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ABSTRACT

Recent research indicates that there have beeartal changes in the way the
economy works since the mid-1980s, including a c&dn in the volatility of real
GDP growth and lower rates of inflation and unergpient. Those changes have
the potential to alter the inflation-unemploymaatieoff underlying the Phillips
curve relationship and, consequently, the estirobitee NAIRU. This paper
presents updated empirical estimates of the Philipge and the NAIRU and
explores the possibility that structural changetheeconomy have shifted the
underlying relationships. The empirical resultggest that the structure of the
Phillips curve has changed during the past 20 gesos. Although full-sample
regressions appear to be satisfactory, estimad¢sliiow for the possibility of
structural change in the equations suggest a meelkeav relationship between
inflation and unemployment during the past two desacompared to the early
part of the sample. In addition, the results sagtget the level of the NAIRU

has declined during the past 20 years.



As part of its annual report on the economic andijeti outlook, CBO forecasts
many macroeconomic variables, including inflatite unemployment rate, and
GDP growth. An important aspect of the economiedast is the concept of the
natural rate of unemployment, which is the ratar@mployment that corresponds
to equilibrium in the labor market (meaning thadrehis no excess supply of or
demand for labor at prevailing wages). CBO usessiimate of the natural rate
for three purposes in its economic forecast: asidegfor the projection of the
unemployment rate in the medium term, as a bendhfoathe estimate of
potential GDP, and as an indicator for use in trdtaforecasts.

The natural rate of unemployment is not observabteits somewhat broad
definition—equilibrium in the labor market—makedérd to estimate.
Consequently, CBO uses a closely related condepti@naccelerating inflation
rate of unemployment (NAIRU), which is defined hs tate of unemployment
that is consistent with a stable rate of inflatidduring business cycle booms,
when the unemployment rate is below the level efNAIRU, labor markets are
tight and wage and price inflation tend to riseuriBg periods of low aggregate
demand, when the unemployment rate is above tle¢ ééthe NAIRU, there is
slack in the labor market and inflation tends tb fa

CBO uses a relationship known as the Phillips ctmveelp forecast inflation and
to estimate the NAIRU. Phillips curves describe the observed negativestzs

tion between unemployment and inflation: low rasésnemployment tend to be
associated with high rates of inflation and vicesae Regression equations based
on the Phillips curve model changes in inflatioradanction of the unemploy-
ment rate, among other factors. Such equatiortstf@NAIRU) performed well
as indicators of inflationary pressure during e 11980s and early 1990s, but
failed during the late 1990s when very low ratesrgmployment coexisted with
low and stable inflation.

The poor forecasting performance of the Phillipgzewduring the late 1990s
might be explained by structural change in the g#qaoa There is evidence of
significant changes in the functioning of the Ue8onomy during the past 20 or
so years. Most notably, the volatility of outpubgth and inflation has been
much lower since the mid-1980s, a phenomenon oftiemred to as the Great
Moderation. In addition, labor markets appeargdunctioning differently, with
a seeming decline in the natural rate of unemployme

1. CBO last described the equations used to estimateéAIRU in 1994. See “Reestimating the NAIRBgpendix
B in Congressional Budget Offic€éhe Economic and Budget Outlook: An Update, August 1994.
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This paper reestimates CBQO'’s version of the Plsiliprve to determine whether
it is still a useful concept for analyzing and foasting inflation. It also explores
the possibility of structural change in the Phsligurve regressions to determine
whether the curve shifted during the past 20 gresos and whether the NAIRU

declined during the same period.

Results of the empirical estimation reported is haper suggest that the Phillips
curve is a less useful tool for inflation forecagtthan it once was. Although
regressions using the full data sample (from 188&ugh 2007) appear to be
satisfactory, estimates that allow for the possybdf structural change in the
equations suggest a much weaker relationship batiwdéation and
unemployment during the past 20 or so years cordgarthe early part of the
sample. Indeed, for the period since 1985, theffihe equations is rather poor
and the coefficients are generally smaller in magla and less statistically
significant.

It's not clear, however, that the lack of significa during the latter part of the
sample period indicates that the relationshipstified using the early part of the
sample no longer hold. Instead, it is possiblé¢ tinalack of variation in inflation
(and other macroeconomic variables) has madediendor statistical techniques
to pick up those effects.

Background

As part of its mandate, CBO is required to prodaiceacroeconomic forecast,
which includes projections of such variables aktidn, unemployment, and
GDP growth. An important input into those projeas is an estimate of the
natural rate of unemployment. Developed 40 yegosby Milton Friedman and
Edmund Phelps, the natural rate of unemploymemesponds to equilibrium in
the labor market. That is, it is the rate of unemployment that aistavhen the
demand for labor and the supply of labor are imbet. However, it is not a zero
rate of unemployment. Some workers will be unerygdioeven if there is no
excess supply of, or excess demand for, labor.

The U.S. labor market is dynamic, with continualis of workers into and out of

the labor force as well as flows of workers intal @ut of employment. Business

cycle fluctuations are clearly an important sowstehanges in the unemployment
rate but there are other sources as well. Workaegsbecome unemployed if they
switch jobs in search of a better match betweein shéls and the requirements

2. See Milton Friedman, “The Role of Monetary Policimerican Economic Review, 1968. Edmund Phelps had
the same insight independently; see Edmund Ph#hbdlips Curves, Expectations of Inflation, and tDpal
Inflation Over Time,”"Economica, 1967.



of a job, others may move from an industry in dezlio an industry that is
expanding, and still others may need to changehebause they've moved to a
new city. In each case, workers may be unempléyed while as they search for
a new job. Consequently, at any given time, somokkers will not have jobs and
some jobs will be vacant even if the aggregaterlaterket is roughly in balance.
The natural rate of unemployment depends in pathemate at which vacancies
and unemployment simultaneously occur as a resttieomicrolevel decisions
made by individual people and businesses.

In general, a higher rate of structural changeioraver in the economy is
associated with a higher natural rate of unemploym@&he rate of structural
change in the economy is largely determined bydke of technological change,
but it is also influenced by other factors suclopsnness to international trade,
changes in the degree of monopoly power in vanedgstries, and the degree of
government regulation. The rate of turnover isnarily determined by the demo-
graphic composition of the labor force, especitily proportion of younger
workers. These workers typically have higher rafiesictional unemployment,
SO an increase in the youth share of the laboefroften associated with a
higher natural rate of unemploymént he efficiency of the labor market, or the
rate at which vacancies are filled, also influertbesnatural rate of unemploy-
ment. If the process of matching job seekers abhdpenings becomes more
efficient, then the natural rate of unemploymeriikisly to fall.

Economists know about the factors that underlientiterral rate and can make
predictions about how it will be affected by chasmgedifferent aspects of the
labor market, but estimating the level of the ratuate is more difficult. Most
simply, one might use a long-run average rate elysloyment as an estimate of
the natural rate (see Figure 1). While easy toutale, this has the clear
disadvantage of ignoring specific changes to therabrate—in practical terms, it
would miss the recent developments that may haligcesl the natural rate.
Alternatively, one could use some sort of intergotaprocedure (e.g., connecting
points at the mid-points or peaks of business syde a statistical filter (e.g., the
Hodrick-Prescott filter or a centered moving avejaglhese would get closer but
would still be devoid of economic content, so tiauldn’t be able to help

predict future movements in the natural rate.

3. Frictional unemployment arises when workers aemployed temporarily as they search for a job-ef@mple,
when a student enters the labor market for thetfime, when a person reenters the labor markethen someone
leaves a job to find a new position that is a bettatch for their skills and interests.
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Figure 1. The Unemployment Rate and Estimatetsdfrend, 1948-2007
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Notes:  UN Rate is the civilian rate of unemploymeuihlished by the Bureau of Labor Statistics.

The HP Filter estimate is calculated by applying Hodrick-Prescott filter to the unemployment
rate using a smoothing parameter of 100,000.

