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Inside and Outside
Bounds: Threshold
Estimates of the
Phillips Curve 

Over the past 30 years, debates about the usefulness of the Phillips
curve for explaining inflation behavior have been ongoing. At the
end of the 1970s, the Phillips relationship was heavily criticized

for its apparent inability to characterize inflation dynamics in the face of
oil shocks. The relationship was also deemed inappropriate as a policy
tool because of its potential instability in the face of changes in the eco-
nomic environment. 

Subsequent empirical work in the early 1990s showed that such criti-
cism was largely unjustified. By controlling for supply shocks as shifters
in the Phillips relationship, these studies provided evidence of a stable
and significant tradeoff between inflation and unemployment.1 Indeed,
the Phillips relationship continues to feature prominently in several
macroeconometric models used for policy analysis. 2

More recently, though, as a result of the striking combination of
declining unemployment with no attendant inflationary pressures during
the second half of the 1990s, criticism has mounted once again. This devel-
opment has led many researchers to question again the viability of the
Phillips curve and its usefulness as a macroeconomic policy tool. While
the debate continues, the fall in inflation coupled with significant slack in
the economy since late 2002 seems consistent with a standard Phillips
curve tradeoff.

One of the reasons for the recurring debates about the existence of an
inflation and unemployment tradeoff is that there have been several
instances when large movements in the unemployment rate have elicited
little response in the inflation rate. Figure 1 shows the behavior of infla-
tion, measured by the change in the core personal consumption expendi-
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tures (PCE) deflator, and the
unemployment rate for each
of the past four decades,
beginning in the 1960s. In the
1960s (chart a), the unem-
ployment rate fluctuated
between 4 percent and 7 per-
cent for many years, with lit-
tle change in the inflation
rate. The tradeoff was evident
only at the end of the decade,
when the unemployment rate
dropped below 4 percent.

After the oil price shock
of the early 1970s and the
associated stagflation (chart
b), the years 1976 to 1979 saw
the unemployment rate
decrease noticeably, with only
a modest change in inflation. 

Then, the relationship
seemed to re-establish itself;
the recession of the early
1980s (chart c) saw the
expected tradeoff, with
increasing rates of unemploy-
ment associated with a sharp
decline in inflation. With
unemployment well above
conventional estimates of the
natural unemployment rate,
the early stages of the recov-
ery were still characterized
by falling inflation. However,
from 1985 to 1989, the trade-
off between inflation and
unemployment was not
apparent even though the
unemployment rate dropped
appreciably.

Similarly, the recession of
the early 1990s (chart d) wit-
nessed a large fall in inflation,
but since 1994 and through
late 2002, large movements in
the unemployment rate, at
first decreasing and then
increasing, have been associated with relatively small
changes in inflation.

In principle, these episodes of horizontal move-
ment—that is, episodes of inflation stability coupled
with large changes in the unemployment rate—are

consistent with a Phillips curve relationship. They

1 See, for example, Fuhrer (1995) and Tootell (1994).
2 Blinder (1998), for example, notes that “a linear Phillips curve

fits the data extremely well.” Not everyone would agree with such a
statement. See, for example, Atkeson and Ohanian (2001).
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3 Some would argue that the
acceleration of productivity in the
second half of the 1990s was an
important contributing factor to low
inflation. There is little compelling
evidence, though, supporting the
inclusion of productivity as a control
variable in the Phillips relationship. 

4 This is not the first attempt to characterize a changing trade-
off over different levels of the unemployment rate, but it has the
advantage of parsimony. In 1958, A. W. Phillips originally drew a
nonlinear curve such that low unemployment raises wage inflation
more than high unemployment lowers it. Other types of nonlineari-
ties in the Phillips relationship have been explored by Eisner (1997). 
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just require the curve to shift in the same direction as
the movement in the unemployment rate. For exam-
ple, the experience of the second half of the 1990s
can be reconciled, at least partly, with a Phillips
curve tradeoff by arguing that over this period the

natural rate of unemploy-
ment declined.

Econometric representa-
tions of the Phillips relation-
ship usually incorporate fac-
tors that can cause the
Phillips curve to shift over
time. Typical control vari-
ables are food and energy
shocks, inflation expecta-
tions, and, in some instances,
a changing natural rate of
unemployment.3 So far, how-
ever, the literature has not
provided a test of whether
such controls are sufficient to
explain the episodes of hori-
zontal movement. 

In this paper, we test the
explanatory power of a piece-
wise linear specification of
the Phillips relationship
against a simple linear speci-
fication. The piecewise linear
specification allows the infla-
tion and unemployment
tradeoff to vary with the level
of the unemployment rate.
Such a specification main-
tains that the tradeoff may
vary, depending on whether
the unemployment rate lies
within or outside some range.
If the usual shifters are suffi-
cient to characterize periods
of horizontal movement, then
a piecewise linear specifica-
tion should not improve upon
the standard linear Phillips
curve.4
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Instead, our findings strongly support a piecewise
linear Phillips relationship. The evidence indicates
that the traditional shifters in the relationship are
insufficient to characterize the episodes of horizontal
movement. Apparently, the gap between the unem-
ployment rate and the natural rate of unemployment
must be larger or smaller than some threshold values
before triggering a response in inflation. When the
unemployment gap lies within the range defined by
the thresholds, there is no evidence of a significantly
and economically relevant tradeoff between inflation
and unemployment. 

