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Abstract

OECD unemployment rates show long swings which datei shorter business cycle
components and these long swings show a rangenofon patterns. Using a panel
of 21 OECD countries 1960-2002, we estimate the ncom factor that drives
unemployment by the first principal component. THhector has a natural
interpretation as a measure of global expectedrngtuwhich is given added
plausibility by the fact that it is almost identiceo the common factor driving
investment shares. We estimate a model of unemg@oyedjustment, which allows
for the influence both of the global factor andlaibour market institutions and we
examine whether the global factor can act as aypfamxthe natural rate in a Phillips
Curve. In 15 out of the 21 countries one cannactejhat the same natural rate, as a
function of the global factor, appears in both tlmemployment and inflation
equations. In explaining both unemployment andatidh, the global factor is highly
significant, suggesting that models which ignore global dimension are likely to be
deficient.

JEL classification: J1, E2
Keywords Unemployment dynamics, labour market institutiamgestment, principal
components, global factors.

OECD unemployment rates show long swings, whichidate shorter business cycle
movements. Over periods like 1960-2003, unemploymradas in the 21 OECD
countries we analyse appear to be very persisteissshowing stochastic trends.
They also show both a range of common patternaaadge of national differences.
The prevailing orthodoxy is that broad movementsriemployment across the
OECD can be explained by shifts in labour markstitations, e.g. Nickel et al.
(2005), hereafter NNO. However, this orthodoxy basn subject to challenge, which
attributes the unemployment to shocks in globaitahpr product markets rather than
labour market institutions, e.g. Phelps (1994), &ldw1997), Carruth et al. (1998),
Pissarides (2001) or Baker et al. (2004). An inetiate position is that shocks drive

1 We are grateful to Yunus Aksoy and participanta Birmingham seminar for comments.



unemployment, but the speed of adjustment of uneynpént to the shocks is
determined by labour market institutions, e.g. nBlaard and Wolfers (2000), Layard
et al. (1991) and chapter 17 of Phelps (1994). datalg these approaches empirically
is problematic because both labour market instingiand global shocks are difficult
to measure. We will use standard measures of labauket institutions and measure
the global factor by the common component of OE@Bnaployment. We then
investigate the role of domestic labour marketitagbons in transmitting this global
factor into national unemployment rates and whetthemglobal factor can act as a

proxy for the natural rate in a Phillips curve.

Rather than trying to devise measures of glob&lémices from the very large number
of candidate measures, we look at the common coemai OECD unemployment,
measured by their first principal comportefithis is not a cyclical measure because,
like OECD unemployment rates, it is a very persisgeries. The shocks can be
represented by innovations to this series. Basati®@empirical evidence, we also
provide a possible interpretation of this factdneTdemand for labour (and capital)
will depend on the expected return on productiamgctvwill have a global and a
national component. A large number of variable$ wiluence global expected
returns and the confidence with which these expiecsare held. These include
global competition which affects the elasticityd@mand and labour costs; other input
costs including oil, commodity prices and real iagt rates which affect the cost of
capital; technology which influences total factooguctivity; and ‘sunspot’ variables
which drive ‘animal spirits’. A number of these i\ailes have been suggested as
possible explanations for persistently high unemympient.

One could of course try to measure expected returttgeir determinants directly, but
this is likely to be difficult for the same sort iasons that measuring expected
returns in finance is difficult (Pastor et al. (B)D Therefore, it may be easier to
measure them indirectly by their consequences;dh@non component in global

labour (or capital) demand. The interpretatiothef common factor in

2 In this paper, when we say global we mean our OE@&Mple. This is a reasonable approximation for
most of our sample period, but becomes less gowdrtts the end with the growth of China and India.
% This approach follows the factor augmented VARBréture e.g. Bernanke et al. (2005), Stock and
Watson (2005), but unlike them we do not transfthievariables to make them stationary before
extracting the factors, since our interest is mplersistent component.



unemployment as reflecting expected returns isrgadgded plausibility since the
common factor in unemployment is almost identioahte common factor in OECD
shares of investment. In section 1 we discuss #g@sarement of the global factor. In
section 2 we provide a model of the adjustmentggedy which national
unemployment responds to the global factor and en@how labour market
institutions may influence the parameters of thratgss. In section 3 we provide
estimates of the unemployment adjustment modelettion 4 we provide estimates
of a Phillips Curve augmented by global factorstféa 5 concludes.

1. Global Factors

We use OECD data for twenty-one counttiasd forty-three years (1960-2002) on
the unemployment rate, in countryi inyeartt,i=1,2,...Nft=12,..T, which we
can stack in th@ x N, (43x 21)matrix U . Standard tests do not reject a unit root in
all 21 series. We assume thgt has a factor structure

U, =Af +e (1)
Similarly we have data on the investment rate, &smestic Fixed Capital
Formation as a share of GDgp, stacked a5 . We standardise the data and calculate
the underlying global factors as the principal comgnts (PCs) of the correlation
matrices ofU andG . These are the orthogonal linear combinations@fata that
explain the maximal variances of the daththe idiosyncratic errorsg, above are
1(0) the PC estimators fof, are consistently estimated (laf§gindependently of

whether all the factors are 1(0) or whether somalloof the factors are 1(1) (Bai and
Ng (2004)). We will assume that the errors are &) that the long-memory in
investment and unemployment comes from the pergigtebal factors. We test for

the cointegration of unemployment and the globetdiabelow.

The eigenvalues and proportion of variance expthimgthe first four PCs are given

in Table 1. The first PC explains almost 70% a Hariation in unemployment and

* Australia, Austria, Belgium, Canada, Denmark, &, France, Germany, Greece, Iceland, Ireland,
Italy, Japan, the Netherlands, New Zealand, NorWwaytugal, Spain, Sweden, UK and US.

® For forecasting, it may be more useful to estintgteamic factors that take the principal components
of the spectral density matrix. However, statictdag are commonly used in the FAVAR literature.
Stock and Watson (2005) discuss the relation betwlgaamic and static factor analysis.



almost 60% of the variation in investment; factosnmon to all countries clearly
explain the bulk of the variation in both varia§leshe first PC of unemployment is
close to the mean with most countries having rop@gual weights, between 0.18
and 0.26, the main exception being the US, whichehlaw weight of 0.08, but a high
weight in the second PC of unemployment. The eigetors (loadings) for the first

four PCs are given in Appendix 1.

