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1; Introduction ‘. 

Toward the end of the 196Os, several economists including Milton 
Friedman developed the notion that there could be no lasting tradeoff 
between inflation and unemployment.L/ They argued that if price and wage 
inflation were correctly anticipated by firms and workers, the rate of 
unemployment .would’be determined by the underlying structure of the real 
economy rather than by’the level of inflation. In this context, the 
natural rate of unemployment was viewed as that rate of unemployment 
that would prevail in the longer run when expectations about inflation 
were fulfilled. 

The level of the ,natural rate of unemployment is an important in- 
put to policy analysis for various reasons. First, the gap between the 
natural and the actual unemployment rates provides an indicator of tight- 
ness in the labor market or, more generally, of demand pressures in the 
economy. Second, the natural rate can be viewed as a benchmark around 
which the actual unemployment rate fluctuates during the business cycle, 
and thus can be used as a basis for estimating the cyclical and strut- 
tural componento of such variables as the fiscal balance.21 ‘Inaccura- 
cies in the estimation of the natural rate may therefore Eave’s’erious 
consequences for macroeconomic policy. For example, an unnoticed in- 
crease in the natural rate may lead’to the underestimation of the extent 
of demand pressures in’the economy and of the size of the‘structural 
fiscal deficit, and could give rise to the pursuit of an excessively 
expansionary macroeconomic policy. .< 

, 

Two distinct approaches have been used to obtain econometric esti- 
mates of the natural.rate of unemployment for the United States. The 
first approach identifies the natural rate of unemployment as that rate 
of unemployment at which the rate of price inflation would be constant; 

* I would like to thank my colleagues in the North American Division 
for their help and encouragement in the preparation of this paper. 

l/ See Milton Friedman, “The Role of Monetary Policy”, American Eco- 
noiic Review, Vol. 58, pp. 1-17 (1968). 

21 See, for example, Budget of the United States Government: Fiscal 
Ye% 1985, Office of Management and Budget (1984) . 



-2- 

this rate of unemployment may be inferred from the estimated ooeffiaients 
of Phillips-aurve price inflation equations. The seaond method relates 
the unemployment rate direatly to various labor market and ayaliaal 
variables in a reduaed-form equation., Estimates of the natural rate are 
derived by setting the values of the ayoliaal variables at their trend 
levels. 

This paper surveys previous attempts to measure the natural rate 
of unemployment for the United States, and provides estimates of its 
value in reaent years. Seations II and III of the paper disauss several 
studies based on the Phillips-aurve approaah and reduaed-form approaah, 
respeatively. Section IV extends previous work using the reduaed-form 
approaah, seeking to (i) identify additional indiaators of struatural 
aonditions in labor markets that.may have a signifiaant influence on the 
natural rate, (ii) determine the short-run impaat, if any, of movements 
in aggregate demand other than those resulting from monetary shoaks, and 
(iii) investigate the aause and extent of oyaliaal variation in the fria- 
tional aomponent of unemployment. Seotion V uses the results obtained 
in Seation IV to distinguish,between ,shifts in the natural rate and 
ayaliaal fluatuations of: unemployment. The seation traaes the path.of 
the natural rate during the period,1954-83, and aaoounts for fluatua.t.ions 
around this path in terms of various ayaliaal faators. Finally, in 
Seation VI, the aonsistenoy of .this natural rate series with observed 
priae behavior is aheaked by, estimating a Phillips-aurve equation using 
the deviation of the aatual .unempl,oyment rate from the natural raf,e.as 
the measure of labor market slaak. 

II. The Phillips-Curve Approaah 

Phillips-aurve equations typiaally relate priae or wage inflation 
to the rate of unemployment and other variables, ina1uding.a distribut,ed 
lag of aatual priae inflation as a proxy for the expeated rate ofpriae 
inflation. The natural rate of unemployment may be identifiedin this 
aontext as the "non-aaaelqrating inflation rate of 'unemplo:yment" (NAIRU), 
that is, the rate of unemployment at whiah the rate of priae inflation 
is aonstant. In the framework of a model with adaptive prieezz.expeatations, 
NAIRU is the appropriate definition for the natural rate, as adaptive, 
prioe expeatations.aan only be fulfilled aonsistently if the rate of 
priae inflation does not change. 

To illustrate how NAIRU may be estimated, aonsider the following 
simple model of priae and wage setting behavior. Let the rate of in- 
arease of wages (w) be negatively related to the unemployment.ra$e (U), 
positively related to the expeated rate of priae inflation (pe) a.nd a 
funation of other variables that influenae labor market aonditions (Z,): 

w=a -a 
0 1 U + a2 Z, + pe ( 1) 

Expeatations about priae inflation in this model are assumed to 
be adaptive and aan be expressed as a distributed lag of past rat,es of 
inflation: 

- 
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i 6 . Pe = I; ,bi pei . . . ‘. ’ - I (2) 
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,, where p-is the aatual rate of inflation.' .The restridtion that the aoeffi- 
aients bi sum'to one is required to ensure that inflationary expeatations 
would be satisfied if infIation were aonstantover time. 

Priaes are assumed to be determined as a mark;up.;over labor aosts, 
where the mark-up may vary pro-ayaliaally. The.rate of ohange of prides 
is therefore positively related to wage inflation, negatively related 
to the degree of slaak in the eaonomy, 'and also affeated by other varia- 
bles (Z,) suah as the rate of ahange.of produativity. Using the unem- 
ployment rate as a proxy for the degree of.slaak, the-priae equation may 
be expressed: .x 

'_ . . . ,; ! . _I 
. P =w- 01 U .+ 02 Zp - ., . * r:i .(3) 

:, 
, Substituting equations (1) and (2) into (3) gives the reduaed-form 

equation for priae.inflation: . , 
. 

P =.a0 +.C bi p-i - (al+al) U +'-a2 w :z +c2zp,.. ,.,'I '(4) 
i' 

NAIRU may be obtained direatly from equation (4) as the-value of the. 
unemployment rate at which the current inflation rate would equal its 
past values: : _ ,. * .) 

. , _. 
NAIRU. = ,.(a, .+1 a2 Z,.+ 'a2 Zo)/(al '+ al‘)'., .- - 

. 
. 

I. , 

. . t, 
\ ‘:., ;‘, I L 

Henae, aaaording to equation (S), NAIRU depends on various faators that 
affeat wage and priae formation; for example a ahange in the rate of 
growth of produativity would alter NAIRU. Note that, to the extent that 
these explanatory variables ahange during the business ayale, the esti- 
mate of NAIRU based on (5) would also vary over the aycle. To obtain a 
ayaliaally adjusted value for NAIRU, trend rather than aatual values of 
these variables should be inserted into equation (5). 

j 
1. Modigliani and Papademos 1J - 

One,of the earliest attempts to derive NAIRU from estimates of 
Phillips-aurve equations was due to Modigliani and Papademos;. A typioal 
equation in their study was: 

P = a, + al 1JUA + a2 p-l + a3 q + a4 pm + a5 pf-1 

where: 

1J Franao Modigliani and Luaas Papademos, "Targets for Monetary 
,...Poiiay in the Coming Year", Brookings Papers on Eaonomia Aativity, 

1975:1, pp. 141-165. 
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P = rate of ahange in the aonsumer priae index exsluding food, 
UA = Perry-weighted unemployment rate,L/ 
q = rate of inerease of output per hour in nonfarm business sector, 

pm = rate of ahange in import priaes, and 
pf = rate of ahange in farm produat priaes. 

Equation (6) and similar equations were estimated by Modigliani and 
Papademos using annual data over the period 1953-71. In these equations, 
the estimated aoeffiaients on lagged inflation alustered around 0.8. 
Estimates of NAIRU were derived for the period as a whole from aoefff- 
aient estimates by setting p and p-1 to 2 peraent; setting q, pm, and 
pf-1 to their average values; and by adding baok the demographia adjust- 
ment faator./ These estimates ranged between 5.1 and 5.8, depending 
on the partiaular speoifiaation of equation (6) used. However, these 
values oannot be properly identified as natural rates beoause, in allow- 
ing the aoeffiaient on lagged inflation to deviate from one, Modigliani 
and Papademos do not require priae expeatations to be satisfied in a 
situation of aonstant inflation. In the absenae of suah a restriation, 
different values of NAIRU would be aonsistent with different rates of 
inflation, whiah would violate the natural rate+ hypothesis. 

