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Abstract:

This paper offers a concise critical overview ofu@ls Law, with particular attention for its
relevance in open economic systems of regions.Basen extensive set of economic data for
Finnish regions, the existence of cointegratiotegged by using alternative statistical methods,
viz. the residual-based test and the conditiormalrerorrection model. A novelty of the paper is
to combine a method of hidden cointegrations wittmathod of removing cross-sectional
dependence. After correcting for hidden cointegreti and cross-sectional dependence, both
statistical methods used yield almost similar rssahd confirm cointegration for the relevant
data on Finnish regions. This long-run relationshifrinland appears to be very similar to that

found elsewhere in the literature.
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1. Okun’s Law Revisited

The seminal paper by Okun (1962) on the relatigndbetween GDP growth and
unemployment has prompted many scientific discassmver the past decades. ‘Okun’s Law’
stipulates that this relationship is symmetric d@hat a three percent increase in real GDP is
associated with a one percentage point decreas@employment, provided at least that the
unemployment level is above the natural rate. Okuhaw presupposes essentially a
macroeconomic correlation between the level of entao activity in the goods market and that
in the labour market over the business cycle.

Okun’s Law has obvious implications for macroecoiwpuolicy, as it is often used as a
benchmark for measuring the cost of unemploymeet(see e.g. Moosa 1997a). In addition, this
law may be helpful in determining an optimal (osidable) growth rate for the economy, which
is needed as critical information for formulatingpmetary policy rules and other business cycle
policies (Gordon 2010).

While there seems to be consensus on the negativelation between unemployment
and GDP movements, the order of magnitude of thrsetation appears to show quite some
variation in different studies. Various recent engail studies point out that Okun’s Law varies
substantially across countries, over different tpeeiods and over the phases of a business cycle
in such a way that it seems plausible to moded & aon-linear relationship (see e.g. Altig 1997,
IMF 2010, Daly and Hobijn 2010, Crespo-Cuaresma32@ivapulle et al. 2004). These authors
argue that the coefficient in Okun’s Law variesading to recessions and expansions of the
economy and that the effect of cyclical output gulical unemployment is significantly higher
in case of a downturn in the economy.

Other features of Okun’s Law, viz. its order of miigde and its symmetry, have also
met criticism. For example, by using a static frammk and by imposing exogenously an
asymmetry threshold on the unemployment variableg L(2000) tests the (a)symmetric
behaviour of Okun’s Law for yearly data on 16 OEC€&untries and finds significantly higher
coefficients for various countries (e.g. Finlandpdn, the USA). Next, Mayes and Viren (2002)
emphasize asymmetry in the behaviour of the labmarket and demonstrate that rapid
downturns in the economy have more than proporereifects on unemployment, partly

because of the mismatch between the relevant seatmd the regions where the jobs and



unemployment show up. Another explanation for tegmametry in Okun’s Law is given by
Harris and Silverstone (2001), who emphasize tlyenagetric responses among heterogeneous
production sectors in terms of job creation and @@struction when faced with economic
shocks.

The above mentioned observations question sonmesbalsOkun’s Law, in particular its
linearity and its symmetry assumption. The limaas mostly highlighted in the literature are
threefold: (i) the short-run analysis framework fiarking output and unemployment gaps
relative to their natural (equilibrium) level; tleesesults are sensitive to the choice of the trend-
cycle decomposition method and do not incorporateydrun feedback effects between goods
and labour markets; (ii) the a priori assumed sterh exogeneity of unemployment and output
in investigating the statistical correlation betwethese two variables; (iii) the statistical
restriction to aggregate (macroeconomic) variabethout any consideration of region-specific
characteristics in both the product and the laloarkets and how different markets behave over
the business cycle; (iv) under conditions of hyeter and related factors — where fired workers
tend to have re-employment difficulties after longaemployment spells — a drop in GDP may
produce a higher rise in unemployment rates reddthva case when GDP increases.

