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SUMMARY 1

Over the past twenty years or so, unemployment has been increasing in most OECD economies.
In the same period, there has been a considerable increase in the wedge between the real cost to the
employer of hiring a worker and the net real wage received by the worker.  The present study examines
whether changes in the wedge (including various tax rates) may have generated long-lasting effects on real
labour costs.  Behaviour which generates this kind of outcome is called "real wage resistance".  If there is
real wage resistance, a rise in the wedge leads to higher unemployment.  If this outcome persists in the
long run, the primary problem related to the functioning of the wage setting mechanism is not necessarily
the speed of adjustment but rather the equilibrium in which adjustment terminates.

The countries examined are the United States, Japan, Germany, France, the United Kingdom,
Italy, Canada, Australia, Sweden and Finland.  The study covers the private business sector and the
estimation method applied is the procedure proposed in Johansen and Juselius (1990) for estimation of
long-run relationships.

Signs of real wage resistance were discovered in all the economies examined although it differs
in degree between countries.  Although this can to some extent be related to characteristics of wage setting
mechanisms in the countries concerned, there is not a simple story to tell.  The outcome depends on both
labour market characteristics and on the actual development of the wedge.

As far as the effect of actual changes in the wedge on actual changes in unemployment are
concerned, the most unfavourable case is that found in France:  not only a considerable degree of real
wage resistance but also a large rise in the wedge was detected.  Over the full estimation period, the impact
of real wage resistance on the unemployment rate is also important in Australia, Canada, Finland and
Sweden.  In the latter two countries in particular, this is due to recent increases in the wedge.

When the contribution of taxes is separated it becomes clear that, in Canada, unfavourable
impacts of real wage resistance are not related to taxation.  In Japan, taxes are not a primary cause either;
whereas in France, Italy and Sweden taxes have played a major role.  In Germany, appreciation of the
exchange rate has "created room" for consumption taxes to rise without the harmful effect on consumer
prices which would have generated wage claims.  In Finland, large tax increases have taken place in recent
years. In the other countries, the effect of taxes on labour cost is in the range of + 2 per cent.

For four countries (Germany, France, Canada and Finland), effects of three alternative revenue-
neutral shifts in taxation were simulated.  A shift from income tax to payroll tax has no long-run impact
but in the short run (which lasts for five years or more) the effect on (un)employment is unfavourable.  A
shift from taxes on income to taxes on consumption has a favourable impact on (un)employment, not only
in the short run but also in the long run.  Given current budget constraints, a precondition for this policy
option would seem to be that the government allows the real value of such non-wage incomes as pensions,
unemployment benefits and social transfers to fall as a result of the increase in the consumption tax.
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LA RÉSISTANCE DES SALAIRES RÉELS ET LE CHÔMAGE
Analyse à plusieurs variables des relations de cointégration dans 10 économies de l'OCDE

RÉSUMÉ

Depuis une vingtaine d'années, le chômage progresse dans la plupart des économies de l’OCDE.
Durant la même période on a vu se creuser sensiblement l’écart entre le coût réel d’un travailleur pour
l’employeur et le salaire net réel perçu par le travailleur. La présente étude examine si l’évolution de cet
écart (notamment des divers taux d’imposition) a pu avoir des effets durables sur les coûts réels de main
d'oeuvre. On appelle "résistance des salaires réels" le comportement qui aboutit à ce type de résultat. S'il y
a résistance des salaires réels un accroissement de l’écart entraîne une montée du chômage. Si cet effet
persiste longtemps, le problème essentiel pour le bon fonctionnement du mécanisme de détermination des
salaires n’est pas nécessairement la rapidité d’ajustement, mais plutôt l’équilibre obtenu.

Les pays étudiés sont les États-Unis, le Japon, l’Allemagne, la France, le Royaume-Uni, l’Italie,
le Canada, l’Australie, la Suède et la Finlande. L’étude porte sur les entreprises du secteur privé et la
méthode d’estimation utilisée est celle qui a été proposée dans Johansen et Juselius (1990) pour
l’estimation des relations de longue durée.

Des signes de résistance des salaires réels ont été décelés dans toutes les économies étudiées,
mais le degré de résistance diffère selon les pays. Bien que l’on puisse l’imputer dans une certaine mesure
aux caractéristiques des mécanismes de détermination des salaires dont disposent les pays en cause,
l’explication est loin d’être simple. Les effets dépendent aussi bien des caractéristiques du marché du
travail que des variations effectives de l’écart observé.

En ce qui concerne les effets des variations effectives de l’écart sur l’évolution du chômage, c’est
en France que l’on a observé la situation la plus défavorable : non seulement la résistance des salaires réels
a été forte, mais l’écart s’est considérablement creusé. Durant toute la période considérée, la résistance des
salaires réels a eu également une profonde incidence sur le taux de chômage en Australie, au Canada, en
Finlande et en Suède. Dans ces deux derniers pays en particulier, cela tient à l’accroissement récent de
l’écart.

Lorsque l'on analyse séparément la part de la fiscalité, on s’aperçoit qu’au Canada, les effets
défavorables de la résistance des salaires réels n’ont  aucun lien avec la fiscalité. Au Japon, les impôts ne
sont pas non plus un facteur essentiel tandis qu’en France, en Italie et en Suède ils ont joué un rôle majeur.
En Allemagne, l’appréciation du taux de change a permis aux impôts à la consommation d'augmenter sans
entraîner les effets négatifs sur les prix à la consommation qui auraient déclenché des revendications
salariales. En Finlande, les impôts ont fortement augmente ces dernières années. Dans les autres pays,
l'incidence des impôts sur le coût du travail est de l’ordre de ± 2 pour cent.

Pour quatre pays (Allemagne, France, Canada, et Finlande), on a simulé les effets de trois types
de transfert de la charge fiscale qui seraient neutres du point de vue des recettes. Un transfert de l’impôt
sur le revenue au profit de l’impôt sur le travail n’a aucun impact à long terme, mais à court terme
(pendant cinq ans ou plus), il aurait un effet défavorable sur l’emploi (ou le chômage). Un transfert de
l'impôt sur le revenu au profit des impôts sur la consommation aurait un effet favorable sur l'emploi non
seulement dans l’immédiat, mais à long terme. Étant donné les contraintes budgétaires actuelles, une
condition préalable au choix de cette formule serait que le gouvernement laisse baisser la valeur réelle des
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revenus non salariaux tels que pensions, allocations de chômage et transferts sociaux, par suite de
l’augmentation de l’impôt sur la consommation.
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1.  Introduction2

Over the past twenty years or so, unemployment has risen in most OECD countries.  In the same
period, many countries have experienced an increase in the "wedge" between the real labour cost paid by
the firm and the real take-home pay received by the employee.  If wages do not fully absorb changes in
wedge factors (including various tax rates), real wage resistance exists.  For the present study, the key
question is how real labour cost responds to changes in elements of the wedge because "if there is such a
positive response, then the wedge will influence the equilibrium unemployment" [Layard, Nickell and
Jackman (1991), p. 210].

The paper is organised as follows.  Section 2 introduces the economic model and evaluates shifts
in equilibrium unemployment.  The concept of real wage resistance is discussed as well as earlier
evidence.  Section 3 defines an unrestricted VAR model derived from the theoretical considerations and
discusses the maximum likelihood method proposed in Johansen and Juselius (1990) for estimation of
long-run relationships in multivariate systems.  The final operational model is arrived at by reducing the
full model by conditioning, i.e., by considering part of the variables as weakly exogenous whenever a test
allows it.  In Section 4, the identifying restrictions of the structural hypotheses are specified and tested in
the partial model.  In Section 5 the effect of taxes on real labour costs via real wage resistance is calculated
using the estimated elasticities in conjunction with the actual tax data.  Section 6 presents simulations in
which effects of actual changes in wedge factors are examined using the three-equation models specified
for each country in Appendix 2.  Section 7 summarises the paper.