2. Gordon 21 .-\ ’ 

Gordon's paper aontained estimates of a series of equations for 
priae inflation based on a model of priae and wage formation similar 
to the one outlined above. The study used quarterly data over the 
period from the seaond quarter of 1954 to the fourth quarter of 1980. 
A typieal equation was: 

p=b,+ Chip-i+b2UA+b3AUA-T *' (7) 
i \. '. 

+b4Zw+b5Zp+kbkDk . z".- 
,.. 

where the aoeffiaients bi were aonstrained to sum to one by a two-step 
estimation proaedure desaribed below. The dependent variable, p, was 
the rate of ahange of the GNP fixed-weight index and UA was the Perry- 
weighted unemployment rate. The veator Zw included the ratio of the 
minimum wage to average weekly earnings and the ratio of total soaial 

L/ The Perry-weighted unemployment rate is aonstruated as a weighted 
average of unemployment rates in eaeh age-sex aategory, with the weights 
ahosen to refleat the demographia aomposition of the labor forae in the 
base year. See George L. Perry, "Changing Labor Markets and Inflation", 
Brookings Papers on Eaonomia Aativity, 1970:3, pp. 111-141. 

21 The demographio adjustment faator is obtained as the difference 
between the offiaial rate of unemployment and the Perry-weighted rate 
of unemployment. 
A/ Robert J. Gordon, "Inflation, Flexible Exahange Rates, and the 
Natural Rate of Unemployment," in Martin Neil Baily, Workers, Jobs, and 
Inflation, Brookings Institution (1982). 
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. seaurity-contributions t6 wages and salaries. The veator Zp inaluded 
.the growth of output per hour in the nonfarm business seotor relative to 

:. trend, ahanges in energy and food prioas,.movements of the effeative 
' *@xahange.rate, a,variable representing shifts ,in'indireat tax rates, 

and dummy variables intended to represent.the,effeats of, the priae 
aontrols imposed in the early 1970s; The Dk were duminy shift variables 
intended to represent other faahors that might shift SJA.IRU over time; 
Dk was set equal to unity during the period k and to zero otherwise. 

Gordon aalaulated the value of .NAIRUfor period k as 'cbo +.bk)/b2 
+ AD&, where ADJk-is the ,average demographia adjustment faator in 
period k.l/ On the basisb6f a regression equation that inaluded the 
aomplete set of Z,$ and*.Z 

i 
variables, he inferred 'that the value of NAIRU 

had shifted from just un er 5 peraant in the period 1954-59 to:5 112 
peraent in the 1960s and to 6 peraent in the 1970s. This shift was due 
to the ahanging value of the demographio adjustment faator over time 
rather than to the influenae of-.the dummy shift-variables as the aoeffi- 
sieniis bk were not signifi6antly different from zero. Gordon,drew the 
aonalusion that, "there.has been no,upward shift in the natural rate for 
other thandemographia reasons."z/ I ,. '. . 

. , \ I.. _ ~ ._ 
Estimates based on Gordon!s method that hake ,aaaount’of ,reaentdata 

suggest that non-demographia as well as demographia faetors may have 
affeated the natural rate over the’past five years or so:; .The, following 
equation was estimated by ordinary least squares using quarterly data 
for the period from the first quarter of 1963 to the first quarter of 
1983: 

P = 0.033 - 0.057 UA - 0.037 AUA - 0.114 e 
(5.2) (4.0) :(l.O) (1.5) 

+ 0.563 f - 0.072 q - 0.056 Dl.+ 0.132 D2 
(1.5) (l-07) (2.2) (5.9) 

8, 
, + 0.011 D3 +.0.724, L ai p-1'. , 

(3.3) .-(14.3)i=l. 

I 1 2 3 4 5 6 7 8 
ai 0.10 0.13 0.15 0.16 0.16 0.14 0.10 0.06 

.. . c, . ,:: . 2 . . 

,TP 0.89 = >.- I-’ h 0.41 = .’ SEE = 0.095 

(8) 

. I. ~. ,. 

11 It should be noted that Gordon’s measure of NAIRU is striatly aor- - 
reaf,only if all b4 Z, 
the long run. 

and b5 Zp in equation+(73 are equal'to:s.zero in 
Otherwise, these terms should be included in thepderiva- 

tion of ‘NAIRU. In Gordon's regression estimates, the aoeffiaients on 
.-the variables inaluded in-Zw were found to be,insignifiaantly different 

from zero, so that the omission of the b4 Z, faotors okay be justified. 
Turning to the b5 Zp terms, the trend of the effeative axahange rate was 
flat over Gordon’s estimation period, but the relative priaes of food 
and energy tended to increase. This would suggest some underestimation 
of NAIRU, but the magnitude of the error would be rather small. 

21 Gordon, op. ait. p. 111. 
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Figures in parenthhses are t statistias.. ThC dephndent'variable (p) is 
'the rate of ahange of the GNP fixed-weight index.l/ The:independent 
variables inalude all'variables with signif'iaant yoeffiaients in' Gordon's 
preferred equation (equatrion 6 in his paper). .,lJA is.the' Perry-weighted 
unemPloymenE rate; e is the rate of ohange in the effeative exahange 
rate, of- Bhe.U.S. dollar; f is the rate of ahangs in food and energy. 
priaes relative to Ehe zNP fixed-weight priae index; q is the rate of 
ehange in$output per hour in the non-farm business seator relative.to 
trend; and Dl and D2 are dummy variables ineluded to aapture the effeats 
of the.priae aontrols of the early 197Os.21 D3 is a dummy shift variable 
inaluded to represent other f,aators that zight have altered the' natural 
rate in the late 1970s and early 1980s relative to the' 196Os.3/ The 
h-statistia is used iso test for the gresenae of autoaorr@laEi~n'in a 
regression equation'inoluding lagged endogenous variables. '~ 

, . .\ ,. ~. .,., . 2 
The-sum of 'lagged aoeffibienhs on priae inflation in equatirjn.(8) 

is only 0.72. In order to impose.,the aonshraint that aoeffiaients on 
&he lagged priae inflaEion terms sum to one,' a proxy for expsattd infla- 
tion was aonstruated in the manner suggested by Gordon.i/ Estimates of 
unexpeated inflation (pu) were then derived as tha differenoe‘behween 
aatual inflation and expeated inflation, and regressed on the indepen- 
dent.variables appearing in equation. (8): 

. . L ,-* 
.pu A 0.026 - 0.006 UA - 0.006 'AUA ; ,0;193 e:+‘O'.601 f . (9) 

(5.0) (4.3) (1.8) (2.9)" .(5'.3) 5 ", 
:: . . . . * 

- 0.069 q - 0.038 Dl + 0.119 D2 + 0.007 D3 
(1.6) (1.5) (6.3) (2.2) 

iQ = 0.72 DW = 1.97 . SEE = 0.010 

The eoeffiaient of the shift dummy for '1977;83 in equation (9) is 
signifiaantly positive, whiah suggests that an upward shift of NAIRU 
did take plaae for other than demographia reasons. On the basis of 
equation (9), NAIRU is estimated to have risen from.around 6 peraent 
in the 1960s to just over 7 peraent in the late 1970s and early 1980s; 

: . . L 
1J All rates of ahange are expressed as the first differenae of the 

logarithm of the variable, and are represented by lower aase symbols. 
,z/ For preaise speaifiaation,of e, f, q, Dl and D2, see Gordpn, 

op. ait. 
3/ D3 is set to unity for the period from the first quarter 1977 to 

th: first quarter of 1983, and to zero otherwise.,. " : *, .._ 
4/,. Rxpeated inflation is aalaulated as the,suin of the eight lagged 

vaiues of prise inflaEion multiplied by their respeative boeffiaients 
in'equation (8), divided by Ehe sum .of these,aoeffiaients.. t,::, .y'. 

II r '1 8.' \ _ . : ,,-, '* : I .,. . . I 
', Ta' ' ". -< -; 1.‘. ,, .;", ( ,.-.Y“. 