The shaded vertical bars on the graphs in thisrgag&ate periods of recession

The natural rate of unemployment is closely relateanother measure called the
nonaccelerating inflation rate of unemployment (RA), which is the rate of
unemployment that is consistent with a constaset ehinflation. Although it
doesn't relate explicitly to equilibrium in the labmarket, the NAIRU is a
description of how the economy behaves out of dguiim. In general, faster
economic growth eventually leads to more intensse of resources (including
labor) and thus tighter markets and higher wagedspaices. As a consequence,
the unemployment rate declines and inflation teéondsse, all else being equal.
During recessions, the opposite occurs: slack ddreaus to underused
resources and less upward pressure on wages aeg.pithis relationship
between inflation and unemployment can be useddweige an estimate of the
NAIRU using statistical analysis.



Figure 2. The Unemployment Rate Deviation andd@hange in Inflation,

1960-2007
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Change in inflation equals the first diffeserof annual rate of inflation in the Personal

The unemployment rate deviation equals the diffeedmetween the married-male unemployment
rate and its average during the 1960-2007 peride unemployment deviation is inverted to
better show the correlation with inflation.

One commonly used method is to estimate a Phitlipge, which is an equation
that relates the rate of inflation to some measfisggregate demand, usually the
unemployment rat&.At root, a Phillips curve follows from the iddzat there is a
correlation (or tradeoff) between the rates ofatifln and unemployment in the
short run (see Figure 2). A very simple versiosuwth an equation would be:

4. The original Phillips curve, published in 1958cdmented an inverse relationship between wagatiofi and
unemployment using data from the United Kingdormbs®quent research has shown that the same rekifion
holds for price inflation and most empirical inugations of the Phillips curve use price-based &qoa. See A.
W. Phillips, "The Relation Between Unemployment éimel Rate of Change of Money Wage Rates in thegdnit
Kingdom, 1861-1957 Economica, Vol. 25, No. 100 (November 1958), pp. 283-29Bispaper uses the married-
male unemployment rate because it is better instifabm shifts in the demographic composition eflibor force
than is the overall unemployment rate.



(2) T, —T,_, = Constant +d¢ ¢« UN|]

Wheren
UN,

= the rate of inflation, and

= unemployment rate at time t.

If one were to estimate this equation using regoassnalysis, one would expect
the parameten, to be negative if there were a negative cormatietween
inflation and the unemployment rate. That is,rtte of inflation would tend to
rise when the unemployment rate is low and fall mvtiee unemployment rate is
high. If this is true, then there must be a rdter@mployment at which there is
no tendency for inflation to rise or fall. Thatist to say that the rate is stable or
that it is precisely estimated, just that it mudgse

The correlation between inflation and the unemplegtrate is illustrated in
Figure 3, which plots a measure of unanticipatédtion against the married-
male unemployment rate. Unanticipated inflatiommsasured as the growth in the
price index for personal consumption expendituRESE) minus a 24-quarter
moving average of PCE inflation and the data sparperiod 1953 through 2007.
A negative relationship is immediately appareng @lope of the regression line
equals —0.88), though the relationship is noisy-rhigemployment rates are
associated with declines in inflation, but there several instances with high
unemployment and rising inflation. Clearly thisateonship doesn’t capture all of
the factors that drive changes in inflation.

Using the estimated coefficients &nd the constant) from equation (1), it is
possible to compute an estimate of the NAIRU. &ithe NAIRU is defined as
the rate of unemployment that is consistent wistiedle rate of inflation, sétr =
0 in equation (1) and solve for UN. Doing so yld

(1Y UN = -(Constani#)
Where UN = NAIRU.

In Figure 3, for example, the estimate of the NAIRWmMarried males is 3.48
percent, which corresponds to the point wheredieesssion line intersects the
horizontal axis. Although equation (1) is an efifee way to demonstrate the
method used to calculate the NAIRU, it is too sienfal use as the basis of a
NAIRU estimate or to forecast inflation becauss inissing many other factors
that influence inflation. In particular, it igna@é¢he role of expectations. As a
result, it will not be a stable relationship, whighedman and Phelps pointed out
during the late 1960s.



Figure 3. The Married-Male Unemployment Rate dned@hange in Inflation,
1953-2007
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Note: The change in inflation is defined as theal#hce between the quarterly rate of inflation
in the Personal Consumption Expenditure (PCE) pridex and a 24-quarter moving
average of PCE inflation.

Friedman and Phelps found that equation (1) desdribshort-run relationship: if,
for example, government policy attempted to keepuhemployment rate below
the natural rate then inflation would rise, as iglby equation (1). However, as
companies and workers came to expect a higheofatéation, the relationship
expressed in equation (1) would break down anahéve higher expected rate of
inflation would become associated with the nattaisd. Consequently, to get to
the old lower unemployment rate, further policyi@t$ would be required,
causing an even higher rate of inflation. Indebis, is exactly what happened
during the 1970s. And partly as a result, econtsntiame to see that the tradeoff
was not stable and that holding the unemploymeatlvalow the natural rate
would lead to ever increasing inflation. This gigiwas termed the accele-
rationist hypothesis because steadily increasifigtion implies accelerating
growth in the price level.

An implication of this hypothesis is that the tratfdoetween inflation and
unemployment exists only in the short run. Workangl employers’ expecta-
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tions of inflation tend to lag behind changes ituatinflation, so an unantici-
pated increase in aggregate demand can tempdvanbt real wages and employ-
ment but will ultimately result in higher inflaticas people’s expectations adjust.
Therefore, in the long run, the only way to keefpatron stable is to keep the
unemployment rate at its natural rate.

Another legacy of the 1970s was the realizatioh shaply shocks can affect the
inflation-unemployment tradeoff. Supply shocks anexpected exogenous
changes in the level of aggregate supply (at angivice level) in the economy;
examples of such shocks include economywide strikage and price controls,
spikes in energy prices, and changes in the privilydrend® A negative supply
shock would increase the level of inflation at éwel of aggregate demand and
confound the statistical relationship estimateddoation (1). During the 1970s,
the economy was buffeted by large increases iptiice of energy and a decline
in the trend rate of productivity growth, both ofish affected equation (1).

Adding variables that reflect the influence of exjagions and supply shocks on
inflation to equation (1) yields

(2) m =Constant + &) - [« UN,] + B Z, + error

where Ef) = expected inflation, and
Z = a list of supply shocks.

This equation highlights the importance of expeotat and the impact of supply
shocks and of aggregate demand.

A more common approach uses lagged values ofimflas a proxy for inflation
expectations and includes lagged values of the ployment rate:

(38)  m = Constant &, + X, UN,; + [ Z + error

5. For further discussion of the mechanism by whiplelicy-driven increase in aggregate demand dae real GDP
growth in the short run, see Jeffrey Lacker anchJdkinberg, "Inflation and Unemployment: A LaypersdGuide
to the Phillips Curve," Federal Reserve Bank ohiRiond,2006 Annual Report, p. 6.

6. It might not be immediately clear why changegmergy prices, which are actually changes in redgprices,
should affect inflation, which is a sustained irmse in the general level of prices. But enerdgrisvas) a large
enough component of firms' costs that an increaseéhave an effect on aggregate supply. Duringitegesars,
the impact of energy prices on inflation appeartidge diminished. See Congressional Budget Offidee
Economic Effects of Recent Increasesin Energy Prices, July 2006.

7. This framework, known as the triangle model, en used by Robert Gordon since the early 1986s.Robert
Gordon, "Phillips Curve Specification And the Deeliin U.S. Output and Inflation Volatility," dradf paper
presented at Symposium on The Phillips Curve aadititural Rate of Unemployment, Institut fir Wehachalft,
Kiel, Germany, June 2007, and the papers citedmwitfor another derivation, see Jeremy Rudd amt\Mlaelan,
"Modeling Inflation Dynamics: A Critical Review &ecent ResearchJournal of Money, Credit and Banking,
Vol. 39 (s1), 2007, pp. 155-170.
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Two observations on equation (3) are necessangt, i order for a unique
NAIRU to exist, the sum of the coefficients on thgged inflation terms must
sum exactly to 1. That restriction is generallgsarted by the data and is
discussed further in the section below describiregexplanatory variables.
Second, the supply shock variables in equatiomar@)yenerally defined such that
they equal zero when shocks are absent and saltbpyut of the equation for
the NAIRU:

(38) UN* = -(Constantfo)
Equation (3') yields an estimate of the NAIRU tisatonstant through time.
However, the discussion above and the data displayEigure 1 strongly suggest

that the NAIRU has declined during the past 20ooyesars. Opening up the
NAIRU estimate to the possibility of structural dge is discussed below.

