V. Concl udi ng Remarks

Overall, we find that a piecew se |linear specification of
the Phillips curve provides a good characterization of inflation
dynam cs over the past 40 years. The estimated rel ati onship
inmplies a range of values for the unenploynment rate, or the
unenpl oynent gap, over which we find no significant tradeoff
between inflation and unenpl oynment. CQutside of this range, a
significant tradeoff obtains.

How should we interpret our findings in |light of the nobst
recent inflation and unenpl oynent experience? As is well known,
core inflation neasures have dropped significantly over the
period fromthe fourth quarter of 2002 through the second quarter
of 2003, with the unenploynent rate rising to 6.4 percent by the
end of the first half of 2003. Unless the decline in inflation is
temporary, it is difficult to reconcile this recent experience
with the estinates obtained froma piecewise |[inear Phillips
rel ati onship using a constant natural rate of unenploynent. In
such a specification, the estinmated tradeoff between inflation
and unenpl oynent is insignificant when the unenpl oynent rate
ranges fromabout 4.0 percent to 7.5 percent.

It is likely, though, that while this range is well suited to
characterize the path of inflation over the years 1960 to 1989,
it is not appropriate for the nost recent period. The experience
of the second half of the 1990s appears, in fact, to be
consistent with a value of the natural rate of unenploynment that
is lower than the average natural rate of unenploynent of the

previous three decades. For this reason, the estimates that arise
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froman “unenpl oynent gap” specification of the piecew se |inear
Phillips relationship may have nore bearing on the current
situation. If the natural rate of unenploynment is now near 5
percent, then, according to our upper threshold estimate of 1.4
percent, we should expect inflation to start dropping when the
unenpl oynent rate is close to 6.5 percent. This is broadly
consi stent with recent experience, in that inflation has been
relatively stable over nbost of the period from 2000 to 2002, when
t he unenpl oynent gap was small. By contrast, it started to
decline noticeably only when the unenpl oynent gap becane
relatively I|arge.

From a nonetary policy standpoint, the finding of a range of
val ues for the unenploynment rate or the unenpl oynent gap over
which there is no significant tradeoff between inflation and
unenpl oynent neans that there is scope for targeting a | evel of
t he unenpl oynment rate at which inflation is stable. Cearly, the
lower the targeted | evel of the unenploynent rate associated with
no inflationary pressures, the higher society’'s welfare. ** This
is an argunment for nonetary policy to try cautiously to drive the
unenpl oynent rate lower until the lower limt of the stable
inflation range is reached. Such a strategy, however, is
conplicated by the fact that the | ower |evel of the unenpl oynent
rate or unenpl oynent gap associated with no inflationary

pressures is estimated with uncertainty. As a result,

1 The Federal Reserve Act specifies that the Federal Reserve System and
the Federal Open Market Committee should seek “to pronpote effectively
the goal s of maximum enpl oynent, stable prices, and noderate |long-term
interest rates.”
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pol i cymakers woul d have to determ ne when to stop by being alert
to incipient signs of accelerating inflation.

Thus, it remains an open question whether a trigger strategy
in which nonetary policy ains to drive the unenpl oynent rate or
unenpl oynent gap to the |ower threshold and then responds
vigorously woul d deliver a satisfactory stabilization
per f ormance. The answer depends on one’s judgnent concerni ng
pol i cymakers’ ability to note the energence of incipient
inflation-acceleration indicators, their ability to respond
rapidly with appropriate neasures, and the lead-tine for such

measures to take effect.
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Dat a Appendi x

Price Series (p):

Core CPI: CPI-U, Al Items Less Food and Energy (SA, 1982-
84=100), Bureau of Labor Statistics, Quarterly Percentage

Change, annual i zed.

GDP Deflator: G oss Donestic Product: Chain-type Price |ndex
(SA, 1996=100), Bureau of Econom c Analysis, Quarterly
Per cent age Change, annual i zed.

Core PCE Deflator: PCE | ess Food and Energy: Chain Price |ndex
(SA, 1996=100), Bureau of Economic Analysis, Quarterly
Per cent age Change, annual i zed.

Real Activity Variables (u):

Cvilian Unenpl oynent Rate: 16 yr + (SA, 9%, Bureau of Labor
Statistics.