. : -1. ,'. > . I ., A.) ,, : 'f I_, /.. .< . . ', : , !. 
7 I' ,; 0 ,- :%.I: ?' _ I,' ',.,.p.. . ‘ 

; 
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half of this rise is asaribed to,demographid.faators and the rest to 
other factors represented by the shift dummy.L/ - 

1 3. Difficulties of the Phillips&urve approaah : ,. , 

The Phillips-curve approadh.to’estimating the natural rate of un- 
employment is prone to two types of problem. First, the values for 
the natural rate derived from the c.Phillips’;aurve approaah -are likely to 
be subjeat to aonsiderable estimation ‘error.unless:they are based on a 
satisfaatory model of wage and priae behavior. Ina0irea.t equation 
speoifioation of the wage and ‘priae equation”s,‘perhaps due-to omitted 
variables or the imposition of, inappropriate restriotions on the aoef- 
fioients, would bias the aoeffiafent estimahes“and thus distort the aal- 
aulated value ,of the natural rate. . p ‘* ^. .: . ’ 

.i,- , 

Seaond, the Phillips-aurve,‘approaah is limited by its inherent in- 
flexibility. The relianae on dummy variables to represent faators that 
shift the natural rate is not well suited to traaking movements in the 
natural rate over time. Moreover, it does.not provide an explanation 
for shifts in the natural rate over time or for deviations of .the aatual 
rate from the natural rate during the business ayale. 

I ‘- - . 1 .I. -.*c. .I. - .i., i‘,‘! 
.t 

III. The Reduaed-Form Approaah 
6,. :.--. - * 7 ‘j, ,(<.’ I a . 
*,-. -.. -. ,2 _ ,._ . . _I. ,An alternative apprdaoh to the estimation of’the natural rate.of 

unemployment is based on an equation relating unemployment to the.vari- 
^:.‘ous faators that are thought to influenae it.- ‘Studiesfollowing this 

approaah interpret fluatuations in unemployment.as resulting from unex- 
peated shifts in aggregate demand, from other ayaliaal faators, and from 
shifts in the underlying st,ruatural aharaateristias of the labor market. 
In .this framework, aggregate demand shodks ‘are:usually seen as the main 

.I sourae of unexpeated ahanges in the rate of inflation. ~The natural 
rate of unemployment is aalaulated as the rate that would oaour in the 
absenoe of suah shook8 (so that inflation would be aorreatly antioipated), 
provided that other ayoliaal variables were at trend levels. 

.’ 
1. Barro 

., . 

In a series of studies, Barro has related the unempl.oyment rate to 
unexpeated shifts in aggregate demand and various struotural variables, 
using a measure of unanticipated monetary gro&h.to. represent demand . I : _. , ?.,’ . . 

. _.. ,/ 

l/ This’ aalaulation. takes.into.aaoount the.upward:trend of energy and 
fozd’ priaes relative .to’ the GNP fixedrweight, index and in the .ef.feative 
exehange rate of the U;S. ‘dollar .over the period 19774V3;:these’faators 
raise the. estimate of. NAIRU *in this period by about,.O,.l;peraentage point. 
Note that the produativity variable was .aonstruated so:as to:.have an 
average value of ‘zero, -and therefore does not.enter into the aalaulation 

:of NAIRU. > ‘. ; ‘. .1 .‘. ,- _I -_ i * -1, . . 
:. ,._ ~. ,i....,. L . _‘_ .,. 8; ‘*‘,A L< ‘.-::‘, ,-y’ ,, _ 1);‘:. ’ .-I “‘j , 

. ,:. ,). ’ *.. , , _ + ;* /E’ ,. .<.k.‘ ~, *,- ~, =v ,, $I ‘\’ ‘,’ .,. . . . ,. _./ . . . . .‘1, ‘..,* .--. . 3” 
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shoaks; In a 'paper published in 
tion for the unemployment rate: 

1977,1/, Barro.used the following equa- 

log (U/(1-U)) = a0 + a 1 m + a2-rnrl* + a3 ai- 

+ a4 C + a5 MW ,' 

Unadtiaipated monetary growth, m, was estimated,,as the series of resid- 
uals from an equation relating the growth in narrow money,,M-1, to a 
distributed lag of growth in M-l, a moving-average measure of "normal". 
federal expenditure, and the unemployment rate in the'previous period. 
MW is the ratio of the minimum hourly wage rate to average hourly earn- 
ings in the private nonfarm sector multiplied by the ratio of the number 
of nonsupervisory workers covered by minimum wage legislation to:.total 
employment. C is a measure of military aonsaription.l/ Barro estimated 
equation (10) using annual data over the period 1949-75; he oalaulated 
the natural rate of unemployment' from this regression by setting all 
values of m to zero, that is;'by assuming that monetary growth was 
always fully antieipated. 'On this basis, the natural rate was estimated 
to rise from 3 l/2 percent 'in the early 1950s to 6 l/2 peraent in the 
middle 1970s; this increase was attributed to'the,rising relative value 
and aoverage of the minimum wage over the period, and to the ending of 
the draft. 

In his 1981 paper,A/ Barro reestimated equation (10) over the period 
1949-78; he found that, over this. longersample period, the.ooeffiaients 
of aonsaription and minimum wage variables were not signifiaantly dif- 
ferent from zero. In'plaae of these variables, Barro inaluded the ratio 
of federal purchases of goods and serviaes to GNP in his unemployment. 
equation, hypothesizing that higher levels of federal spending relative 
to GNP would tend,to lower the unemployment rate'. With this revised 
formulation, the natural rate in the middle 1970s was estimated to have 
been about 6 l/4 peraent, admpared with about 3 l/4 peraent in'the early 
1950s; the inarease was now asaribed to the diminishing .relative impor- 
tanae of direat spending. by the federal government;, :' 

. . I 
2. Lilien 4-1 

‘r 
Lilien argued.that a aonsiderable' proportion of changes in'unem- 

ployment are due to variations in its friational oomponent,.that is, 

l/ - R.J. Barro, 
Unyted States," 

"Unantiaipated Money Growth and Unemployment in the 
Ameriaan Eaonomia Review; Vol. 67, No. 2, pp. 101-15 

(1977). 
2/ C is set equal to the ratio of military personnel to the male 

.poFulation aged 15-44 in the period up to the ending of oonsaription 
'in 1970 and is set to zero thereafter.. The draft is ,hypothesized by 
Barro to have reduaed the natural rate by inareasing the. inaentive to 
enter higher eduaation or to find employment. ,". . 

3/ R.J. Barro, "Unantiaipated Money Growth and Eaonomio .Aativity in 
th: United States", in Money, Expeatations and Business Cyales, Academia 
Press, hew York (1981). 

4/ David M. Lilien, "Seatoral Shifts and Cyaliaal Unemployment," 
Jou'rnal of Politiaal Eaonomy, vol. 90, no.4, pp* 777-793 (1982). 
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to ohangas in the unemployment r.ate arising.from the proaess of ahanging 
jobs... He suggested that friationalAunemployment wou.ld fluotuate in res- 

3 ponse to shifts insupply aonditions.in goods-markets Chat,altered the 
i.pattern of'employment. As an indieator of suah shifts in supply aondi- 

tions, Lilien aonstruated a measure.of the.dispersion-of ratas of ahange 
of employment across an 11-sea&or breakdown of the eaonomy (,D).L/ 

Lilien derived an unemployment equation by modeling the flows intro 
(layoffs) and out of (hires) the stook of unemployed. Layoffs were re- 
lated to the total ahange in. employment and to the.dispersion of ohanges 
in employment aeross seaters. Hi.r&ng was related to the stoak of unem- 
ployment in the previous period and to present and. past monetary shoeks, 
measured by Barro's m. Equation (11) represents a typieal Lilien unem- 
ployment equation: 

u= b. + bl D + b2 m + b3 m-1 + b4 U-1 + b5.‘T' (11) 

where T is a ,time trend. Lilien defined the natural rate of unemployment 

' '.. (UL) as the unemployment rate that would oaaur,in the absenae of monetary 
shoaks, provided that the unemployment rate was at its natural value in 
the previous period.L/ .UL may be obtained from the expression: 

I I 
I.,,. -I - .‘. 

*, '. . :UL ~ ' bqi (b. + b D-i +.b5 T-i) . 
i, *=o : l 1' , '.'* . 

(12) 

Lilien estimated equation (11) using annual data over the period 
1949-81. On the basis of the regression results, he oaleulated that 
the natural rate ranged from 4 to 5 l/2 peraent in the 19508, from 4 to 
5 peraent in the 19608, and from.5 l/2 to 8 peraent in the 1970s. He 
observed that the estimated.disor.e.panaies between aotual and natural 
rates were muah more pronounoed ia the 1960s t,han in the 1970s. Lilien 
interpreted this,as indioahing that monetary surprises were responsible 
for muoh of the ayaliaal fluotuation in the unemployment rate/during the 
196Os, while shifts in supply aonditions were the dominant fabtor behind 
swings in the unemployment rate during the 1970s.' 

. 