Measures of Price and Wage Inflation

There are several choices for the dependent varialthe Phillips curve equation.
First, should it be the change in prices or thenglean wages (or labor
compensation)? Good arguments can be made for Mé#lyges are a natural
choice because they are most closely related tdegeee of tightness in the labor
market. Indeed, the original Phillips curve wasafed using unemployment
and nominal wages. One problem with estimatingagesased equation is that
one must also specify a markup equation that caat#st inflation based on the
forecast of labor compensation. Since the relahgmbetween compensation and
prices can shift, a good forecast of the formeisdu® necessarily imply a good
forecast of the latter.

Because one of CBO'’s goals is to forecast inflatiming price inflation as the
dependent variable is also logical choice. Althotlge equation will be used to
estimate the NAIRU, our concern is to forecastatidin, not to characterize the
wage- and price-setting process. To that endytieenployment rate is a
convenient proxy for the state of aggregate demamaddition, researchers have
generally found more success estimating price-bBs&dtps curves than wage-
based equations. Ultimately, though, it will beegmpirical question and this
paper presents estimates with both labor compemsatid prices on the left-
hand-side of the equation.

Second, there are several possible measures es@ia compensation to use in
the equation. For prices, there is a choice batvaeeoverall price index like the
GDP price index and an index of consumer priceh sisa¢he CPI-U or the PCE
price index. The GDP price index gives the broagessible measure of
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inflation, but it includes the prices of many go@uhsl services that are not part of
a typical consumption basket, including for exantpkeprice of government
services. Alternatively, one could use a “core’aswge of inflation; such
measures are thought to give a better represemtatithe underlying inflation
trend because they remove the volatile food andygreamponents from the
calculation. In addition, they are thought to eeteflect the influence of changes
in domestic demand because they exclude commoduitiese prices are set
largely by worldwide demand. Core measures egistife CPI-U and for the

PCE and GDP price indexes.

For compensation, the main choice is between thgl@ment Cost Index (ECI)
and the hourly compensation measure for the nonlfarsmess (NFB) sector.
The ECIl is a purer measure of wage inflation begatus insulated from the
effects of changes in composition—that is, chamgéise growth of overall
compensation that arise from shifts of employmemnfindustries or jobs with
low pay levels to those with higher pay (or vices&. The advantages of the
hourly NFB compensation measure are that it islabks for a longer time span
and it is closely related to unit labor costs, g ikelicator of overall inflation.

This paper presents results from equations usuggrmieasures of wage and price
inflation: the GDP price index, the PCE price indbath overall and core), the
ECI compensation measure, and compensation pelirnthe NFB sector.

Details on the sources of all data series useklisnpaper are presented in
Appendix I.

Discussion of the Explanatory Variables

The generic Phillips curve in equation (3) inclugtagables that measure
expected inflation and the state of aggregate ddpaard that control for the
effects of shocks to aggregate supply. As withddygendent variable, there are
several approaches for measuring these concepts.

Expected Inflation. Economic theory suggests that expected inflaielongs in
the Phillips curve equation, but since workers’ andsumers’ expectations of
inflation are unobservable, empirical researcharstrase a proxy. Surveys of
inflation expectations are available, but they hare/en unsatisfactory when

used to forecast future inflation. An alternatis¢o use a model-based approach
in which a price equation is specified in a firstge and its predictions are used as
expected inflation in a second-stage estimate ohon (3). However, empirical
support for such an approach is weak. Insteadarekers have found that expec-
tations of future prices are not important in explay the behavior of inflation

12



but that past inflation is empirically importéhfThis importance could be due to
the way agents form their expectations or to lagheé speed of price adjustment
resulting from the existence of wage contractsahdr frictions in the wage- and
price-setting process.

Researchers typically include several lagged vabfi@slation in their equations
to proxy for expected inflation as well as, in sotases, very long lags on past
inflation (on the order of 3 to 6 years). In aduht researchers must impose a
constraint implied by the Friedman-Phelps accdlanat hypothesis: that the sum
of the coefficients on lagged inflation sum toHailure to impose this constraint
would imply that changes in the rate of inflatioe aot fully reflected in the
estimate of expected inflation, even in the long, @nd would result in a long-run
tradeoff between inflation and unemployment. Sipast empirical studies have
soundly rejected the existence of the long-rungofidand have supported the
assumption that the coefficients on lagged inflasam to 1, this assumption is
imposed in each of the specifications describedvibel

Unemployment Rate Although it appears in equation (3), the overall
unemployment rate is not the best measure of agtgegpmand to use in a
Phillips curve equation because of the influencdeshographic and other
structural changes. Shifts in the demographic astipn of the labor force can
change the unemployment rate even if the statggregate demand is held
constant. For example, younger workers have higites of unemployment than
older workers because they are less experiencethara of them are searching
for the correct match between their skills andregeand the available jobs.
Termed frictional unemployment, this is part of tteemal working of the labor
market, but it means that the unemployment rateczst®d with “full employ-
ment” could rise if there were an unusually langfuix of youths into the labor
force. That is what happened during the 1960s1&7@s: the share of workers
between the ages of 16 and 24 rose from 16 peof¢né labor force in 1959 to
24 percent in 1979, and then declined to aboutel&amt in 2006. Consequently,
it is misleading to compare unemployment rates ftioenlate 1970s to those of
the more recent past—a 6 percent rate of unemployme 979 implies a
different level of aggregate demand than a 6 pereda in 2006.

A solution to the problem is to use a measure efmployment that is insulated
from such demographic shifts. Such alternativebige the prime-age male
unemployment rate, the married-male unemploymeat eand the so-called Perry-

8. For example, see Jeffrey Fuhrer, "The (Un)Impuntaof Forward-Looking Behavior in Price Specifioas,"
Journal of Money, Credit and Banking, Vol. 29, No. 3 (August 1997), pp. 338-350.
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weighted unemployment rate (calculated using comsabor force share$)This
paper uses the married-male unemployment rate bectis less affected by
demographics than the overall unemployment ratebacduse married males are
likely to have a strong attachment to the labocéorHowever, each of the
alternative unemployment rates yields roughly gr@e results when estimated
empirically.

Figure 4. The Married-Male Unemployment Rate, 22587
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Even unemployment rates that have been purgecddftacts of demographics
display medium-term trends. As shown in Figuréhé,average level of the
married-male unemployment rate has declined steaitite the early 1980s, as
have the peak and trough levels. This decline traggm from an increase in the
average age of married males, which could incrédesegroup’s attachment to the
labor force. Regardless of the underlying readmndecline certainly suggests a
decline in the equilibrium level of the unemployrmeate, a question that will be

9. A Perry-weighted unemployment rate is calculdtgdiolding the shares of each demographic grotipeabor
force constant at some base year value. In eaatteyuthe Perry-weighted unemployment rate edhalsictual
unemployment rate for each age-sex group in thattgumultiplied by the labor force share of thatg in a base
year.
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explored in the empirical section below.