Granted that some features of the Phillips curve
remain theoretically puzzling,5 what factors might
explain a piecewise linear specification? Bargaining
between firms and workers implies that the negotiated
wage lies within a range defined by the reservation
wage for the firm and the reservation wage for the
worker. This range will shift when economic condi-
tions change. Typically, the bargaining process has the
feature that at the time of renegotiating the wage, the
new wage changes by the smallest possible amount
necessary to bring it within the range defined by the
reservation wages of the worker and the firm (Thomas
and Worrall 1988). As a result, changes in economic
conditions usually lead to small changes in wages and
prices. It is only when changes become very large that
a discrete jump in the wage is necessary to bring it
within the new range. This, in turn, will lead to a dis-
crete jump in prices (Hall 2003).

Other explanations for a piecewise linear Phillips
curve relate to the shape of the demand curve faced by
firms. Suppose firms face kinked demand curves, with
the demand for their product decreasing sharply if
firms increase their price and increasing little if firms
decrease their price. Then it is possible to show that
shifts in demand can be accompanied by little or no
movement in prices, unless such shifts become very
large (Woglom 1982).

The paper continues with a description of the lin-
ear and piecewise linear Phillips curve representa-
tions, along with an explanation of the testing and esti-
mation methodology. The empirical results then fol-
low, along with a conclusion that relates the findings
to the most recent inflation experience.

I. Linear vs. Piecewise Linear Phillips Curves

The standard approach to estimating the Phillips
curve posits a linear short-run tradeoff between infla-
tion and the level of an indicator of the strength of

demand in the economy, such as the unemployment
rate. In its linear form, a general Phillips curve is given
by the following specification: 

s k l

�t = � +∑�j�t–j + �ut +∑�j�u
t–j + ∑�jZt–j + �t. (1)

j=1 j=0 j=0

The dependent variable �t is the rate of inflation.
Lagged inflation captures the inertia in the way infla-
tion expectations are formed. Inflation expectations
enter the Phillips relationship because workers, con-
cerned with real wages, take into account expected
changes in prices when contracting changes in nomi-
nal wages. Equation (1) then posits that expected infla-
tion, �t

e, is formed as a weighted average of past infla-
tion, with the weights �j estimated on actual data.6 The
variable ut is the indicator of the intensity of demand
in the economy, which in the present analysis takes the
form of the unemployment rate. The unemployment
rate enters equation (1) both in levels and in first dif-
ferences (with the first difference ut – ut–1 denoted by
�u

t). Thus, the coefficient � measures the effect of the
level of the unemployment rate on inflation, while the
sum of coefficients �j measures the effect of current
and lagged changes in unemployment on inflation
(often called the “speed limit” effect). The crucial
parameter of interest in the Phillips relationship is, of
course, �. In the empirical section that follows, howev-
er, we will also mention some results concerning the
“speed limit” effect. Finally, the Phillips curve relation-
ship incorporates current and lagged supply shock
variables, here summarized by the vector Zt (normal-
ized so that Zt = 0 indicates absence of supply shocks),
while �t is a serially uncorrelated error term.

The prima facie evidence on the relationship
between inflation and unemployment discussed in the
previous section suggests much horizontal movement
in the Phillips curve. In terms of equation (1), this hori-
zontal movement could be accounted for by the supply
shocks Zt, or by changes in inflation expectations.
Figure 2 shows a scatterplot of the partial correlation
between inflation and the level of the unemployment
rate that arises from estimating equation (1) over the
period from the third quarter of 1961 through the fourth
quarter of 2002.7 The estimation uses observations for
which the unemployment rate ut ranges only between
4.0 percent and 7.5 percent over the period considered.

5 See Blanchard and Fischer (1989).
6 The sum of the coefficients on lagged inflation is usually con-

strained to unity, so that in the long run actual inflation equals
expected inflation.

7 Details about the estimation are given in Section III. The
measure of inflation used in deriving Figure 2 is the change in the
core PCE deflator.
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The figure shows that within
the specified range of the
unemployment rate, little
inverse relationship between
inflation and unemployment
is apparent even after control-
ling for supply shocks and
inflation expectations. 