Lilien's measure.of the natural rate may be ,aalauj=ited for,.the 
years 1982 and 1983 using Lilien's aoeffiaient estimates and values of 

. dispersion of ehanges in employment derived from,reaent data (see . 
Table 1). On this basis, the natural rate of unemployment in these two 
years equaled 7 l/2 persent, some 2 peraentage points.less.than the 
aatual rata. Only a small fraahion of the two-point gap in' 1982 aan be 

~ attr,ibuted to the faat that monetary growth vas less,,,than antiaipated 

: ’ 
‘_ 

_z I 
L/ D is aaloulated as [ c (Ej/E)( i; alog Ej - &log E)2j!!2wh&e.Bj is 

j j ': 
employment in industry j, and E = i: Ej. 

! ' j. : 
21 Note that, aaaording to this interpretation-, the natural rate 

wo<ld be affected by ayaliaal swings in friahional unemploymani. 

- 
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.* - t. (‘aaaording to Barro’ s formula) ; in’ .1’983., a -positive. monetary shook is 
‘_ ‘ estimated to-have -lowered the unemployment rate. slightly.a Thus, on the 

’ basis of Barro and Lilien’s results,,. the high .rates of. unemployment, in 
1982-83.can not.be fully explained by either high rates of friational 

-J unemployment’ or by monetary’ shoeks. . “. I . : : t ,‘_‘.. .’ \. ._ xi ~ ._ .. 

L. ‘IV. Extensions of the.Reduaed-Form Approaah 
I I - ‘r.,.,. I 

This seation a,ddresses three,issues arising from BarroTs and. 
Lilien’s work. First, the findings of Barro and Lilien do not rule out 
the possibility that struatural aonditions have a strong influenae on 
the unemployment rate; but these authors do’not inelude suah.variables 
in their preferred equations. The first part of this seotion seeks to 
identify struatural variables that do have a well-determined, relation- 
ship with the unemployment rate. .Seoond, Barro and Lilien do not allow 
for the possibility,that the unemployment rate may be affeated by move- ” 
ments in aggregate demand aoming’ from. sourc’es. other than unantiaipated 
ahanges in mone.tary growth. The seaond ‘par’t of ,this section investiga’tes 
whether other souraes of ahanges in aggregate demand may influenae the 
unemployment rate. Third, Lilien does nbt’iest his’ hypothesis that the 
dispersion of rates of ahange in employment aeross sectors is a good 
measure of shifts in supply oonditions. The third part of this seation 
examines the possibility that the dispersion.variable.may not prinai- 
pally reflect supply shoaks but may rather ‘be endogenously determined 
or related to shifts in aggregate demand. 

1. The influenee of struatural aonditions in the labor%market 
I 

Eight measures qf s’truotural aonditions in labor-markets were aon- 
struoted, representing both demographio and non-demographia .faators. 
IB is defined as the ratio of average weekly benefits from state unem- 
ployment insuranae to average weekly earnings of produetion workers in 

-the private nonagriaultural seotors; ‘IC is defined .as the- peraentage of 
the aivilian ‘labor forbe aovered by state unemployment insuranae.; .LF, 

‘LZ, LY’, and LN are the proportions of women; women of.ahildbeaiitig’age 
,(aged between 25 and 44), teenagers, and nonwhites, respeatively, in 
the labor foroe (Table 2). Minimum wage and military aohseri”ption 
variables were’oonstrua.ted as defined by Barro. It is. hypothes-iied-< 
that the rate of unemployment is negatively related-to’the,aonsaription 
variable and positively related to,the other variables. Higher. values 
of the benefits from and aoverage of ‘unemployment i.nsuranae and a lower 
degree-of military aonsoription would reduoe t’he aost ofj’being unemployed 
and therefore tend to raise the unemployment rate; higher:Rroportions 
of women, teenagers and nonwhites in the labor forae. would increase.the 
rate of turnover and hense would tend to raise the unemployment’rate; a 
lhigher value of.the minimum wage would reduae employment opportunities 
for unskilled workers and therefore tend to raise the unemployment rate. 

. ._ ‘. \.,‘.’ -’ 
To prov,ide a standard for aomparison, equation (11) was re-estimated 

using annual data over the period 1949-82: . j : ‘. I @ ,I, c \. ..(/. .‘. ‘I : ‘ ,+, \/‘, ,_ I I +. f, .n.- L, . . . . . ,I’! I 

4 \. 

tl 

4 
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:;_ .u = -0.2 --20.3 m - 33.0 m-1' +-59.2-D (13) 
.\ ,(0.4) (2.6) (3.8) . . (5.5). I . e 
:, .' _ . , 

+ 0.08 T + 0.:53.U+ * 
.__ 

.': 
_. (5.9) ,z (6..5)-' : . . : ‘ 

F;;. ' _ .'. 
,I - 

.-. ._ . 

3 = 0.89 3. I-. .' h = -1.85 ' SEE;; 0.57. 
_. I,'. r 

,Cogffiaient,valuesiq &qua&n (13) are similar td those. reported 'in 
. . -~Lilien.l/ When the eight struatural variables,were:inaluded in equation 

(13), tee aoeffiaients .on unemployment insuranoe benefits, aonsaription, 
and the proportion of,'women of ahild-bearing age ,in the~labor..forae had 
the expeated signs, although only that on the unemployment insuranae 
benefits variable was signifiaantly different from zero-at the-g.5 per- 
aent aonfidenoe level; the aoeffiaients on the other five variables had 
signs .opposite from those expeated. In a seaond regression, these five 
variables:were -omitted; in this regression-the<aoeffiaients on unemploy- 
ment:insuranae benefits and the proportion .of women of ahild-bearing age 
.were both.signifiaant and had the expeoted signs, while the aoeffiaients 
'on the aonsaription variable and also the time trend were not'signifiaant. 
Omitting these latter terms gave the equation: : '_ _ : 

: ' 1 
I. 

u= -14.0 - 15.6 m - 27.6 m-1 + 38.7 D.‘ " 
,." 

(14) 
(8.3) (2.6) ^- (4.J); ‘st5.3) . " ' '. 

.'.v., . . , ,'..^b, .~ . ._' .i 
' :+..33;4 IB'+ 18.1 .L'z ,+ 0.'44 U,l" 

.(6;8)'.,: ?' (3.3). *, ,.(5;5) : 
'; 

_ :*\ , 

i ',.I - . ': 
, t -', r,.. III,'. 

. 
. -c 3 .i'o.93 : h =,YO;51 1 '::' ..SEE '=,0.43 : 'I' ': 

.' " .-._ I r -._ -. : _- _L.\, : 
Aaaording.'to.equation (14); the,::ratio of .benefits from unemploymentin- 
suranoe to weekly earnings and the proportion of women of ahild-bearing 
age in the labor fdrae both have signifioa.nt positive effeats on the 
unemployment rate. The hoeffiaients on unexpeoted monetary 'growth in 
equation (14) are not muah different from those in equation (13); the 
aoeffiaient on the dispersion of employment,ahanges is substantially 
reduaed but is still highly signifiaan.t. ", 1 P ' 

2. The role of antiaipated movements ‘in ,aggregate demand : 

Equation (14) suggests that unantieipated movements of the money 
supply may influenoe the rate of unemployment; this does not exolude 
the possibility that antiaipated shifts in aggregate demand (or unexpea- 

' tdd shifts in demand from other souraes,) may also affeat the une'mployment 
rate. It aan be argued.that.,any ayaliaal fluotuation:in aggregate de- 

,mand would affeat'the demand .for labor and henae.the une'mployment rate, 
whether or not it was expeated.: To the extent-that-an:inarease in. ~ .I 

- ‘. 
,I 

. ,,:. 

* r 

G e-l/ Further equations,inaluding,.additional:lags-bf D,and'-m were . 
esGmated;.as in Lilien, op.. cit., 
improvem&t in performanae. . 

but. tiithoht'.yieldingcany signifiaant 
.: , ,' *_-' -. 
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labor demand led to a rise in the tiage.rate relative to prices, expeeted 
future wages or unemployment insuranae benefits, this rise would inarease 
the inaentive to work at that momenk in time. This effect may aontribute 
to the significance of the unemployment insuranae benefits variable in 
equation (14). To be sure, in certain seators of the eaonomy, wages may 
respond only sluggishly to fluctuations in labor demand, due to.multiyear 
aontraats or other institutional rigidities. In industries affeated by 
such wage stiekiness, the labor market may not alear aontinuously and 
willing.workers would not always be able to obtain employment. In these 
seaters, the variation of labor demand over the business ayale aould lead 
direatly to changes in unemployment, without neaessarily having"any im- 
pact on .relative wages. 