Using the married-male unemployment rate in equdf®) yields an estimate of
the NAIRU for married males that is constant thitotighe. To calculate an
overall NAIRU, we first estimate regressions theate the unemployment rate
for each demographic group to the unemploymentfaatearried males plus a
constant term® A NAIRU for each demographic group is then cadted by
inserting the NAIRU for married males in the eqaatior that group. Finally, the
overall NAIRU is computed as a weighted averagdeMNAIRUs of the demo-
graphic groups, with each group’s labor force shased as the weights, and thus
reflects the impact of shifts in the demographimposition of the labor force.
Since the NAIRU for married males and for eachhefdemographic groups are
constant throughout the sample, the overall NAIRIdes through time only
because the shares of the labor force change iover t

Supply Shocks Events during the 1970s showed that shocksgoeggte
supply—the economy’s ability to produce goods amdtises—could cause both
inflation and unemployment to rise concurrentlyjnose factors thus can alter the
presumed negative short-run relationship betwetsation and unemployment
described in equation (1). Energy prices weranbst important supply shock
during that era, but there were others, includivegNixon-era wage and price
controls, changes in trend productivity growth, #mel price of imported goods.

During the 1990s, the situation was reversed.ni&ds of the NAIRU generally
signaled the presence of considerable inflatiopaggsure, but the actual rate of
inflation remained low and stable. In part, thsswlue to a series of positive
shocks to aggregate supply—declines in price ioffetor computers, medical
care and imported goods, and a surge in the grofattbor productivity. The
presence of such favorable supply shocks can obscdecline in empirical
estimates of the NAIRU.

To control for shocks to the price of food and ggewe include a relative price
variable in all but one of the Phillips curve reggiens (the exception is the
equation for the PCE price index excluding food andrgy). This variable

equals zero when the price index for food and gngrgws at the same rate as the
overall price level; consequently, it drops outled equation used to compute the
NAIRU. A similarly calculated variable is included control for shocks to

import prices'?

10. CBO breaks down the labor force by sex and 8§09, 20-24, 25-34, 35-44, 45-54, 55-64, and Gbaver).

11. Variables to control for shocks to computergsiand the cost of medical care were found tosignificant and
are not included in the final specification.
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For productivity growth, we use the difference bedw labor productivity growth
and a 32-quarter moving average of productivityghoas a control variable.
The long moving average of past growth rates, whaghtures the trend in
productivity growth, is a proxy for expected futgmwth, so the variable is
meant to reflect the surprise in current produtstigrowth. Observationally, this
variable is almost identical to the one proposetidayrence Ball and Greg
Mankiw in their paper published in tdeurnal of Economic Perspectives in
20022

We used two variables to account for the imposiind subsequent termination
of wage and price controls during the early 197Disese variables, which were
originally calculated by Robert Gordon and use@B0O’s 1994 paper, are
defined in the footnote to Table™.

Possible Sources of Structural Change

There is considerable evidence of a fundamentalg#aince the mid-1980s in
the way the economy works. In particular, there been a substantial reduction
in the volatility of economic growth and inflati@mnce roughly 1985, a
phenomenon often termed the Great Moderafiofor example, the standard
deviation of growth in the PCE price index decliriexin 3.3 percentage points
during the 1947-1985 period to 1.3 points durirggghriod since 1985. For real
GDP, the decline in volatility was even largernfrd.9 percentage points before
1985 to about 2 points during the period sinceaddition, the level of inflation
has been lower during the past 20 or so yearsitheas previously®> Growth in
the PCE price index averaged 2.6 percent annualtg 4985, compared with
nearly 4 percent on average during the 1947-1986d¢e

12. Laurence Ball and N. Gregory Mankiw, "The NAIRUheory and PracticeJournal of Economic Perspectives,
Vol. 16, No. 4 (Fall 2002), pp. 115-136.

13. See Robert Gordon, "Inflation, Flexible ExchaRgges, and the Natural Rate of Unemployment,” arti N.
Baily, ed.Workers, Jobs and Inflation (Washington, D.C.: The Brookings Institution, 1982

14. See, for example, Margaret McConnell and GaBeetz-Quiros, “Output Fluctuations in the Unit¢at&s: What
Has Changed Since the Early 1980&f¥rican Economic Review, Vol. 90, No. 5 (December 2000), pp. 1464-
1476; Evan Koenig and Nicole Ball, “The ‘Great Moat&on’ in Output and Employment Volatility: An Upte,”
Economic Letter, Federal Reserve Bank of Dallas, Vol. 2, No. gt&aber 2007; or John Williams, “The Phillips
Curve in an Era of Well-Anchored Inflation Expeaat,” Federal Reserve Bank of San Francisco WarRiaper,
September 2006.

15. In addition, some authors have speculated tieaethas been a flattening of the short-run trddeetiveen
unemployment and inflation. See John Roberts, “éary Policy and Inflation Dynamib#érnational Journal
of Central Banking, Vol. 2, 2006, pp. 193-230.
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Economists have yet to determine the sources dbthat Moderation. Some
analysts argue that it has resulted from the gooduact of monetary policy,
while others assert that the economy has benefitb@d good luck (meaning that
it has been hit by fewer exogenous shocks), afid#ters point to the increased
flexibility of the economy that resulted from deased regulation, increased
competition, and innovations in product, financad other market$. Of
course, these explanations are not mutually exausit’'s possible that a
combination of factors is behind the reduced vitanf output and inflation.

No matter what the source, lower and more stalfligtion can alter the equations
used to explain and forecast inflation, includihg Phillips curve. In general, a
stable rate of inflation is easier to forecast thaa that swings widely from year
to year. However, the lack of variation in thdatibn rate also means that
econometric techniques will be less able to idgrkié factors that cause the rate
to change. As aresult, it will be harder to pcedhanges in the inflation rate if
and when they do occti.

Labor markets also appear to be functioning diffdyesince the early 1980s and
these changes raise the possibility that the NARE declined during the past 20
or so years. As noted above, both the overallthadnarried-male unemploy-
ment rates have been trending downward duringdsetpree decades, which
suggests that the equilibrium rate of unemploynhastdeclined. In addition,
recent research at CBO has identified the folloviagjors that could have caused
a reduction in the natural rate of unemployment:

o Demographics A declining share of younger workers, with thagher
rate of frictional unemployment, has lowered thaured rate of unemploy-
ment by nearly 1 full percentage point since the 1970s.

o Disability Policy. A change in the rate of disability can affea tiatural
rate if those who move out of the labor force antbdhe disability rolls
have higher-than-average unemployment rates. Agupto one estimate,
this could have contributed a half percentage poitihe decline in the
unemployment rate since the mid-1989s.

16. See, for example, James Stock and Mark Watstas the Business Cycle Changed and Why?" NBER Warki
Paper No. W9127 (August 2002); Richard ClaridagdiJ&ali, and Mark Gertler, "Monetary Policy Rulesda
Macroeconomic Stability: Evidence and Some ThedyArterly Journal of Economics Vol. 115, No. 1, February
2000, pp. 147-180; or Congressional Budget Offilee Economic Effects of Recent Increases in EnPripes,”
CBO Paper, July 2006.

17. See James Stock and Mark Watson, "Why Has bfi§tibn Become Harder to Forecast?" NBER Workiagé&t
No. 12324, June 2006.

18. See David H. Autor and Mark G. Duggan, "The Risthe Disability Rolls and the Decline in Unemyieent,"”
Quarterly Journal of Economics, vol. 118 (2003), pp. 57-205.
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o Educational Attainment. A better educated workforce can perform a
wider range of tasks and, presumably, learn neksta®re readily. If this
improves the match between workers and jobs, themtrease in the
education level of the labor force should reduegeuhemployment rate.

o Changes in the Mix of Industries Rapid changes in the mix of
industries can result in the simultaneous creatimhdestruction of a large
number of jobs and an increase in the rate of ufement. There is
some evidence that unemployment associated with chenges has fallen
during the past two decades.

o Labor Market Efficiency . Some have argued that factors such as the
rapid growth of employment in the temporary-helgustry and the
increased importance of Internet job searching naade the job-
matching process more efficient during the pasggys. Consistent with
that notion, there appears to have been an inweaftdrs the Beveridge
curve, which traces the relationship between jalamaies and the
unemployment rate, since roughly 1987.