The current economic recession has recentely pexngtiew debate on the association
between GDP changes and unemployment, not only &romacroeconomic perspective, but also
from a (multi-) regional perspective. A good illcegton of this issue can be found in Finland, a
country which — in contrast to its past prosperdergelopment — faced in 2009 a drop of 8% in
its GDP, while it may likely grow only 1 % in 20XBinnish Ministry of Finance 2010). These
unfavourable growth prospects are a reason for deepern on the future employment situation
in this country and its regions. If Okun’s Law wduWe strictly valid, Finland will encounter a
problematic labour market development in the naturé. Clearly, if a strict linear relationship
does not hold, other determinants will impact amfiiture unemployment rate (see also Freeman
2001, Gordon 1984, Moosa 1997b, Knoester 1986).réfbiee, the reliability of Okun’s
coefficients is not only of paramount importance feacroeconomic policy, but also for the
regional distribution of unemployment rates in @@ spatial system. Thus, a regional focus on
Okun’s Law is warranted. In addition, economic gtiowends to exhibit more fluctuations at a
regional scale than at a national scale due toiapaterdependencies and lower economic

diversity of regions, so that also local publicairtes may show more variability and hence may



have more variations at a spatially disaggregate@ll Furthermore, differences in regional

economic structures — for instance, labour-intemsagional economies dominated by the public
sector versus capital-intensive or export-orientegions — may lead to different orders of

magnitude of Okun’s Law, so that economic fluctoilasi may have heterogeneous effects on
regional (or local) tax bases and hence on puldpeerditures in case of a variety in regional

economies within a national system (see also Maehith Van Reenen 1998, Moosa 1997b,
Paldam 1987, Paley 1993). This issue is also celemteendogenous regional economic growth
analyses (see Stimson et al. 2010).

In order to potentially uncover geographical siwual differences in the responsiveness
of labor markets to changes in output and to beriefim the larger variation in output and
unemployment at a regional level, some authors lnegently tried to pay also attention to the
regional aspects of Okun’s Law (see e.g. Freemd®0,2Christopoulos 2004, Adanu 2005,
Villaverde and Maza 2007). The present paper t#ikese arguments further and presents a new
regional statistical analysis inspired by Okun’swiL#hat allows for long-run asymmetries
between output and unemployment in a multiregisgyadtem within a hidden cointegration
framework, which does not need an a priori asswnptin the exogeneity of either of these
variables nor any trend-cycle decomposition prooedginally, the paper will take the cross-
sectional dependence into account (in particuldrether a certain type of Okun correlation in
one region will affect the Okun relationship in ethregions). The new Okun model will be
applied to 74 Finnish Labour market regions overghst 30 years.

In the light of the previous observations we aindéwelop an amended statistical model
representing Okun’s Law that meets the following tnditions: (i) it should be able to identify
or represent the existence of both linear and mogat relationships between regional GDP and
regional unemployment rates, and (ii) it shouldalde to take into consideration the extent to
which Okun’s relationship depends on the regionig ccharacteristics and those of others
(cross-sectional or spatial dependence). For thjsctive we combine a hidden conintegration
approach by Gordon (2010) to accommodate asymraetith a method by Pedroni (2004) to
remove cross-sectional dependence. Our statistindy/sis of time series of key variables will be
based on a cointegration approach. The relationishipodelled utilising time series rather than

cross-sectional variations in order to avoid takangriori stances on the exogeneity of either



GDP or unemployment. However, in a system of si@adin regional economies, cross-sectional

dependence is crucial to take into account as well.
2. Two Statistical Approaches and the Data

2.1 Hidden cointegrations
To model Okun’s Law in case of asymmetry (with dioear correlations) we will now
present the following time series analysis of twa)-Uistributed variables, GRRand the

unemployment rate UNwith a possible drift):
t

UN, =UN_ +u, =UNy+> u
i=1

and 1)

t
GDR =GDR_, +u, =GDR, + > Vv,

i=1
where y and y are both white noise terms with zero means, megihiat u does not depend on
UN and v is independent of GDP. Regardless of rmretation within equations there can be
correlations between them. If the association betwbese two time series variables was linear,
we would define the following Engle and Granger§Zplinear cointegration formula (see also

Attfield and Siverstone 1997, 1998, Granger andrY®@02, Pedroni 2000):

LU =BV =0, )

meaning that the linear relationship between UN @D is stationary over time, although both
variables have their own unit roots.

If it appears that the variables do not have a tegmation relationship, their sub-
components may still have it (see Gordon 2010kuich a case the relationship is non-linear. In
general, a hidden cointegration takes place amewg \ariables, if their components are
mutually cointegrated. To look for hidden cointdgras in the present case, let us decompose

UN into two components:

u" =max@,,d)



3)

u’ =min(u,,d)

where d is an a priori given threshold value. Tama holds for v Consequently, we have

u=u+u -d
(4)

V=V +y —d

On the basis of the expressions presented abovassuiing d=0, we may now apply

the following decomposition:

UN, =UN, +u; +u,
(5)
GDPR =GDP, +V; +Vv,,

where u” and v are the cumulative sums of positive shocks in petiowhile the

negative counterparts are the cumulative sumsgsthe shocks on UN and GDP, respectively.