In his studies, Barro attemp'ted,.to test for the influenae of .anti- 
cipatsed monetary growth on unemployment by inaluding the ourrent.and 
-lagged values of the rate of growth of M-l (along with his measure of 
unantiaipated monetary growth) in his unemployment equaeion; he used 
an F-test to assess the joint signifiaanae of the coefficients on the 
astual monetary growth variables. On this basis, he aonaluded that the 
aontribution of antiaipated monetary growth,to movements of unemployment 
was unimportant. The same result is.obtained by applying the equivalent 
tests to equation (14).1/ 

Evidenae that monetary shocks"do not fully aapture the effeat of 
aggregate demand on unemployment is obtained by using an expliait mea- 
sure of the ayaliaal position of the eaonomy, the Federal Reserve 
Board's index of oapaaity utilization in the manufacturing sector (CU). 
The coefficient on this variable in the unemployment equation would be 
expeated to refleat antieipated as well as unanticipated ayaliaal in- 
fluenaes that were not represented by other explanatory variables. 
Inaluding aapaeity utilization in the equation gave the result: 

U = -0.02 - 9.7 m - 20.6'm-1 + 16.6 D + 21.8 IB (15) 
. (0.0) (1.9) (3.6). (2.0) ' (4.3) 

+ ,17.9 LZ - 10.1 CU + 0.36 U-1 I 

(4.0) (3.7) (5..2) 

R2 = 0.95 h= 0.94 SEE = 0.36 

1/ A,aollinearity problem may arise to the extent that aatual M-l ': 
growth and unantiaipated M-l growth are aorrelated. As an alternative 
test, prediated values of M-l growth, calculated on' the basis of Barro's 
foreaasting equation, and its lagged values were inaluded in equation 

(14). Note that in this aase the aollinearity problem was reduced to 
the extent that foreaast and foreaast errors were orthogonal. ,But again 
the ihalusion ,of the additional variables did not yield a signifioant 
improvement in the explanatory power of the equation. :. 

I 
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On the basis of an F-test, the&&lusion of the aapaaity utilisation 
index leads to a significanC'improvement in the fit of the regression, 
suggesting that there-care indeed ayaliaal influences on the unemployment 
rate that were not- captured.by equation (14).1/ At the *same .time, re- 
estimationn_of equation (15) without the monetary surprise variables leads 
to a_,si.gnifiaant deterioration of fit. Together, these. two results 

ay that, despite the.possibility of aollinearity between capaaity 
utilization and monetary, shoaks, the two variables make distinat eon- 
tributions to the explanation of movements in unemployment. _ 1 - 

. 
t' 

3. Supply shifts, dispersion of employment changes,. and the ':. . 
friational aomponent of unemployment 

In his paper, Lilien argued that a shift in the supply aonditions 
in goods markets aould lead to a temporary inarease,in the friational 
component of unemployment during the period in which the struature of, 
produation and employment adjusted to the new business environment. 
As this period of adjustment would tend to be marked by a transitional 
increase in the dispersion of ahanges in employment across seators, 
Lilien used a measure of such dispersion (D) as a proxy for shifts in 
supply aonditions.. . 

A difficulty with Lilien's analysis is that the dispersion variable 
may not prinaipally refleat supply shoaks but may rather be endogenously 
determined. Lilien rejeated the latter possibility on the basis of a 
regression of D on its own lagged values and on present and lagged values 
of monetary shoaks; this regression indicated.no signifiaant relationship 
between D and these explanatory variables. It would be desirable, how- 
ever, to find alternative, more direat measures of shifts in supply aon- 
ditions faaing produaers and to demonstrate that D is alosely related to 
suah variables. 

. 
In constructing measures of shifts in supply aonditions faaing 

produaers, it should be.note'a that the impaat of a supply shift on fria- 
tional unemployment would not necessarily depend on-whether the shift 
had been antiaipated. Moreover, the effect on unemployment would be 
related to the absolute value of the supply shift rather than to its 
direction, as a shift 'of employment from industry A to'industry B would 
have the same transitional Lmpaat on unemployment as the reverse shift. 
Two proxies for supply shifts were aonstruated with'these.points in mind. 
The first is the absolute value of the rate of ahange in the ratio of 
'wholesale priaes of intermediate inputs to the wholesale prices of fin- 
ished goods. This variable is intended to represent ahanges in-the 
.aost of equipment and materials relative to the price of .output. The 
seaond variable is the absolute value of the rate of change-in-the mer- 
ahandise terms of trade. This variable 'is intended, to represent. changes 
inthe relative attractiveness of produaing for export rather than for 
the domestia market. It is hypothesized that.the rate of unemployment 
would be positively related to both these variables. 

l/ The inalusion of lagged values of aapaaity utilization did not 
provide a further signifiaant improvement in fit. 

-e ,. ,. u . - I, 



\ The 'results of several statistia 1: tesks.sugges$ that these kwo 
supply-shift variables fail to aapkure th 

\ 
orces.khat influenae either 

~' frictional unemploymenk or dispersion in emplo et changes. When.the 
supply-shift-variables were added to regressions.(N), (14) and (15), 
kheir aoeffiaients were found to be positive, but.smalpand insignifi- 
cantly.different from zero. The aoefficients on the disper&on,of-em- 
ploymenk .ahanges were nok significankly 'affected. Little improvemse' 
was aahieved by adding lagged values of khe supply-shift-variables. 
Moreover, a regression of the dispersion of employment changes on the 
supply-shift variables produaed coefficients that were insignifiaantly 
different from zero at the 95 peraent level.l/ 

In khe absenae of a satisfaatory explanation for variations in the 
dispersion of employment changes in kerms of exogenous variables, it 
cannot be ruled out that khe variable may in faak be dehermined endo- 
genously. 'In parkiaular, Lilien did not investigate khe possibility 
that khe dispersion of employment changes may basiaally reflect ahanges 
in the unemployplenh rake itself. It may be hypothesized khat a ahange 
in the unemployment rate, whekher positive or negative, would be asso- 
ciaked wikh an inarease in the dispersion of changes in employment: 
aaross sectors to the extent Chat different parks of khe economy respon- 
ded differenkly to fluatuakions in overall ackivity. This argument is 
given emp;iriaal support by a regression of the dispersion.of employment 
changes on khe absolute ahange in khe unemployment rate: 

D = 0..013 + 0.012 j"Ul . . *. (16) 
i ' (7.1).. (8.2) 

, 
A, if2 = 0.67 . DW 1 2.06 SEE = 0.007 ;. a 

Equation (16) suggests that kwo Chirds of the dispersion of ahanges in 
employmenk aaross sectors may be explained by absolute ahanges in the 
unemployment rake. This would imply thak the dispersion variable is 
indeed dekermined endogenously, so that the coeffiaient estimahes in 
equations (13), (14), and (15) would be inaonsishent.L/ 

Using an inskrumenkal variables approach avoids khis simultaneity 
problem while still providing a test for Lilien's khesis that frictional 
unemploymenk may have an important ayeliaal component. Under khis ap- 
proach, the employment dispersion variable in the unemployment equation 

: 
L/ Using'actual rather khan absoluke ahanges in term&of krade and 

relative prices led to no improvement in performance. 
21 .One could argue thak equations (13) and (14), whiah both include 

I a lagged endogenous variable, would direstly imply a close relakionship 
between D and AU, 

'is picking up. 
and that this is khe relationship whiah equation (16) 

It should be noked, however, that the fit of equation 
(16) is superior to thak found in the simple regression of'D on &LJ: 

D= 0.024 + 0.070 Au 
(15.8) (5.82) ; '. 

