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NAIRU stands for the nonaccelerating inflation rate of
unenpl oynent. It is beyond dispute that this acronymis an ugly
addition to the English |Ianguage. There are, however, two issues
that fail to command consensus anobng econom sts, which we address
in this essay.

The first issue is whether the concept of NAIRU is a usefu
pi ece of business cycle theory. W believe it is, and we begin
this paper by attenpting to explain why. In our view, the NAIRUi s
approxi mately a synonymfor the natural rate of unenploynent. This
concept follows naturally fromany theory that says that changes in
nmonetary policy, and aggregate demand nore generally, push
i nflati on and unenpl oynment in opposite directions in the short run.
Once this short-run tradeoff is admtted, there nust be sone | eve
of unenpl oynment consistent with stable inflation.

The second issue is why the NAIRU changes over tinme and, in
particular, why it fell in the second half of the 1990s. Thi s
guestion is nore difficult, and the answer is open to debate. Mbst
likely, various factors are at work, including denographics and
government policies. Yet one hypothesis stands out as particularly
prom sing: fluctuations in the NAIRU appear related to fluctuations
in productivity. In the 1970s, the NAIRU rose when productivity
growt h sl owed. In the 1990s, the NAIRU fell when productivity
growt h sped up. Devel oping and testing nodels that explain the
I inks anong inflation, unenploynment, and productivity remains a

chal I enge for students of business cycle theory.



1. The Rol e of NAIRU
The word "NAIRU' entered the | anguage of macroecononmi cs in the
1970s, a period of rapid and rising inflation. Yet, in a deeper

sense, the concept has been there all al ong.

A Bui | di ng Bl ock of Macroeconom ¢ Theory

A long tradition in econom cs enphasizes that the supply of
nmoney i nfluences both inflation and unenploynment. In his classic
1752 essay "O Mney," David Hume wote about the effects of
nmonetary injections, such as gold discoveries: "It is easy to
trace the noney in its progress through the whol e conmonwealt h;
where we shall find that it nust first quicken the diligence of
every individual, before it increases the price of labour.”™ This
i nsight has notivated nuch of nodern nacroeconom c theory. Two
prom nent exanples are MIlton Friednman's (1968) presidential
address to the Anerican Econom c Association and Robert Lucas's
(1996) Nobel prize lecture. Lucas quotes exactly these words from
Hune.

At tines, some econom sts have questi oned Hune's i nsight. The
real business cycle theorists of the 1980s, for exanple, suggested
t hat busi ness cycl es were technol ogically driven and that noney had
no role in explaining production and enploynent fluctuations
(Prescott 1986; Long and Plosser 1983). But this view is a
mnority position, both historically and today. There is wde
agreenent about the fundanmental insight that nonetary fluctuations

push inflation and unenpl oynent in opposite directions. That is,



society faces a tradeoff, at least in the short run, between
i nflati on and unenpl oynent .

Accordi ng to conventi onal macroeconom ¢ theory, the inflation-
unenpl oynent tradeoff is central to understanding not only the
effects of nonetary policy but also other policies and events that
i nfl uence the aggregate demand for goods and services. But nost of
these other events and policies can potentially have effects
t hrough ot her channel s as well. For exanple, tax policy influences
both aggregate denmand through disposable inconme and aggregate
supply through work incentives. By contrast, belief that nonetary
policy has enpl oynent effects is inextricably tied to belief in the
i nflation-unenpl oynent tradeoff.

Two centuries have passed since Hunme penned the w se words
guot ed above, but the economcs profession has yet to reach a
consensus about why this tradeoff arises. In classical theory,
noney is neutral. It is only the nunmeraire in which prices are
guoted. Changes in its quantity should affect the overall price
| evel , but not relative prices, production, or enploynent. The key
guestion facing business cycle theorists is why this classica
t heorem of nonetary neutrality fails to hold in the world.

Many answers have been proposed. Short-run nonneutrality has
been bl amed on inperfections of information (Friedman 1968; Lucas
1973; Mankiw and Reis 2001); long-term | abor contracts (Fischer
1977; Gray 1976; Taylor 1980); the costs of price adjustnent
(Rot enberg 1982; Manki w 1985; Bl anchard and Ki yotaki 1987; Ball and

Roner, 1990); or departures from full rationality (Akerlof and



Yel l en 1985). Each of these approaches raises its own set of
difficult theoretical and enpirical questions, which are beyond t he
scope of this essay. There is, however, a common thene: because of
sonme nmarket inperfection absent fromthe classical nodel, changes
in the value of the unit of account matter. Monetary neutrality
breaks down, and at |east in the short run, nonetary changes have
opposite effects on inflation and unenpl oynent.

Wt hout nuch |oss of generality, we can wite the short-run

tradeof f between inflation  and unenploynment U as foll ows:

n=k- aU

where k and a>0 are paraneters. This equation does not really say
much, other than that m and U are negatively related. One fact
about this relationship is clear: it cannot be constant over tine.
If it were, the data on inflation and unenpl oynent would trace a
ni ce, stable, downward-sloping Phillips curve. There once was a
ti me when sonme economi sts took this possibility seriously, but data
since the early 1970s have nade this sinple view untenable.

The instability of this relationship is hardly a surprise.
Even Sanuelson and Solow s (1960) classic discussion of the
Phillips curve suggested that the short-run nenu of inflation-
unenpl oynent conbi nations would likely shift over tinme. Skeptics
are sonetinmes tenpted to use the shifting Phillips curve as
evi dence to deny the existence of a short-run tradeoff. This is

pure sophistry. It would be |ike observing that the United States



has nore consunption and i nvest nent than I ndia to deny that society
faces a tradeoff between consunption and i nvestnent. The situation
is not hard to understand and, in fact, arises frequently in
econonmics. At any point intime, society faces a tradeoff, but the
tradeof f changes over tine. The next question is what factors

cause the tradeoff to shift.

