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The nonacceleratingnflation rate of unemplgyment(NAIRU) is animportanteconomicand political
concept. It is significantnot only becausenostmacroeconomistaseit whenthinking abouta variety of
issuedout alsobecausét playsa pivotal rolein guidingpolicy. In this notel briefly describehow | estimate
the NAIRU.

1 NAIRU Estimation

TheNAIRU model,thestandardnodelfor inflation, is usuallybasedntheexpectations-augmentdthillips
relation

Te —T¢ = B (U — u) + % +w, 1)
whereTt is anestimateof the actualinflation rate, € is the expectedinflation rate,u; is the unemplyment
rate,u; is the NAIRU, X; containsadditionalregressos intendedto controlfor supplyshocksandy; is an
errorterm.

Like mary others,| usea “randomwalk” modelfor inflationary expectationgCongressionaBudget
Office 1994; Fuhrer1995; Gordon1990; Staiger Stockand Watson(SSW) 1997a,1997b; Tootell 1994;
Weiner1993). Accordingto the “randomwalk model; 1§ = T%_1, sothatg — 1§ = ATg. Hence,

AT, = B (u —u) + 0% + . 2)

Equation2 ngglectsthe possibility of serialcorrelationin the errorterm. It is thereforeconventionalto
estimateanautorgressie specification:

ATg = B(L) (U — ) +O(L)ATe—1 + V(L) X + &, 3)
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wherelL is thelag operatoy3(L), (L), andy(L) arelag polynomialsandg; is a serially uncorrelatederror
term.

Equation3 is difficult to estimatebecausehe modelis nonlinearin the parametersWhenthe NAIRU,
U, doesnot vary with t, Equation3 canbe rewritten in a form which canbe corveniently estimatedoy
ordinaryleastsquaregOLS):

ATg = p+ B(L)u + O(L)ATe—1 + Y(L) X + & 4
Theestimateof the NAIRU is then R
- —H

0 =~ (5)
B(1)

whereB(1) = 5P , B, with p beingthe orderof the lag polynomial B(L). Notice thatthe NAIRU is a
nonlinearfunction of the coeficientsp andp(1).

Theestimationapproactoutlinedin Equationsi-5canbealteredfor the casewherethe NAIRU varies
with time. Onewayto accomplishthisis to replacgiwith E'jzlo(jHlfl(t) whereH' isaHermitepolynomial
of orderi andwheret is thetime argumentcenteredaroundo.1 Therefore,

I .
At =y ajH ) +B(L)t +B(L)ATE 1 + V(L)X + &, (6)
=1

andthe estimateof thetime-varyingNAIRU is

e — 34 GHIT(D)
" By

Selectionof the orderof the Hermite polynomialseriesis doneusingMallows’ Cp.2 Hermite polyno-
mialsin particularand orthogonalpolynomialsin generalhave mary propertieswhich make themuseful
for flexible-form estimation(de Boor 1978; Hinich andRoll 1981; Szeyo 1975)—seeAppendixA.2 Less
computations requiredfor Hermitepolynomialsthanfor cubicsplines.

SSW(1997a,1997b)useseveralapproachew estimateahetime-varyingNAIRU. Oneof themis similar
to theonespecifiedn Equation6. They donotallow contemporaneousmemplgymentandsupplyshockso
affectthe currentperiodsinflation rate. SSW(1997a,1997b)approximatethe NAIRU by a cubicsplinein
time, written as@'S, where$ is avectorof deterministidunctionsof time* The SSWestimationequation
for the splineapproximatedime-varyingNAIRU is

ATg = @S 1 +B(L)u 1+ S(L)ATE 1 +y(L)X 1 +&, (8)

wherep= —B(1)pandd; = ¢S /B(1). SSWestimateEquations by OLS.

Following SSW(1997b)thelag operatordegin with u;_1 andX;_1 insteadof u; andX.—seeEquations.
Also following SSW(1997b),| usemonthlylagsover oneyearfor bothu; andArg andlagsoveronequarter
for the supply shocks,X;.. The supply shocksare specifiedas the differencebetweenfood and enegy
inflation andoverall CPlinflation®> The dataaremonthlyandthe price level measurés thefull CPI.

(7)

ITheargument, mustbe centeredaround0 becase Hermite polynomialsareorthogonalon the symmetricintenal (—co, o)
with respecto theweightingfunctionw(t) = 2, SeeApperdix A for details.

2Thecurrentmodelselectsa Hermiteseriesof order6.

3] donotwish to imply thatHermitepolynomialsarenecessarilguperiorto otherpolynomialssuchasLegendreor Chebyshe.
Theuseof Legendrepolynomialsdoesnot significantlyaltermy results.

4SeeSSW(1997b,207) Equationl0.

5SeeKing andWatson(1994)footnotel8. | hadpreviously includedthe NIXON variablethatGordon(1990,1167)suggestss
asupplyshock,but it is not significantandis rejectedoy variousmodelselectiorncriteria—LRtest,Mallows’ Cp andBIC.
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A Appendix: Hermite Polynomial Series

| usethe Hermitepolynomialseriesto estimatehe NAIRU. The Hermiteseriess oftenusedto implement
cubicsplines(de Boor 1978).Hermitepolynomialsform oneof thefamiliesof classicabrthogonalpolyno-
mials (Szegd 1975). Thevariance-cwariancematrix is oftenwell-conditionedHinich andRoll 1981).The
Hermitepolynomialsmaybedefinedfor j > 0 by therecurrenceelation

HITY(t) = 2tHI (1) — 2jHI~L(1).

wheret is theargument(time), j is theorderandwhereH (t) = 1 andH(t) = 2t. Theargumentt, mustbe
centerecaroundO becausehe polynomialsareorthogonalon the symmetricinterval (—oo, o) with respect
to theweightingfunctionw(t) = et

+o0 .
/ HiOH¥ e dt — 2KmEsk,  j k> 0.

A few Hermitepolynomialsarelisted belov. Notehow quickly the polynomialsincreasen size. Thisis
oneof thereasonavhy the parameterassociatedavith the polynomialsareextremelydifficult to interpret.

H2(t) = 4t -2
H3(t) = 8t3 12t
H4(t) = 16t* — 48t2 + 12
H18(t) = 65536’[16 3932160+ 894566402 — 984023040 + 5535129600° — 1549836288¢F

+193729536060" — 83026944067 + 518918400
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