Table 1. Principal components for unemployment and invesitm

Unemployment Investment
Eigen- % ofvar. Cum. % | Eigen- % of var. Cum. %
Shocks . : . ;

values explained explained| values explained explained
First PC 14.16 69% 69% 11.85 58% 58%
Second PC 3.15 15% 84% 2.44 12% 70%
Third PC 0.98 5% 89% 1.59 8% 78%
Fourth PC 0.74 4% 93% 1.00 5% 83%

Notice that we have calculated the factors for yslegyment and investment
independently and not imposed a shared factortsteidHowever, by plotting the
unemployment and investment PCs together we cayejudhether they share a
common factor or whether there are only variabkr#j factors. The first two sets
of PCs for unemployment and investment, respegtiaeke shown in Figure 1 below.
Note that we draw the negative of the PC for unemympknt in order to create a more

visible fit with the investment PCs.

The first PCs for investment and unemployment &most identicalR* = 0.92. This
relationship is not spurious, they cointegfated the (1,-1) restriction on the
cointegrating vector is accepted at the 5% lewdl,33. The disequilibrium term feeds
back significantly on investment but not on unemgpient. Since employment can be
adjusted faster than capital stock this is notssirg. The contemporaneous residual

correlation is very high, 0.81, so they both seerbe responding to the same shocks,

® The fact that a global factor is important foréstment is also indicated by the Feldstein-Horioka
literature, where there is substantial cross-seat&pendence in the residuals of panel regressions
investment shares on savings shares, e.g. Coakéty(2004).

" The AIC chooses no intercept, no trend in thetieiahip and with this the trace test for the réfet
of no cointegrating vectors has a p value of 0.Qu#8le the less reliable max eigenvalue test has a
value of 0.0519.



which we interpret as innovations to expected retuAs can be seen from the graph
the fit is less good in the 1960s, which is comsistvith growing globalisation over
this period, particularly after the end of the fixexchange rate Bretton Woods
system. There are some similarities between tbenskPCs, but the fit is not high,

R? =0.25.

Figure 1. The first two principal components.
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Below we conduct the analysis assuming that theegesingle factor, though we test
for the significance of the second factor. ThetfR€ reflects some of the more
important macroeconomic events of the past forgryethe oil shocks, the recessions
of the mid-seventies, early eighties and earlytiiseand the gradual but only partial
recovery in the second half of the eighties. Tlisiponent describes the shocks
causing the persistent slump that occurred in ncaaytries in the seventies, eighties

and ninetieg.

8 There is a growing literature that seeks to expldhe similariies and linkages between
macroeconomic cycles across countries. For insfalese et al (2003) also find a common world
cycle. But again they are examining the statior@snponent, rather than the persistent component
that we focus on.



As noted above, the expected return to productiayp depend on a large number of
factors, many of which are difficult to measuret Bua globalised world the broad
movements of the expected rate of return are liteelye quite similar across the
advanced industrial countries, and reflected iir ingestment and employment
decisions. Whereas investment and unemploymemntyioae country will be noisy
measures of this, the common component acrossriesinay be a better measure.
While we do not observe expected returns, we dergbsa variable related to it.
Figure 2 plots a discount factor calculated fromworld real rate of interesd:=

1/(1+4), wherer is the average (long) real rate of interest fer®¥ countries.

Figure 2. The first PCs and the world discount factor
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A clear relationship is present between the two,®Gshe one hand, and the discount
factor, on the other hand. This suggests thatahg $wings of employment may trace
their roots to factors affecting expected returmd he same factors drive investment.
This pattern is consistent with a variety of théiaed models. For instance, Xiao
(2004) derives an International Real Business C{BRBC) model with increasing
returns in the production technology that genesatespots. These sunspots are
interpreted as self-fulfilling demand shocks, l&@mal spirits, and generate positive
international correlations of output, employmend amvestment, unlike most IRBC
models. Similarly Harrison and Weder (2006) findtth sunspot model driven by a
measure of expectations can explain the entiret®wejaression era in the US.

Increasing returns are not necessary, Hashimzatl®#digueira (2005) find that a

° The world real rate of interest is calculatedtss weighted average of the real rate of intereshén
G7 countries; the real rates being the differenesvben the long nominal rates and annual inflation
and the weights being the Heston-Summers relatB @®r each country.



neoclassical model with labour market frictiongpthys expectations driven business
cycles where the indeterminacy of equilibrium stérom job search externalities. In
the unemployment literature, we have models whgudibrium unemployment
depends on the real rate of interest. In PissafR@31) firms respond to higher real
interest rates by opening up fewer vacancies, tinguh an elevation of equilibrium
unemployment. In Phelps (1994) higher interestsratake firms train fewer recruits,
charge higher markups of price over marginal codtraduce the production of
labour-intensive capital goods. This causes therabtate of unemployment to

increase.

2. The Adjustment Process

Firms will determine their profit-maximising leveté employment and investment
conditional on their expectations of the rate ¢fime on production. Corresponding to
the profit maximising level of employment will ba aptimal or equilibrium rate of

unemploymenty,” . This profit maximising level will be shifted bgdtors shifting

the expected returns; the more profitable expegteduction, the lower optimal
unemployment. Suppose that we take the interpogtati the first PC of OECD
unemploymentf; , as a measure of global expected returns theoptmal level of

unemployment is given by

u, =a-+bf,. (2)

it
Below we will allow the parameters to vary with otiies and time, but we abstract

from that for the moment. There will be a similguation for the share of investment.