Expectations, the Natural Rate, and Supply Shocks

Since Friedman (1968) and Phelps's (1967,1968) sem nal
contributions, one variable has played center stage in explaining
shifts in the inflation-unenploynment tradeoff: expected inflation.
O her things equal, an increase in expected inflationis associated
with an equal increase in actual inflation. The reason why
expected inflation plays such a role depends on the theory of
short-run nonneutrality, Moreover, the choice of theory wll
i nfluence the timng of when expectations are forned. But froma
birds' eye view, the simlarity of the theories is nore significant
than their differences. In nost standard theories, we can wite

the inflation-unenpl oynent tradeoff as

m =1 - a(U U)

where m® is expected inflation and U* is a paraneter called the
"natural rate of unenploynent.” The natural rate is the rate of
unenpl oynent that prevails when inflation expectations are

confirnmed. Seen in another light, the paraneter U* inbeds all



shifts in the inflation-unenploynent t radeof f previ ously
represented by the parameter k, other than shifts arising from
expected inflation.

The natural rate can be viewed as the unenpl oynent rate that
t he econony reaches in the long. This interpretation arises from
i nposing a nodicumof rationality to expectations. Over any |long
interval of time, the average of expected inflation should equal
the average of actual inflation; otherwise, forecasts are
systematically biased. Thus, over the sane |long interval, average
unenpl oynent shoul d equal the average natural rate. 1In the |ong
run, U cannot deviate from U*.

None of this neans that the natural rate of unenploynent is
i mutable, or even that it noves only slowy over tine. In
principle, U* can exhibit substantial high-frequency variation, so
any other shift in the inflation-unenploynent tradeoff can be
described as a shift in U. As a practical matter, however, the
literature on inflation-unenploynent dynamcs has traditionally

used an anended version of the above equati on:

mn=r1u°- a(bU) +v

where v is dubbed the "supply shock."

To sone extent, the distinction between U* and v is arbitrary:
both the natural rate U* and the supply shock v represent shifts in
the inflation-unenploynent tradeoff. But nmany econoni sts view

these two variables as neasuring different kinds of shifts. The



natural rate U* is thought to reflect how well the |abor market
mat ches workers and | ob. It is altered by, for instance, by
changes i n denogr aphi cs or | abor-market institutions and is thought
to nove slowy over tinme. By contrast, the supply shock v reflects
di sruptions in the normal inflation process, such as that caused by
an oil enbargo or a change in the exchange rate. The supply shock
is thought to exhibit nore high-frequency variation than the
natural rate.?

To inpl ement this equation, sonething has to be said about how
expectations are forned. One approach is to assume adaptive
expectations, according to which expected inflation is a weighted
average of past inflation. The sinplest version is to posit that
expected inflation equals last period s inflation: m®=m,. The

i nfl ati on-unenpl oynent tradeoff then becones:

nmn=r1a, - a(GLU) + v.

The rational expectations revolution was founded precisely on
criticizing this approach. (Lucas 1972; Sargent 1971) And surely,
it would be indefensible to accept adaptive expectations as a
preci se and i mut abl e description of the world, regardless of the
nonetary regi ne. But over the past four decades, the assunption of
adapti ve expectations may not be so bad. Inflation has been cl ose

to a random wal k during this period (Barsky 1987; Ball 2000).

! For our attenpt to derive a theory of the supply shock v,
see Ball and Mankiw (1995).



Forecasting future inflation with past inflation, as is assuned by
adaptive expectations, is not far from rational. In this
envi ronment, U* can be viewed as the NAIRU, the unenpl oynent rate
at whichinflation wll be stable, absent the hi gh-frequency shocks
represented by v.

One inplication of this analysis is that the value of the
NAI RU concept depends on the nonetary regine. If we lived in a
worl d where inflation was cl ose to white noise, rather than highly
persi stent, then adapti ve expectati ons woul d be a bad approxi mati on
to optimal behavior. The early part of the twentieth century, when
the United States operated under a gold standard, may have been
such a reginme. (Barsky, 1987) In that world, expected inflation
woul d be closer to a constant of zero, and the natural rate U*
would be associated with stable prices rather than stable
inflation.

In the U S. nonetary reginme of recent decades, however, the
NAI RU concept is useful, and it is synonynous with the natural rate
of unenpl oynent. In his classic paper introducing the natural-rate

hypot hesi s, Friedman described the situation as foll ows:

"There is always a tenporary tradeoff between inflation and
unenpl oynent; there is no permanent tradeoff. The tenporary
tradeoff comes not frominflation per se, but from unanticipated

inflation, which generally neans, fromarising rate of inflation."

Friedman didn't use the term"NAIRU," but the concept is inplicit



in his analysis.

Hysteresis

Sonme econoni sts have suggested that the | abor market exhibits
a formof "hysteresis" (Blanchard and Summers, 1986). |In physics,
hysteresis refers to the failure of an object to return to its
ori ginal value after being changed by an external force, even after
the force is renoved. 1In the |abor nmarket, a simlar phenonmenon
woul d arise if the natural rate U* depended on past unenpl oynent U.
In this case, a change in aggregate denmand would first influence
unenpl oynent by causing Uto deviate fromU*, but then would have
a persistent effect on unenploynment as U* changed.

Several theories have been proposed to explain why this m ght
be the case. The nost popul ar enphasize |ong-1lasting damage
suffered by workers who experience unenpl oynent. These workers
| ose human capital, becone | ess attractive to enpl oyers, and reduce
their job search as they becone accustoned to being unenpl oyed
(Layard et al., 1991). Al these effects nmake workers less likely
to be enployed in the future. A recession that rai ses unenpl oynent
| eaves a permanent scar on the econony, as U* is higher even after
the initial shock that caused the recessi on has di sappeared. These
theories of hysterisis were first devel oped to explain the |arge
rise in the NAIRU in Europe during the 1980s: The increase in U*

canme i medi ately after the disinflationary recession that started



t he decade. ?

The validity of hysteresis theories is a subject of sone
controversy, and we will not take up that debate here. Regardless
of howthis debate is resolved, the concept of NAIRU remains vali d.
At any point intine, there will be an unenpl oynent rate consi stent
with stable inflation, which can be called the NAIRU  Hysteresis
theories nerely give one reason to expect the NAIRU to change over
time. As we discuss below, there are nmany other reasons to expect

that the NAIRU will not be a constant.