2.2  Database

The previous analysis framework has been useddlysmthe existence and relevance of
Okun’s Law for the 74 travel-to-work areas, TTWAs,Finland. Our data base covers annual
time series information on GDP (value added) arel themployment rate during the period
1976-2006.

The long run relationship between unemployment @td GDP would be easy to
estimate, if both series were stationary and stabbe sense that they would not have breaks in
the data generating process. However, it appeats kibth aggregate series are highly non-
stationary and non-stable (Figure 1). Thereforgngle regression of unemployment on the log

of GDP would yield highly unreliable results.
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Figure 1. Time patterns of unemployment and GDP

It is noteworthy that a decomposed series appeashdw a slightly better behaviour.
However, there are still breaks in the positive B&ties, U, and in the aggregate series, UN.
While the negative component, uappears to look much better, it also has a biredke early
1990s, when the series levels off for the yearsrmthe aggregate unemployment rises all over

Finland (see Figure 2).
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Figure 2. A decomposed mapping of unemployment

Next, we will offer a picture of the decomposed G&#ies, Vv and v. This time pattern

appears to demonstrate a reasonably good behae®iHgure 3).
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Figure 3. A decomposed mapping of GDP

It should be noted that even more non-reliabilittneeges from cross-sectional
dependence. Beside time series dynamics, the OWKuavs relationship in an open regional
economy may easily be affected by developmentgheraegional economies. Simple spatial
correlations reveal that it is indeed importantdke spatial dependencies into account. Using
average values for each cross-sectional unit dwer30 years of investigation reveals a clear
spatial correlation. For example, regions with ghhunemployment rate tend to have adjacent

neighbours with high unemployment and vice versa &gure 4).
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Figure 4. Spatial correlation in unemployment
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2.3  Correcting for cross-sectional dependence

To account now for these correlations, we relateheaariable to the annual country
average, a procedure which is now common in ecotraraganel data analysis with long time
series and a high number of cross-sections. Tdido the threshold value d (introduced in (3)
above) is no longer equal to 0, but equals the a@nanerage across the cross-sectional (areal)
units. As a consequence, the value of the positnemployment rate series, u+, in 1977 is equal
to that for 1976 plus the change in 1977, if thargje in the region in question is higher than the
average. Otherwise, the change is 0 and the valu®77 equals that of 1976. The opposite
applies to the negative series. If the change wsetahan the average, the value is subtracted
from the value in 1976, otherwise the change ig$ing this logic the entire time series can be
computed for each TTWA, obtaining variables,ukk, vk" and vk, where k refers to the value
relative to the country average. In other words thethod used combines the hidden
cointegration framework with the Pedroni-style noetho remove cross-sectional dependence.

Relating the variables to the country averages sitk@m look clearly non-stationary but
stable (see Figures 5 and 6). Application of upibtrtests (results available upon request)
confirms this visual finding. As our time seriesnen-stationary, the long-run relationship is

estimated using two alternative cointegration apphes.
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Figure 5. Positive and negative deviations from theannual country average of

unemployment rate (average over TTWAS)
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3. Test Equations

The existence of cointegration will be tested nowtwo ways. First, the traditional
residual-based test, based on Pedroni (2004)ed. usccording to this test, there is a long-run
relationship between variables, if the residudbisnd stationary. For example, there is a long-
run relationship between Ukand vk, if the error terme is stationary in the following OLS
regression:

+

uk' = Vo, + Bivki,o + &7, (6)
Second, a recently developed “structural” test Wwélapplied, where a conditional error
correction model for the variable of interest isidaed (see Westerlund 2006). For example,
there is a long-run relationship betweeri akd vk, if the coefficientyin the error-correction
representation (7) is less than zero. More pregigbe null hypothesis of no cointegration for

cross-sectional unit i is implemented as a tesh®mnull HO :)4; = 0 versus H1 j4; <O.

AUkiJ,rt =Voi T V4 (Uki+,t—1_ Bivk - )+ ZIL: i I,AUKi+L—I + ZIL: @, Avk + ei+t,— . (7)