Following the approach in Nickell (1985) let uswase that firms have an infinite

horizon and minimise the present value of futusslo
=l 1 . g
L :E[Z;é" |:§(ui,t+j _ui,t+j)2 +_2Aui,t+j2j| (3)
]:

wheredis the discount factor an@measures costs of adjustment. The loss stems
from employment differing from the profit-maximigjrievel and the cost of adjusting

employment, measured by the paramétérhe Euler equation takes the form

OU oy —(1+0+07 )+, = U, /6 4)



Solving the Euler equation requires finding the twots 14, <1<y, that solve
W -(+0+8Hu+1=0. (5)
Calling the stable roots, the optimal policy is then given by
Au, = 1= )G, —U, ) (6)
where
0, = - 0, [io(au)i 0o } G

J

the present discounted value of all expected futngets. To make this operational
requires a model for optimal unemploymeut; , which will be driven byf,.
Suppose the process is

Au, = PO + &, (8)
The data foff,, which determinesiic do not reject a unit root; the estimate of
© =0.58 and the constant is not significantly differemtrfr zero. This can then be

used to forecast the future targets and, withgpeification the unemployment

adjustment equation becomes
Au, = CAU; +d (ui*,t—l —U ,t—l) 9
wherec=(1-u)/(1- pdu)andd = (1- ).

Substituting foru; we get

Au, = cbAf, +d(a+bf_, —u, ) (10)
This is a standard error correction equation, ifctvithanges in unemployment are
driven by shocks, changes in the global factiorand by the adjustment of, to its

steady state value determined by the same vari@ble.

The parameters of the expectations procesafoseem structurally stable by Cusum

and CusumSquared tests, but one would not expeecdbnomic parameters (the

discount ratep, and the cost of adjustmenrdt, which determineu) to be constant

across countries and time. In particular, it isgige that institutions would influence

9 Higher order autoregressive processesﬁoﬁ add further lags of it in the equation. In theecaé

Aft the second lag is just significant. We allow faistin estimation.



both the discount rate and the cost of adjustingleyment. Suppose that we have a

kx1 vector of variables¢, , which measure labour market institutions with filhet

element being unity, then we can make the econpariameters functions ox, :

Au, =[c" X JAF +[d xJ([ & x] 4B x] fi—u,] (11)
wherea,b,c,d are nowkx1 parameter vectors There are four routes that the

institutional variables can influence unemployméaj:through the domestic
component of the equilibrium level of unemploymeh; through the long-run effect
of the global factor on the equilibrium level ofamployment; (c) through the impact
of shocks to the global factor on the change imysleyment and (d) the speed of

adjustment to equilibrium.

To allow for higher order adjustment processes aethe lagged change of the
global factor and the lagged change in unemploymiemallow for national shocks
and perhaps monetary policy, we add lagged inftatide treat the coefficients of
these last three variables as independent ofutistils to save degrees of freedom.
Adding the additional variables and an error teies;

Au, =[c'x JAf +[d" x ([ a x] 4B x] f_,-u,. +e1Aft_1' (12)

+AU  teAp,  t &

There are a large number of possible institutioaailables that could be included as

elements ok, . We use five that have appeared regularly initeeature, taken from

the Labour Market Institutions database of Nicked &lunziata, extrapolating the
final values to the rest of our sample. They amegally measured over multi year
periods and available for 19 of our 21 countriex,@reece and Iceland. These are;
the coordination of bargainingdord) with a range {1,3} increasing in the degree of
coordination on employers as well as unions sigaght replacement rateg’); the
duration of benefitsdur); employment protectiorefnp) with range {0,2} increasing
with the strictness of employment protection; dlly union density den).

There is the obvious problem that institutionsliéely to be endogenous, responding

both to global factors and national unemploymentinvestigate this we ran a

' Strictly the coefficient onAf, should be[C')gt][b')gt] , but we use this simpler formulation.



random effect€ panel estimator for each institutional measuréotagged value,
the lagged global factor and lagged unemploymeme. global factor was just
significant foremp (t=-2.071) and significant faten (t=-3.008). Thus there may be
some effect of the global factor on those two \@ds, but since national

unemployment is never significant, endogeneitynkkely to be a problem.

3. Empirical results

To assess the explanatory power of our global faate first estimated a model in
which the parameters are constant over time bterdiér each country:

Au, =cAf +d (g +b f —u ) +eAf_ +e,Au, +edp,_+eg. (13)
The estimates for the individual countries are giwveTable A2. For large N and T,
Pesaran (2006) shows that, under relatively wealraptions, such regressions using

weighted averages, liké , as additional regressors give consistent estsaitthe

coefficients and reduce cross-section dependenteiresiduals.

Using standard critical valugsf, is significant in 17 countriesf,_; is significant in
14; and Af,_, in 6. Only in Japan is no measure of the globetiofiasignificant.

Lagged unemployment is significant in 16, the lafjgkange in 11 and lagged

inflation in 6. TheR? for changes in unemployment is below 0.5 in Icéland

Japan; and above 0.7 in 10 countries. Under tHeohuab long-run relationship the
test statistics are non-standard. Pesaran ShiSemith (2001) provide a bounds test
for a long-run relationship, which is appropriateeather the variables are 1(0) or 1(1).
Assuming the variables are 1(1) we can reject thiehypothesis of no long-run
relationship between unemployment and the glolmbfan 12 of the 21 countries at
the 5% level’. Another four are uncertain, lying between the 108 bound and the
5% I(1) band. The tests would not reject no long+riation in Denmark, Germany,

Ireland, New Zealand and Sweden. On balance tlgigesis that the national

2 Because some institutions in some countries demmge a fixed effect estimator cannot be used.
3 There is an issue as to whether it is better ¢oaugriori weights (e.g. the mean) or estimatedyhisi
(e.g. the PC). Here it does not make much diffexesiigce the PC is very close to the mean and they
both give very similar results. There is also @uésas to how one would endogenise the globalrfacto
Both issues are discussed in Pesaran and SmitB);200

14 F statistics are given in Table A2, the criticalues assuming restricted intercept and no trend fo
one independent variable are 5% 3.62-4.16 and 1026351, where the first assumes the variables
are 1(0) and the second I(1).

10



idiosyncratic factors are 1(0) in most countriesl éme stochastic trend in
unemployment comes from the global factor. Panigtegration tests would not be
informative here, since the null hypothesis of stedts, no cointegration in any
country, is not very interesting, because therdarly cointegration in most

countries.

The equation was estimated by the Swamy RCM methbath takes precision
weighted averages of the individual country coggfits, with non-parametric
standard errors, and by fixed effects, which imgdsemogeneity of slopes across

countries. The results are given in Table 2.