Two Econonetric Difficulties

Let us nowturn fromtheory to econonetric inplenentation. A
large literature has attenpted to estimate inflation equations of
this form

m=r1a, - a(bu) + v.
Oten, the studies includes additional lags of inflation or
unenpl oynent. Sonetines, rather than |leaving the supply shock v
entirely in a residual, control variables are included, such as
food and oil prices, exchange rates, and dunm es for wage-price
controls.?

One difficult issuethat this literature has tried to skirt is

the identification problem |[If the macroecononetrican assunes that

2 For a recent study using hysteresis theories to explain the
increase in the European NAIRU, see Ball (1999). For an attenpt
to explain the European NAI RU based on | abor-market institutions
and suppl y-si de shocks, see Blanchard and Wl fers (2000).

3 For two exanples fromthis large literature, see Gordon (1998)
and Staiger, Stock, and Watson (1997).
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U is constant over the interval being studied and that v is
cont enpor aneously uncorrelated with U, then this equation can be
consistently estimated with ordinary |east squares. The val ue of
the NAIRU, U*, can then be inferred fromthe estinmated paraneters.

These i dentification assunptions are not at all innocuous. It
is easy to inmmgine that the supply shocks represented by v are
correlated with unenpl oynent. For exanple, a burst in productivity
growt h, such as that experienced during the |ate 1990s, m ght well
| ower inflation and unenploynment. The textbook solution to this
problemis to find instrunental variables that are correlated with
unenpl oynent but uncorrelated with the supply shock. In practice,
finding valid instrunments is hard to do and rarely done.

Note that other strands of the literature nake sonewhat
different identification assunptions. Lucas's (1973) cl assi c paper
on i nfl ation-output tradeoffs used nom nal GDP growth as the-right-
hand side variable in a regression estimated with ordinary | east
squares. The inplicit assunption was that the supply shocks in the
resi dual do not influence nom nal CGDP, but can influence both real
GDP and the price |l evel in opposite directions. Simlarly, Barro's
(1977) classic work on unanticipated noney inplicitly assuned that
supply shocks do not influence noney growth. These identification
schenmes can al so be questioned. Below we follow the traditiona
i dentification assunption, according to which the supply shock v is
cont enpor aneously uncorrelated with unenploynment U Dealing with
the identification problem in a nore satisfactory way seens an

i nportant avenue for future research
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A second, nore tractabl e econonetric issue is the conputation
of standard errors. Until recently, the enpirical literature on
the Phillips curve rarely provided standard errors for estinates of
the NAIRU. This odd oversight was corrected in an i nportant paper
by Staiger, Stock, and Wtson (1997). Using a conventional
specification, they estimated the NAIRU in 1990 to be 6.2 percent,
with a 95 percent confidence interval from 5.1 to 7.7 percent.
This is a large range. In principle, better neasures of supply
shocks can reduce the residual variance and i nprove the precision
of NAIRU esti nat es. But Staiger, Stock, and Watson showed that
gi ven standard specifications used inthe literature, the NAIRU i s

not estimated precisely.

Its Use in Policy

How should nonetary policynmakers use the NAIRU? Most
obviously, it is a forecasting tool. \When unenploynent is bel ow
the NAIRU, inflation can be expected to rise, and when it is above
the NAIRU, inflation can be expected to fall. Thus, even if the
policy regime were one of inflation targeting, nonet ary
pol i cymakers shoul d keep an eye on unenpl oynent and the NAIRU

It may be tenpting to point to the experience of the 1990s to
suggest that this view is obsolete. And, indeed, as we discuss
bel ow, there is evidence that the late 1990s were different: the
NAI RU decl i ned substantially. But it would be rash to suggest that
the NAIRU is obsolete as a forecasting tool. Stock and Watson

(1999) offer a conprehensive study of various nethods for
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forecasting inflation. Despite the finding of Staiger, Stock, and
Wat son (1997) that the NAIRU is inprecisely estinmated, Stock and
Wat son (1999) report, "Inflation forecasts produced by the Phillips
curve generally have been nore accurate than forecasts based on
ot her macroecononi c vari abl es, includinginterest rates, noney, and
commodity prices.”

Nonet hel ess, it al so nakes sense for nonetary policymakers to
gi ve sone wei ght to other forecasting tools. Wen |ooking ahead to
future inflation, they should also look at, for exanple, the
consensus of private forecasters and the spread between real and
nom nal bond yields. O course, these tools thensel ves reflect the
NAI RU concept, because private forecasts of inflation are often
based on it. Using such private forecasts of inflation for
policymaking can be viewed as a way to decentralize the

deci si onmaki ng over how the NAIRU i s changi ng over tinmne.

2. The U.S. NAIRU, 1960-2000
So nmuch for theory. Let's nowturn to the practical question:

what is the level of the NAIRU for the U S. econony?
An Approach
To see how one mght estimate the NAIRU, rewite the Phillips-

curve equati on as

Al = aU - auU + v
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| f one assumes that U* is constant and that Uis uncorrelated with
v, then the value of U* can be estinmated by regressing the change
ininflation Am on a constant and unenpl oynment U. The ratio of the
constant term (aU*) to the absolute value of the unenploynent
coefficient (a) is an estinmate of U*. Wen we perform this
exercise for annual US. data from 1960 to 2000, neasuring
inflation with the consunmer price i ndex, we obtain a constant term
of 3.8 and an unenpl oynent coefficient of -0.63. This yields a
NAI RU estimate of 6.1 percent.

However, many econom sts have questioned the assunption of a
constant NAIRU underlying this cal culation, especially since the
apparent fall in the NAIRU in the |ate 1990s. There is a grow ng
literature that seeks to estimte the path of a tinme-varyi ng NAl RU.
This literature is based on the idea, discussed above, that
nmovenents in U* are long-termshifts in the unenpl oynent-inflation
relation, while the shock v captures short-run fluctuations.
Aut hors such as Staiger et al. and Gordon (1998) estinate U* by
positing a stochastic process for U (such as a randomwal k) and a
stochastic process for v (such as white noise) and then using a
statistical procedure that separates Phillips-curve shifts into
t hese two ki nds of shocks. To build intuition, we use an approach
that is sinpler but yields simlar results.