2.  The theoretical model

In a world in which perfect competition prevails, wages adjust to whatever level needed to clear
the labour market.  Accordingly, real labour costs deviate only temporarily from the level of labour
productivity and all changes in unemployment can only be considered as variations around a "natural" rate
of unemployment.  This should find its confirmation in the long-run stationarity of unemployment rates.
As indicated by Layard, Nickell and Jackman (1991, below: LNJ), in a perspective of one hundred years or
so, this seems like a plausible description of the history of unemployment.

In the literature, it has been conventional to present models in which higher unemployment leads
to wage moderation. In Phillips curve models, the relation is typically between the (real) wage change and
the unemployment rate.  This specification makes sense as a description of the short-run interaction in a
world in which unemployment is stationary, i.e., when it fluctuates around a mean and returns to the mean
value often.  However, if the unemployment rate is non-stationary, a Phillips curve type of relationship is
not necessarily consistent with the time-series properties of the data.

Over the past twenty years or so, persistent shifts in the ("natural") unemployment rate seem to
have taken place in almost all industrialised countries.3  This challenges standard models in many respects
and leads us to search for an explanation which derives from imperfect competition in labour markets.

Wage setting is considered in Figure 1.  On the vertical axis is the real labour cost which we here
simply define as the wage, W.  On the horizontal axis is the labour force, L, or alternatively employment,
N. Unemployment is the difference between L and N, i.e., u = L-N.
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Wage setting, demand for labour and equilibrium unemployment
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With a given labour demand schedule, LDS, a shift in the wage setting schedule from WSS
0
 to

WSS
1
 induces a change in the equilibrium relation (W*,u*) from point A to point B.  The rise in

equilibrium wage is W*

1
 - W*

0
 and the rise in equilibrium unemployment is u*

1
 - u*

0
.  The new equilibrium

prevails when all interaction between wages, employment and unemployment has taken place.  Below we
examine whether persistent shifts in the wage setting schedules could be due to real wage resistance.4

To consider an imperfectly competitive labour market, we apply a bargaining model common
from literature.  No distinction is made between bargaining at the plant, firm or industry level and country
wide negotiation.  The decisive feature is the imperfect competition embodied in collective contracts.

There are n identical firms which have a production function Q = AF(N) with one input, labour
(N).  A is a productivity index.  Imperfect competition prevails in the product market.  The firm
maximises profits which are defined as the difference between sales revenues and production costs:

π = [
~
Z A F (N )] A F (N ) - W (1 + s ) N

^

P (i)

where ˆ Q d = ˆ P -1(P)
~
Z -1 ≡ D(P)Z is a downward sloping demand curve of the separable form introduced by

Nickell (1978).  Here, Z = 
~
Z -1 is a parameter describing the position of the demand curve faced by the

firm and ˆ P is the (endogenous) producer price of the firm.  P represents the competitors' producer price,

W the nominal wage, s the employers' social security contribution rate.  The output of the firm, ˆ Q , is
considered endogenous.

Employers bargain with representatives of workers.  The welfare of the latter depends on the
after tax real wage of employed and the (real) unemployment benefit received by the unemployed,
V = V(W(1-τ)/P

c
,N,B) where P

c
 represents the consumer price, τ the income tax, and B the replacement

ratio (unemployment benefit in relation to the relevant wage level).  As far as the partial derivatives are
concerned, we assume that 1 2 3 0' ' ', ,V V V >  and 1 2 3 0" " ", ,V V V <  respectively.  This general
specification covers most of the common preference functions.

The widely used bargaining models differ as regards the factors which are assumed to be
bargained over.  In the "right-to-manage" model, wages are bargained over and the profit maximising firm
sets employment unilaterally.

Let us specify the game as a standard Nash solution of a co-operative game after
Binmore et al. (1986):

W
0 0

1-

N
max(V- V ) ( - ) . . N(.) = argmaxθ θπ π πs t (ii)

where θ refers to the bargaining power of the employees, 0 < θ < 1.  If θ is either zero or unity, the wage
level is not subject to bargaining.  If θ is zero, the firm defines the wage level unilaterally.  If it is unity,
the wage is set by the union.

Bargaining power is an unobservable variable which probably depends positively on the
unionisation rate (or the coverage rate of the collective contracts) and negatively on the unemployment
rate.  Data on union density are, unfortunately, not available as time series of sufficient length.  So, we
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assume simply that bargaining power is lower when the unemployment rate, u, is higher (when all other
factors are given) and vice versa.

V
0
 is the fall-back utility of the workers in the event an agreement is not reached.  The alternative

income in this case could be the unemployment benefit, UB, or a strike allowance, SA. π
0
 is the fall-back

profit which reflects fixed costs during a production stoppage.  When π
0
 is deducted from the "under-

contract" profits, fixed costs cancel out.  For simplicity, fixed costs were already omitted from (i) above.

If the trade-offs incorporated in (ii) represent long-run targets of the social partners -- which we
consider as a plausible presumption -- it is natural to consider the solution as an equilibrium relationship
which refers to the long run.  The resulting model for equilibrium (real) wage consists of variables
influencing profits, on the one hand, and the utility of the employees, on the other hand.  In addition, a
role is played by determinants of the fall-back utilities of the parties.  Finally, bargaining power matters.
In its most general form the wage setting schedule is

* c
W = W (P , s, ,P

P
, u , Z , A , )τ U B , SA

(iii)

                 +  -  +   +    -   +  +    +     +

All signs in (iii) are according to evaluations in Tyrväinen (1995b).  Although we have stressed above the
bargaining aspects in modelling, discrimination between bargaining models and other models is not
straightforward.  For instance, market clearing models can be specified so that they produce schedules
which are very much like those in this paper.  McKee et al. (1986), e.g., derive a role for the wedge in a
set-up in which labour supply depends on taxes.  However, when the wedge variables enter as
determinants of union behaviour we think that persistent effects could be more probable than when they
enter as determinants of labour supply of individuals.  On the other hand, there are studies [Calmfors and
Driffil (1988)] which seem to suggest that if wage setting is sufficiently centralised, real wage resistance
would not necessarily be strong either.

In the empirical part of the paper, an unrestricted VAR model is first estimated.  In this set-up,
significant presence of each tax variable is tested.  By including tax variables into the theoretical model we
simply allow the significance of these variables to be tested -- nothing more.  We believe that this is a
more appropriate way to proceed than to exclude certain variables a priori.

Series included in (iii) tend to be non-stationary over the observation period.  This leads to well-
known problems if standard estimation methods are used.  As a result of the introduction of the concept of
co-integration, Engle and Granger (1987) proposed a two-step method for estimation of the long-run
relationships between non-stationary variables.  In the present study, we use the maximum likelihood
procedure introduced in Johansen (1991b) for estimation of multivariate systems.  As the two-step method
only picks one potential candidate for the relevant long-run relationship with no consideration of the
others, the Johansen method allows the vector space to be examined in a more thorough manner, i.e., it
allows:

 − to analyse simultaneously several cointegrating vectors;
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 − to make (in the estimation period) an explicit distinction between the time-invariant relationships and
unstable relationships;

 − to make a distinction between long-run relationships and short-run dynamics and to estimate all
related parameters simultaneously;

 − to test hypotheses and discuss identification in a straightforward manner  [see Johansen and Juselius
(1992, 1994)].