Table 2. Unemployment and global factors

Dependent variabldu, , N =21, T =1963- 200:

RCM FE
Coef T Coef T
Af, 0.59 8.8 0.62 13.3
fiy 0.12 4.0 0.07 7.0
Af, 4 -0.23 -6.0 -0.27 -5.8
Uiy -0.18 5.8 -0.10 -9.0
Au, 4 0.38 8.0 0.44 9.1
Ap,_; 0.82 2.7 0.69 1.6

For the fixed effectR? =0.48, SER=0.65. The maximised log-likelihood for the
fixed effect estimator-818 compared to a total MLL of —484 for the heterogmrse

estimator given in A2. Homogeneity of the paramgeismassively rejected, but if we
are primarily interested in average effects, whsctvhat most of the theory is
concerned with, this may not matter. The Fixed &ftestimates are very similar to
the Swamy estimates, except that the speed oftatgus is lower, which is what one
should expect from the heterogeneity bias discussBeésaran and Smith (1995). The
long-run effect of the global factor is almost itdeal, 0.68 versus 0.7. Imposing
homogeneity does not seem to influence the estgwadtthe average effect.

We examined the structural stability of the relasibip by estimating the model over
the period 1963-1982 and 1983-2002. The RCM estisnate given in Table 3. The

11



estimates for the two periods are very similar,ldlggest difference being that the
coefficient on lagged unemployment is larger infirg period. The long run effect
of the global factor is 0.61 in the first perioddai87 in the second, perhaps
reflecting increased globalisation. It is probaséfer not to put too much weight on
this, since a trend interacted with the globaldagtas not significant. It is also
noticeable that the coefficient of lagged unemplegtris lower in both sub-periods
than in the whole period. This may reflect the drdalwnward T bias that results
from reducing T from 40 to 20. The fixed effectiesttes for the two periods showed
similar features. With the fixed effect estimate® @an test for coefficient equality in
the two periods. Since the variances were verylairm the two periods, Chow’s first
test is appropriate. Each fixed effect regressgiimeates 6 slope parameters and 21
intercepts, so the distribution is F(27,786). Tés statistic is 2.6 which would
certainly reject the null of parameter constandyeg the large sample. But while

significant the differences are not large.

Table 3. Structural Stability

Dependent variabldu, , N =21, RCM estimates

T =1963- 198- T =1983- 200:
Coef T Coef T
Af, 0.50 6.6 0.61 5.1
fiy 0.23 2.9 0.20 3.3
Af,_, -0.18 -1.8 -0.23 2.7
Uiy -0.38 -4.0 -0.23 -3.6
Au, 4 0.32 3.0 0.36 4.9
Ap,_; 0.42 2.6 0.46 1.2

We now allow the variation in parameters betweamtes and over time to be
determined by the institutional variables. To allfmwcountry specific intercepts, we
used deviations from the mear,=u, -0, and estimated by non-linear least
squares the full model for the 19 countries forakhive had institutional data,
dropping Greece and Iceland. The fixed effectsrestes for the 19-country sample
were almost identical to those from the 21-coustamsnple with a MLL of —746.9.

The full model has 26 slope parameters:

12



Agp=[c'x,JAf +[d"x]([ & x] 4B x] f;-04) +eAf +epAds +efdp, +&
(14)
This had a MLL of —714.3. Dropping the least sigraiht coefficient (except
constants) and re-estimating sequentially led écsghecification shown in Table 4,
where the t ratios are calculated using robustdstaherrors.
Table 4. Institutions and Unemployment adjustment, allagyiior country specific

means.

Dependent variabléu, , N =19, T =1963- 200z

ay -0.92 3.3
fiq 0.25 2.4
emp* f,_; 0.35 4.3
dur* f_, 0.26 2.2
A, 0.65 5.4
emp* Af -0.24 2.9
rr* Af, 0.58 3.1
dp, 0.25 4.8
coord* G, -0.06 2.6
Af, -0.29 5.9
A%, 0.41 7.6
APy 2.20 3.3

R?=0.52, SER=0.63, MLL =-727.

The R? in levels is 0.96, close to that obtained by NN®.88, with country
specific trends and time effects and many moreabégs. The fit for the individual
countries was generally good, with tRé for the level of unemployment over 0.95 in
13 of the 19 countries. It was below 0.9 only foe US, 0.3, and Portugal 0.88. The
US appears to be different, thi€ is a lot lower than obtained with the country
specific equation shown in A2: allowing for instittns but otherwise imposing
common parameters leads to a severe deterioratithe iexplanation for the US.
Over all countries, the institutional variables @éano effect on the domestic
component of equilibrium unemployment. Increaseardimation reduces the speed
of adjustment from 0.19, when coordination takedatvest value 1, to 0.07 when it
takes its highest value 3. NNO get a speed of adprst of 0.15. Increased

employment protection reduces the short run efiechanges in the global factor on

13



changes in unemployment but increases the longffent of the global factor on
equilibrium unemployment. A higher replacementaaticreases the short run effect
of changes in the global factor. A higher duratdioenefits increases the long-run
effect on equilibrium unemployment. Higher laggetiation raises equilibrium

unemployment.

Specification searches can be sensitive to the oedérictions are imposed, so the
levels of the institutional variables were addeth®sfinal model and were not
significant individually or jointly. The product alur andrr, the change iden and
the product otoord andden used by NNO, were also not significant. The cureerd
lagged change and lagged level of either the seanathployment PC or the first

investment PC were also not significant.

Institutions seem to influence adjustment to ttabgl factor but have no influence on
the natural rate, which is determined just by tlodal factor. But even after allowing
for institutions there is substantial heterogenb#tween countries. The institutional
model in Table 4, has 28 parameters and an MLIZ®7 - The heterogeneous model
of Table A2 has, for the 19 countries, 133 parametiad an MLL of -441. These
models are not nested. The institutional modeladlime-variation in the parameters
but restricts between country variation to thabagged with institutional variables;
the heterogeneous model allows parameters to diiffely over countries but does
not allow variation over time. They can howevercbenpared using model selection
criteria. The AIC would select the heterogeneousl@hdhe BIC, which penalises

over-parameterization more heavily, would seleetitistitutional model.