If we instead estimate
equation (1) using all the
observations—and not just
the observations for which
the unemployment rate lies
between 4.0 percent and 7.5
percent—the estimated trade-
off between inflation and
unemployment becomes sta-
tistically significant and eco-
nomically relevant. One
potential explanation for this
phenomenon is that the trade-
off between inflation and
unemployment differs at dif-
ferent levels of the unemploy-
ment rate. Broadly speaking,
the tradeoff could be more
pronounced for high and low
values of the unemployment
rate than for “normal” values.
To assess whether this is
indeed the case, we consider a
more general specification of
equation (1) that takes the fol-
lowing form:

s k l

�t = � +∑�j�t–j + �ut +∑�j�u
t–j + ∑�jZt–j + �t, (1’)

j=1 j=0 j=0

where

� = �II(ut) + �O(1 – I(ut)), 
� = �II(ut) + �O(1 – I(ut)), and
� = �II(ut) + �O(1 – I(ut)).

The indicator variable I(ut) takes the value of 1 when
the unemployment rate ut lies within a specified inter-
val [	L	H], and the value of 0 when ut lies outside that
interval. Simply put, equation (1’) allows the intercept
� and the coefficients on the level and first difference
of the unemployment rate, � and �j, to take different
values according to whether ut lies inside or outside a
specified range. 

The piecewise linear form of equation (1’) is illus-
trated in Figure 3, which depicts the partial correlation

between inflation and the level of the unemployment
rate. The tradeoff between inflation and unemploy-
ment takes the value of �I when the unemployment
rate is inside the interval between 	L and 	H, and it
takes the value of �O when the unemployment rate is
outside this interval. In principle, there is no reason to
constrain the tradeoff between inflation and unem-
ployment to be the same for “low” and “high” values
of the unemployment rate. In equation (1’), we do con-
strain the coefficients �, �, and �j to be the same when
the unemployment rate is below threshold 	L or above
threshold 	H only to preserve degrees of freedom at the
estimation stage. Since we are mainly interested in
assessing the strength of the tradeoff between inflation
and unemployment when the unemployment rate is
not particularly high or low, this simplification is not
crucial. Moreover, to the extent that the piecewise lin-
ear relationship in (1’) is statistically better than the
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linear relationship (1), then, a fortiori, a piecewise lin-
ear relationship that is even more flexible than (1’) will
perform better than the linear relationship (1).

Another potential explanation for the weak trade-
off between inflation and unemployment depicted in
Figure 2 is that the linear relationship in equation (1)
omits some important explanatory variable that acts as
a shifter to the inflation-unemployment tradeoff. An
obvious candidate is a time-varying natural rate of
unemployment.8 As shown in the previous section,
during the years 1994 to 1999, the unemployment rate
fell from 6.5 percent to 4.1 percent, while the rate of
price inflation actually declined slightly. Instead of
reflecting a lack of a significant tradeoff over this range
of the unemployment rate, the failure of inflation to
increase over this period could be due to a decline in
the natural rate of unemployment. 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 piecewise linear representa-
tion (1’) would grossly misrepresent the nature of the
inflation-unemployment 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 for-
mulation of the linear Phillips curve relationship
that explicitly allows for a changing natural rate of
unemployment: 

s k l

�t =∑�j�t–j+ �(ut – ut
N) +∑�j�u

t–j+∑�jZt–j+ �t, (2)
j=1 j=0 j=0

where ut
N denotes the time-varying natural rate of

unemployment. Factors related to labor demand and
supply, such as demographics and productivity, could
in principle lead to changes in the natural rate of
unemployment. Unfortunately, the natural rate of
unemployment is not known, and the series ut

N needs
to be estimated. None of the methods commonly used
for estimating a time-varying natural rate of unem-
ployment is foolproof, and the uncertainty surround-
ing the estimated ut

N is usually large. Thus, while
equation (2) is potentially more informative than (1),
estimates of a Phillips relationship of the form of (2)
should still be regarded with caution.

The piecewise linear counterpart to the linear
specification (2) is given by:

s k l

�t =� +∑�j�t–j + �(ut – ut
N) +∑�j�u

t–j+∑�jZt–j+ �t, (2’)
j=1 j=0 j=0

where

� = �II(ut – ut
N) + �O(1 – I(ut – ut

N)), 
� = �II(ut – ut

N) + �O(1 – I(ut – ut
N)), and

� = �II(ut – ut
N) + �O(1 – I(ut – ut

N)).

The interpretation of the coefficients in equation (2’)
is the same as in equation (1’), but now I(ut – ut

N)
takes the value of 1 when the unemployment gap—
i.e., the deviation of the unemployment rate from the
time-varying natural rate of unemployment—lies
within a specified interval [	L	H], and it takes the
value of 0 when the unemployment gap lies outside
that interval. If the presence of a changing tradeoff
between inflation and the level of unemployment
over different ranges of the unemployment rate is
largely the result of a time-varying natural rate of
unemployment, then equation (2’) should not pro-
vide a better representation of the data than the linear
specification (2).