If data support the existence of a time-invariant long-run relation like (iii), a co-integrating vector
has been discovered.  This vector acts as an attractor5 which incorporates an equilibrium relation between
the wage level, unemployment and the rest of the variables.  The decisive property of an attractor implies
that if the wage is on it, there is no incentive for the wage to change.  A shift to the new equilibrium B in
Figure 1 represents an unfavourable shift in the attractor.  Because B is an equilibrium, unemployment
which exceeds an earlier record does not generate wage adjustment.

A subset of the variables in (iii) sum up to "WEDGE" which consists of taxes with an additional
contribution coming from relative import prices influencing the price wedge, P

c
/P.  Let variable X

summarise the rest of the variables in (iii) including the productivity variable.  If long-run homogeneity
between wages and prices is assumed to hold, the relation of interest looks like

(W/P)* = W(u, WEDGE, X) (iv)
                   -        +

In the context of the Johansen method, attempts have been made to avoid all a priori structures
which would bias the estimation in either finding or rejecting wedge effects in (iv).  If the data indicate
that both the WEDGE and the unemployment rate enter a cointegrating vector like (iv), equilibrium
unemployment will be influenced by (exogenous) changes in the wedge.  Furthermore, if an increase in the
WEDGE takes place, then the equilibrium level of the (real) wage is higher for any given level of
unemployment.  If both unemployment and wages are endogenous, it is natural to expect that in the new
equilibrium both the real wage and the unemployment rate are higher -- for all levels of other variables
including productivity (as in Figure 1 above).

If the actual real wage is off the attractor, pressure to correct the deviation emerges.  Therefore, a
cointegrating relation like (iv) in (log) levels defines the error correction part in the dynamic error-
correction equation in (log) differences.  In the full model, the estimation defines for each (endogenous)
variable a difference equation which contains all long-run relationships present in the system.  In so far as
wages are considered -- and allowing two lags in levels which seems to be appropriate in all countries
examined here -- the wage equation is as follows:6

( ) ( ) ( ) ( )∆ ∆ ∆ ∆lo g / lo g / lo g lo g
, / , ,

W P Q Nt Q N t a t m t
a m

= + − + −
0 0 0

1 1γ γ γτ τ
τ τ

+ γ0,s∆log(1 + s)t + γ0,Pc/P∆log(Pc/P)t + γ0,U ∆u 
t

+ γ
1,W/P

∆log(W/P)
t-1

 + γ
1,Q/N

∆log(Q/N)t-1  + γ1,τ a
∆log(1 -τa)t-1

 (v)

+ γ
1,τm

∆log(1 - τ
m
)

t-1
 + γ

1,s
∆log(1 + s)

t-1
  + γ

1,Pc/P
 ∆log(P

c
/P)

t-1

+ γ
1,u

 ∆u
t-1

  + possible constant + possible dummies
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+ α
W/P

 [ β
0
 log(W/P)

t-1
  + β

Q/N
log(Q/N)

t-1
  + βτ

a
log((1 - τ

a
)

t-1

+ βτ
m
log(1 - τ

m
)

t-1
 + β

s
log(1 + s)

t-1
  + β

Pc/P
log(P

c
/P)

t-1
 +β

u
(u

t-1
) ]

In the present study we are particularly interested in the long-run coefficients β
i
 which are in the

last two rows of (v).  A significant constant term in the short-run part generates a trend to the level
relationship.  It should be noted that in (v) wage dynamics is influenced by the unemployment rate both in
levels and in differences, by labour productivity both in levels and in differences etc.  However, the long-
run convergence is towards the attractor defined by the  β-coefficients.

A coefficient of special interest is α
W/P

 which reports the share of the equilibrium error which is
corrected in the first period.  Although α-coefficient is often considered as a crude measure of speed of
adjustment, point estimates of α

W/P
 should be used cautiously because the short-run part of our model will

remain more or less in an unrestricted VAR format and, therefore, much less parsimonious than the long-
run part [for a more thorough discussion, see Tyrväinen (1995a)].

In the Johansen estimations, the role of dummy variables differs importantly from their role in
standard regressions.  The dummies enter the short-run part of the model but not the long-run vectors.  Use
of economically meaningful dummies has been advocated because sudden shifts in variables (e.g., due to
oil price shocks or tax reforms) create outliers which may make estimation of the short-run coefficients in
(v) potentially arbitrary.  As this also concerns the α's, problems could be generated on inference about
conditioning, i.e., on the decision whether to consider part of the variables as weakly exogenous (see
endnote 19 below).  Of course, dummies should be allowed to enter only if formal tests related to residual
analysis indicate that they are necessary.

2.1  Rigidities versus real wage resistance:  the evidence

McKee, Visser and Saunders (1986) estimate the size of the "tax wedge"7 in various countries.
In 1983, the average tax wedge (at the level of an "average production worker) was 30-40 per cent in the
USA, Canada and Australia.  In Japan it was somewhat lower while in Germany and the UK it was
somewhat higher.  In Finland,8 the wedge was estimated to be slightly below and in France and Italy
slightly above the 50 per cent level.  In Sweden, the tax wedge exceeded the 60 per cent level, implying
that the real after-tax wage which the worker receives is less than 40 per cent of the effective labour cost.

McKee et al. (1986, p. 53) argue that "a simple, but incorrect, comparison of the no-tax and tax
models alone might suggest that the tax wedge ... is a measure of what labour 'pays'...  Workers may not,
in the end, 'pay' the ... taxes to the extent that pre-tax wages may rise to compensate for the taxes -- so that
the tax 'burden' is shifted to the owners of capital."  Finally, they state that "the interest in tax wedges is
not that these can tell us anything directly about the economic consequences of taxation, but rather they
provide the necessary basic input for making such assessment."  The aim of this paper is to carry out such
analysis.9

In Chapter 9 of The OECD Jobs Study, earlier evidence on real wage resistance is reviewed.
Many studies discover permanent effects of taxes on labour costs.  A cross-country analysis by Symons
and Robertson (1990) indicates, however, that in the long run the wedge is fully borne by labour.10  This is
in spite of considerable "short-run" effects which are long-lasting: on average, for 16 OECD countries, a
1 per cent rise in the wedge induces an immediate rise in labour costs of 1/2 per cent, and nearly half of
this effect remains after 5 years.  Given the further lags in the system this implies that a change in the
wedge can have a significant impact on employment for at least a decade.  LNJ (pp. 210-211) refer to
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these long lags found by Symons et al., and suggest that researchers who have considered the effects as
"permanent" may have had difficulties in discriminating between permanent and temporary effects.

So, the most one can say is that there is plenty of evidence that taxes have very long-lasting
effects on product wages, and hence on the equilibrium of the economy, operating via real wage resistance.

On the other hand, the distinction between the long run and the short run (or equilibrium and
adjustment) has been adequately addressed in very little of the research carried out in the 1970s or 1980s.
Methods which can be supposed to perform better in this respect are fairly new.  The Johansen procedure
allows us not only to distinguish between the long-run equilibrium and short-run dynamics.  It also allows
us to avoid problems related to "spurious regressions" between trended variables and to judge (indirectly)
whether structural breaks had "first-order" impacts on the relationships of interest.  Of course, the
inference only concerns the data set and the observation periods which are available.  The "very-very long
term", which is not tractable by the data, remains beyond inference.  This limitation, however, concerns all
empirical studies.