4. The Phillips Curve

Section 3 showed that the global factor shiftedettpeilibrium level to which
unemployment adjusts, thus it can be interpretealgeterminant of the natural rate.
This prompts the question, how does it perform aseasure of the natural rate in a

Phillips Curve? We return to the sample of 21 coast since we are not using the

14



institutional variables> We assume that the natural rate is a functichefjlobal

factor as in (2) above
uit* = 61 +b| ft'
We also allow global inflation, measured by averadiation in the samplé\p, to

shift national inflation, perhaps because of glatzat shocks.

Consider a model in which the change in inflatt is determined by the

-
deviation of unemployment from its natural rate - (a +b f,), the change in
average inflationA*p, , and the deviation of lagged inflation from a ftiag of the
global averagéAp,_, —6Ap,_,) :

N’p, =B (U, ~ (& +h 1)) +yA°P ~ A (Bp,., ~6AD,) + &, (15)

We can parameterize (15) to test the hypoth@sisl by writing it as

A°p, = =B (U, —(a +b f)) + ¥ AP — A (8P, —AP_) + A (8 ~D)Ap,, +&, (16)

If 8 =1, lagged inflation drops out of the equation.

Equation (16) was estimated separately for eachtopand the results are given in
Appendix A3. The RCM and fixed effect estimatessrewn in Table 5.

Table5. The Phillips Curve.

Dependent variabl&®p, , N =21, T =1963- 200:
RCM FE

Coef T Coef T
U, -0.464 -2.47 -0.194 -2.82
f, 0.222 2.40 0.124 2.09
Az[_)t 0.86 3.22 0.999 9.82
Ap, , — P, , -0.636 -4.87 -0.584 -12.05
Ap, 0.008 0.077 0.005 0.13
Const ant 2.00 4.15

Although homogeneity is strongly rejected, botle, RCM and fixed effect estimates

have the right sign for every variable. Unemployiieas a negative effect and the

15 We investigated including the institutional vatibin the Phillips Curve in the 19 country sample,
but they were not significant.
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natural rate a positive effect. The change in worlthtion has a coefficient close to
one. There is rapid adjustment of inflation to aggr inflation, over half the deviation
made up in a year. This is consistent with thedit@e on inflation convergence, e.g.
Hyvonen (2004). Lagged inflation is insignificanthich is required for consistency:
averaging the equations over country must giveagesimflation. While we do not
reject§ =1, on average, though it is rejected in a number ahtiees. The RCM
Phillips curve estimate of the average natural agta function of the global factor
(which has mean zero over the sample) in percent is4.3+ 0.48,. The RCM
unemployment adjustment estimate of the averagealatte from Table 2 is

u_ =4.7+ 0.6&, which is similar. These are close and if one ubed-E estimate of
the effect of the global factor in the Phillips wey b =0.64, this would be very close
to the FE estimate from the unemployment adjustragaationb =0.7. Thus the
estimates of the natural rate from the two appresaeine broadly consistent. Using

lagged valuesy,_, and f,_; instead of current values gives similar results.

Looking at the individual countries, unemploymeas la negative sign in all but
Denmark and Portugal. The global factor has a pessign in all but Denmark,
Finland and Japan. The lagged deviation of inflafrom the average always has a
negative sign. Lagged inflation has mixed positine negative signs and is

significant in 12 countries, rejecting =1. The minimum R squared is 0.38 in

Austria, the maximum 0.79 in Canada. Fifteen caestinave an R squared over 0.5.

The hypothesis that the natural rate of unemployrnsetietermined by the global

factor implies cross-equation restrictions on theraployment adjustment and
Phillips curve equations, since the natural rate=a +b f., appears in both. The
two equation system was estimated for each cowamitlythe cross-equation restriction
tested. The system is given by equations (13) a6y (vhich simplifying the notation
is

Au, =d (a +b f_ —u ) +CAf, +eAf_ +e,Au _ +eAp_ +& (17)

A’p, ==B(u, (& +b f)) + KA D — (AP, ~AP) +78p ., + €5 (18)

Notice that the system is recursive, current unegmpent influences inflation, but

current inflation does not influence unemploym@ifite cross-equation restriction is

16



that thea,,b in the two equations are the same. The interpoetétat the intercept in
(18) measurega requires that domestic inflation is proportior@abtverage
inflation, as assumed above. Otherwise, if thetksh in (15) were

(Ap,_, —Ap, —EAp,_,) , there will be a term in domestic equilibrium atfbn

included in the intercept. This may lead to thessrequation restriction being

rejected.

The two equations were estimated as a systeml|f@af aountries allowing for the

covariance betweete’,,£%,). The cross-equation restrictions were rejecteg totl

it?

France, Italy and Portudal However, in Austria, Denmark and Finland the

constrained system produced estimated, aind S very close to zero, so that and
b were not identified. Thus the cross-equation resgins implied by the model can
be accepted in 15 out of the 21 countries: therahtate in the Phillips Curve is the
same natural rate to which unemployment is adjgstimthe countries with identified

estimatesa, ranged from 2.48 in Iceland to 8.77 in Spdinranged from -0.31 for

Japan (the only negative estimate), 0.18 in thedJB49 in Spain. The estimates are

given in Appendix 4.

The inflation equation, (18), can be interprete@agxpectations-augmented Phillips
curve by writing it;

Ap, = @EL(Ap) ~ B (u, — (& +b f)) + ;AP + €% (19)

E(8p,) =7 %, (20)

Where x,_, is a set of variables observed at time t-1. Thasve us to test botlyg =1
and the cross-equation restrictions implied byorsl expectationsx,_, only enters
the Phillips curve through inflation expectations:

Bp, = GE (7" %,) = B (U, — (& +B ) + ysp, + €7,

The three equation system, (17), (19), (20) wamestd separately on the 21

countries imposing the natural rate restrictiorhwiérious specifications of,_, . As

one would expect, results were sensitive to thecehof x,_, . We will comment on

% The Likelihood ratio test statistics were 10.952and 10.45 respectively, with a 5% critical ealu
of 5.99.