In the next section, we proceed to estimate the
piecewise linear, or threshold, relationships (1’) and
(2’) and their nested linear versions, equations (1) and
(2), respectively. In so doing, we assess whether the
difference between a linear and a threshold represen-
tation of the Phillips relationship is meaningful from
both a statistical and an economic standpoint.

8 Equation (1) assumes that, absent supply shocks, there is a
constant natural level of the unemployment rate that is consistent
with a constant level of inflation. This constant natural level of the
unemployment rate is estimated as –�/�.
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II. Estimation Method and Data Description 

In order to evaluate empirically a threshold rela-
tionship such as (1’) or (2’), it is necessary to estimate, in
addition to all other parameters in the relationship, the
threshold parameters 	L and 	H. Estimation is greatly
simplified by noting that for given values of 	L and 	H, it
is possible to estimate the threshold relationship by
ordinary least squares (OLS). As a result, the method
for estimating a threshold relationship consists of a
sequential process that performs OLS on (1’) or (2’) over
different values of the pair (	L,	H). The threshold esti-
mates are then given by the pair (	̂L,	̂H) for which the
OLS regression of (1’) or (2’) yields the minimum sum
of squared residuals. The other parameters’ estimates
in relationship (1’) or (2’) result from the OLS regression
that uses (	̂L,	̂H) as the pair of threshold estimates.

The linear relationships (1) and (2) of the Phillips
curve can be thought of as restricted versions of (1’)
and (2’), respectively.9 In particular, in the linear case
the parameters are restricted to be equal inside and
outside the interval [	L	H] for any value of 	L and 	H.10

Since the threshold specification nests its linear ver-
sion, the threshold model will always provide at least
as good a fit as the linear model. The question is
whether the fit is significantly better from a statistical
standpoint. To address this issue, we perform an F-test
that uses the sum of squared errors from the (restrict-
ed) linear model and the (unrestricted) threshold
model, respectively. Because under the null hypothesis
of linearity the values of the upper and lower thresh-
olds 	L and 	H from the piecewise linear alternative are
not identified, the F-test has a nonstandard distribu-
tion. The distribution theory for such a test, however,
is now well developed (Hansen 1996 and 2000), and
we rely on the extant literature to construct p-values
for the test. Box 1 provides additional information

Box 1

A general and compact way of representing the
piecewise linear or threshold model in the text is: 

yt = �xt(	) + �t

with � = (�I,�O), 	 = (	L,	H), and

xtI(	L ≤ qt ≤ 	H)
xt(	) =

( )
,

xt(1 – I(	L ≤ qt ≤ 	H))

where xt is the vector of right-hand side variables, qt
is the threshold variable, 	L is the lower threshold
value of the threshold variable, 	H is the upper
threshold value of the threshold variable, and I is
the indicator function which takes on a value of one
when the expression in parenthesis is true.

Let S0 represent the sum of squared residuals
under the null hypothesis of a linear model, and
S1(	) the sum of squared residuals of the piecewise
linear model as a function of 	. In this case, an F-test
of the null hypothesis of a linear Phillips curve is
based on:

S0 – S1(	̂)
F1 = n ————,

S1(	̂)

where S1(	̂) is the minimum sum of squared residu-
als for the piecewise linear model obtained by
searching over a grid of possible upper and lower

threshold values. Hansen (1996) shows that the
asymptotic statistical distribution for this test statis-
tic is nonstandard and strictly dominates the 
2 dis-
tribution. This nonstandard distribution can be
approximated to the first order by a bootstrap pro-
cedure, and p-values constructed from the bootstrap
for the test of the linear null against the threshold
alternative hypothesis are asymptotically valid.

In order to test the hypothesis H0:	 = 	0, the
likelihood ratio test is to reject for large values of
LR1(	0), where:

S1
(	) – S1(	̂)

LR1(	) = n —————–.
S1(	̂)

In addition, the asymptotic distribution of LR1(	0)
can be used to form valid asymptotic confidence
intervals about the estimated threshold values.
These confidence intervals are the set of values of 	
such that the likelihood ratio lies below the critical
values tabulated by Hansen (2000) for the desired
level of confidence.

Finally, the estimator � = �(	) depends on the
threshold estimate. Since the dependence on the
threshold estimate is not of first-order asymptotic
importance, inference on � can proceed as if the
threshold estimate were the true value.

9 Of course, relationships (1) and (2) can be estimated directly
by OLS.

10 If the parameters are restricted to be equal inside and outside
a given interval [	L	H], then the restriction will apply to any interval
[	L	H], as one can easily infer from Figure 3. As a result, when the lin-
ear restriction holds, the threshold values 	L and 	H are not identified.
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about estimation and inference of threshold models—
including information on how to obtain confidence
intervals for the estimates 	̂L and 	̂H. 