3.  The empirical vector autoregressive model

In comparison with the sample size which is available, the number of variables in the theoretical
model is such that the risk of overparameterisation cannot be overlooked.  VAR models share the property
of all other models that the estimations become potentially vulnerable if the number of variables grows
"too large".  As the sample size is the most important problem for our study, we have searched for
solutions which enable the dimension of the system to be reduced.

The most important compromise which has been made is to impose homogeneity between wages
and prices a priori.  Of course, we first tested the plausibility of this restriction which binds together
wages and prices in one variable, the real wage W/P.  Earlier evidence in a different context [see
Tyrväinen (1995b)] indicates that it is preferable to impose this restriction as part of the estimation
because allowing short-run deviations from the homogeneity conjecture improves the overall fit of a wage
relation.  However, since the deficiency is probably of secondary order, we gave priority to the reduction
of the dimension of the full model.

Most (seasonally adjusted) semi-annual series come from the OECD Analytical Data Base
(ADB).  Because of earlier evidence about a profound difference in the public sector wage behaviour in
comparison with the rest of the economy, we emphasize the private sector only.

The operational counterparts of the variables are as follows.  The wage series is the wage paid
per wage earner.  Employment is measured by the number of employed persons because data on working
hours were not available.  The producer price, P, is the aggregate value added deflator of private sector
firms.

Our conjecture was that the employee side gathers information about inflation by monitoring
consumer price index, CPI, which is published with a short lag, instead of private consumption deflator,
PCP, which is published with a much longer lag.  However, since the relationship between these two price
measures varies much between countries11 we considered both alternatives.

Productivity is measured by the output-employment ratio, Q/N, the growth of which is
presumably the driving force behind the long-run growth in real wages.  Since imperfect competition was
assumed to prevail in the product market, relation (iii) includes a demand shift factor, Z.  It is well-known



15

from other contexts that there is no straightforward operationalisation of this variable.  Since in the long
run demand and output presumably grow conjointly, one could  operationalise Z as the value added, Q.  It
would, however, be difficult to distinguish the independent effect of Q from the effect working through
Q/N.  In order to keep the dimension of the model under control and to avoid problems related to
multicollinearity, only the latter enters our empirical model.

Theoretical models stress the role of unemployment benefits (or replacement ratios) which define
the reservation wage or the position of workers who lose their jobs.  New data on replacement ratios was
collected for The OECD Jobs Study.  However, the first experiments revealed that, in most countries, there
was so little variation in these ratios over our estimation period that no significant impacts could be seen.
Therefore, we omitted UB at the out-set.  Strike allowances are usually defined strike-by-strike and may
change in the course of each dispute.  Because of lack of time series, SA was accordingly left out.

The majority of the empirical literature characterises the income tax system with one parameter
only, either the average tax rate, τ

a
, or the marginal tax rate, τ

m
.  The analysis in Tyrväinen (1995b) as well

as in Lockwood and Manning (1993), however, indicates that this may be insufficient since both tend to
matter and have separate roles.

Jackobsson (1978) proposes a progressivity index τ
p
 which links the average and the marginal

income tax rate as

p
m a

a

=
-

1-
.τ τ τ

τ
(vi)

When τ
p
 is subtracted from unity and a logarithm is taken, one gets

log(1- ) = log 1-
-

1-

= log(1- ) - log(1- ).

p
m a

a

m a

τ
τ τ

τ
τ τ







(vii)

Below, we include both τ
a
 and τ

m
 and expect that 

a

*W >0τ  and 
m

*W <0.τ
12 The Jackobsson index (vii) will

be used when reporting the results.

Operationalisation has been conducted by our special interest in studying real wage resistance,
i.e., the impact of wedge variables in wage setting, and our 7-dimensional log-linear unrestricted
VAR-model contains:

 − real wages, W/P, where W is the wage paid per employee and P is the value added deflator;

 − labour productivity, Q/N;

 − the average income tax rate, 1-τ
a
;

 − the marginal income tax rate, 1-τ
m
;

 − the employers' social security contributions rate (including both voluntary and statutory
contributions), 1+s;
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 − the price wedge, i.e., consumer price relative to the producer price Pc/P, which contains the effect of
consumption taxes;

 − unemployment as measured by a) the unemployment rate, u, b) log(u) and c) log of number of
unemployed persons.

It should be recognised that shifts in (world market) prices of raw-materials (including energy)
and in exchange rates have been reflected in the two deflators which enter the model as well as in the price
wedge.  The observation period is 1972S1-1992S2 except that for the UK, Italy and Japan the data are
complete only up to 1991S2, for Sweden and Finland to 1990S2 and for Australia to 1990S1.

The income tax data used in this study differ from those used in earlier studies.
Turner et al. (1993) and Symons et al. (1990), e.g., approximate income taxes with a relation of all taxes
paid by households to all pre-tax incomes of households.  As indicated by McKee et al. (1986), this is not
without problems.  Our data which are more thoroughly represented in Tyrväinen (1995a, Appendix 2) are
derived for an "average production worker"13 with a dependent spouse and two children from the OECD
publication "The tax/benefit position of production workers".  For an average worker with similar status
but with a working spouse, data have been recently constructed at the OECD.  Income tax series include
employees' social security contributions.  Consumption tax rates used in calculations are new OECD
estimates.

In order to examine the properties of the series in full VAR-models, stationarity tests and
exclusion tests14 were carried out.  None of the variables seems to be generally non-relevant and could,
hence, be excluded a priori (exclusion-test).  Stationarity of the series is generally rejected [stationarity-
test, the test is discussed in Tyrväinen 1995a)].  As far as the lag length is considered, mis-specification
tests indicate that we do not lose anything by restricting it to 2.15

At the outset, a 7-dimensional model was estimated for each country.  In this model, a joint test16

is performed which defines a) the co-integration rank, r, which specifies the number of linearly
independent stationary relations between the levels of the variables and b) the presence of a linear trend.17

Residual analysis showed that at the outset all Gaussian assumptions were not always satisfied.
In order to reduce the problem we introduced three dummies to each country model.  The dummies refer to
discrete shifts in the price of energy in 1973, 1979 and 1986.  Their significance was tested for each
country separately.  In many cases we could drop one or two of the dummies as insignificant without an
effect on residuals.  In some countries, major tax reforms had to be accounted for.18  As stressed in
Section 2 above, dummies only enter the dynamic part of models and leave the long-run relationships
unaffected.

All variables are endogenous at the outset.  Since the parameters of interest are the long run
parameters, b, we examined whether some of the variables could be considered weakly exogenous.  Of
course, if there are, for example, three cointegrating vectors in a VAR-model, we cannot reduce the set of
system variables to a smaller number.  A variable is considered weakly exogenous if it does not react to a
disequilibrium in any of the cointegrating sectors.  This can be tested in the full model.19 One can also
evaluate qualitatively whether some of the variables are exogenously determined (tax rates, e.g.).  The
time series properties may also indicate whether the data result from an endogenous data generating
process.

In all cases, tests indicate that one or more of the variables could be considered weakly
exogenous.  Conditioning varies from country to country according to test results [for the test,
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see Juselius and Hargreaves (1992)].  When a test was at the limit, we chose the smaller number of
endogenous variables but checked whether the choice influences the rest of the inference.  Results of
residual analysis of the partial models were encouraging20 [Tyrväinen (1995a)].