.; ._ ,*. ,_ ) ,. .., 
if2 = 0.50 DW=1.82 - SEE = 0.009 



'- 15 - 

e 

.. is.replaced by the determinants of absoluke.,ahanges in unemployment. 
,:Satisfaatory re,sults are obtained by simply'substituting the absolute 
change of aapacity utilizakion for the dispersion of employment ahanges 
in equation (15).L/ 

$6 . 
, _ u:= 0.3 - 8,O m'- 21.5‘+1 + 21.5,,18 + 21.0. LZ‘ --_ ;.;: (17) 
* *i. .(0-l) (1.8) ( (4.1) (!..9) ,- ,(.5.2): ~/ _ - _ .. 
-_ . ."a. ~ _ .:'.- .~ L : ,-, 

I~ I ,, , * ,. . . .- ii.2 CU.+ 7.8.,&IJ~,-+ 0..28& ;; 
t. p ; . . . : ;(5.0) ., (3.3) (5.3) ,* -,..I ,;,' : i_ ;' ,. ; L, 

. , /' s - r . . 
', .-. x2 = 0.96 ,. ' h,.=, 0;22.. ';. ,-' 'SEE p 0.32 ,,' "__ ' -; ' ' :,.., , ..: : - I 

I . 
The aoeffiaient, on.kh~,ab,soiute-dhange in aapaoity'utili&tion is sig- 
nifiaankly positive. This-resulk suggeshs thak, for a given level of 
economic aativity, khe larger the absolute ahange in.aotivity;~.the 
higher would be the unemployment rake. It may be noted thak the long- 
run coeffiaients on the other variables in equation (17) are lower khan 
in equation (15), khe aoeffiaienks .on the monetary-shock variables are 
joinkly significant, and the standard error is reduaed. Re-eskimaking 
equakion (17) inaluding the employment dispersion variable gives a sig- 
nificant aoefficient on the absolute change in aapaaity utilization but 
.an insignificant aoeffiaient on the dispersion variable. 

. - v. Accounting for Changes in Unemployment 

Equations such as (13), (14), (15) and (17) aan be used ko break 
down movements in the unemployment rake between shifts in the natural 
rake and cycliaal fluctuations in unemployment. In this section, equa- 

* '_ kion (17) is used to c,al,aulate the path of the natural rake of unemploy- 
,,,ment in the period 1954-83; it is also used to aceounk for,fluckuations 

around this path in terms of various ayaliaal influenaes on. unemployment. 

1. Shifts in the natural rate . . .,. ~ , 

In terms of equation ,(17,), the natural rate of unemployment (UN) 
may.be defined as khe rate that would oaaur if. (i) khe exogenous varia- 

':bles IB, CU,lACUI, and .LZ were sek at their ayalioally adjusted vaiues, 
(ii) money supply movements were fully ankiaipaked, and (iii) unemploy- 
ment had equaled the natural ,rate in the previous,period. Aaaordingly, 
the natural rake was calculated from the expression: 

; . : , : . 
. w 

. UN = c 0.28i (0.3 +'21.5 IB?,i + 21,d LZ*-i '; ' . 
i=O 
- 10.2 CU*,i .,+ 7.8 I"CU(*-i) 

, 

-I ; I. ,I \' 
(18) 

,.’ ‘, , 
1/' The.absolute changes in aapacity utilizakion alone &plain 33 per- 

cezt of,the variation in. the dispersion of employment ahanges. . . . . . 
‘, : _ : .,‘: . : ,I, 
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where the asterisks Fndioate oyaiigally adjusted valuas of the relevant 
variables. l/ Equation (18) may be solved to a satisfaatory degree df 
preaision Ky’trunaating at i = 5. 

The natural rate series obtained by solving equation (18) rises 
. from 4 3/4 peraent in 1955 to 5 l/2 peraent in 1970 and to 7 3/4 peraent 

in 1983 (Chart 1). Aaaording to equation (18)) the 3/4 peraentage point 
inerease in the natural rate between 1955 and 1970 was largely aaaounted 
for by inareasing unemployment insuranae benefits relative to weekly earn- 
ings (see tabulation below). The peraentage of women of ahild-bearing 
age in the labor foree in faat fell during the first part of this period, 
before rising baak to its ‘initial level by 1970. From 1970 to the pres- 
ent , the natural rate is estimated to have inareased at a muah faster 
pa-, at just under 0.2 peraentage points per year; three quarters of 
this inorease is attributed to the rising percentage of women of ahild- 
bearing age in the labor foroe. 

Shifts in the Natural Rate of Unemployment 

’ (In peraentage points) 
‘, : * 

1955 1960 1965 1970. 1975 1980 1983 --PP--- 

Estimated natural 
rate of unemployment 21 4.8 ‘ 4.9 5.1 5.4 6.1 7.2 7.8 

Post-1955 inarease 
due to: 

Unemployment 
insuranae 

Demographia shifts 

0.1 0.3 0.6 1.3 2.4 3.0 

-- 0.2 0.4 0.6 0.8 0.9 1.0 
- -0.2 -0.2 -- 0.5 1.4 1.9 

2. Cyaliaal variations 

The ayoliaal~unemployment rate (UC) is d’efined’as the differenae 
between the aatual and the natural’rates of unemPloyment. The ayoliaal 
unemployment rate has varied within’a range of about -2 to 2 peraentage 
points over the past 30 years, registering troughs in 1956, 1969 and 
1978 and peaks in 1958, 1975 and 1982 (Table 3). 

The aoeffiaients of equation (17) aan be used to explain these 
ayaliaal variations in terms of movements of the exogenous variables in 
the equation. Unemployment resulting from unantiaipated monetary growth 
(UM) is given by: 

/ IB* and CU* were derived from trend equations estimated over the 
peiiod 1957-81; lACU[ * was set equal to the average value of IACUl over 

.-‘this period as this variable had no signifiaant trend; LZ* was set equal 
to LZ as this variable did not vary signifiaantly over the dyale. 

21 Based on equation (18). 
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Q) 

uM= -. L 0.28i (8.0. mmi' +,:,:21..5'm-ii1) 
i=O 

(19) 

‘, , ,.’ ,. 
Unemployment resulting from.ayaliaal'variat~ion,of~ ftiational unemployment 
(UF) is given by: ~ .,' i ., 

. . . . . : .f 
.a 
L 0.28i [7.8 (li;;l;i -‘Ii’+$ 

. 
UF = “’ : - . (20) 

i=O ._ 

- 
. . 

Unemploymen$ resulting from other ayoliaal faptbrs (UQ)& given by: 
* ,.. ,' 

co I,!' m ',-..)' -. 
UQ = I c 0.28i [21.5 (IB-i - TB$-i) -1;‘ 

i=O 
(21) 

‘I 
1. _.. - 10.20 (CU-i - CU*-i)] ',;.I 

Aapording to'equation (19),.monetary 'shoaks'boosted unemployment 
'above itsnatural rate'by 1/2.pereentage point on average between 1957 
and 1964, 'and lowered unemployment below the natural rate by,about 

'.1/2 peraentage point in the period 1968-74 (see Chart 2 and Table 3). 
Unexpeatedly slow growth of M-l raised unemployment by l/4-1/2 pereent- 
'age point from 1975 to 1977, but positive monetary shoaks reduaed the' 
unemployment rate in the three 'following years. In the period 1981-83, 
monetary shodks are estimated to have had a negligible effeat on the 

,uhemployment.rate. ',. : _ .: ,. 
_ '.. . 

On.:th& basis .of.equatidn (20), the:.impaat on the unempioyment'rate 
of ayaliaal.variations in f'riational unemployment has.generally *been 
'smaller than that.of monetary shocks. Friational unemployment was about 

;;1/2 peraentage point:less than average in 1968T69 and l/2 pereentage 
.-point more than average.in. 1975. At other times, and in partiaular in 

,' 1982 and 1983, the ayaliaal somponent of friahional unemployment has 
been less than l/k pereentage point.i/ ,', 

" . 
Other .'ayaliaal faotors (representing deviakions from trend'of 

IL:, aapaaity utilization and of unemployment insuranae benefiks rel‘akive to 
e .'wages).'are' estimat&d.to have reduaed unemployment by.?/4 peraentag.e 
:;:. points.in 1955-57 and by about 1 perdentage point in 1964-69; they eon- 

.'tributed to high ayaliaal levelsof unemployment in 1958-62:; in 1970-72 
.and in 1975-76. .These f'aators were almost',entirely responsi.ble.for the 

.s 2 peroentage points of ayaliaal unemployment'in ,1982-83. .The unexplained 
,.residual'portion of movements of the unemploymenk.rate'has ranged up to 

l/2 peraenkage point,in the past, but has been negligible in the.past 
four yearsi I.,, . ! 

_ \' , . . 

r : .L/; Estimates of the ,ayaJiaal variation in'frigtional unemployment 
.based on. the aoeffiaient on employment dispersion,.,i,n,equation (15) are 
not signifiaantly different from these figures. ,, : 
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91. The’ Phillips Curve Revisited . ‘_ 

As a way ko test the plausibility of the estimates of the’nakural 
rata aalaulated’from equakioii (18), a Phillips-aurie priae equation 
similar to the one used by Gordon was estimated using the deviation of 
the aakual rate from the eskimaked natural rate (i.e., the ayaliaal 
unemployment rate UC) to measure the degree of slaak in the labor 
markek :L/ 

pu = 0.001 - 0.056 UC - 0.094 ALJC - 0.224 e + 0.583 f . (23) 
‘ ’ ‘1 (0.3) (5iO). (2.7) (3.4) ’ (6.0) i ’ I. 