Suppose for the nonent that we know t he val ue of the paraneter
a, which gives the slope of the unenpl oynent-inflation tradeoff. W

can then rearrange to obtain the equation
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U + via = U+ A/ a.

The right-hand side can be conmputed from the data, yielding an
estimate of U* + v/a, which neasures the shifts in the Phillips
curve. Wthin this sum U* represents the longer-termtrends, and
via is proportional to the shorter-term supply shocks. It is
therefore natural to try to extract U from U* + v/a using a
standard approach to estimating the trend in a series.

W use the Hodrick-Prescott filter (Hodrick and Prescott,
1997). The HP filter is a generalization of a linear tinme trend
that allows the slope of the trend to change gradually over tine.
Formally, the HP filter minimzes the sum of squared deviations
between the trend and the actual series, with a penalty for
curvature that keeps the trend snooth. |If there were no penalty,
the filter would yield the original series; if the penalty were
very high, it would yield a linear tine trend.

To inplenment this procedure, we nmust choose two paraneters.
The first is the Phillips curve slope, a. In our results below, we
use an a of 0.63, the sl ope coefficient obtained fromregressing An
on unenploynment and a constant. This value is consistent with
conventional w sdom about the costs of disinflation (it inplies
that reducing inflation by one percentage point produces 1/0.63 =
1.6 point-years of unenploynent). Reasonabl e variation in the
assuned coefficient has little effect on our conclusions.

The other paraneter is the snoothing paraneter in the HP

filter--the weight that the procedure gives to keeping the
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estimated U* snooth rather than fitting every novenent in U +(v/a).
The choice of this paraneter is largely arbitrary. In sonme ways,
this is not surprising: as we noted earlier, the distinction
between U* and v is not well-defined. Mbst econom sts have the
intuition that novenents in U* are "snooth" and that v represents
a di fferent kind of high-frequency shift in the Phillips curve, but
this intuition is too vague to have much practical inport. 1In the
anal ysis below, we experinment with alternative values of the HP

snoot hi ng par anet er.

Resul ts

Figure 1 presents estimates of the U S. NAIRU over the |ast
forty years. The solid line gives the values of U*+(v/a) conputed
as described above; this represents the sum of |ong-term and
transitory shifts in the inflation-unenploynent tradeoff. The two
dashed | i nes gi ve snoot hed versions of the series that serve as our
estimates of U*. The two versions correspond to different val ues
of the HP snoot hi ng paraneter: one value is 100, the nost commonl y-
used value with annual data, and the other is 1000, which inposes
greater snoot hing as advocated by sone researchers (e.g., Roberts,
1998) .

The two snoothed series tell broadly simlar stories. The
NAI RU has fol |l owed a hunp-shaped path: it trended up fromthe 1960s
until about 1980, then peaked and has declined since then. Wth
the small er snoot hing paraneter, there is a snmall dipin the early

1960s before U* starts to rise, but this w ggle does not survive
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with greater snoothing. Mre generally, the novenents in U are
smaller with the higher HP paraneter. Wth a paraneter of 1000,
the estimated NAIRU is 5.4 percent in 1960, peaks at 6.8 percent in
1979, and falls to 4.9 percent in 2000. These results are broadly
simlar to those of Gordon and Staiger et al. The apparent
increase in the NAIRU before 1980 and decline thereafter has been
wi dely recogni zed. These novenents have notivated papers with
titles such as "Wiy |Is Unenpl oynent So Very High..." in the 1980s
(Sumrers, 1986), and as "Wy Has Unenpl oynent Fallen” nore recently
(Shimer, 1998).

Wiile there is a consensus that the NAIRU fell during the
1980s and 1990s, this consensus took sonme tinme to develop. The
falling NAIRU was initially obscured by the run-up of actual
unenpl oynent in the recession of the early 1990s. Starting in the
m d- 1990s, many authors pointed out a run of favorable shifts in
the Phillips curve, but these were sonetinmes interpreted as
transitory supply shocks--that is, decreases in U*+(v/a) were
interpreted as novenents in v rather than U*. This interpretation
was supported by direct evidence of favorable shocks during the
period 1995-98, such as a fall in energy prices and a strengthening
of the exchange rate, which reduced inport prices (see, e.g.,
Gordon, 1998). Yet the period after 1998 did not see additional
favorabl e shocks, and i ndeed energy prices noved back up. Because
unenpl oynent was | ow t hrough 2000 wi t hout accelerating inflation,
a consensus energed that the NAIRU had fall en.

On the ot her hand, the magnitude of the NAIRU decrease is hard

17



to estimate. As illustrated above, it depends on an arbitrary
deci si on about how much to snmooth the NAIRU series. The precise
timng of novenents in the NAIRU is also unclear. Qur estinmated
nmovenments are snooth, with the decrease occurring slowy over
al nrost two decades. Yet this is an artifact of our snoothing
procedure. A nunber of authors have suggested that the NAI RU was
fairly constant from the 1980s to the md-90s, and then fel

sharply in the | ate-90s "New Econony." Perhaps this is true, and
our procedure artificially smoths out the fall in U*. There are
[imts to how nuch how one can learn about the NAIRU from

unenpl oynment and inflation data al one.

3. The Falling NAIRU. A Mre Enployabl e Labor Force?

Many aut hors have sought to explain the novenents in the U S
NAI RU. This section and the next review sone of the |eading
hypot heses, with a focus on those that m ght explain the declining
NAI RU of the 1990s. Sone of these theories also help explain the
earlier NAIRU increase.