4.  Estimation results

In order to identify a long-run wage setting schedule in the multivariate vector space, identifying
restrictions can be defined.  Theoretical considerations indicate that a log linear relation

logW/ P = log(Q/ N) + log(1- ) + log(1- )

+ log(1+ s) + log(P / P) + u

Q/N a m

s P /P c u

a m

c

β β τ β τ

β β β
τ τ• • •

• • •

(viii)

should be considered as a wage setting schedule only if 1> β
Q/N

 ≥ 0, 
aτβ  ≤ 0, 

mτβ ≥ 0, β
s
 ≤ 0, β

Pc/P
≥ 0, and

β
u
 < 0.

As far as real wage resistance is emphasised, a wedge-restriction like

- = = 1+ =
a cP /P s WEDGEτβ β β β (ix)

is tested.  If employees have full dominance in wage setting,  β
WEDGE

 equals unity.  If the firms dominate,
β

WEDGE
 equals zero.  In the former case taxes fall fully on the firm, in the latter they fall fully on the worker.

The fact -- shown in e.g., Tyrväinen (1995b) -- that seemingly similar restrictions have different
implications in different specifications21 is of profound importance for the inference.  This is even more
crucial if the elasticities related to taxes are not precisely defined as often happens.  In the present paper,
we apply a procedure and a testing strategy which should help avoid implicit a priori structures which
could bias the test in one direction or another.

We expect one well-specified relation, i.e., wage setting schedule to show up.  However, as the
tests indicate that there are other long-run relations in the data set, we have additional vectors to consider.22

This implies also that the relation we are interested in can be a linear combination of several vectors.
Here, the identifying relationships become vital.  In what follows, short-term dynamics is determined
freely but in the long-run part we impose restrictions which identify a long-run wage relation.  All
competing hypotheses discussed above will be tested and no a priori structure is imposed on β

i
's which

relate to real wage resistance.  Structural restrictions are tested in partial models and the structure which is
best in accordance with the data defines the preferred relation.

A restriction on β-coefficients is data consistent if the eigenvalues related to the restricted
estimation do not differ "too much"23 from the unrestricted estimation.  In Table A1, all reported
restrictions have passed the Likelihood Ratio (LR) test.24

We started by testing the restriction β
W/P

 = -β
Q/N 

which imposes long-run homogeneity between
labour productivity and real wages.  The other restriction imposed at the outset was the wedge restriction
(ix) augmented with (vii) which allows the effect of τ

m
.  If (ix) passed the test, we continued by testing

whether β
WEDGE

 differs significantly both from zero and from unity.  When the test indicated that
0<β

WEDGE
<1, we tested whether coefficients of all components differ significantly from zero and unity.

If rejected, the β
WEDGE

 -restriction was relaxed.  It was then tested whether any of the coefficients
could separately be restricted to zero.  In some cases we found a coefficient which differs significantly
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from zero and has a value which is close to unity.  In these cases we also tested whether the deviation from
unity is significant.  This procedure was continued until a parsimonious description of the long-run
relationship was reached in which only significant elasticities enter.

As can be seen from the p-values in Table A1, the identifying restrictions generally pass the LR
test at a relatively high significance level.  As indicated above, a hypothesis is usually rejected if the p-
value is less than .05.  Furthermore, in the restricted vectors, the α-coefficients are larger in magnitude
than in the non-restricted vectors which indicates success in search for an attractor.25  Homogeneity
conjecture between the real wage and labour productivity passed the test in all cases although the
adjustment lags seem to be of considerable length.

Table 1 summarises the long-run elasticities related to real wage resistance which derive from
Table A1.  In eight out of the ten countries, the β

WEDGE
 -restriction imposing one single coefficient on all

relevant wedge variables is in accordance with the data.  In the USA and Sweden this was rejected.26 As far
as Sweden is concerned, we argue in Appendix 2 that rejection is due to particular time-series properties of
the tax data in the observation period.  The hypotheses could be rejected that the numerical value of the
β

WEDGE
-coefficient would be the same in all countries where restriction (ix) passed the LR test.

In four countries, a separate impact of marginal income tax rate could be found which indicates
that steeper progessivity has tended to moderate wage claims.  In (vi) and (vii) above, the Jackobsson
progressivity index τ

p
 was defined.  In our results, wage elasticity with respect to τ

p
 is .6 in Italy, in Japan

and Finland the elasticity is .5 and in Canada it is .2.

When we apply the definition of τ
p
 and write the wage  relationships so that the real labour cost -

- i.e., the real product wage W
pr
 = W(1+s)/P -- is on the left-hand side, we arrive from Table A1 to the

elasticities reported in Table 1.

Generally, we find evidence of more real wage resistance than many earlier researchers.  We
believe that this is because the method applied is more suitable for identification of stable long-run
relationships.

As far as the elasticities in Table 1 are concerned, one should recall that they do not predict the
final impact on wages of a rise by one percentage point in a contributing tax rate.  This is because higher
wages lead to higher unemployment which also enters the wage setting schedule in all countries.
Simulations discussed in Section 6 below and in Section 3.2 in Appendix 3 show that part of the increase
in the tax burden is borne by labour even in Germany although the elasticity in the wage schedule is unity
in Table 1.

In Table 2, countries have been characterised as ones with high, intermediate or low real wage
resistance although these kind of rankings are always somewhat arbitrary.  The criteria come from the β-
coefficients in Table 1.  If the sum β

s
 + β

Pc/P
 + βτa

 is above two, we consider it as high degree of real wage
resistance.  When the sum is more than one but less than two, it is an intermediate case.  If the sum is one
or somewhat less, real wage resistance is low.  If it would be (close to) zero, there would be no sign of
long run real-wage resistance.
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Table 1.  The long-run response of real labour costs to changes in wedge factors

Employers' social security

contributions

Consumption tax as part of

the price wedge
Income tax 

Germany 1.0 1.0 1.0

Canada 0.8 0.8 0.8

Japan 0.5 0.5 0.5

Finland 0.5 0.5 0.5

Australia 0.5 0.5 0.5

France 0.4 0.4 0.4

Italy 0.4 0.4 0.4

Sweden 0.0 1.0 0

USA 0.0 0.0 1.0

UK 0.25 0.25 0.25
As far as income tax is concerned, the elasticities in this table incorporate the implicit assumption that marginal and average
rates move   conjointly.  This assumption is of importance as far as Japan, Canada, Finland and Italy are concerned.

At face value, the degree of real wage resistance has been particularly high in Germany and
Canada.  In the USA, Sweden and the UK, it has been fairly weak.  Japan, Finland, Australia, Italy and
France are intermediate cases.

Table 2 also reports the α
W/P

-coefficients of the preferred structures as well as the R2's of the
related difference equations like (v) above.  For the reasons discussed above, α-coefficients should be
emphasised qualitatively and too much should not be made of small differences between countries.

The wage response to a change of 1 percentage point in the unemployment rate is in the second
column in Table 2.  The sensitivity of wages with respect to unemployment is very similar in Germany,
France and Italy.  It is slightly higher in Australia and slightly lower in Canada.  Our estimates seem in
general to be well in the range of elasticities in studies referred to e.g., in LNJ, although in some countries
our estimates are perhaps slightly higher than the "consensus estimates".