In this case there is an economic interpretatigrtifie long-run relationship presented in
the parentheses of (7). Moreover, Westerlund (20@8&) shown that these two methods for
testing cointegration are complementary, and thatpower and size characteristics of the tests
depend on how well the case at hand fits to themagsons behind the tests. The power of the
residual-based test is the higher, the closewtbiethe region in question is to the respectiise
(in equation (7)). If these long- and short- ruefticients differ markedly, the power of the test
collapses vyielding a wrong inference. On the othand, the crucial assumption in the
‘structural’ test is that vk should be exogenousmeakly endogenous. In the present case the
assumption of weak endogeneity is plausible. Sin&e may not be endogenous, uk
(unemployment) should not affect GDP in this peribdt it may affect it in the subsequent
period. It seems plausible that unemployment dagsaffect GDP immediately, since recently
laid-off workers are usually well employable. Howevover a longer period of time decreasing
human capital and skill levels may reduce emplditgliesulting in lower GDP growth. In a
phase of an economic upturn, unemployment may ta@&P growth immediately only if there
is a shortage of labour (i.e. very low unemploymeHbwever, there have been only two very
brief cases in the Finnish economic history wheeedverage unemployment rate was very low
(the mid 1970s and late 1980s). In other peridastet has always been ample unemployment
somewhere in Finland, which has acted as a pogbobéntial labour for other regions. In
conclusion, it seems that the ‘structural’ test fasie appealing indulging assumptions for our
case.

If there are long-run relationships between compts)e¢he aggregate series may also be
cointegrated. However, this is only the case in padicular situation, as can be seen by
distinguishing and comparing four possible coingign cases:

1. None of the two components is cointegrated. ThedP@nd UN are not cointegrated;
they may experience positive and negative shoakswhl exhibit their own independent
trends.

2. Only one of the two components is cointegrated,noitboth. In that case, GDP an dUN
may have common opposite shocks, but they arersitlicointegrated, although they

share a more common structure than in case 1.
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3. Both components have different cointegration vectoret, GDP and UN are not
coitegrated, even though they have common shocks.

4. Both components have the same cointegration vettothis case, GDP and UN are
cointegrated and there is only one common shock.

In conclusion, for GDP and UN to be fully cointeigd their components should be

mutually cointegrated with the same cointegratiagtors:

4, Empirical Results

41  Baselinemode

Relating the aggregate time-series for economigécatdrs by region to the country
average removes the trend from the variables. Tdrexethere is no point using cointegration
methods to the aggregate series UNk and InGDPteddsa simple regression model can be run,
which leads to the following result:
UNK;, = 0.12 — 0.0126*INGDRk+ TTWA fixed effects (8)

(***) (***) ,

where *** indicates statistical significance at th@ercent level.

In other words, we find that th& coefficient in an empirical equation is one teathihe
typical value found in the literature (Moosa 199Raotek 2007). Next, we will proceed by
analyzing the component of both series by the aldegeribed cointegration methods (8).

4.2  Residual-based tests

Empirical results obtained with the Pedroni-testprgcedure are presented in Table 1
while the Westerlund methodology leads to the teslown in Table 2.

For the linear case (aggregate variables) wittvilrout a correction for cross-sectional

dependence, the panetest statistics indicates that unemployment andP@Ee not related in a

! Since virtually always unemployment and GDP argatigely correlated, neitherukf and Vkl+) nor (uk; and
VK, ) can be cointegrated. Thus, we concentrate herta@tong-run relationship between componelnk;(and

vk ) and componentuk,” and Vk;" ).
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statistical sensep(> -2.0). This is as expected due to the statibnari the series (there is
actually no point in running this test for stationaeries, but it is done here, however, for the
case of comparison). Also, the long-ggheoefficient is very similar to the one found abonen
OLS regression with fixed effects and thus smad#tree to the value found in the literature. In
contrast, when the Pedroni test is computed forddmmposed variables (that have been de-
meaned from the average growth rates) the tegststatis well beyond the limit of -2.0.
Furthermore, the long-term coefficients are nowhaf same order of magnitude as those found
elsewhere. They are also close to each other,iaglged by the figures above and the use of the
national average growth rates as the thresholdctwhnakes such series symmetric by

construction.

Table 1. Residual-based tests and long-run coeffesit

Panelp B, Panel F\P B, Panel DOLY’
Linear (aggregate), no correction -0.71 -1.539%** -2.221%**
for cs dependence :
UN = a + SInGDP
correction for cs dependence : -1.90 -0.016%*** -0.015%***
UNk = a + BInGDPk
Contractions : -5.18*** -0.134*** -0.136***
uk' = a + Bk
Expansions : : -3.44%** -0.118*** -0.121%**
uk = a+ Bk

(@) The full sample estimates @kcoefficients are computed by taking a weightedrage of the individual
estimates. Each individud#l is weighted by the diagonal matrix formed by takthe square root of the precision
matrix of the estimates for that individual. Withch a weighting procedure, the coefficients andacence matrix
reproduce the averagestatistic so that the averaging done in calcujatine t-statistics and the average
coefficients match.