We begin in this section by reviewing stories that focus on
t he changi ng conposition of the | abor force. Econom sts have | ong
recogni zed that unenploynent rates are different for different
ki nds of workers, depending for exanple on their skills and their
intensity of job search. Thus, changes in the sizes of groups with
relatively high or low rates of unenploynent can change the
aggregat e unenpl oynent rate, even w thout changes in the rate for

any individual group. In recent years, a nunber of authors have
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suggested changes in the l|abor force that reduce aggregate

unenpl oynment by reducing the sizes of high-unenpl oynent groups.

A der Workers

The nost obvious reason the I|abor force changes is
denographics. 1n seeking to explain the evolution of the NAIRU, a
nunber of authors point to a particular type of shift: the changing
age structure as the baby boom generation has noved through the
| abor force. The proportion of the |abor force aged 16-24 rose
from 17 percent in 1960 to 24 percent in 1978 as the baby booners
entered the | abor force as young workers, and this percentage fel
to 16 percent in 2000 as the booners have aged. These trends are
potentially inportant because young workers have higher
unenpl oynent rates than ol der workers: over 1960-2000, the average
unenpl oynent rate was 12.2 percent for workers 16-24 and 4.4
percent for workers 25+. Gordon has argued that the increase in
young wor kers accounts for nmuch of the increase in the NAI RU before
1980, and Shinmer (1998) argues that the recent decrease explains
much of the NAIRU fall.

The cl assic nmethod for nmeasuring the effects of denographic
changes is to conpute a "Perry-wei ghted" unenpl oynent rate (Perry,
1970; Katz and Krueger, 1998). This is a weighted average of
unenpl oynent rates for different denographic groups with fixed
wei ghts; by contrast, the usual aggregate unenpl oynent rate has
wei ghts equal to |abor-force shares, which change over tine. A

time series for Perry-wei ghted unenpl oynent shows what woul d have
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happened to the unenploynent rate given the evolution of each
group's unenpl oynent if the sizes of groups did not change.
Following Staiger et el. (2001), we conpute Perry-wei ghted
unenpl oynent based on 14 age-sex groups, with weights based on
average | abor-force shares over 1960-2000. W then conpute our
estimates of the tinme-varying NAIRUfromunenpl oynment and i nfl ation
data using the same nmethod as in Figure 1 -- but using the Perry-
wei ght ed unenpl oynment series. Figure 2 shows the resulting series
(based on an HP snoothing paraneter of 1000), along with the
correspondi ng series based on the standard unenpl oynent rate; the
di fferences between the two series showthe i npact of denographics.
The Fi gure shows that this i npact has been nodest. The hunp-shaped
pattern of the NAIRU remains after Perry-weighting, although it is
danpened: the increase from 1960 to the peak and the decrease to
2000 are 0.9 points and 1.3 points respectively, conpared to 1.4
and 1.9 with the standard unenpl oynent rate. Thus the broad trends
in the NAIRU remain to be explained even after one adjusts for

denogr aphi cs. *

* The Perry-wei ghting procedure assunes that denographics
affect | abor force shares but not the unenploynent rates of
i ndi vi dual groups. This assunption has been questioned by Shiner
(1998, 2001), who discusses a nunber of channels through which
changi ng supplies of old and young workers can affect their
unenpl oynent rates. Shimer's 1998 paper argues that a younger
| abor force rai ses unenpl oynent anong the young, but his 2001
paper argues that it reduces unenploynment for both age groups.
If the later paper is correct, then differences between Perry-
wei ght ed and standard unenpl oynent rates give an upper bound on
the effects of denographics.
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Disability and Incarceration

The | abor force can al so change if governnent policies cause
people to leave it. The aggregate unenploynent rate falls if the
| abor-force |eavers are workers who otherwi se would have high
unenpl oynent rates. Recent work has noted two policy shifts that
work in this direction: the rising rate of incarceration (Katz and
Krueger, 1999) and the greater generosity of disability insurance
(Autor and Duggan, 2001). People who are renoved fromthe | abor
force by being | ocked up or through certification of disability are
likely to have experienced high unenploynent rates while in the
| abor force.

O these two factors, disability appears nore inportant. The
percentage of non-elderly adults receiving government disability
i nsurance has risen steadily from 3.1 percent in 1984 to 5.3
percent in 2000. Autor and Duggan attribute this rise to reduced
stringency in the screening of applicants and to a hi gher incone-
repl acenent ratio. They estimate the inpact on unenpl oynent by
exam ning the effects of variationin the disability programacross
states. They find that the total effect of changes in the program
has been to reduce aggregate unenpl oynent by 0. 65 percentage points
from 1984 to 2000.

Kat z and Krueger have observed that |ower unenploynent can
reflect greater incarceration. However, while incarceration rates
rose dramatically in the 1990s, the -effect on aggregate
unenpl oynent was nodest. Katz and Krueger estinmate that this

factor produced a total decrease in unenpl oynent of 0.17 percentage
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poi nt s.

Addi ng the effects of disability and incarceration yields a
total reduction in unenploynment of roughly 0.8 percentage points.
This is a bit nore than half of the decrease in the NAIRUin Figure
2 when unenpl oynent is Perry-weighted. However, recall that the
estimated fall inthe NAIRUis larger if the HP snpot hi ng paranet er
is set lower than 1000, in which case disability and i ncarceration
can explain a smaller fraction of the decline.

The likely role of a changing |abor force in explaining the
NAI RU decrease depends on the timng of the decrease. As we
di scussed above, sone econom sts suggest that the NAIRU fell
sharply since 1995, although the aggregate data are al so consi stent
with a gradual decrease since the early 1980s. If there was in
fact a sharp shift from 1995 to 2000, the factors discussed so far
cannot be the mai n explanation. The changes in disability benefits
and incarceration are long-termtrends, and only a snmall part of
t he changes have occurred after 1995. And the aging of the |abor
force was alnost conplete by 1995: the percentage aged 16-24
reached a trough of 15.8% in 1997 and has since risen slightly.
The difference between Perry-wei ghted and standard unenpl oynent
rates fell only 0.2 points from 1992 to 2000. |If the NAIRU fel
significantly in the late 90s, we nust | ook beyond the nature of
the | abor force to find the explanation. This brings us to another

set of theories.
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4. The Falling NAIRU. A New Econony?