A recent paper found that the factors describedeabeaspecially the influence of
demographics and the efficiency of the labor marketve reduced the natural
rate of unemployment by an amount that ranges &baut 1 to 1.5 percentage
points since the mid-1986%.0f that decline, roughly two- to three-tenthsaof
percentage point occurred since 1998. That findowprds well with the results
of researchers who have documented a decline iirieaigstimates of the
NAIRU.# Recall that CBO'’s procedure for calculating th&lRIU accounts for
the influence of demographics, so it already desliapproximately 0.9 percen-
tage points between 1979 and 2007.

Other explanations for changes in the relationbeigveen unemployment and
inflation include the increase in competitive pressbrought about by
globalization and the effects of the late-1990gsun productivity growth.
Increased openness to foreign trade can have nff@eyseon inflation, but most
observers focus on supply factors. The entrylmbiaabundant countries such as
China and India into the world trading system, corad with improved com-

19. See Robert G. Valletta, "Why Has the U.S. BelgaiCurve Shifted Back? New Evidence Using RegiDadd,"
Working Paper 2005-25 (Federal Reserve Bank offsamcisco, December 2005); Robert G. Valletta aatyd
Hodges, "Job Matching: Evidence from the Beveri@geve," Economic Letter 2006-08 (Federal ReservekBa
of San Francisco, April 21, 2006).

20. See David Brauer, "The Natural Rate of Unemplayiyi CBO Working Paper 2007-06, April 2007.

21. See Robert Gordon, “Foundations of the GoldisoEkonomy: Supply Shocks and the Time-Varying NAIRU
Brookings Papers on Economic Activity, 1998:2, pp. 297-333; Laurence Ball and N. Greddankiw, “The
NAIRU in Theory and PracticeJournal of Economic Perspectives, Vol. 16, No. 4 (Fall 2002), pp. 115-136.
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munication and transportation networks that featditintegration across national
borders, has exposed U.S. companies to increasepetibion and limited their
ability to raise prices. By itself, increased gibbation would tend to reduce the
responsiveness of inflation to changes in the dimasemployment raté&.

Faster labor productivity growth also affects timemployment-inflation relation-
ship. Economic theory predicts that, in the lomg, increases in real labor
compensation will track increases in labor prodiisti Over shorter periods,
however, gaps can open up between the two sddiesng the 1970s, for
example, productivity growth fell short of real cpemsation growth during at
least two spans that lasted a year or longer. nguhe period since 1990, the
opposite has occurred: productivity growth has eslee real compensation
growth for periods of several years on at least@amasions. These episodes can
alter the simple Phillips curve relationship.

After estimating the base specification of the ljglcurve, we present evidence
on structural change, determine whether it affetitednflation-unemployment
tradeoff, ascertain whether it has affected thelle¥the NAIRU, and, most
important, find out whether the Phillips curve telaship is useful for forecasting
inflation.

Results of the Estimation

Empirical estimates of equation (3) appear to lsfaatory. The equations
generally fit the data well (as evidenced by thested R-squared statistics) and
the coefficients have the correct signs and aomgly significant (see Table 1).

In particular, the coefficients on the unemploymtenin are strongly significant in
every specification, which suggests the preseneestiort-run tradeoff between
inflation and unemployment. In addition, shock$aod and energy prices have a
positive and statistically significant impact o t8DP price index, though not on
the PCE price index. Import price shocks havesitipe and significant impact
on all of the inflation measures except real comsp#an in the nonfarm business
sector. In contrast, positive shocks to produttigrowth (meaning increases in
productivity that exceed the long-run average)associated with smaller
increases in inflation.

Estimates of the NAIRU for married males that anplied by the estimates in
Table 1 vary slightly across the different speaifions, from about 3.4 percent to
roughly 3.6 percent. After adding in the effedtslemographics, those estimates

22. For more details about the effects of globaliratsee Charles Bean, "Globalisation and InflatioiQuarterly
Bulletin, Bank of England, 2006Q4, pp. 468-475.
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are consistent with overall NAIRUs that range fr6r8 to 5.5 percent in 2007, a
range that is above the level that most analystddwoonsider appropriate for the
current natural rate. Recall that, in order to these equations to solve for the
NAIRU, the sum of the coefficients on lagged infatmust add up to 1 exactly.
In Table 1, that constraint, which was tested eirgtiy, is imposed on each of
the equations.

CBO last published empirical estimates of a Phalkprve during the mid-

1990s* Broadly speaking, the results shown in Tableelsamilar to those
estimates, which are reproduced in Appendix Ile @djusted R-squared is
slightly higher, while most of the coefficients leanoughly the same magnitude
and statistical significance as they did in thdieaestimates. These results seem
to suggest that the Phillips curve is still a usetincept for forecasting inflation.

However, there are important differences. Sonth@toefficients are smaller
than in the earlier estimation and some are |ggsfgiant in statistical test. In
particular, the coefficient on the (married-malaemployment rate is somewhat
lower than it was previously, which implies thajigsen change in unemployment
is associated with a smaller change in inflatidinglae being equal. In short, it
suggests a flatter tradeoff between inflation aneniployment. In addition, the
estimates of the NAIRU calculated from these edteqare about half a percen-
tage point lower than in the previous estimatiarying in the vicinity of 5.4
percent instead of 5.9 percent. These differebheeseen the current and
previous estimates suggest that the relationshipdas inflation and unemploy-
ment has changed during the past two decades.

The set of variables used to estimate the Phitlipse is similar (though not
identical) to the set used in the earlier estimatagarticular, the benchmark-
years-weighted price indexes and the fixed-weigptezk indexes used in the
earlier estimation are no longer calculated by BE&other change is in the
definition of the productivity trend, for which 2juarter moving average of the
growth rate of productivity has replaced a segneehtear trend. In addition,
several other variables were tried to see if treay éxplanatory power but were
omitted because they did not improve the fit oféqeation. These included the
relative price of medical care (another type ofpdugghock), an estimate of the
shift in the Beveridge curve (a measure of laborketzefficiency), and several
alternate definitions of productivity deviation iable. None of these variables
was retained because they did not meet conventievals of statistical
significance.

23. See Congressional Budget Office, “ReestimatiedNAIRU,” Appendix B inThe Economic and Budget Outl ook:
An Update, August 1994.
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Evidence of Structural Change

To analyze the possibility that the inflation-undayment relationship has
changed during the past 20 years, this paper bess approaches. First, we used
a statistical test for the presence of structunahge—known as a Chow test—to
determine whether the equations changed since &98When the change most
likely occurred. Second, we used dummy varialdegetermine whether there
was a statistically significant change in the coefhts on some (but not all) of
the explanatory variables. Under this approaahctinstant term and the
coefficients on the unemployment rate are alloveechiange at the break points
suggested by the results of the Chow test, bubttmer coefficients were held
constant. And third, we reestimated the equatimsisg a split sample, where the
timing of the split was based on the findings @& @how test. With this
approach, all of the coefficients in the regressiqnation are allowed to change
between the two periods.

The Chow test is a commonly-used statistical te#te@hypothesis that the
coefficients of a regression estimated using ona skt are equal to those
estimated using a different data set. When te$ting structural break at a given
point in time, the full data sample is divided it earlier and a later period (i.e.,
before and after the break point) to test the Hypst that all of the coefficients
are equal in the two periods.

The results of the Chow test reject the hypothefsexjual coefficients and thus
indicate the presence of structural change in ¢joaigons for each inflation
measure except the core PCE price index (see Pabl€o determine when the
structural break occurred for each equation, weptdad the Chow test statistic
for multiple break points between 1980 and 2008e Walues of the test statistics,
shown in Table 2, suggest that the break in eaghteam happened at different
times. For the GDP price index and for the emplagst index, the results of the
Chow test indicate the presence of a structuralibire 1984, roughly consistent
with the beginning of the Great Moderation. Fa BCE price index, the largest
value of the test statistic is in 1991, and for¢benpensation per hour measure
the test results suggest a break during the 106sf9 These break points will be
used to compute the dummy variables used in thensleapproach to test for
structural change and again in the third approatien the sample is split at the
break point.