In Japan and in the two Nordic countries, the sensitivity to unemployment is particularly high.
The incredible elasticity found for Sweden reflects the following facts.  Between 1975 and 1983, real
wages declined by almost 20 per cent27 at the same time as unemployment rose from around 1 1/4 per cent
to 3 per cent.  From 1985 to 1990 real wages grew more than 20 per cent at the same time as the
unemployment rate fell from 3 to around 1 1/2 per cent.  When the matter is evaluated with the future in
mind, caution is needed.  This is because -- as Lindbeck (1993, p.81) argues -- in Sweden and Finland "the
apparent sensitivity of the product wage to changes in unemployment rate ... was exhibited in the context
of recurring discretionary devaluations rather than spontaneous market-induced product wage reductions
by way of nominal wage moderation.  It is open to doubt whether the fall in the product wage in these
countries in connection with rather modest increases in unemployment can really be interpreted as high
spontaneous sensitivity of the product wage to the unemployment rate".
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Table 2.  Summary of 1) real wage resistance, 2) the response of the wage level to a 1 percentage
point increase in the unemployment rate, 3) the share (=ααW/P) of the deviation from the equilibrium

which is corrected within the first half-year, and 4) the explanatory power of the wage equation

Degree of real

wage resistance

Wage response to a one

percentage point change

in the unemployment

rate

ααW/P

(= share of an

equilibrium error

corrected in the first

half-year)

R2 of the dynamic

equation incorporating

the preferred long-run

properties

Germany high -31 -.15 .79

Canada high -2 -.16 .85

Japan intermediate -5 -.43 .71

Finland intermediate -61 -.30 .77

Australia intermediate -4 -.38 .62

France intermediate -3 1/21 -.34 .76

Italy intermediate -3 1/21 -.15 .81

Sweden low -101 -.08 .93

USA low -1 -.20 .67

UK low -11 -.70 .76

1. In the regression concerned, the unemployment rate (UR) is in logarithmic form.  The effect reported here has been
evaluated at the mean unemployment rate of the estimation period.

The tiny coefficient found for the UK is in accordance with the view that wages are not
particularly sensitive to unemployment in Great Britain.  The interpretation of the small coefficient found
for the USA is exactly the opposite.  Wages seem to adjust quickly enough to allow the unemployment
rate to fluctuate around a (more or less) stable mean and to cross this mean frequently.  Still, these
fluctuations seem to be sufficiently slow to lead to a rejection of stationarity in a formal test.  In this light,
it would be a mistake to consider the small coefficient as a sign of weak wage response.  Rather, wages
seem to adjust to shocks in third variables in such a flexible manner that unemployment is near to drop out
from the long-run relationship although its short-run impact on wages is quite strong [see the simulation
model for the USA in Appendix 2, Section 3].

 5.  Real wage resistance and labour costs

The estimated elasticities only tell part of the story since developments in the wedge have
differed considerably between countries.  Changes in tax structures may also have generated offsetting
processes.  When the elasticities discovered are analysed in conjunction with actual data on the wedge, we
obtain a more accurate picture of the impacts on wages.
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In Table 3 and Figure 2, we have simply combined the estimated long-run elasticities with
annual data on the wedge.  Because all adjustment lags and feedbacks have been ignored, the results
should be considered as "a first" look at the effect of real wage resistance on real labour costs.  The effect
seems to be particularly large in France, Canada and Finland.  It is only slightly smaller in Sweden, Italy,
Japan and Australia.  In the rest of the countries, the effect is considerably smaller or even negative.

Table 3.  Increases in real labour costs due to real wage resistance in 10 OECD economies,
percentage points

From 1975 to early

1980s

From early 1980s to

mid-1980s

From mid-1980s to

1991/92

From 1975 to 1991/92

Germany 0 +5 1/2 -7 -1 1/2

Canada 1 -1/2 +4 1/2 +5 +9

Japan 1 +2 +3 +2 +7

Finland 1 -1 +3 1/2 +5 +7 1/2

Australia +2 1/2 +3 +1/2 +6

France +4 +4 +1 +9

Italy 1 -1 +5 +1/2 +4 1/2

Sweden +2 1/2 -1/2 +3 +5

USA +5 -2 -1 +2

UK +2 1/2 -1/2 -2 1/2 -1/2
1. The regressions for this country include a separate effect of a progressivity index, which -- when increasing -- tends to
moderate wage claims generated by higher average income tax rates.

Of course, unemployment can be generated by factors which are not covered by our model.  If a
level relationship between real wages and unemployment is found without any impact due to real wage
resistance, the primary reason for the  level shift in (equilibrium) unemployment is beyond our model.
The UK could be such a case.  If a shift in unemployment (which is consistent with each level of real
wages) is generated by a rise in the wedge but persists after a reduction in the wedge, then “hysteresis”,
due to factors beyond our model, is at work.  Signs of this can be seen in Germany although the effects of
reunification make strong conclusions difficult.
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Figure 2.

A first look

Unemployment rate, per cent.

Unemployment rate, per cent.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.
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Unemployment and real wage resistance:
Figure 2. (cont.)

A first look

Unemployment rate, per cent.

Unemployment rate, per cent.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.
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Unemployment and real wage resistance:
Figure 2. (cont.)

A first look

Unemployment rate, per cent.

Unemployment rate, per cent.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.
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Unemployment and real wage resistance:
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A first look

Unemployment rate, per cent.

Unemployment rate, per cent.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.
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Unemployment and real wage resistance:
Figure 2. (cont.)

A first look

Unemployment rate, per cent.

Unemployment rate, per cent.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.

An estimate for the impact effect of real wage resistance on the level of real
labour costs (        ) and the contribution of taxation (        ) when all

lags and feedbacks are ignored. Percentage points with 1975 as a base year.
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5.1  The contribution of taxation

 There are two major components in the price wedge: the consumption tax and (a certain part of)
the relative prices of imports [see e.g. LNJ, p. 210].  When Table 4 was calculated, we excluded the latter
component.  The price wedge was replaced by the consumption tax rate.

The contribution of non-tax elements of the wedge varies dramatically between the countries (see
also Figure 2).  The gap between the change in the price wedge and in the consumption tax is largest in
Canada, Australia and Japan, 10-12 percentage points from 1975 to 1991.  In the USA, France and
Finland, it was only slightly less.  In Italy, the UK and Sweden the rise in the price wedge was below the
contribution of the consumption tax.

Table 4.  Increases in real labour costs due to real wage resistance with respect to taxes1 in 10 OECD
economies, percentage points

From 1975 to early

80s

From early 80s to

mid-80s

From mid-80s to

1991/92

From 1975 to 1991/92

Germany 0 +3 +1 +4

Canada2 0 0 -1/2 -1/2

Japan2 -1 +1 +2 1/2 +2 1/2

Finland2 -2 1/2 +1 1/2 +4 1/2 +3 1/2

Australia +1 1/2 +2 -2 +1 1/2

France +2 +2 1/2 +1 +5 1/2

Italy2 -1 +5 +1 +5

Sweden +2 +2 1/2 +2 +6 1/2

USA +5 -2 -1 +2

UK +2 1/2 -1 -1 +1/2
1.   The numbers summarise the joint effect of employers' social security contributions, income taxes and consumption taxes.
2.   The figures for the country concerned include the separate effects of marginal income tax rates, which -- when increasing --
tend to moderate wage claims generated by higher average income tax rates.

Germany is the only country -- perhaps because appreciation of the exchange rate has moderated
import price increases -- where the price wedge has fallen (by 2 percentage points) despite an increase in
the level of the consumption tax (by 3 1/2 percentage points).  In a way, the exchange rate has created
room for taxes to rise by offsetting the unfavourable price effects.