The NAI RU can change not only because of changes in the |abor
force, but al so because of broader changes in the econony. 1In the
second half of the 1990s, many observers alleged the advent of a
“"New Econony"--one with new technol ogies, higher productivity
growth, increased "conpetitiveness,” and so on. |If one believes
that the NAIRU fell significantly in the period after 1995, it is
natural to suspect a link between this fact and t he broader changes
in the economy. W now di scuss several |eading stories along these

lines.?®

Greater Openness to Trade

One story about the favorable Phillips curve shift is that it
resulted from the "globalization" of the U S. econony -- the
greater openness to foreign trade (see, for exanple, Thurow
[1998]). This argunent starts with the fact that foreign trade has
beconme nore inportant in the United States in recent decades: the
ratios of inports and exports to GDP have trended up. Some
observers argue that this integration into the world econony has

subjected U.S. firns to greater conpetition. Thisinturnis anti-

°®ln addition to the stories we nention, sone people have
not ed declines in unionization and the real m ni mum wage, and
wel fare reform There appears to be a consensus, however, that
these are not mpjor factors. Changes in unionization and m nimum
wages were nodest in the 1990s. Wl fare reformaffected a
si zabl e nunber of workers -- roughly one mllion wonen have | eft
the welfare rolls since 1994. However, nost of these wonmen were
out of the labor force while on welfare. By joining the |abor
force, they are likely to have raised the unenpl oynent rate
slightly, because the incidence of unenpl oynent is higher for
them than for the average worker.
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inflationary: even if unenploynment is low, firns cannot raise
prices aggressively because consuners wll switch to foreign
suppliers. In mainstreamterm nol ogy, this neans that the NAIRU
has fallen.

Many journalists have picked up on this idea, but it has
| argel y been i gnored by academ ¢ econoni sts. And they have i gnored
it, we believe, for good reason. The theoretical logic of the
story i s questionable, but the main problemis enpirical. The U S
has becone nore open in the | ast decade, with the inport-GDP ratio
rising from21ll percent in 1990 to 15 percent in 2000. But this is
not a feature of the New Econony but rather a continuation of a
trend through nost of the period since Wrld War Il. The inport-
GDP ratio was 5 percent in 1950. | f greater openness produces
| ower unenpl oynent, we shoul d have seen a steady downward trend in
the NAIRU for the | ast 50 years, and this hasn't occurred. |ndeed,
the decade with the largest increase in the inport-CDP ratio was
the 1970s, and as shown in Figure 1, this decade saw a substanti al

i ncrease in the NAl RU

Better Job Matching

One reason for unenploynent is job turnover. \Wen workers
nove from jobs that disappear to those that open up, the process
creates unenploynment because it takes workers tinme to find new
jobs. Several authors suggest that this process inproved in the
1990s, leading to | ower unenpl oynent.

The nost conmon version of this story focuses on the growth in
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the tenporary-help industry (e.g. Katz and Krueger; Cohen et al.
2001). The percentage of workers enpl oyed by tenporary-help firns,
such as Manpower Inc., rose from 1.1% in 1989 to 2.2% in 1998.
Thi s suggests that an increasi ng nunber of workers who are between
per manent jobs are enployed as tenps rather than unenployed. In
addition, tenp jobs sonetines turn into permanent jobs, so tenp
agenci es hel p speed up the process of permanent job matching.

However, when researchers try to quantify the effects of tenp
agenci es on unenpl oynment, the results are di sappointing. Both Katz
and Krueger and Staiger et al.(2001) exam ne the relation across
states between unenploynment and the size of the tenp industry.
Kat z and Krueger estimate that the growth of the tenp industry in
the 1990s reduced aggregate unenpl oynent by anywhere fromzero to
0.4 percentage points. Staiger et al. fail to find a robust
rel ati on between the tenp i ndustry and unenpl oynent rates. Thus,
stories about the falling NAIRU based on the tenp industry remain
specul ative at best.

It is possible that the process of job matching inproved in
ways beyond the growh of the tenp industry. Cohen et al. (2001)
suggest that the New Econony features production processes that put
a greater enphasis on general rather than specific skills. As a
result, workers have beconme nore interchangeabl e, making it easier
to match workers and jobs and thereby reduci ng unenpl oynent. As
evi dence for this idea, Cohen et al. cite the managenent literature
and interviews with human resource nanagers. It is an open

guestion, however, whether this phenonenon has had a si zabl e ef f ect
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on the aggregate unenpl oynent rate.

The Productivity Accel eration

A central feature of the New Econony of the late 1990s was a
rise in the gromh rate of |abor productivity. Average growh in
out put per hour of work was 1.5 percent over 1974-1995 and rose to
2.6 percent over 1996-2000. Mbst expl anations of this change focus
on the increased use of conputers and the internet (for exanple,
see the Synposiumon productivity gromh in JEP, Fall 2000). For
our purposes, a key fact about the productivity acceleration is
that it started in the md-90s, around the sane tinme that
researchers started detecting a decline in the NAI RU. Thi s
coi nci dence suggests a |ink between the two phenonena.

Such a link is al so suggested by the experience of the 1970s.
This was the beginning of the infanobus "productivity slowdown":
average productivity growh fell to its 1974-95 average of 1.5
percent after an average of 3.3 percent over 1948-73. As discussed
above, the 1970s were also a period of arising NAIRU. If thereis
a link between shifts in productivity growth and in the NAIRU, it
may hel p explain both the rising NAIRU of the 1970s and the falling
NAI RU of the 1990s.