17



just using lagged inflation and lagged averagetidh, which is consistent with the

model of A3. Theg =1 and the rational expectations restrictions wejected by
relatively few countries. For instancg,=1 was rejected only in Belgium, France,
Ireland and the UK. However, the standard erroiisodt ¢ and 7z were large in

some cases so the tests may not have high powbouih the estimates are not

inconsistent with a vertical Phillips Curve, whi® was usually the right sign in the
restricted system, it was rarely significant. Fog samex,_, it was positive in only

Austria, Germany and Portugal, but significantlgatve in only Belgium, UK and

US. The reason for this seems to be that the {(ggm (a +b f,)) is very persistent
and thus predictable and its predictable compoisetaptured byE,_, (Ap,) leaving

the realization of the deviation of unemploymewnirits natural rate insignificant. In

fact rejection ofg =1 seemed to be more common wh@nwas significant. When

the system was estimated imposing all four restnst the two implied by a common

natural rateg =1 and the restriction implied by rational expectasiothe joint

restrictions were rejected in 11 of the 21 coustifeTherefore it seems more useful
to work with the estimates in Appendix 3, wherearal expectations are not
imposed and the deviation of unemployment fronm@giral rate is significant in

many countries.

A simple Phillips curve, assuming a common fornegfiation in each country,

works quite well, once one takes account of gléhetiors, both in determining the
natural rate and in influencing national inflati®hen the Phillips curve was
estimated together with the unemployment adjustragoation as a system, the
hypothesis that the same natural ratg,= a +b f,, appeared in both equations could
not be rejected in 15 out of the 21 countries. @& are also consistent for many
countries with a vertical Phillips Curve and raabexpectations, though when these

restrictions are imposed, the deviation of unemmlent from its natural rate tends to

become insignificant.

" Belgium, Denmark, France, Germany, Greece, Icelaaly, Japan, Norway, Spain and Sweden.
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5. Conclusions

There is a large common component in OECD unempdoynwhich accounts for
about 70% of the total variance. This common conepbrs a very persistent series;
is almost identical to the common component in stveent shares and explains a
substantial amount of national unemployment vamatlt has a natural interpretation
in terms of the global expected return on produncéind is consistent with a variety of
sunspot or animal spirit models. We propose a gmpbdel of unemployment
adjustment and allow five measures of labour marstitutions to influence
unemployment; (a) through the equilibrium levebaemployment; (b) through the
long-run effect of the global factor on the equililm level of unemployment; (c)
through the impact of shocks to the global factottee change in unemployment and
(d) the speed of adjustment to equilibrium. We fingt the institutional variables
have no effect on the equilibrium level of unemph@nt; that increased coordination
reduces the speed of adjustment; that increasetbgment protection, reduces the
short run effect of changes in the global factdribareases the long run effect; and
that a higher replacement ratio increases the storeffect of changes in the global
factor. However a model without institutions butiethallowed for more cross-
country heterogeneity was selected by the AIC, ghauwot the BIC.

Conditional on our measure of global factors, pegrs that labour market institutions
influence the transmission of global influenceseathan determine the equilibrium
level of unemployment which is determined by thabgl factor. Given this we
examined a Phillips Curve in which the natural iatdetermined by the global factor
and where the equilibrium inflation adjusts to ghebal average inflation rate. This
worked well and on average we found a verticallipkilCurve once one allowed for
global influences on the natural rate. When thdlipsicurve and unemployment
adjustment equations were estimated as a systerhyfiothesis that the same natural
rate appeared in both could not be rejected inut®bthe 21 countries. Idiosyncratic
factors are important. Although the equations heeeemmon form, the parameters
differ significantly across countries. In explaigiboth unemployment and inflation,
global factors are very significance, suggestirag thodels which ignore them are

likely to be deficient.
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Appendix Al

Eigenvectorsfor unemployment and investment

First PC Second PC Third PC Fourth PC

U G U G U G U G
Australia 0.252 0.220 0.100 -0.035 0.040 0.16 019. -0.044
Austria 0.235 0.253 -0.209 0.002 -0.019 -0.113 9.20-0.208
Belgium 0.246 0.231 0.123 -0.074 -0.253 -0.384 020. 0.093
Canada 0.228 0.251 0.210 0.126 0.135 0.135 -0.0a2144
Denmark 0.234 0.260 0.185 -0.169 0.133 0.089 4.03-0.028
Finland 0.219 0.228 -0.194 0.11p 0.097 0.114 -0.428.177
France 0.258 0.276 -0.022 -0.016 -0.104 -0.101 @&.02-0.054
Germany 0.247 0.186 -0.130 -0.350 -0.183 -0.050 52.0 -0.411
Greece 0.193 0.221 -0.285 0.273 -0.103 -0.144 0.36D.138
Iceland 0.191 0.248 -0.231 0.07p 0.382 -0.057 2.340.130
Ireland 0.183 0.123 0.311 0.48b 0.216 -0.239 0.2260.074
Italy 0.244 0.241 -0.130 -0.008 -0.153 0.125 0.1220.172
Japan 0.180 0.233 -0.226 -0.1%6 -0.482 -0.111 0.00D.233
Netherlands 0.211 0.231 0.295 -0.311 -0.047 -0.091 0.082 -0.123
New Zeal. 0.218 0.1720 -0.13760.162 0.410 0.370 0.135 0.206
Norway 0.239 0.212| -0.0996 0.098 0.210 0.323 0.215 0.194
Portugal 0.154 0.010 0.2901 0.464 -0.345 -0.090 4740 -0.270
Spain 0.256 0.175 0.0256 -0.046 -0.107 -0.417 0.050.496
Sweden 0.199 0.257 -0.2545-0.191 0.130 0.040 -0.400 0.113
UK 0.234 0.226 0.2212 0.03% -0.045 -0.013 0.026 25%.
usS 0.085 0.166 0.4292 0.290 0.147 0.343 -0.003 308.
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Table A2a