The conditional error correction model producesilasinmesults. The linear model without
correction for cross-sectional dependence is nattegrated. While the linear model with
correction for cross-sectional dependence is cgiated, its long-run estimate does not have a

transparent economic interpretation. In contrasierwthe data series is split in positive and
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negative components, both equations are cointetjeate the long-rufi-coefficient is very close

to those obtained elsewhere in the literature.

Table 2. Results of conditional error correction mdel.

Cointegration. relationship Error Correction Model
Sum of Sum of
Y1 constant B1 coeff. On coeff. On
lags ofAu lags ofAv
Linear, no correction for cs -0.12 -0.30*** +1.80 +0.54*** -0.09**
dependence:
UN =g + SInGDP
correction for cs dependende: -0.30*** .000 +0.08* +0.16** -0.03***
UNk = a + SInGDPk
Contractions: -0.21%** 0.17 -0.194*** +0.00 +0.01
uk' = a+ Bvk
Expansions: -0.19%** 0.20 -0.165*** +0.07** +0.07***
uk = a+ Bk’

Both the Pedroni and the Westerlund testing stiasedell us that the hidden
cointegration relationships between®wnd vk on the one hand between wnd vk on the
other hand are significant at a 5% significanceeleVhis means that regions having different
GDP growth rates from the average across regiohsp &ave persistently different

unemployment rates relative to the average unempaaoy.

5. Conclusion

This paper aimed to test the existence of the Gklwaw in the case of small open
regional economies. Using alternative statisticathuds, viz. the residual-based test and the
conditional error correction model, the main fingliis that the Okun’s coefficient in the present
case is -0.2, which is very similar to that foutska/here. A novelty of the paper is to combine a
method of hidden cointegrations with a method ahaeing cross-sectional dependence.

Statistical tests reject the long run relationshgtween the regional aggregate unemployment
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and output series. However, after correcting fadden cointegrations and cross-sectional
dependence, both statistical methods used yieldsdlsimilar results and confirm cointegration
for the relevant data on Finnish regions.

The presence of hidden cointegration may be coresidas a clue for the presence of a
long-run link between regional to national ratidsGDP and unemployment. More precisely,
while the traditional Okun’s Law relationship conte the short-run correlation between
unemployment and GDP transitory movements, oultrelarly shows that this correlation also
holds in the long-run at the decentralized levalegfions. Various potential explanations such as
insider/outsider models, human capital or regionability may be found in the literature for this
long-run response of regional unemployment to megjiGDP shocks.

Moreover, empirical estimates of tlfecoefficients obtained with the Panel FM and the
Panel DOLS estimators (Table 1) or with the WestetlECM estimation (Table 2) reveal that
the impact of GDP expansions on unemployment idlema absolute value than the impact of
GDP contractions. While the Panel FM and Panel D@si8nators are smaller in absolute terms
that those obtained with the Westerlund estimatbey all point to the presence of an
asymmetric effect of GDP movements on unemploymeith a larger responsiveness of
unemployment in case of negative output variatidiese results are fully consistent with those
already observed in earlier studies by Crespo (R@d3Silvapulle et al. (2004) for specific
countries. Taken as a whole, our results indichtd twhen regional GDP growth is larger
(respectively smaller) than the national GDP growthl percentage point, the gap between
regional and national unemployment rate decreasspéctively increases) by an amount falling
in between 0.12 and 0.17 percentage points (raspbc0.13 and 0.19 percentage points).

These effects are all quantitatively smaller thiaa traditional Okun’s Law coefficients
obtained in the literature for the case of coustrie interpret these differences, we have to keep
in mind two main points. First, the traditional sen of the Okun’s Law concerns a short run
temporal horizon when the labor market and the naimvages are predominantly rigid so that
there is no major regulation of unemployment andPGiovements through labor market
adjustments. In this case, the labor market caadpist. The presence of hidden cointegration
relationships indicates that our results typicatlgncern a long-run time horizon. As a
consequence, they tend to indicate that regiormirlanarket adjustment mechanisms are not

able to fully incorporate the variations of unenymlent rates induced by large regional GDP
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shocks. However, the initial impacts of GDP shosksunemployment are partly dampened by
labor market and real wages adjustments in theumetierm, while only a fraction of the initial
impact can remain in the long run.

The second point concerns the fact that our samplaedes regional data. As mobility is
much more important across regions than across tigesin regional unemployment rates
movements are also partly influenced by regionalbbifitp. This mobility may thus also

contribute to explain why oy#-coefficients are smaller than those obtained wiéttional data.
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