The data used in the estimation are quarterly and
cover the period from the third quarter of 1961
through the fourth quarter of 2002. We consider three
basic measures of inflation: the change in the core com-
ponent of the chain-weighted deflator for personal
consumption expenditures, the change in the core
component of the consumer price index (CPI), and the
change in the chain-weighted GDP deflator.11 Our
measure for ut is given by the civilian unemployment
rate. When evaluating relationships (2) and (2’), we
also need to form an estimate of the time-varying nat-
ural rate of unemployment, ut

N. We use the
Congressional Budget Office (CBO) measure of ut

N,
and we discuss alternative measures later in the sec-
tion. The supply shock variables included in Zt are the
change in the relative price of food and energy and
Gordon’s (1982) series for wage and price controls.
When the measure of inflation is given by the change
in the GDP deflator, Zt also includes the change in the
trade-weighted dollar. Data sources for all series are
given in the data appendix. 

III. Empirical Findings

We first discuss estimation results for the linear
and the piecewise linear forms of the Phillips curve
with a constant natural rate of unemployment, equa-
tions (1) and (1’), respectively. In the piecewise linear
case, the threshold parameters 	L and 	H are estimated
over a wide range of values taken by the unemploy-
ment rate during the sample period. Table 1 summa-
rizes the main findings for the three measures of infla-
tion considered. The table reports estimates for the
main parameter of interest in the Phillips relationship,
the coefficient � on the level of the unemployment
rate, for both the linear and the piecewise linear speci-
fications. In the piecewise linear specification, the coef-
ficient takes the value �I when the unemployment rate
lies inside the interval [	L	H], and the value �O when
the unemployment rate is either below 	L or above
	H—outside the interval. The table also reports esti-
mates of the thresholds 	L and 	H, and, in square brack-
ets, the 95 percent confidence interval associated with
these estimates. The last column of the table shows the
p-value of an F-test of the null hypothesis of a linear
model against the estimated threshold alternative.

As usual, the estimated coefficient on the level of
the unemployment rate in the linear model is highly
significant and economically relevant for all three

Table 1

Phillips Curve Estimates with Constant Natural Rate of Unemployment: 1961 to 2002
s k l

�t = � +∑�j�t–j + �ut +∑�j�u
t–j + ∑�jZt–j + �t

j=1 j=0 j=0

Linear Model Threshold Model

Inflation Measure n �̂ �̂I �̂O 	̂L 	̂H
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, 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, 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. 

11 Denoting the price index by pt, inflation is defined as �t =
100*((pt / pt–1)

4 – 1).
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measures of inflation. The piecewise linear representa-
tion of the Phillips curve shows that the tradeoff
between inflation and unemployment is only signifi-
cant for values of the unemployment rate below 	̂L or
above 	̂H. For all three measures of inflation, 	L and 	H
are estimated at about 4 percent and 7.5 percent,
respectively. There is no evidence of a tradeoff
between inflation and the level of the unemployment
rate when the unemployment rate lies between 4 per-
cent and 7.5 percent. In addition, it is possible to show
that “speed limit” effects are estimated to be insignifi-
cantly different from zero when the unemployment
rate lies inside the interval [	̂L	̂H]. However, for values
of the unemployment rate below 	̂L or above 	̂H, these
effects tend to be significant and larger than the ones
estimated by means of a linear specification.12

The last column in the table shows that, when
inflation is measured by either the core PCE deflator or
the core CPI, the null hypothesis of a linear model is
rejected in favor of a threshold specification. The small
p-values indicate that the piecewise linear representa-
tion of the Phillips curve is, from a statistical stand-
point, highly significant. When inflation is instead
measured by the GDP deflator, the null hypothesis is
rejected in favor of a threshold specification only mar-
ginally at the asymptotic 5 percent level. This, howev-
er, has to do with the presence of two influential obser-
vations.13 As shown in the last row of the table, when
these two observations are excluded from the sample,

the piecewise linear representation of the Phillips
curve again becomes highly significant.

Confidence intervals for the estimated 	̂L and 	̂H in
the table are often large and run into the lower and
upper bounds for the unemployment rate, 3.9 percent
and 7.6 percent, respectively, over which we are search-
ing for threshold effects. Still, it is interesting to note
that, when inflation is measured by either the core PCE
deflator or the core CPI, the t-statistic associated with
the estimated coefficient �I is never greater than 2 for
any pair (	L,	H) within the 3.9 percent to 7.6 percent
range. When inflation is measured by the GDP deflator
and we drop the two outliers from the sample, the max-
imum t-statistic for �I is 2.1, with the t-statistic above 2
in only 4 of the approximately 800 different pairs (	L,	H)
we consider over the mentioned range. Overall, the
findings in the table lend support to a piecewise linear
version of the Phillips curve, with a statistically signifi-
cant and economically relevant tradeoff between infla-
tion and unemployment only for particularly high or
low values of the unemployment rate.

Table 2

Phillips Curve Estimates with Constant Natural Rate of Unemployment: 1961 to 1986
s k l

�t = � +∑�j�t–j + �ut +∑�j�u
t–j + ∑�jZt–j + �t

j=1 j=0 j=0

Linear Model Threshold Model

Inflation Measure n �̂ �̂I �̂O 	̂L 	̂H
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, 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, 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. 