Estimating the equations using the second appralaohsuggests the presence of
structural change. In this approach, dummy vaemhlere included in the

24, We will use 1995 as the break point when werest the equation for compensation per hour usiagécond
and third approaches so that there are enoughwathigers available in the second subperiod.
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regression to allow the coefficients on the cortséail married-male unemploy-
ment rate to change while constraining the coeffits on the other explanatory
variables to remain constant throughout the sampéhle 3 displays the results
of reestimating the equation with the additionte dummy variable, which
equals zero during the first period and unity théer, and an interaction variable,
which equals the product of the dummy variable thiedunemployment rate
(labeled “Dummy*Unemployment Rate”). In each equatthe break point
between the first and second periods is set usmgeasults of the Chow tests.

The coefficient labeled “constant” in these equatics relevant for the first

period; to calculate the constant for the secommbgeone must add the
coefficient on the dummy variable to the estimdtthe constant. The t-statistic
on the dummy term shows the significance of th& shithe constant term. A
similar calculation can be used to estimate thi shthe coefficients on the un-
employment rate: the coefficient labeled “unempleytrate” pertains to the first
part of the sample, while the sum of that coeffiti@nd the coefficient on the
interaction term is relevant for the second pathefsample. The t-statistic on the
interaction term indicates the statistical sigrmifice of the shift in the coefficient
on the unemployment rate.

The results, summarized in Table 3, suggest theepoe of significant change in
the structure of the equations for the GDP and pte indexes, with significant
coefficients on the dummy variable and the inteoacterm but not for the other
equations. Estimates from the first two equatiodgcate that the unemployment
coefficient is smaller (in absolute value) durihg second period, which suggests
a flattening of the tradeoff between unemployment iaflation. In the remaining
equations, the coefficients on the dummy variabk the interaction term are
insignificant and the other coefficients are littlianged from their values in
Table 1. In all of the equations, the estimatedRlAis lower during the second
period.

In the third approach, using a split-sample regoessll of the coefficients in
each regression equation are allowed to changagltire second part of the
sample. This approach corroborates and ampltiedindings of the Chow tests
and the dummy-variable estimates (see Table 4alntiost every case, the
performance of the split-sample regression det@esrduring the second period,
with lower adjusted R-squared statistics, smalbafficients, and less statistical
significance. The deterioration is particularlyitecfor the compensation-based
measures: the adjusted R-squared statistics &digtously and the coefficient
estimates swing sharply. One exception is thetemuéor the core PCE price
index, which is more stable than the others; in ¢gguation, the coefficients
diminish in size but most retain their significaraced the overall fit does not
change much.
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Of particular interest is the estimated coefficientthe unemployment rate, which
falls in magnitude and in statistical significartkeing the second period of the
sample for all but one of the equations. For eXamp the equation for the GDP
price index, the coefficient equals —0.87 during filst period (and is strongly
significant) but just —0.14 (and insignificant) thg the second period. In
addition, the NAIRU estimates implied by the eqoasi fall during the second
period, sharply in some instances. Moreover, stienates of the NAIRU span a
wide range, from a low of 3.9 percent implied bg #guation for the PCE price
index to a high of 5.2 percent in the equationttier core PCE price index.

A hint at why the results came out the way theyislishown in Figure 5, which
plots changes in a measure of unanticipated infiedigainst the married-male
unemployment rate, similar to what was shown iruFég3. The top panel shows
data from the 1957-1990 period, while the bottomepahows data from the
remaining years of the sample. Comparing the tareefs reveals three features
of the later period. First, both graphs show aatigg correlation between the two
series, so there still appears to be a tradeoffdr inflation and unemployment,
as was the case in the full sample. Second, tpe sif the trend line is lower
during the second part of the sample, which sugghst the inflation-
unemployment tradeoff is somewhat flatter duringysecond period. And, third,
there is much less variation in both inflation amgmployment during the past 20
or so years than there had been previously. Tieeseres are all consistent with
the results of the regression estimates.

These results indicate that the relationship batviueigation and unemployment
has changed during the past 30 years and as &isesalv less useful for fore-
casting inflation. While the full-sample regressappear to be satisfactory, in
many cases they are hiding a structural shiftithatrongly statistically
significant. The exception is the equation for H@E price index: results of the
Chow test did not indicate the presence of stratthrange, and the equation
showed the fewest differences in the dummy-variabk® split-sample estimates.

The results also suggest that the NAIRU is lowew tiwan it was during the first
part of the sample and that the tradeoff betwegation and unemployment is
somewhat flatter. It's hard to pin down an estenaith any precision, but the
results suggest that a value near 5 percent iDppate.
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Figure 5. Married-Male Unemployment and the Changaflation: Early vs.
Late Sample
Early Sample (1957-1990)

Change in Inflation (percentage points)
8

0 1 2 3 4 5 6 7 8

Married-Male Unemployment Rate (percent)

Late Sample (1991-2007)

Change in Inflation (percentage points)
8

0 1 2 3 4 5 6 7 8

Married-Male Unemployment Rate (percent)

Note: The change in inflation is defined as thead#hce between the quarterly rate of inflation
in the PCE price index and a 24-quarter movingayeiof PCE inflation.
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Conclusion

Changes in the economic landscape since aboutlH®&b5made inflation both
easier and more difficult to analyze and forec#@dthough it is unclear whether
the changes came about through changes in padiragtsral shifts, changes in
measurement, or random chance, the rate of infl&tas been lower and more
stable during the past 20 or so years than it legt Ipreviously. All else being
equal, a steadier inflation rate is easier to tediforecast of constant core
inflation would have been quite successful durlmg1990s and the early part of
the 2000s. However, changes in the behavior tdtinoh and other macro-
economic variables can alter the models used exést inflation, including the
Phillips curve.

The results presented in this paper suggest thagtthcture of the Phillips curve
has changed during the past 20 or so years. &uilpke regressions are somewhat
misleading as they indicate a strong statistidatienship between inflation and
several explanatory variables, including unemplaynaad control variables for
supply shocks. In contrast, the estimation redwdts the equations that allow for
structural change are much less satisfactory, edpeihose from the latter part of
the sample period. The fit of the equations isdoand the coefficients are
generally smaller and less significant. The incdnof additional variables did

not improve the fit of the equations or identifg thource of the structural change.

These results suggest that the Phillips curvesss Useful for analyzing and fore-
casting inflation than it once was. It's not ussland it should remain part of the
inflation forecaster’s toolbox, but it should n@&tgrimary placement. In a world
of stable inflation (and well-anchored inflationpectations), a fundamental
approach—meaning a focus on the components otimrila-may be necessary.
Of the five measures of inflation, the equationtfee PCE price index excluding
food and energy showed the most stability betwheritst and second parts of
the sample. The equations for compensation wertetst stable in the split-
sample estimation.

These results also suggest that the NAIRU is loweer than during the period
before 1985. However, they also indicate thaditerioration in the performance
of the Phillips curve equations is not the restifading to allow for variation in
the NAIRU. That deterioration, combined with thelevspan of NAIRUs
estimated using the second part of the samplefigssa decreased emphasis on
the NAIRU as an inflation indicatgt.

25. These results are consistent with previous reé¢laat concluded that empirical estimates oNAERU have wide
confidence intervals. See Douglas Staiger, Jarteek Sand Mark Watson, "How Precise are Estimafdéhe
Natural Rate of Unemployment?" in Christina Romet Bavid Romer, edsReducing Inflation: Motivation and
Srategy (Chicago: University of Chicago Press, 1997).
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Table 1. Estimated Coefficients from Phillips Curve Regressions

Dependent Variables

GDP Price PCE Price Core PCE ECI for Compensation
Index Index Price Index Compensation per Hour
Constant 1.94 1.67 1.67 1.45 3.32
(7.04) (6.28) (5.20) 4.77) (5.74)
Lagged Inflation® 1.00 1.00 1.00 1.00 1.00
Unemployment Rate® -0.57 -0.49 -0.47 -0.40 -0.97
(7.21) (6.44) (5.08) (4.63) (5.78)
Food and Energy Prices® 0.06 0.19 n.a. n.a. n.a.
(4.44) (1.30)
Imports Excluding Food 0.07 0.09 0.09 0.06 0.06
and Energy® (4.25) (5.25) (4.38) (2.92) (1.43)
Productivity Deviation® -0.11 -0.09 -0.08 0.08 0.20
(3.96) (3.17) (2.12) (3.25) (4.29)
Wage and Price Controls
on' -1.22 -1.43 -1.96 -0.84 -1.33
(2.60) (3.04) (3.06) (1.29) (2.07)
Offd 2.29 1.05 2.14 0.62 1.18
(5.34) (2.39) (3.73) (1.12) (1.112)
R-Bar Squared 0.89 0.90 0.79 0.72 0.48
Number of Obs. 208 208 207 211 211
NAIRU (2007)
Married-Male 3.42 3.43 3.56 3.60 3.43
Overall 5.32 5.33 5.46 5.51 5.33

Source: Congressional Budget Office.