- 0.069 q - 0.042 Dl + 0.12 D2 
(1.6) (1.8) (6.4) 

‘?i? = 0.71 / . . DW = 1.94 SEE = 0.009 

This regression followed’Gordon’s-proa&dure desaribed in seatibn II.2 
to impose khe aonskraink thah khe aoeffiaients on lagged values of... 
priae,inflation should sum to one. The dependent variable (pu) is : I 
unantiaipaked priae inflakion; ‘e is the exahange rake variable;..q.is 
the produakivity variable; f is the.relative priae of food.and energy 
variable; Dl and D2 are’ khe,priie’ oontrol dummy variables. 

! 1 1 a .‘I-\ I. , . :. .‘,.I. . . . .-. _.:I_ 
ThC results of equation’-(23);are aonsistent with the”jofnt hypokhe- 

sis thak (i) the Phillips-aurve speaifiaation given’inSeakion‘II.2 is 
an appropriate form for the priae equakion and (ii) khe ayoliaal unem- 
ployment rate is a satisfaatory measure of labor market slaak., Ik may 
be noted that nok only are the aoeffiaients on both ayaliaal unemploy- 
ment.variables signifiaankly negative, but also the inkeraepk term is 
insignifiaantly different from zero.> Thus ,‘ aaaording to equatiqn- (23) 
and in aonformity with the natural rake hypothesis, the rake-of infla- 
tion would be equal td.its expeated.value if the.unemploymenk rate were 
equal to its nahural rate and exogenous variables were.sek at trend 
levels. 

I. I, \ -. + I ,’ . . .: 
It also appears from equation (23) khat khe’differ&de bekween’ the 

aakual unemployment rate and the.estimated -natural rake.is a bekter in- 
diaator of labor market slaak than‘the.Perry-weighted un&mploymenk rake 
series used in equakion (9). First,‘.the aoeffiaients on the ayaliadl 
unemploymenk variables are more.preaisely determinad in:equakion (23) 
khan are’khe aoeffisietits +ontthe Perry-weighted unemploymenk’variables 
in equation (9). Seaond, when the dummy shifk variable D3 :is:irialuded 
in equakion (23), its aoeffiaient is not signifiaant; this-suggests 
that the estimated natural rate series adequately represenks’seaular 
faators affeating labor market oondikions during the lake 1970s and the 
early 1980s. 

-. 11 / Quarterly values for the oyaliaal unemployment rate, were: derived 
by-linear .interpolation of the annual series forkhe .natural.unemploy- 
ment rate provided in Table 3. . *_ . . * ,_, _.” )_ 
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,-It may be noted that using Lilien’s measure of the natural rate as 
the basis :for estimating the-,exaess supply of labor gives:.less, satisfaa- 
tory results. Re-estimating.equation (23) using suah a measure of excess 
supply gives a signifiaantly positive interaept and insignificant aoeffi- 
aients~ on both aycliaal unemployment ,variables. ,, _.. : ‘I :.‘: 

: ‘-. . k , , I_ 
._^ ~. . “‘..‘S 

“II. Conalusion ,’ ‘1, 
: :. 

. . . . . 
‘-; *.,_ ..,;,T.a-’ ,- ‘* 

The different approaches to.estimating’the natural .rate of unem- 
ployment for the United States used in this paper give broadly similar 
results : (i) there has been a signifiaant inarease in the natural rate 
from the 1960s to the late 1970s and early 1980s amounting to 1 to 2 per- 
aentage points; (ii) the natural rate of unemployment was in the range 
of 7 to 7 3/4 pereent in the early 1980s. Aaaording to the reduced-form 
approaoh, the inarease in the natural rate over the last twenty years 
or so aan be asaribed to the rise in the proportion of women of ahild- 
bearing age in the labor forae and to the rise in unemployment insuranae 
benefits relative to earnings. Deviations of the aatual unemployment 
rate from the natural rate aan ‘be related to monetary shoaks, to ayali- 
cal variations in friational unemployment and to other ayaliaal faators. 
The high rates of ayaliaal unemployment in 1982 and 1983 seem to have 
been due mainly to the generally low level of eaonomia aativity rather 
than speaifiaally to monetary shoeks or variations in friational unem- 
ployment. 

Several diffiaulties with the Phillips-aurve approaah were mentioned 
above. In interpreting the results obtained from the reduaed-form ap- 
proach, a number of aaveats should also be borne in mind. First, the 
approach rests on the impliait assumption that the labor market is essen- 
tially a market in whiah equilibrium is rapidly restored, so that aatual 

unemployment may be seen as fluatuating around the natural rate. If, 
instead, the labor market were extremely slow to adjust to struatural 
ahange, then the aatual unemployment rate aould diverge from the natural 
rate for prolonged periods whiah would bias the estimation of the natural 
rate. If, for example, the deaade 1974-83 was genuinely aharaaterized 
by aontinuing exaess slaak due to the labor market’s slow response to 
adverse oil-priae and other shoaks, this would lead to an overestimation 
of the true natural rate at the end of that period. 

Se aond , the teahique of seeking a single redused-form equation 
containing only variables with well-determined aoeffiaients may be 
inappropriate. The use of a priori sign restriations and signifiaanae 
tests to narrow the set of possible explanatory variables may be unre- 
liable beaause of multicollinearity between the variables and diffiaul- 
ties in assessing the aorreat sign restrictions on the aoeffiaients.L/ 

L/ For example, it might be argued that a high minimum wage relative 
to average wage would tend to reduae, rather than inarease, unemployment. 
A higher minimum wage aould serve to reduae friational unemployment by 
enaouraging unskilled workers to aaaept employment at the minimum wage 
rather than aontinuing to searah for a better paid job. This effeat 
could more than offset the reduced supply of low wage jobs arising from 
the minimum wage inarease. 
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'Moreover,' there is.a danger 0f-incIud2ingr~5n~the~~eqiiations;~explanatory 
variables that are in fact jointly determined with the unemployment. 
rate; such inclusion would tend to bias aoeffiaient-estimates..' : 

Third, aaution would need to benexeroised 'in using the unemployment 
equation to forecast the natural rate of unemployment. Such a foreaast 
would require a judgment of the movements in the structural factors 
represented in the equation in the period ahead. Moreover, the equation 
would only provide a good forecasting tool as long as there were no 
signi.fiaant changes in structural factors not.i.ncluded‘.in the equation. 
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Table. :,I., -: r.Moneta'ry 'Shoalis;~ 'SuPplty Shifts, and Unemployment 

1949 

Disper- 
Unanti- Military sion of Rate of Natural 
aipated Con- Changes Civilian Rate of 
Monetary Minimum scrip- in Employ- Unemploy- Unem- 
Growth Wage tion ment ment ployment 

Cdl/ owl/ (C)l/ (D)2/ (U) (UL)2/ 
-0.013 0.180 0.048 0.048 6.1 5.3 

1950 0.020 0.323 
1951 0.012 0.301 
1952 0.010 0.284 
1953 -0.017 0.269 
1954 -0.003 0.258 
1955 0.004 0.248 
1956 -0.012 0.307 
1957 -0.015 0.298 
1958 -0.006 0.283 
1959 0.004 0.273 
1960 -0.036 0.262 
1961 -0.007 0.283 
1962 -0.017 0.,328 
1963 -0.005 0.325 
1964 0.002 0.334 
1965 0.003 0.325 
1966 0.001 0.315 
1967 -0.003 0.392 
1968 0.027 0.426 
1969 0.017 0.421 
1970 -0.007 0.388 
1971 0.020 0.364 
1972 0.009 0.339 
1973 0.010 0.340 
1974 -0.006 0.381 
1975 -0.018 0.385 
1976 -0.012 0.396 
1977 0.009 0.370 
1978 0.014 0.397 
1979 0.005 0.402 
1980 -0.008 0.400 
1981 0.000 0.399 
1982 -0.011 0.378 

-1983 0.021 0.363 

0.049 
0.092 
0.106 
0.105 
0.099 
0.090 
0.083 
0.081 
0.075 
0.073 
0.071 
0.071 
0.077 
0.073 
0.072 
0.071 
0.079 
0.086 
0.087 
0.085 