Such a link was suggested by students of the rising NAIRU in
the 1970s, notably Gubb et. al (1982) and Braun (1984). These
aut hors present a particul ar explanation for the |ink, one resting
on the idea that "wage aspirations” adjust slowy to shifts in

productivity growt h. The concept of wage aspirations is a
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departure fromthe neocl assical theory of the | abor market, but it
builds on research by psychologists and industrial-relations
specialists. The story goes as follows.®
In a steady state with constant growth of |abor productivity,
the growh of real wages is determned by the growh of
productivity, as suggested by neoclassical theory (and enpiri cal
evidence). In such a situation, workers cone to view the rate of
real -wage increase that they receive as normal and fair, and to
expect it to continue. If productivity gromh falls, as in the
1970s, fundanentals dictate that real-wage growh nust fall as
well. Workers resist this decrease, however; they try to maintain
the wage increases to which they are accustoned. To the extent
t hat workers have sone influence over wages, this neans that wage
setters will try to achieve real -wage increases above the |eve
that can be sustained by productivity grow h. This m smatch
bet ween real -wage aspirations and productivity growh worsens the
i nflation-unenpl oynent tradeoff. 1In other words, the NAIRU ri ses.
This story received attention in the early 1980s and then
faded from prom nence. It has been resurrected in the |ast few
years, as nany econonists have noticed the parallel between the
1970s and the 1990s. Today's version of the story reverses the
si gns. Productivity has accelerated but workers have becone
accustoned to the sl ow wage growm h since the 1970s. A m snmatch of

productivity and wage aspirations in this direction shifted the

O course, a nore classical story linking productivity and
enpl oynment is the real business cycle theory of Long and Pl osser
(1983) and Prescott (1986). For a critique, see Mankiw (1989).
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Phillips curve favorably. This story is told, for exanple, by
Bl i nder (2000), DeLong (2000), and the 2000 Econonic Report of the

President.’

Foll owi ng Staiger et al. (2001) and Ball and Mffitt (2001),
we exam ne data on unenploynment and productivity gromh to see
whet her they fit the story. Figure 3 shows the NAIRU series from
Figure 1; again there are two versions corresponding to different
snoot hing paraneters. The Figure also shows the trend in
productivity growh, obtained with the HP filter and with the sane
snoot hi ng paraneters used to create the NAIRU series. Productivity
growh is shown on an inverted scale to make it easier to see the
negati ve conovenent between the two trends. One can see broadly
simlar patterns in the tw trends, although the match bet ween t hem
is far from perfect.

One inportant subtlety is that the rate of productivity growh
is not exactly the relevant variable in the story discussed above.
In a steady state, wage aspirations adjust to any growh rate.
What causes a Phillips-curve shift is a change in productivity

growt h, because aspirations are tied to wage growh and hence

" The shifts in the Phillips curve that occur in this story
are eventual ly reversed when wage aspirations adjust to the new
rate of productivity growmh. This creates sone anbiguity about
the right way to describe the shifts. As we discussed earlier,
the Phillips curve can nove because of either a transitory
"supply shock” or a change in the NAIRU, and the distinction
between the two is based on a fuzzy notion of persistence. Since

a Phillips-curve shift caused by a productivity speedup
eventual |y goes away, one mght call it a supply shock. W
prefer to call it a change in the NAIRU, however, because the
shift can last for many years. |In particular, it lasts |ong

enough to influence the NAIRU series in Figure 1, which filters
out the year-to-year effects of supply shocks.
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productivity growh in the past. Therefore, following Ball and
Moffitt (2001), we exam ne the gap between current productivity
grow h and a | ong noving average of past growh (one that depends
on productivity growh into the distant past, but with greater
wei ght on recent observations). This gap, |like other variables in
the Figures, is snmoothed with the HP filter to extract a trend.
Figure 4 graphs this trend along with our NAIRU series. Here, the
conovenent is closer than when we exami ne the pure productivity
growth rate.®
Two details of these graphs deserve noti ce. First, our
inverted gap variable peaks in the early 80s and starts decli ning,
as does the NAIRU. This occurs even though, as shown in the
previous figure, actual productivity gromh does not accelerate
until the 1990s. This suggests an effect discussed by Stiglitz
(1997): a catchup of wage aspirations to the productivity sl owdown.
In Stiglitz's story, the ongoing experience of the productivity
sl owdown caused wage aspirations to fall slowy, so the gap between
aspirations and productivity narrowed over the slowgrowth era.
This narrowi ng caused the NAIRUto start falling; the fall was then
magni fi ed when productivity growth accel erat ed.
A related point is that the trend in our gap variable falls to
its lowest level at the end of our sanple -- as does the NAIRU

enhancing the fit of the two series. In contrast, productivity

8 If we denote productivity growh by g, the productivity
variable in Figure 4 is g - (1-b)[g(-1) + bg(-2) + b?g(-3) +
...]. That is, the weighted average of past productivity growth
in the expression has exponentially declining weights. The
parameter b, which gives the rate of decline, is set at 0.95.
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growh rises at the end of the sanple, but is still belowits |evel
in the 1960s. That is, what is special about the New Econony of
the late 1990s is not the rate of productivity growh, which was
hi gher thirty years before, but the increase relative to the recent
past . The high productivity growh of the sixties was a
continuation of high growth since Wrld War |1; wage aspirations
had | argely adjusted, so there was little effect on the Phillips
curve. In contrast, the Phillips curve shifted favorably in the
|ate 1990s because of the conbination of high contenporaneous
growh and | ow growth in the preceding two decades.

The productivity-based explanation for the declining NAIRU i s
related to a common explanation in the popular press. In
explaining why inflation failed to accelerate in the late 1990s
despite | ow unenpl oynent, many journalists cite the productivity
accel erati on. Their story goes as follows. According to the
Phillips curve, |ow unenploynent puts upward pressure on wage
growth, which feeds into inflation. Low unenploynent has led to
nore rapi d wage grow h. However, the productivity accel erati on has
reduced firnms' costs, offsetting the increases from rapid wage
growt h. Because overall costs have not accel erated, inflation has
not had to rise.?®

This story has common-sense appeal. |t does not contain any

° For exanple, Louis Uchitelle (2000) discusses "the concern
t hat | ow unenpl oynent drives up wages and, in turn, prices.” 1In
expl aining why inflation has not risen, he points to
"inmprovenents in productivity, effectively giving enployers nore
revenue to pay for raises without raising prices.”" Uchitelle
attributes this idea to Al an G eenspan.
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explicit role for slow adjustnment of wage aspirations, but such a
role is in fact inplicit. In a neoclassical world, a rise in
productivity growmh has no obvious effect on inflation, because
hi gher productivity is reflected fully in higher real wages. The
i dea that a productivity acceleration reduces firm costs depends
on the inplicit assunption that wages do not adjust fully to
productivity novenents. Thus the idea of slow y-adjusting wage
aspirations provides an underpinning for a common journalistic

expl anation for the recent experience.?