Notes: t-statistics are shown in parentheses below coefficients,
NAIRU = nonaccelerating inflation rate of unemployment,
n.a. = not applicable.

a. Third-degree polynomial distributed lag with the coefficients on the lags restricted to sum to 1. Twenty-four lagged values in
price equations, twenty-eight lagged values in wage equations.

b. Contemporaneous and four lagged values in price equations; contemporaneous and one lagged value in wage equations.

c. The difference between the growth rate of food and energy prices and the growth rate of the PCE price index excluding food
and energy prices.

d. The difference between the growth rate of import prices (less food and energy) and the growth rate of the GDP price index.
Contemporaneous and two lagged values.

e. The difference between the growth rate of labor productivity in the nonfarm business sector and a 32-quarter moving average
of the growth rate of labor productivity. Contemporaneous and one lagged value in price equations; no lagged values in wage
equations.

f. A dummy variable designed to control for the imposition of wage and price controls in 1971. It equals 0.8 for the five quarters
from 1971:3 through 1972:3.

g. A dummy variable designed to control for the termination of wage and price controls in 1974. It equals 0.4 in 1974:2 and
1975:1 and 1.6 in 1974:3 and 1974:4.
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Table 2. Chow Test Statistics for Phillips Curve Regressions

Date of Structural Break

1980Q1 1981Q1 1982Q1 1983Q1 1984Q1 1985Q1 1986Q1 1987Q1 1988Q1 1989Q1 1990Q1 1991Q1 1992Q1 1993Q1 1994Q1 1995Q1 1996Q1 1997Q1 1998Q1 1999Q1 2000Q1

GDP

Price Index 2.73 *** 249 *x* 236 Wk 245wk Q7D Axk DAY Ak D01 %% 2,07 ** 2,17 *** 1,97 ** 1.93* 1,93 * 1.92* 183* 1.80* 1.71* 1.83* 1.81* 1.64* 158* 1.66*
PCE

Price Index 2.00 ** 1,94 ** 2,09 ** 1,98 ** 2,19 *** 210 * 1.84* 212* 2,06 ** 2,34 *** 23] *** 256 % A8 *x* D 3ZAxk D 3G Ak D J7 Ak DG Axk DD A% ] 74%*  1.68*  1.60*
Core PCE

Price Index 0.70 0.76 0.72 0.71 0.80 0.77 0.54 0.44 0.37 0.50 0.45 0.45 0.47 0.48 0.54 0.49 0.49 0.50 0.39 0.37 0.47
ECI for

Compensation  1.29 1.79* 193* 187* 204* 157 1.32 1.01 1.25 0.82 0.91 1.06 1.28 1.29 1.20 1.19 1.03 1.03 1.22 1.43 0.94
Compensation

per Hour 1.12 1.30 1.46 1.13 0.98 1.01 1.09 0.97 1.02 0.94 1.22 1.55 1.79* 232* 237 * 283 %* 310 ** 345 ** 343 ** 426 *** 403 ***

Source: Congressional Budget Office.

* denotes significance at the 90% level.
** denotes significance at the 95% level.

*** denotes significance at the 99% level.

Notes: A Chow test is a test of the hypothesis that the parameters of a regression are equal in two periods. A significant test statistic indicates that the hypothesis is rejected, implying that a structural shift has occurred.
The dates of the structural break listed in the column headings indicate where the sample was split to perform each Chow test. They refer to the first observation in the second subperiod.
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Table 3. Estimated Coefficients from Phillips Curve Regressions With Dummy Variables

Dependent Variables

GDP Price PCE Price Core PCE ECI for Compensation
Index Index Price Index Compensation per Hour
Constant 2.57 2.53 2.01 1.70 3.59
(7.99) (8.47) (4.97) (4.66) (5.42)
Lagged Inflation? 1.00 1.00 1.00 1.00 1.00
Unemployment Rate® -0.73 -0.70 -0.53 -0.43 -1.02
(8.12) (8.49) (4.74) (4.33) (5.61)
Food and Energy Prices® 0.08 0.21 n.a. n.a. n.a.
(5.12) (1.46)
Imports Excluding Food 0.05 0.06 0.09 0.06 0.05
and Energy® (2.87) (3.88) (3.69) (2.44) (1.16)
Productivity Deviation® -0.10 -0.07 -0.08 0.08 0.20
(3.54) (2.61) (2.15) (3.32) (4.37)
Wage and Price Controls
on -1.32 -1.66 -2.06 -0.93 -1.47
(2.86) (3.75) (3.18) (1.43) (2.17)
Off? 2.53 1.45 2.20 0.67 1.22
(5.93) (3.46) (3.76) (1.20) (1.14)
Dummy" -1.54 -2.17 -0.60 -0.35 0.58
(3.32) (4.62) (0.94) (0.59) (0.31)
Dummy * Unemployment 0.40 0.51 0.09 0.00 -0.34
Rate (3.00) (3.74) (0.51) (0.00) (0.53)
R-Bar Squared 0.90 0.92 0.78 0.72 0.48
Number of Obs. 208 208 207 211 211
NAIRU (2007)
Married-Male 3.07 1.97 3.21 3.13 3.06
Overall 4.94 3.68 5.09 5.01 4.93

Source: Congressional Budget Office.

Notes: t-statistics are shown in parentheses below coefficients,
NAIRU = nonaccelerating inflation rate of unemployment.

a. Third-degree polynomial distributed lag, with the far end point restricted to zero. Twenty-four lagged values in price equations,
twenty-eight lagged values in wage equations.

b. Contemporaneous and four lagged values in price equations; contemporaneous and one lagged value in wage equations.

c. The difference between the growth rate of food and energy prices and the growth rate of the PCE price index excluding food
and energy prices.

d. The difference between the growth rate of import prices (less food and energy) and the growth rate of the GDP price index.
Contemporaneous and two lagged values.

e. The difference between the growth rate of labor productivity in the nonfarm business sector and a 32-quarter moving average
of the growth rate of labor productivity. Contemporaneous with one lagged value in price equations; no lags in wage equations.

f. A dummy variable designed to control for the imposition of wage and price controls in 1971. It equals 0.8 for the five quarters
from 1971:3 through 1972:3.

g. A dummy variable designed to control for the termination of wage and price controls in 1974. It equals 0.4 in 1974:2 and
1975:1 and 1.6 in 1974:3 and 1974:4.

h. Equals 0 during the first period (1955-1990 for the PCE price index equation; 1955-1994 for the Comp per Hour equation; and
1955-1983 for the other equations). Equals 1 during the second period, which runs from the end of the first period through 2007.
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Table 4. Estimated Coefficients from Split-Sample Phillips Curve Regressions