12 This is true when inflation is measured either by the core CPI
or by the GDP deflator. However, when inflation is measured by the
core PCE deflator, speed limit effects are estimated to be insignifi-
cantly different from zero in both the linear and the piecewise linear
specifications. 

13 These observations are for the second quarter of 1981 and the
first quarter of 1996.

Olivei pgs 3-18   1/6/04  8:17 PM  Page 11



12 2003 Issue New England Economic Review

We next ask whether these findings continue to
hold over a shorter sample period. Table 2 reports esti-
mation results for the same specifications of the
Phillips relationship as in Table 1, but over the period
from the third quarter of 1961 through the fourth quar-
ter of 1986. There are two reasons to be interested in
this particular sample period. First, some have argued
that the natural rate of unemployment was quite stable
over the 1960s, 1970s, and 1980s.14 If so, then estimat-
ing relationships (1) and (1’) over the period 1961 to
1986 should alleviate the criticism that the relation-
ships are misspecified by not allowing for a time-vary-
ing natural rate of unemployment. Second, over the
period 1987 to 2002, the unemployment rate has been
outside the range of 4 percent to 7.5 percent only in
three quarters. It seems natural, then, to ask to what
extent the findings in Table 1 are driven by the experi-
ence of the past 15 years. 

Overall, the results in Table 2 confirm our previ-
ous findings. For the piecewise linear specification, we
find evidence of a statistically significant tradeoff
between inflation and the level of the unemployment
rate only outside the estimated interval [	̂L	̂H]. The
point estimates for 	L and 	H are essentially the same
as before for all three measures of inflation. The null
hypothesis of a linear model is rejected in favor of the
threshold alternative when inflation is measured by
the core CPI or the GDP deflator. One cannot reject the
hypothesis of a linear specification when inflation is
measured by the core PCE deflator, but the t-statistic
associated with the estimated coefficient �I is never
greater than 2 for any pair (	L,	H) within the 3.9 per-
cent to 7.6 percent range. 

14 See, for example, Fuhrer (1995), Gordon (1998), and Tootell
(1994).
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It is possible to compare the performance of the
threshold specification (1’) vis-à-vis the linear specifi-
cation (1) by means of a “dynamic” simulation, in
which predicted values of inflation for the current
period are fed into subsequent periods as lagged val-
ues. In essence, the simulation is a multi-period in-
sample forecast of inflation that does not refer to an
actual inflation rate over the simulation horizon.
Figure 4 depicts the result of this exercise for core CPI
inflation over the period 1961 to 1986, using the esti-
mates reported in Table 2. Considering that the simula-
tion runs over 25 years, both the linear and the piece-
wise linear model perform well. It is evident, though,
that the threshold model tracks actual inflation much
better than the linear model. 

Unfortunately, the reported success of the piece-
wise linear specification is mirrored by its failure to
track inflation in a dynamic simulation over the period

1987 to 2002 using the estimates in either Table 1 or
Table 2. The reason is that the threshold 	H is usually
estimated at about 7.5 percent. The threshold model
largely fails to capture the decline in inflation associat-
ed with the recession and the slow initial recovery of
the early 1990s, when the unemployment rate was
above the 7.5 percent mark in only two quarters.15

This observation, per se, does not mean that a
piecewise linear representation of the Phillips curve
cannot capture recent inflation dynamics. Indeed, it is
possible to show that the piecewise linear relationship
(1’) estimated over the period 1987 to 2002 is highly
significant, with the null hypothesis of a linear rela-
tionship (1) always rejected in favor of the threshold
alternative. But the estimated interval over which

15 As a result, in a dynamic simulation over the period 1987 to
2002, the piecewise linear model would predict core CPI inflation in
the range of 5 percent to 6 percent over the past decade.
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there is little or no tradeoff between inflation and the
unemployment rate now ranges from about 4 percent
to 6.5 percent. With such an estimate of 	H, it is not sur-
prising that the threshold relationship performs very
well in a dynamic simulation of inflation over the past
15 years. Yet, we find it somewhat unappealing to
resort to a change in 	̂H in order to explain recent infla-
tion behavior. Parameter 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 Phillips curve relationship that allows for a
time-varying natural rate of unemployment provides
a more stable guidance for inflation dynamics.