Non-accel erating Inflation Rate of Unenpl oynent {CBG (%,
Congr essi onal Budget Ofice.

Q her Variables (2):

Rel ative Price of Food and Energy: (CPl./Core CPl,), where CPI
is CPl-U Al Itenms (SA 1982-84=100), Bureau of Labor
Statistics, Quarterly Percentage Change.

U S.: Nomnal Effective Exchange Rate (1995=100),

International Financial Statistics (I M), Quarterly Percentage
Change.

Cordon (1982) Wage and Price Control Variable: equal to 0.8
from1971: B through 1972: B, -0.4 for 1974: Q, -1.6 from
1974: B through 1974: 4, -0.4 for 1975:QL, and O for all other
dat es.
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Box 1

A general and conpact way of representing the piecew se |inear or

t hreshol d nodel in the text is:
Y, =b x,(9) +e,
with b=(b,,bs),9=(9.94), and

_ & @ £a:£094) 0

Ok 010, 24 £0.)5

where X,is the vector of right-hand side variables, g is the
threshold variable, g, is the |lower threshold value of the
threshold variable, g, is the upper threshold value of the
threshol d variable, and | is the indicator function which takes
on a val ue of one when the expression in parenthesis is true.

Let S, represent the sum of squared residuals under the nul

hypot hesis of a linear nodel, and S(g) the sum of squared
residuals of the piecewise |inear nodel as a function of g. In

this case an F-test of the null hypothesis of a linear Phillips

curve i s based on

F=nS8)
56

where S(g) is the nininum sum of squared residuals for the

pi ecewi se |inear nodel obtained by searching over a grid of
possi bl e upper and | ower threshold val ues. Hansen (1996) shows
that the asynptotic statistical distribution for this test
statistic is nonstandard and strictly dominates the c?

distribution. This nonstandard distribution can be approxi mat ed

to the first order by a bootstrap procedure, and p-val ues

constructed fromthe bootstrap for the test of the linear nul
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agai nst the threshold alternative hypothesis are asynptotically

val i d.

In order to test the hypothesis H,:g=9g,, the likelihood

ratio test is to reject for large values of LR(g,), where:

5(0)- 6
5@

In addition, the asynptotic distribution of LR(g,) can be used to

LR(g) =n

formvalid asynptotic confidence intervals about the estimated
t hreshol d val ues. These confidence intervals are the set of

val ues of g such that the likelihood ratio |ies below the

critical values tabul ated by Hansen (2000) for the desired |evel
of confi dence.

Finally, the estimator b =b(g) depends on the threshol d

estimate. Since the dependence on the threshold estimate is not

of first-order asynptotic inportance, inference on b can proceed

as if the threshold estimate were the true val ue.
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Table 1

Phillips Curve Estimates with Constant Natural Rate of Unemployment: 1961 to 2002
s k i
To=w+yaw  APu,+ )8 Au_ +YEZ  +e,
B B j=0 Jj=0

J=1

Linear Model Threshold Model
Inflation Measure | n B ﬁz{ ,5’0 7, 7, p-value of
F-test
Core PCE Deflator | 166 -.1734 ** .1008 -2768 ** 3.95 7.40 016
(.0484) (.0792) (.0607) [3.90, 5.30] [5.80, 7.60]
Core CPI 166 -.2410 ** .0926 -.2868 ** 3.95 7.45 .001
(.0745) (.1053) (.0974) [3.90, 4.80] [7.30, 7.60]
GDP Deflator 166 -.2569 ** -.0372 -.3261 ** 3.95 7.35 .048
(.0587) (.0953) (.0739) [3.90, 5.50] [6.00, 7.60]
GDP Deflator 164 -.2419 ** -.0135 -.2990 ** 3.95 7.45 .001
excluding outliers (.0573) (.0823) (.0783) [3.90, 5.50] [7.30, 7.60]

Note: Estimation period is 1961:Q3 to 2002:Q4. For the core PCE deflator and the Core CPI index, the estimated equations include seven lags of inflation, the
contemporaneous unemployment rate, the contemporaneous and two lags of the first difference of the unemployment rate, two lags of the change in the relative
price of food and energy, and the Gordon variable. For the GDP deflator, the estimated equations include eight lags of inflation, one lag of the unemployment
rate, four lags of the first difference of the unemployment rate, one lag of the change in the relative price of food and energy, two lags of the change in the
exchange rate, and the Gordon variable. For the core PCE deflator and the Core CPI index, the threshold variable is the contemporaneous unemployment rate,
while for the GDP deflator it is the first lag of the unemployment rate.