Dependent Variables

GDP Price PCE Price Core PCE ECI for Compensation
Index Index Price Index Compensation per Hour
pre- post- pre- post- pre- post- pre- post- pre- post-
84 84 91 91 84 84 84 84 95 95
Constant 3.08 0.44 2.47 0.58 1.90 1.06 1.73 1.00 3.16 6.79
(7.58) (1.04) \ (6.75) (1.60) i (3.31) (2.83) i (4.00) (2.03) i (5.79) (1.46)
Lagged Inflation® 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Unemployment -0.87 -0.14 -0.68 -0.27 -0.49 -0.32 -0.42 -0.35 -0.89 -2.32
Rate” (761) (1.19) 1 (6.75) (2.56) 1 (3.04) (2.98) 1 (3.52) (2.45) 1 (5.90) (1.40)
Food and Energy 0.09 0.05 0.22 0.19 n.a. n.a. n.a. n.a. n.a. n.a.
Prices® (351) (292) ; (1.03) (1.21)

Imports Excluding 004 004 ! 007 002 ! 010 006 ! 007 -001 ! 005 -0.08
Food and Energy®  (1.67) (1.35) | (3.27) (0.44) | (2.68) (2.28) | (2.02) (0.21) | (1.25) (0.33)

Productivity -0.09 -0.06 -0.08 -0.05 -0.10 -0.03 0.11 0.02 0.23 0.11
Deviation® (2.37) (1.34) | (2.26) (1.24) ; (1.60) (0.67) ; (3.39) (0.51) | (5.66) (0.60)
Wage and Price
Controls
on' -1.28 n.a. -1.66 n.a. -2.04 n.a. -1.08 n.a. -1.81 n.a.
(2.56) (3.29) (2.44) (1.45) (1.78)
Offd 3.01 n.a. 1.57 n.a. 2.03 n.a. 0.47 n.a. 1.08 n.a.
(5.81) (2.99) (2.51) (0.70) (1.25)
R-Bar Squared 0.92 0.58 0.91 0.78 0.75 0.74 0.77 0.24 0.65 -0.01
Number of Obs. 112 96 140 68 111 96 115 96 159 52
NAIRU (2007)
Married-Male 3.55 3.11 3.62 2.13 3.86 3.29 4.17 2.82 3.55 2.93
Overall 5.45 4,99 5.53 3.88 5.78 5.18 6.09 4.67 5.45 4.79

Source: Congressional Budget Office.

Notes: t-statistics are shown in parentheses below coefficients,
NAIRU = nonaccelerating inflation rate of unemployment,
n.a. = not applicable.

a. Third-degree polynomial distributed lag, with the far end point restricted to zero. Twenty-four lagged values in price equations,
twenty-eight lagged values in wage equations.

b. Contemporaneous and four lagged values in price equations; contemporaneous and one lagged value in wage equations.

c. The difference between the growth rate of food and energy prices and the growth rate of the PCE price index excluding food
and energy prices.

d. The difference between the growth rate of import prices (less food and energy) and the growth rate of the GDP price index.
Contemporaneous and two lagged values.

e. The difference between the growth rate of labor productivity in the nonfarm business sector and a 32-quarter moving average
of the growth rate of labor productivity. Contemporaneous with one lagged value in price equations; no lags in wage equations.

f. A dummy variable designed to control for the imposition of wage and price controls in 1971. It equals 0.8 for the five quarters
from 1971:3 through 1972:3.

g. A dummy variable designed to control for the termination of wage and price controls in 1974. It equals 0.4 in 1974:2 and
1975:1 and 1.6 in 1974:3 and 1974:4.
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APPENDIX | — Data and Sources

Price Measures. The three price measures used in the paper—theg&b®index, the overall
PCE price index, and the core PCE price index (Wwhkkxcludes food and energy prices)—are
published by the Bureau of Economic Analysis (BB&)part of the national income and product
accounts (NIPAs). Official data for the core PGE@index start in 1959, so this index was
“backcast” for the 1950-1958 period using the glorates from a comparable fixed-weighted
price index. BEA used fixed-weighted indexes ia MiPAs until the mid-1990s, when it
switched to chain-weighted indexes. However, CBfained a set of fixed-weighted indexes in
an internal database since BEA ceased publisham.th

Wage Measures.The two measures of compensation used in thepape ECI compensation
measure for private industry workers, and compemsaier hour in the nonfarm-business
sector—are both published by the Bureau of LabatiSics (BLS). Official data for ECI com-
pensation starts in 1980, so we backcasted thisunedor the 1950-1979 period using the
growth rates from the compensation per hour measure

Explanatory Variables. Data series used to construct the variablesajyatar on the right-hand
side of the Phillips curve equations come fromaasisources. The married-male unemploy-
ment rate is compiled as part of the Current Pdjmuic&Survey, which is conducted by the
Census Bureau for the Bureau of Labor Statistitisce indexes for consumer spending for
energy goods and services and for food are availalihe NIPAs. An overall index for food

and energy prices was calculated using the sarherFisrmula that BEA uses to calculate the
chain-type price indexes in the NIPAs. That indes backcasted for the 1950-1958 period
using the growth rates from a comparable fixed-Wwegid index, similar to the procedure used for
the core PCE index. Price indexes for each cayegfamports except food and energy are
available in the NIPAs; these were aggregated usiadrisher formula and backcasted for the
1950-1958 period using the overall price indexifigoorts, which is also available in the NIPAs.
The productivity measure used in the regressiampud per hour in the nonfarm business sector,
is published by BLS as part of its Major SectordRictivity and Costs program.
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APPENDIX Il — CBO'’s 1994 Estimate

APPENDIX B REESTIMATING THE NAIRU 63

Table B-1.
Estimated Coefficients from Phillips Curve Regressions to Determine the NAIRU

Dependent Variable: Inflation

Fixed-
Benchmark- Benchmark- Fixed- Weighted
Years-Weighted Years-Weighted Weighted Price Index
Independent Price Index Price Index Price Index  (PCE less food
Variables (GDP) {PCE) CPI-U (PCE) and energy)
Constant 2.45 2.50 2.87 2.67 1.92
(5.2) (4.4) (5.0) (5.5) (5.3)
Lagged Inflation® 1.0° 1.0° 1.0° 1.0° 1.0°
Lagged Unemployment
Rate (Married males)® -0.69 -0.69 -0.77 -0.72 -0.53
(5.4) (4.5) (4.9) (5.5) (5.4)
Food and Energy Prices’ 0.19 0.43 0.43 0.34 na.
(1.7) (2.7) (2.8) (2.7)
Productivity Deviation? -0.10 -0.13 -0.06 -0.13 -0.10
(2.9) (2.8} (1.3) (3.4) (3.0}
Wage and Price Controls
on" -0.75 -1.19 -1.83 -1.25 -1.37
(1.3) (1.5) (2.2) (1.8) : (2.3)
O 3.19 1.17 0.99 1.62 2.34
(6.6) (1.7) (1.4) 27 (4.3)
R-Bar Squared 0.82 0.75 0.76 0.80 0.83
Number of Observations 117 119 152 152 152

SOURCE: Congressional Budget Office.
NOTES: T statistics appear in parentheses below coefficients.

NAIRU = nonaccelerating inflation rate of unemployment; GDP = gross domastic product; PCE = personal consumplion expendi-
{ures; CPI-U = consumer price indax for all urban consumers; n.a. = not applicable.

a. In each equation, lagged values of inflation are assumed to follow a third-degree polynomial distributed lag, with the far end point
restricted to zero.

Lag length is 20 quarters.
Lag length is 18 quarters.
Lag length is 12 quarters.
Four lagged values of the unemployment rate for married males.

One period lag of food and energy prices; defined as the difference between the rates of growth of the fixed-weighted price index for PCE
and the fixed-weighted price index for PCE less food and energy.

g. The difference between the rates of growth of labor productivity in the nonfarm business sector and trend labor productivity. The trend
variable is sagmentad trend; its rate of growth is constant between business cycle peaks but differs between business cycles.

h. A dummy variable designed to control for the imposition of wage and price controls in 1971. (It equals 0.8 for the five quarters between
1971:3 and 1972:3.)

. A dummy variable designed to control for the termination of wage and price controls in 1874. (It equals 0.4 in 1974:2 and 1975:1 and 1.6
in 1974:3 and 1974:4.)

-~ % a o T

Source: CBOThe Economic and Budget Outlook: An Update, August 1994.
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