There are several approaches to estimating the
path of a time-varying natural rate of unemployment.
One approach estimates a changing natural rate of
unemployment from a linear Phillips relationship in
which the intercept is allowed to vary over time.
Another approach takes a constant natural rate of unem-
ployment estimate from a linear Phillips curve such as
equation (1), but then adjusts the estimate to account for
demographic factors. Changes in these factors cause the
“demographically adjusted” estimate of the natural
rate of unemployment to change over time. An example
of the latter approach is the Congressional Budget
Office (CBO) measure of the natural rate of unemploy-
ment, which we take as our estimate of the time-varying
natural rate of unemployment in what follows. In
essence, such a measure varies over time because the

shares of different demographic groups (broken down
by age, sex, and race) in the labor force vary.16

Figure 5 depicts the CBO estimate of the natural
rate of unemployment, the actual value of the civilian
unemployment rate, and the “unemployment gap,”
which is the difference between the unemployment
rate and the natural rate of unemployment. The figure
shows an increase in the estimate of the natural rate of
unemployment from about 5.5 percent at the begin-
ning of the 1960s to about 6.25 percent in the late
1970s. Since then, the natural rate of unemployment
has declined, most notably in the past decade, to close
to 5 percent. The increase in young workers—who
have higher unemployment rates than older work-
ers—accounts for much of the rise in the natural rate of
unemployment before 1980, while the recent decrease
in the number of young workers explains much of the
recent fall in the natural rate of unemployment.
Because changes in the estimated natural rate of
unemployment occur very gradually over time, the
unemployment gap depicted in the figure tracks the
actual unemployment rate closely.

Table 3

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

�t = � +∑�j�t–j + �(ut – ut
N) +∑�j�u

t–j +∑�jZt–j + �t
j=1 j=0 j=0

Linear Model Threshold Model

Inflation Measure n �̂ �̂I �̂O 	̂L 	̂H
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, 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, 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. 

16 The CBO estimates, by means of a linear Phillips curve such
as equation (1), a natural rate of unemployment for married males.
This natural rate of unemployment in turn is used to estimate a nat-
ural rate of unemployment for different demographic groups. The
overall natural rate of unemployment is then computed as a weight-
ed average of the natural rate of unemployment for the different
demographic groups, with the weights set equal to each group’s
share of the labor force.
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Table 3 summarizes estimation results for the
unemployment gap version of the linear and piece-
wise linear Phillips curves, equations (2) and (2’),
respectively. In the piecewise linear specification, the
threshold parameters 	L and 	H are now estimated
over a wide range of values taken by the unemploy-
ment gap during the sample period. Thus, the tradeoff
between inflation and the unemployment gap is given
by �I when the unemployment gap lies inside the
interval [	L	H], and by �O when the unemployment
gap is either below 	L or above 	H. 

In the linear specification, estimates of the trade-
off, �̂, are significant and economically relevant for all
three measures of inflation. In the piecewise linear
specification, we find evidence of a significant tradeoff
only for values of the unemployment gap below 	̂L or
above 	̂H. In order to observe this tradeoff, the unem-
ployment gap must be below –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 unemploy-
ment rate at or below 4 percent, and values of the gap
above 1.4 percent usually map into values of the
unemployment 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 con-
secutive quarters, whereas the unemployment rate
was above 7.5 percent in just two quarters. Still, there
is a close similarity between the findings in Table 1 for
the constant natural rate of unemployment specifica-
tion (1’) and the findings in Table 3 for the gap specifi-
cation (2’).

The last column in Table 3 shows that the null
hypothesis of a linear model is strongly rejected in
favor of a threshold specification when inflation is
measured by the core CPI or by the GDP deflator. The
linear model is rejected marginally when inflation is
measured by the core PCE deflator. In this case, how-
ever, the t-statistic associated with the estimated coef-
ficient �I is always considerably smaller than 2 for any
of the different pairs (	L,	H) we consider within the
–1.4 percent to 1.4 percent range. Overall, we conclude
that the piecewise linear model continues to be signifi-
cant from a statistical standpoint even when we allow
for a time-varying natural rate of unemployment. 

One could argue that such a finding is an artifact
of our chosen measure of the time-varying natural rate
of unemployment. For this reason, we experimented
with other estimates of the natural rate of unemploy-
ment—specifically with estimates that exhibit more
variability than the CBO measure—but we reached
similar conclusions.17 In general, the more variable the

estimated natural rate of unemployment, the smaller
the estimated interval [	L	H] over which there is an
insignificant tradeoff between inflation and unem-
ployment. A more variable natural rate of unemploy-
ment tracks the actual unemployment rate more close-
ly, and this leads to a decline in the average size of the
unemployment gap. But then the estimated interval
[	L	H] over which there is no significant tradeoff, while
smaller, still contains almost two-thirds of the observa-
tions, as is the case with the findings in Table 3.

Before concluding, let us briefly revisit the issue of
whether the piecewise linear model 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 sim-
ulation for core CPI inflation are displayed in Figure 6.
In the first half of the simulation, the linear and thresh-
old specifications perform equally well. Since the
unemployment gap is above the estimated threshold
value 	H of 1.4 percent for six quarters during the early
1990s, the threshold model is able to capture the
downturn in inflation that occurred at that time. Not
surprisingly, the threshold model does significantly
better than the linear model in the latter half of the
simulation. The natural rate of unemployment, while
declining over this period, is not declining fast enough
to close the negative unemployment gap. As a result,
the linear model predicts a surge in inflation that never
materialized. However, since the negative gap is never
below the estimated 	L for extended periods of time,
the threshold model performs reasonably well.