In France and Italy, taxes have played a first-order role.  In Finland, the tax wedge has been
growing almost systematically over the past ten years.  In Sweden, the recent rise is considerable.  In
Canada, Japan, Australia, the USA and the UK, the overall increase in real labour costs due to a response
to taxation is in the range of around + 2 per cent.
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6.  Some simulations

In this section we report the results of simulations28 with models consisting of wage and
employment equations as well as of an equation defining the response of unemployment to a change in
employment.  These three-equation models can be found in Appendix 2.  The shocks correspond to
changes in wedge factors which took place in the mid-70s29 and the latest observation is in the early 90s.
Because the simulation model contains just the key relationships in the labour market and takes the rest of
the economy as given, the estimates should be considered as qualitative.30

The key results are in Table 5 which gives estimates not only for the full period, but for some
subperiods as well.  This is because, as Figure 2 shows, in some countries there have been subtrends in the
wedge which have presumably generated offsetting impacts on unemployment.  Of course, the point
estimates for subperiods should be treated even more cautiously because adjustment lags create
overlapping.  In Figure 3, we illustrate for four countries the effects of shocks on: 1) real labour costs, 2)
real take home pay, 3) employment, and 4) the unemployment rate.

Table 5.  The simulated effect of a shock in which all wedge factors change simultaneously by the
amount by which they actually changed in 1975 - 1991/92 on a) the real labour cost, b) real take

home pay, c) employment, and d) the unemployment rate, percentage points

(a)

Real labour cost

(b)

Real take home pay

(c)

Employment

(d)

Unemployment rate

Germany
Pre  -85

Post -85

-1 1/4
+5 1/4
-6 1/2

+1/4
-3/4
+1

+1 1/4
-5 1/4
+6 1/2

-1
+4 1/2
-5 1/2

Canada +10 -10 -5 +3 1/2

France +8 -13 1/2 -8 +6

Finland +6 -8 -6 +4

Australia +5 1/2 -7 -5 1/2 +4

USA
Pre  -83

Post -83

+2
+6
-4

-11
-7 1/2
-3 1/2

-2
-6
+4

+1 1/2
+4 1/2
-3

Sweden
Pre  -83

1983-89

Post -89

+4
+1
-2
+5

-3
-9 1/2
-3
+10

-3 1/2
-1
+2
-4

+2 1/4
+3/4
-1 1/2
+3

Japan +7 -12 -6 +1 1/2

UK
Pre  -83

Post -83

-1
+2
-3

+1 1/2
-7 1/2
+9

+1
-2
+3

-3/4
+1 1/4
-2

Italy +4 -10 -2 +1 1/2
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As far as the effect of real wage resistance on real labour costs is concerned, results in Table 5
differ from the ceteris paribus estimates in Table 3 because the feedback effects through employment and
unemployment have now been taken into account.  In the present section we do not distinguish explicitly
between taxes and other contributing factors.  This would not have added anything to the conclusions in
Section 5 above.

A rise in the wedge reduces the size of the "cake" which is being bargained over.31 For a given
level of disposable income of the economy (or nominal GDP) the reduction in the "cake" is (b)-(a) with (a)
and (b) as defined in Table 5.  In France, the rise in the wedge has reduced the "cake" by more than
20 per cent since 1975.  In Japan and Canada the amount is only slightly smaller.  In the USA, Italy,
Finland and Australia the reduction is 12-14 per cent.  In Sweden and Italy, the increase in the wedge was
considerably smaller.  In Germany and the UK, the wedge was smaller in the early 90s than in the mid-
70s.

The division of the burden can also be calculated.  The share of the reduction in the "cake" which
is borne by employees (in the form of lower real after-tax wages) is (b)/(b)-(a)).  This share is lowest in
Germany (around 20%) and highest in the USA (85%).  In Italy the share is 70 per cent.  In the rest of the
countries it is around 60 per cent with two exceptions.  In Canada one half of the increase in the wedge
and in Sweden 40 per cent has been absorbed by a reduction in real after-tax wages.

In countries where the Cobb-Douglas function was found to be an appropriate description of the
technology, (c) = -(a) holds because the wage elasticity of demand for labour is unity.  In Canada, Italy,
Japan and Sweden, the Cobb-Douglas was rejected but a CES function passed.  With CES, the wage
elasticity is below unity and therefore (c)<(a) in Table 5.  This difference is  particularly important in
Canada and Italy.

Finally, the right-hand side column reports changes in the unemployment rate when feedback
effects have been taken into account.  As indicated in Appendix 2, in all countries  labour supply -- or
perhaps public sector employment -- responds to changes in employment.  Because of this (d) < -(c) in all
countries.  This difference is particularly large in Japan.

Although our model is not meant to be a full explanation for changes in unemployment -- far
from it -- it is still interesting to evaluate how its predictions fit with the actual history of unemployment.

In the USA, the estimated effect of real wage resistance on the unemployment rate is
+ 4 1/2 percentage points from 1975 to 1983.  The actual change in the unemployment rate from the level
of 4 1/2 - 5 1/2 per cent prevailing in the early 1970s to 9 1/2 per cent in 1982-83 is of a similar order.
Afterwards a reduction of 3 percentage points due to a decrease in the wedge should have taken place.  In
real life, the unemployment rate in 1992 was around 2 1/2 percentage points below the level of 1982-83
and around 1 1/2 percentage points above the level of the early 1970s.  This is in accordance with the
prediction in column (d).

In France, the estimated effect of real wage resistance on the unemployment rate is 6 per cent for
the full period.  The actual change from 4 per cent in 1975 to around 10 per cent in 1992 is of the same
order.  In Canada the predicted impact of 3 1/2 percentage points corresponds to the observed rise of
4 percentage points from 7 to 11 per cent.  Because of the considerable increase in the wedge since 1989 --
 and because of adjustment lags -- some unfavourable effects on unemployment may still be in the pipeline
in Canada.
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For Australia, the estimated effect on the unemployment rate is 4 per cent.  In real life,
unemployment has risen slightly more, from 5 per cent to 10-11 per cent.  In Finland we find an estimated
wedge effect of 4 per cent, most of which dates from the final years of the observation period.  In 1991,
the unemployment rate in Finland was 7 1/2 per cent, which is around 5 percentage points above the level
of the early 1970s and 3-4 percentage points above the level of the late 1980s.  In 1992-1993, the
unemployment rate rocketed and was around 20 per cent at the end of 1993.  This can be linked to the
dramatic fall in real GDP, which amounted to 13-14 per cent in 1991-1993.32 However, one can hardly
avoid the conclusion that real wage resistance has contributed to the recent rise in unemployment.
Because of adjustment lags, it is probable that the unfavourable effects have not fully materialised yet.

In Japan, the estimated effect of real wage resistance on the unemployment rate is
1 1/2 percentage points for the full period.  This estimate is low in comparison with the large effect found
on real labour costs and reflects the strong response of labour supply [see Turner et al. (1993), and
Elmeskov and Pichelman (1993)].  In real life, the unemployment rate doubled from around 1 1/2 per cent
prevailing in the early 1970s to almost 3 per cent in 1986-87.  The explanation for the decline in
unemployment afterwards is beyond our model.  More recently, continuing weak demand has been
producing clear signs of rising underemployment either in the form of labour hoarding or withdrawal,
especially of women, from the labour force [see OECD (1994)].

In Sweden, real wage resistance was estimated to have increased the unemployment rate by
around 3/4 percentage points from the early 1970s to 1983 and the actual rise is around 1 percentage point.
For 1983-89, the model predicts a decline of 1 1/2 percentage points, which is in line with the actual
decline from 3 1/2 per cent in 1983 to 1 1/2 per cent in 1989.  After that, a sharp increase in
unemployment is predicted which fits facts.  It is probable that all the effects due to real wage resistance
have not yet worked their way through.