** indicates significance at the 5 percent level.



Table 2

Phillips Curve Estimates with Constant Natural Rate of Unemployment: 1961 to 1986
s k i
To=w+yaw  APu,+) 8 Au_ +YEZ  +e,
B B Jj=0 Jj=0

J=1

Linear Model Threshold Model
Inflation Measure | n ;i B, B, 7, 7 p-value of

F-test

Core PCE Deflator | 102 -.2003 ** 2687 -2782 ** 3.95 7.25 .205
(.0589) (.1434) (.0664) [3.90, 5.50] [5.80, 7.60]

Core CPI 102 -.3037 ** 1513 -.3262 ** 3.95 7.45 .004
(.1045) (.1888) (.1223) [3.90, 4.80] [7.00, 7.60]

GDP Deflator 100 -.2808 ** -.0737 -.3092 ** 3.95 7.45 .048
excluding outliers (.0782) (.1354) (.0957) [3.90, 5.50] [7.40 , 7.60]

Note: Estimation period is 1961:Q3 to 1986:Q4. For the core PCE deflator and the Core CPI index, the estimated equations include seven lags of inflation, the
contemporaneous unemployment rate, the contemporaneous and two lags of the first difference of the unemployment rate, two lags of the change in the relative
price of food and energy, and the Gordon variable. For the GDP deflator, the estimated equation includes eight lags of inflation, one lag of the unemployment
rate, four lags of the first difference of the unemployment rate, one lag of the change in the relative price of food and energy, two lags of the change in the

exchange rate, and the Gordon variable. For the core PCE deflator and the Core CPI index, the threshold variable is the contemporaneous unemployment rate,
while for the GDP deflator it is the first lag of the unemployment rate.

** indicates significance at the 5 percent level.



Table 3

Phillips Curve Estimates with a Time-Varying Natural Rate of Unemployment: 1961 to 2002

mo=p+yam, P, —u)+

k !
Z§jAut—j + Z‘szz-j + gt
j=0 j=0

j=1
Linear Model Threshold Model
Inflation Measure | n B ﬁz{ ,5’0 7, 7, p-value of
F-test
Core PCE Deflator | 166 -2328 ** -.0640 -.2954 ** -1.40 1.30 0.06
(.0551) (.0933) (.0612) [-1.60 ,-1.10] | [1.20, 1.60]
Core CPI 166 -.3277 ** -.0138 -2823 ** -1.34 1.40 0.001
(.0849) (.1366) (.0978) [-1.40, -1.30] [1.30, 1.45]
GDP Deflator 164 -.3193 ** -.1314 -.3080 ** -1.04 1.56 0.001
excluding outliers (.0626) (.1034) (.0719) [-1.60, -0.80] [1.20, 1.60]

Note: Estimation period is 1961:Q3 to 2002:Q4. For the core PCE deflator and the Core CPI index, the estimated equations include seven lags of inflation, the
contemporaneous unemployment gap, the contemporaneous and two lags of the first difference of the unemployment rate, two lags of the change in the relative
price of food and energy, and the Gordon variable. For the GDP deflator, the estimated equation includes eight lags of inflation, one lag of the unemployment
gap, four lags of the first difference of the unemployment rate, one lag of the change in the relative price of food and energy, two lags of the change in the
exchange rate, and the Gordon variable. For the core PCE deflator and the Core CPI index, the threshold variable is the contemporaneous unemployment gap,

while for the GDP deflator it is the first lag of the unemployment gap.
** indicates significance at the 5 percent level.
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Figure 2

Partial Correlation Between Inflation and the Unemployment Rate when the
Unemployment Rate is between 4 and 7.5 percent: 1960 to 2002
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Figure 3

Piecewise Linear Phillips Curve
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Figure 4

Dynamic Simulation of Core CPI Inflation:
1961 to 1986
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Figure 5

Actual Unemployment Rate, CBO Natural Rate of Unemployment, and Unemployment Gap:
1959 to 2002
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Figure 6

Dynamic Simulation of Core CPI Inflation:

1987 to 2002
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