Appendix A2

Dependent variable change in unemployment
Coefficients and t ratios, bold if t>2

A fi Ay Uy Auy 7Ry g
1 Australia 094 043 -0.26 -059 0.27 7.23 2.83
7.00 413 -154 -431 1.89 2.93 3.93
2 Austria 026 008 -0.12 -014 O0.11 1.96 0.38
438 3.19 -150 -210 o0.61 0.64 1.30
3 Belgium 057 015 -0.17 -017 044 7.69 0.70
514 279 -1.13 -3.04 3.31 2.20 2.25
4 Canada 099 017 -0.19 -033 0.09 488 218
6.52 2.80 -0.92 -3.15 0.60 1.69 2.78
5 Denmark 095 0.15 -050 -0.23 0.27 6.89 0.60
6.52 157 -2.93 -1.82 1.86 1.67 1.27
6 Finland 1.10 014 -052 -017 066 -5.18 1.30
485 226 -1.79 -3.02 5.00 -1.06 2.56
7 France 052 044 -0.26 -043 0.17 3.23 282
529 453 -191 -4.58 1.26 1.59 4.44
8 Germany 065 005 -0.26 -0.03 0.35 4.69 0.04
5,63 0.79 -1.48 -0.33 1.80 0.82 0.10
9 Greece 060 016 -034 -0.17 0.55 -3.47 1.37
430 325 -236 -290 3.74 -1.84 2.69
10 Iceland 0.21 006 0.22 -032 0.20 -128 0.83
1.70 2.18 1.69 -3.09 1.31 -2.41 3.12
11 lIreland 115 -0.04 0.06 0.00 -0.20 6.91 -0.69
352 -048 0.16 -0.01 -1.10 1.43 -0.86
12 ltaly 0.15 029 -0.10 -038 0.29 -1.63 291
1.21 426 -0.70 -4.26 217 -1.03 4.16
13 Japan 0.08 0.02 -0.06 0.04 0.35 2.38 -0.13
144 167 -0.97 0.65 1.76 1.90 -0.79
14 Netherlands 073 0.07 -0.21 -013 057 2.34 0.40
568 1.71 -1.20 -2.62 4.13 0.51 1.35
15 New Zealand 054 0.10 -059 -0.12 0.45 4.37 0.16
243 090 -349 -0.84 2.86 1.16 0.24
16 Norway 047 010 -035 -029 0.63 -1.60 0.89
445 272 -357 -257 457 -0.47 1.94
17 Portugal 0.18 008 0.20 -031 056 3.95 127
1.01 230 114 -436 4.72 2.07 3.91
18 Spain 064 049 -0.17 -032 058 160 271
437 4.07 -0.87 -424 561 0.69 3.86
19 Sweden 079 007 -022 -016 044 -7.31 0.88
521 2.09 -125 -2.15 276 -1.85 2.20
20 UK 0.70 015 -039 -0.18 047 6.81 0.58
3.89 227 -2.06 -256 3.07 2.70 1.37
21 US 070 0.04 -037 -032 0.03 16.05 115
437 160 -2.21 -3.79 0.23 4.20 2.38
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Table A2b. Diagnostic statistics
SER is standard error of regression, LL maximised likelihood, FLR is the F statistic for
excluding lagged unemployment and lagged globabfac

SER LL R? FLR
1 Australia 0.50 -25.28 0.75 9.96
2 Austria 0.22 7.87 0.61 6.86
3 Belgium 0.41 -16.79 0.78 4.93
4 Canada 0.57 -30.45 0.70 5.26
5 Denmark 0.52 -26.67 0.69 1.92
6 Finland 0.84 -45.98 0.73 4.83
7 France 0.34 -9.61 0.74 11.11
8 Germany 0.39 -15.65 0.70 1.47
9 Greece 0.44 -20.27 0.65 5.63
10 Iceland 0.47 -22.59 0.44 5.06
11 Ireland 1.19 -59.79 0.52 0.30
12 ltaly 0.37 -13.05 0.66 9.78
13 Japan 0.18 14.59 0.38 3.16
14 Netherlands 0.49 -24.09 0.77 3.71
15 New Zealand 0.63 -34.33 0.52 0.43
16 Norway 0.36 -12.00 0.59 4.00
17 Portugal 0.62 -33.56 0.66 10.27
18 Spain 0.56 -29.76 0.83 9.60
19 Sweden 0.52 -26.49 0.65 2.73
20 UK 0.61 -32.83 0.73 3.48
21 US 0.52 -27.13 0.73 7.64
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Dependent vari abl e change in inflation
Coefficients in bold if t

lAustralia
2Austria
3Bel gi um
4 Canada

5 Denmar k

6 Fi nl and

7 France

8 Ger many
9G eece
101 cel and
11irel and
121taly
13Japan

14 Net her | ands
15New Zeal and
16 Nor way

17 Por t ugal
18 Spai n

19 Sweden

20 UK

21US

Mean
Sum ML

uit

-0.81
-1.96
-0.41
-0.79
-0. 38
-2.39
-0.97
-2.09
0.02
0. 05
-0.01
-0.05
-0.09
-0. 38
-0.32
-2.29
-0. 24
-0.49
-3.89
-1.53
-0.41
-3.48
-0.31
-0.97
-0.69
-1.83
-0.43
-2.33
-0.79
-2.79
-0. 80
-2.39
0. 20
0. 47
-0.35
-1.59
-0. 44
-2.16
-0.84
-2.82
-0.91
-4.16
-0.61
-1529. 29

Appendix A3

rati o>2

Azr)t Apit—l _Aﬁt

0.63 0.86
1.96 4.54
0.06 0.29
0.30 2.02
0.31 0.74
2.19 6.57
0.49 0.01
1.71 0.05
0.28 0.71
1.23 3.91
0.21 0.73
1.30 3.19
0.05 0.79
0.21 6.11
0.22 0.43
1.97 4.30
0.72 1.50
1.87 3.49
1.48 5.94
1.95 4.01
0.22 0.91
1.70 4.22
0.35 1.13
1.34 5.03
0.12 0.93
0.95 4.12
0.10 0.44
0.82 2.84
0.56 0.54
2.28 1.92
0.14 0.39
1.11 2.02
0.12 0.52
0.56 1.17
0.39 0.40
1.09 1.61
0.17 0.66
1.52 3.47
0.64 1.19
2.55 5.10
0.18 0.87
2.82 6.69
0.3 0.95

.50
. 29
.13
.09
.34
. 28
.34
.74
.45
.05
. 60
.52
.49
. 46
.01
.25
.81
.27
.62
. 36
. 05
.52
.99
.33
.18
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.30
. 64
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.41
. 60
.79
.46
. 67
.61
.51
.54
.97
.91
.15
.54
.95
.72