IV. Concluding Remarks

Overall, we find that a piecewise linear specifica-
tion of the Phillips curve provides a good characteriza-
tion of inflation dynamics over the past 40 years. The
estimated relationship implies a range of values for the
unemployment rate, or the unemployment gap, over
which we find no significant tradeoff between infla-
tion and unemployment. Outside of this range, a sig-
nificant tradeoff obtains. 

How should we interpret our findings in light of
the most recent inflation and unemployment experi-

17 For example, we have estimated specifications (2) and (2’)
using a long-run, two-sided moving average of the actual unem-
ployment rate as the estimate for the time-varying natural rate of
unemployment. See Staiger, Stock, and Watson (2001). We have also
derived an estimate of the time-varying natural rate of unemploy-
ment from a linear Phillips curve specification such as (1) that
allows for a time-varying intercept. See Gordon (1998). 
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ence? As is well known, core inflation measures have
dropped significantly over the period from the fourth
quarter of 2002 through the second quarter of 2003,
with the unemployment 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 estimates obtained from a
piecewise linear Phillips relationship using a constant
natural rate of unemployment. In such a specification,
the estimated tradeoff between inflation and unem-
ployment is insignificant when the unemployment
rate ranges from about 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 most
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 unemployment that is lower than
the average natural rate of unemployment of the pre-
vious three decades. For this reason, the estimates that

arise from an “unemployment gap” specification of
the piecewise linear Phillips relationship may have
more bearing on the current situation. If the natural
rate of unemployment is now near 5 percent, then,
according to our upper threshold estimate of 1.4 per-
cent, we should expect inflation to start dropping
when the unemployment rate is close to 6.5 percent.
This is broadly consistent with recent experience, in
that inflation has been relatively stable over most of
the period from 2000 to 2002, when the unemployment
gap was small. By contrast, it started to decline notice-
ably only when the unemployment gap became rela-
tively large.

From a monetary policy standpoint, the finding of
a range of values for the unemployment rate or the
unemployment gap over which there is no significant
tradeoff between inflation and unemployment means
that there is scope for targeting a level of the unem-
ployment rate at which inflation is stable. Clearly, the
lower the targeted level of the unemployment rate
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associated with no inflationary pressures, the higher
society’s welfare. 18 This is an argument for monetary
policymakers to try cautiously to drive the unemploy-
ment rate lower until the lower limit of the stable infla-
tion range is reached. Such a strategy, however, is com-
plicated by the fact that the lower level of the unem-
ployment rate or unemployment gap associated with
no inflationary pressures is estimated with uncertain-
ty. As a result, policymakers would have to determine
when to stop by being alert to incipient signs of accel-
erating inflation. 

Thus, it remains an open question whether a trig-
ger strategy in which monetary policy aims to drive

the unemployment rate or unemployment gap to the
lower threshold and then responds vigorously would
deliver a satisfactory stabilization performance. The
answer depends on one’s judgment concerning policy-
makers’ ability to note the emergence of incipient
inflation-acceleration indicators, their ability to
respond rapidly with appropriate measures, and the
lead-time for such measures to take effect.

18 The Federal Reserve Act specifies that the Federal Reserve
System and the Federal Open Market Committee should seek “to
promote effectively the goals of maximum employment, stable
prices, and moderate long-term interest rates.” 
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Data Appendix

Price Series (π):
• Core CPI: CPI-U, All Items Less Food and Energy (SA,

1982-84 = 100), Bureau of Labor Statistics, quarterly per-
cent change, annualized.

• GDP Deflator: Gross Domestic Product: Chain-type Price
Index (SA, 1996 = 100), Bureau of Economic Analysis,
quarterly percent change, annualized.

• Core PCE Deflator: PCE less Food and Energy: Chain
Price Index (SA, 1996 = 100), Bureau of Economic
Analysis, quarterly percent change, annualized.

Real Activity Variables (u):
• Civilian Unemployment Rate: 16 yr + (SA, %), Bureau of

Labor Statistics.

• Non-accelerating Inflation Rate of Unemployment {CBO}
(%), Congressional Budget Office.

Other Variables (Z):
• Relative Price of Food and Energy: (CPIt/Core CPIt),

where CPI is CPI-U: All Items (SA, 1982–84 = 100), Bureau
of Labor Statistics, quarterly percent change. 

• U.S.: Nominal Effective Exchange Rate (1995=100),
International Financial Statistics (IMF), quarterly percent
change.

• Gordon (1982) Wage and Price Control Variable: equal to
0.8 from 1971:Q3 through 1972:Q3, –0.4 for 1974:Q2, –1.6
from 1974:Q3 through 1974:Q4, –0.4 for 1975:Q1, and 0 for
all other dates.
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