5. The Beveridge Curve

In analyzing the |abor market, a conplenent to the Phillips
curve i s the Beveridge curve, which has recently been enphasi zed by
Bl anchard and Di anond (1989). The Beveridge curve shows the
rel ati onshi ps between unenploynent (workers w thout jobs) and
vacancies (jobs wthout workers). The Beveridge curve sl opes
downward in unenploynent-vacancy space because an econonic
expansi on t hat reduces unenpl oynent al so rai ses vacancies, as firns
have trouble finding workers in a tighter |abor market.

Li ke the Phillips curve, the Beveridge curve appears to shift

over time. Figure 5 plots unenploynent and job-vacancy rates for

10 The productivity hypothesis is also sonewhat related to
anot her popul ar story: Alan G eenspan (1997) has suggested that
wor kers, cowed by job insecurity, |acked aggressiveness in wage
negoti ations. As discussed by Katz and Krueger (1999), there is
no evi dence to support an exogenous shift in workers' perceptions
of job security. But what nmatters is aggressiveness of wage
seekers relative to productivity growh. Failure to increase
aggr essi veness when productivity accel erates has the same effect
on the NAIRU as an exogenous decrease in aggressiveness.
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annual U. S. data from 1960 through 1998. The vacancy series is
taken from Cohen et al. (2001), who, follow ng Abraham (1987),
estimate the | evel of vacanci es based on hel p-want ed advertising in
newspapers. In the figure, there appear to be stable Beveridge
curves with different intercepts in different periods. The
Beveridge curve shifted outward from the period 1960-69 to the
period 1975-85, and shifted sharply inward after 1990. Thi s
pattern of an unfavorable shift in the 1970s and a favorabl e shift
in the 1990s corresponds to the broad pattern of Phillips-curve
shifts, as measured by tine-varying NAIRU estimates. !

These facts suggest that novenments in the Phillips curve and
the Beveridge curve are |inked. A nunber of authors, including
Kat z and Krueger and Cohen et al., argue that such a link helps
i solate the right explanation for the recent fall in the NAIRU --
in particular, that it points towards stories about inproved job
mat chi ng. In theoretical work, the Beveridge curve is often
derived fromsearch nodel s of the | abor market, where frictions in
mat chi ng j obs and workers produce unenpl oynent and vacancies (e.g.
Pi ssarides, 2000). 1In these nodels, inprovenents in the matching
t echnol ogy cause the Beveridge curve to shift in. Thus the recent
behavi or of the Beveridge curve is consistent with the existence of
such inprovenents, arising for exanple from the growth of the
tenporary hel p industry.

Yet we doubt that the Beveridge curve is informative about the

1 Cohen et al. stop in 1998 because the rise of internet
advertising nakes the newspaper hel p-wanted i ndex an unreliable
nmeasure of vacancies in recent years.
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sources of NAIRU novenents. Although the shift in the curve is
consi stent with i nproved nmat ching technol ogy, it is al so consi stent
with other explanations for the falling NAI RU For exanpl e,
suppose the NAIRU fal |l s because workers who do not search hard for
j obs becone incarcerated or receive disability benefits and,
therefore, drop out of the | abor force. This reduces unenpl oynent
but has little effect on vacancies, because these workers were
unlikely to fill jobs anyway. O suppose the NAIRU falls because
wage aspirations fall relative to productivity growth. This nmakes
workers nore willing to take jobs when wages are a given |evel
relative to productivity. \Wien workers take jobs nore readily,
bot h unenpl oynent and vacanci es fall, and agai n t he Beveri dge curve
shifts in. As these exanples illustrate, nost plausible stories
about a shifting Phillips curve can explain a shifting Beveridge
curve as well. Thus, the fact that the Beveridge curve shifted
inward after 1985 says little about why NAIRU fell.

This argunent is strengthened by the fact that the Beveridge
curve shifted outward in the 1970s, when the NAIRU rose. Wile
some authors suggest that the matching technology has inproved
recently, to our know edge no one has argued that it deteriorated
in the 1970s. The relationship between Phillips-curve and
Beveridge-curve shifts appears to hold consistently over tinme, but

it does not tell us nuch about why these shifts occur.

6. Concl usi on

The NAIRU--or its approximate synonym the natural rate of
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unenpl oynent--is an inportant building block of business cycle
t heory. Few econom sts woul d deny that shifts in aggregate demand,
such as those driven by nonetary policy, push inflation and
unenpl oynent in opposite directions, at least in the short run.
That is all one needs to believe to accept the NAIRU concept.

The practical application is this concept, however, is |ess
straightforward. The value of NAIRU is hard to neasure, |argely
because it changes over time. The econony experiences many ki nds
of shocks that influence inflation and unenpl oynent. In |ight of
this fact, it would be renmarkable if the level of unenploynent
consistent with stable inflation were easy to neasure.

There is no shortage of hypotheses to explain what causes the
NAI RU to change over tinme and, in particular, why it fell during
the 1990s. The available evidence is too weak to establish
deci sively which hypothesis is right, but the literature on the

NAI RU has nade progress. Denogr aphy and governnent policy both

play sonme role. 1n addition, changes in productivity growh appear
to shift the inflation-unenploynent tradeoff. |In the past, nost
macr oeconom sts studying the Phillips curve have concentrated their

attention on the dynamc relationship between inflation and
unenpl oynent . In the future, they should expand their scope to

buil d and test nodel s of inflation, unenpl oynment, and productivity.
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Figure 1
Time-Varying NAIRUs, 1960-2000
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