CoodMoOodMO OO
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.07
.70
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.22
.08
.30
.14
.02
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.59
.11
.22
.05
.14

29

.55

26
95
73
52
30
78
22
09
35
38

.28
. 87
.02
.21
.37
. 86
. 64

07
08
84
24
68
25
13
06
64
04

NPEPRARNWUNNPEPWORNWONWONNNORNNOIORNMNNOOOORRERERONRRENREW®

77
93

.54

16
75

.30

42
84
46
53
35
29
19
11
12
76
91
42
47
81
27
45
47
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09
30
45
13
12
60
83

. 88
.94

51
69
30
13
04
36
02
54
49
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.51
.09
.90
.15
.45
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.97
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.31
.47
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. 26
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Table Ada Identifiedystems estimates for change in unemployment and change in
inflation equations, * natural rate parameters not identified.

d a b C el e2 e3
1 Australia 0.61 4.81 0.74 0.96 -0.28 0.31 0.07
4.55 14.14 12.88 7.00 -1.44 2.20 2.20
2 Austria *
3 Belgium 0.17 4.37 0.86 0.58 -0.17 0.45 0.07
2.64 5.93 8.91 491 -0.72 2.62 1.31
4 Canada 0.24 5.98 0.52 0.95 -0.22 0.04 0.06
1.61 6.83 4.09 5.08 -0.92 0.21 1.83
5Denmark *
6 Finland *
7 France 0.44 6.49 1.01 0.51 -0.27 0.17 0.03
3.33 13.65 18.94 3.10 -1.19 0.73 0.90
8 Germany 0.01 6.28 0.65 0.61 -0.25 0.47 0.01
0.10 5.16 6.24 5.37 -1.61 2.77 0.27
9Greece 0.15 8.50 1.09 0.62 -0.31 0.51 -0.04
2.12 6.85 3.21 2.92 -1.29 2.62 -1.98
10Iceland 0.31 2.48 0.24 0.22 0.20 0.20 -0.01
2.54 6.50 2.22 1.01 0.76 0.80 -1.90
11llreland 0.08 5.53 0.56 1.28 -0.02 -0.07 0.03
1.37 2.82 2.42 3.60 -0.06 -0.44 0.77
12 Italy 0.37 7.51 0.78 0.12 -0.09 0.27 -0.01
3.22 16.09 12.35 0.42 -0.33 0.81 -0.30
13Japan -0.06 3.22 -0.31 0.08 -0.05 0.35 0.03
-0.84 2.12 -0.54 1.12 -0.69 1.92 1.41
14 Netherlands 0.13 4.60 0.35 0.73 -0.17 0.61 -0.02
2.52 4.68 1.78 5.81 -0.78 4.50 -0.54
15New Zealand 0.17 3.05 0.77 0.57 -0.63 0.48 0.02
1.38 2.67 4.16 2.43 -3.40 2.93 0.87
16 Norway 0.32 3.55 0.29 0.48 -0.31 0.64 -0.04
1.61 6.64 3.27 2.58 -1.84 3.67 -0.80
17 Portugal 0.31 412 0.25 0.18 0.20 0.56 0.04
1.96 413 1.16 0.60 0.67 1.60 0.92
18 Spain 0.32 8.77 1.49 0.62 -0.17 0.59 0.01
2.28 10.10 13.70 3.87 -0.83 5.59 0.28
19 Sweden 0.15 5.10 0.43 0.73 -0.20 0.41 -0.06
1.86 5.34 3.26 5.55 -0.89 2.50 -1.95
20UK 0.20 3.60 0.78 0.71 -0.38 0.49 0.06
3.26 3.76 5.25 3.77 -1.81 3.13 2.37
21USs 0.36 4.20 0.18 0.75 -0.38 0.08 0.13
3.36 11.51 3.04 2.84 -1.79 0.45 3.53
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Appendix A4

Table Adb Identifedystems estimates for change in unemployment and change in inflation
equations, * natural rate parameters not identified.

B 14 o) n R? Au, R® A? Pi

1 Australia -1.15 0.78 -0.49 0.09 0.75 0.53
-1.70 5.22 -2.92 0.90

2 Austria*

3 Belgium -0.37 0.75 -0.34 -0.07 0.77 0.7
-1.75 8.84 -3.01 -0.99

4 Canada -1.37 0.00 -1.37 -0.09 0.69 0.78
-1.46 0.00 -7.33 -0.39

5Denmark*

6 Finland*

7 France -0.14 0.81 -0.37 -0.08 0.74 0.60
-0.46 11.81 -3.56 -2.73

8 Germany -0.38 0.43 -0.02 -0.31 0.68 0.52
-2.02 3.63 -0.42 -2.56

9Greece -0.69 1.27 -0.46 0.01 0.65 0.39
-1.74 3.53 -1.27 0.05

10Iceland -4.60 5.19 -2.19 1.29 0.43 0.65
-0.85 4.86 -1.82 1.38

1llIreland -0.47 0.91 -1.13 0.34 0.48 0.59
-2.75 3.38 -3.56 2.43

12 Italy -0.32 0.95 -0.75 0.09 0.66 0.54
-0.65 4.15 -3.33 1.07

13Japan -0.56 0.94 -0.25 -0.30 0.38 0.52
-0.85 5.87 -2.59 -4.22

14 Netherlands -0.46 0.49 -0.33 -0.23 0.76 0.48
-1.86 2.39 -3.64 -2.98

15New Zealand -0.56 0.55 -0.64 0.05 0.51 0.47
-1.32 1.90 -4.02 0.53

16 Norway -0.91 0.52 -0.65 -0.28 0.57 0.55
-1.74 1.58 -3.15 -2.48

17 Portugal 0.21 0.30 -1.23 0.47 0.66 0.47
0.49 0.87 -3.54 3.22

18 Spain -0.37 0.55 -0.64 0.12 0.83 0.36
-1.45 1.23 -2.49 1.20

19 Sweden -0.54 0.69 -0.62 -0.27 0.65 0.57
-2.81 3.16 -4.87 -2.87

20UK -0.94 1.20 -0.93 0.28 0.73 0.65
-3.33 3.44 -3.81 3.11

21USs -1.03 0.84 -0.58 0.12 0.71 0.72
-4.42 4.46 -4.82 1.36
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