- 
- 
- 
-- 

-- 

0.026 5.2 5.0 
0.047 3.0 5.3 
0.016 . 3.6 4.1 
0.031 2.9 3.9 
0.049 5.6 5.4 
0.015 4.4 4.5 
0.018 ' 4.1 3.8 
0.023 4.3 4.0 
0.048 6.8 5.5 
0.017 5.5 4.9 
0.018 5.5 4.2 
0.028 6.7 4.6 
0.015 5.6 4.3 
0.016 5.6 4.0 
0.016 5.2 4.0 
0.015 4.5 4.1 
0.019 3.8 4.3 
0.022 3.8 4.7 
0.016 3.6 4.7 
0.016 3.5 4.7 
0.034 5.0 5.7 
0.031 6.0 6.5 
0.013 5.6 5.8 
0.018 4.9 5.5 
0.020 5.6 5.6 
0.057 8.5 7.9 
0.014 7.7 7.1 
0.015 7.1 6.3 
0.017 ' 6.1 '6.2 
0.018 5.9 6.1 
0.030 7.2 6.7 
0.024 7.6 7.0 
0.034 ' 9.7 7.6 
0.022 9.6' 7.4 

l/ Calaulated aaaording to formula provided in.Barro, op. ait. (1977). 
T/ Calculated according to formula provided in Lilien, op. ait. (1982). 
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Table: 2. Indicators;of,.Labor MarketrStruature L/ 

Ratio of 
. . . , Unemploy- 

_ ment En- Coverage a 
suranoe' of 

. r Benefits UnempZoy- Proportion of the Civilian-Labor Foroe 
to ment . Women Aged Non- 

'Earnings Insuranoe Women Youth 25 - 44'. white 
(IB) (10 (LF) (LY) .( La (LN) 

1949 0.408 
1950 0.391 
195b 0.365 
1952 0.376 
1953 0.370 
1954 0.386 
1955 0.370 
1956 0.382 
1957 0.384 
1958 0.407 
1959 0.386 
1960 0.408 
1961 0.408 
1962 0.402 
1963 0.398 
1964 0.393 
1965 0.390 
1966 0.403 
1967, 0.404 
1968. : 0.404;, 
1969,. 0.403 1. 
1970 , 0.419 \. 
1971. 0.437 : 
1972'. . 0.415 
1973 i 0.405 
1974' 0.416 
1975. 0.432 
1976. . 0.428 
1977. 0.415 
1978 
1979 : 

0.409 
0.407 j 

1980 0.421 '. 
1981, 0.417 
1982 0.443 
1983 21 0.440 

0.519 
0.538 
0.579 
0.588 
0.584 
0.563 
0.568 
0.588 
0.600 
0.571 
0.580 
0.581 
0.570 
0.586 
0.593 
0.593 
0.614 
0.636~ 
0.648 
0.640 
0.649, 
0.641 
0.626 
0.708 
0.729 
0.722 
0.695 
0.707 
0.712 
0.762 
0.776 
0.813' 
0.800 
0.792 

0.290 _ 0.070 ': 
'0.296 0.068 
0.307 j. 0.066 
0.310 0.065. 
0.308 . O.cl~~ 
0.309 0.963. 
0.316, i 0.063 ;. 
0.322 , o.ofA. :* 
0.325 0.064. 
0.327 0.063 - 
0.329 0.066 
0.334 0.070, 
0.338 0.070 
0.340 0.070 
0.344 0.071 
0.348 , 0.074 
0.352. 0.079 
0.360, 0.086 
0.367 0.084, 
0.371 0.084 
0.378 0.086 
0.381 0.088 
0.382 0.089, 
0.385 0.093 I 
0.389 0.09'5; 
0.394 0.096 
0.400 0.094 : 
0.405 0.094 
0.410 0.094 '+ 
0.417 0.094:. 
0.421 0.092 : 
0.425 0.088 
0.430 0.083 
0.433. . 0.077 

0;780 :\ 0.437 0.073" 0.209 .“.~...17 0.130 

.:’ 

p.13; 
0,.133 
0.139 
OS;141 
ot140 
0;140, 
0.139 
0.:14,0 
Oi140' 
0;%.?9 
0;136- 
O-135 
0.135 
0.136 
0.136 
0.134 
0.135 
0.136 
0.138 
0.139 
0.140 
0.141 
0.141 
0.144 
0.149 
0.154 
0.159 
0.166 
0'.172 
Oil78 
Ok184 
Oil91 
0.197 
0.203 

* . . : 

,. . . . 

, . 
. . . 

.;. 

,:. . 
. . . . 

0.107 
0.107 
(I.107 
9.107 
0.109 
Oil08 
0.111 
0.111 
0.111 
0.111 
0.112 
0.112 
0.112 
0.112 
0.111 
0.111 
0.111 
0.112 
0.112 
0.115 
0.116 
0.117 
0.118 
0.120 
0.123 
Oil24 
Ok125 
0.125 
0.128 I 

11 'As defined in text. 
I/ Estimates based on partial data. 
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Table 3. Components.of Unemployment 

Unem- 
ploy- Cyaliaal Unem- 

Natural ment Variation ploy- 
Rate Cyclical due to of Fric- ment 

Civilian of Unem- Unanti- tional due to Unex- 
Unem- Unem- Ploy- aipated Unem- other plained 
ploy- ploy- ment Monetary ploy- Cyoliaal Resi- 
ment ment Rate Growth ment Factors dual 

(U> (UN) l/ (UC)21 (WI31 (UF)4/ (UQ)5/ (UU)6/ 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

5.6 
4.4 
4.1 
4.3 
6.8 
5.5 
5.5 
6.7 
5.6 
5.6 
5.2 
4.5 
3.8 
3.8 
3.6 
3.5 
5.0 
6.0 
5.6 
4.9 
5.6 
8.5 
7.7 
7.1 
6.7 
5.9 
7.2 
7.6 
9.7 
9.6 

4.8 
4.8 
4.8 
4.9 
4.9 
4.9 
4.9 
4.9 
5.0 
5.0 
5.0 
5.1 
5.1 
5.2 
5.3 
5.4 
5.4 
5.5 
5.6 
5.7 
5.9 
6.1 
6.3 
6.5 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 

0.8 
-0.4 
-0.7 
-0.6 

1.9 
0.6 
0.6 
1.8 
0.6 
0.6 
0.2 

-0.6 
-1.3 
-1.4 
-1.7 
-1.9 
-0.4 

0.5 
- 

-0.8 
-0.3 

2.4 
1.4 
0.6 

-0.1 
-1.1 

- 
0.2 
2.1 
1.8 

0.3 
0.1 

- 
0.4 
0.5 
0.2 
0.3 
0.9 
0.5 
0.6 
0.2 

- 
-0.1 

-- 
-0.2 
-0.8 
-0.5 
-0.2 
-0.5 
-0.4 
-0.3 

0.2 
0.5 
0.3 

-0.2 
-0.4 
-0.2 

0.1 
0.1 
0.1 

0.3 
0.3 

-0.2 
-0.2 

0.2 
0.2 

-0.2 
-0.2 
-0.1 
-0.2 
-0.3 
-0.1 
-0.3 
-0.1 
-0.4 
-0.4 

- 

-0.3 
- 

-0.1 
-0.1 

0.5 
0.3 

-0.1 
-0.2 
-0.3 

- 

-0.3 
0.2 

- 

-0.1 
-0.9 
-0.7 
-0.4 

1.0 
-0.2 

0.6 
1.0 
0.5 

-0.4 
-1.1 
-1.2 
-0.7 
-0.7 
-0.7 

0.5 
1.2 
0.3 

-0.5 
-0.2 

1.3 
0.9 
0.3 

-0.3 
-0.6 

0.2 
0.3 
1.9 
1.7 

0.3 
we 

0.2 
-0.3 

0.2 
-0.1 

-- 
0.1 

-0.4 
0.3 
0.6 
0.6 
0.2 

-0.5 
-0.5 
-0.1 

-0.4 
-0.2 

0.3 
0.2 
0.3 
0.4 

-0.4 
we 

-- 

0.3 
-0.1 

-- 

-0.1 
-0.1 

l/ Calculated aaaording to equation (17). 
T/ UC=U-UN. 
T/ Calaulated aacording to equation (19). 
T/ Calaulated acaording to equation (20). 
y/ Calculated according to equation (21). 
g/ UU=UC-UM-UF-UQ. 