One of the most interesting cases concerns Germany where the wedge increased considerably up
to 1985 and declined thereafter.  The estimated impact on unemployment is + 4 1/2 percentage points in
the first period.  The actual change was some 5 1/2 percentage points (from 1 - 1 1/2 per cent prevailing in
the first half of the 1970s to around 7 per cent in the mid-80s).  Thereafter, the decline in the wedge
exceeds the earlier rise with an effect on the unemployment rate which should be -5 percentage points.
The actual decline has been around 3 percentage points.  The reason for the smaller-than-predicted decline
in unemployment is beyond our model.  Insider power may have generated obstacles to wage moderation.
Reunification of Germany has also played a role.

In Italy, the unemployment rate has risen by around four percentage points, from 7-8 per cent in
the latter half of the 1970s to the level of 11-12 per cent which has prevailed in most years since the mid-
80s.  The estimated impact of wedge factors is + 1 1/2 percentage points.  Most of the relevant rise in the
wedge took place between 1981 and 1985.33

In the UK, the unemployment rate rose from the level of 3-4 per cent prevailing in the early
1970s to around 12 per cent in the early 1980s.  According to our estimates, real wage resistance
contributed only one percentage point.  Afterwards, an opposite effect of real wage resistance of the order
of -2 percentage points relates to the actual decline in unemployment by -3 1/2 percentage points (from
12 1/2 per cent in 1983 to 8 3/4 per cent in 1991).  The explanation for the rise in  unemployment in 1975-
1983 is beyond our model as too is its persistence.34

Replication of Figure 1 allows us to consider these results in terms of shifts in the wage setting
schedule.35 In Figure 4, the upper part could describe France, Finland, Australia, Canada, Japan and Italy.
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In these countries the dominating change has been an upward shift in the wage setting schedule from
WSS

0
 to WSS

1
.  The resulting change in equilibrium unemployment is u*

1
 - u*

0
.  The magnitude of the

change is indicated in column (d) in Table 5.

The lower part of Figure 4 describes the USA, Germany, Sweden and the UK.  In Germany we
first find a shift from WSS

0
 to WSS

1
 and then back to WSS

0
 or even slightly below it.  The resulting

change in equilibrium unemployment should be from u*

0
 to  u*

1
  and then back to u*

0
.  As indicated above,

the latter part of the process is still on its way in Germany.

In the USA, we first see a shift from WSS
0
 to WSS

1
 and then to WSS

2
, which is above the

original position.  The resulting change in equilibrium unemployment should be from u*

0
 to u*

1
 and then to

u*

2
.  As indicated above, our estimates indicate an increase of 4 1/2 per cent in the equilibrium

unemployment rate in the pre-1983 period and a reduction of 3 percentage points thereafter.  The resulting
level should exceed the original equilibrium by 1 1/2 percentage points.  This is well in accordance with
basic trends in the actual unemployment rate in the USA.

In Sweden, we first predict a shift from WSS
0
 to WSS

2
.  Then a shift back to WSS

0
 (or below it)

should follow.  Finally, a strong upward shift to WSS
1
 should take place.  The first two shifts are

estimated to be small.  The actual variation in unemployment in Sweden as well as its magnitude seem to
fit well with our predictions.  This also applies to the recent rise in the unemployment  rate.36
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Simulation results:  France.

by which they actually changed between 1975 and 1992.

Figure 3

A simulation in which all elements of the wedge change simultaneously by that percentage
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by which they actually changed between 1975 and 1992.

Figure 3 (cont.)

A simulation in which all elements of the wedge change simultaneously by that percentage
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Figure 3 (cont.)

A simulation in which all elements of the wedge change simultaneously by that percentage
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A simulation in which all elements of the wedge change simultaneously

by that percentage by which they actually changed between

Figure 3 (cont.)

a) 1975 and 1983 (           ),
b) 1983 and 1992 (           ).
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by which they actually changed between 1975 and 1992.

Figure 3 (cont.)

A simulation in which all elements of the wedge change simultaneously by that percentage
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Figure 3 (cont.)

a) 1975 and 1985 (           ),
b) 1985 and 1992 (           ).

A simulation in which all elements of the wedge change simultaneously
by that percentage by which they actually changed between
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Wage setting, demand for labour and equilibrium
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6.1  An excursion: a rise in employers' social security contributions

Let us now consider the impact of a rise in employers' social security contributions more
thoroughly.  Figure 5 presents simulated effects of a rise in the relevant tax rate in the USA, Canada and
France.  In Canada, the long-run effect on labour cost was estimated to be .8.  In France, the estimate is .4.
Although the long-run elasticity was found to be zero in the USA, it takes ten years for the effect to die out
fully.37 A marked effect on (un)employment can still be observed after five years of adjustment.38

In all countries, in the first, second and third year the unemployment rate exceeds the control
solution.  In France, adjustment is slower but its path is similar to that in the USA.  The divergence
between the three countries becomes visible in the longer run.  So, in countries with highly different long-
run effects the short-run effects may have much in common.

In comparison with these countries, Sweden is at the other extreme in that not only is the long-
run effect on real labour costs nil but the short-run effect as well.  We believe that this is because in central
bargaining wage setters have taken account of changes in indirect labour costs.39

6.2  An excursion: revenue-neutral shifts in the tax mix

As discussion on revenue-neutral reforms in the tax mix is going on in many countries, we
present simulations related to three alternative policy programs for four countries (Germany, France,
Canada and Finland).  Figure 6 examines a shift from the income tax to employers' social security tax.
Because the tax base is identical (i.e., the wage bill)  in both cases, the shock has been specified as a cut of
1 percentage point in the former with an identical rise in the latter.  The impact on (un)employment is nil
in the long run but the short-run effect, which last for five years or more, is unfavourable.

Figure 7 describes a shift from employers' social security tax to consumption taxes.  The tax base
related to the latter is much wider than the wage bill.  In 1991, wage income was 56 per cent of total
income in Germany, 52 per cent in France, 64 per cent in Canada and 61 per cent in Finland.  Let us
assume a reduction of one percentage point in the social security tax.  To cover the revenue loss, the
government raises consumption taxes by .56 per cent in Germany, by .52 per cent in France, by
.64 per cent in Canada and by .61 per cent in Finland.  The impact on (un)employment is favourable both
in the long run and in the short run.

Figure 8 reports simulations in which both income tax and employers' social security taxes have
been cut by half a percentage point.  So, these cuts sum to unity.  Because the rise in consumption tax is
less than unity, the real labour costs fall and real take-home pay increases.  The effect on (un)employment
is favourable.  In Germany and France, overshooting lasts for five years or so.  In the long run, the
employment effect is biggest in Germany whereas the other countries seem to converge towards a similar
impact.

Of course, favourable impacts predicted are only valid on the assumption that the government
allows the purchasing power of pensions, unemployment benefits and social transfers to fall as a
consequence of the rise in the consumption tax.

Finally, we once more stress that in estimation we have put much more weight on the analysis of
the long-run relationships than on analysis of short-run dynamics.  Accordingly, as far as short-run
adjustment is concerned, the message of policy simulations is qualitative rather than quantitative.
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7.  Summary

We have examined whether changes in the wedge (including tax rates) may have generated
effects on real labour costs which have resulted in unfavourable (un)employment outcomes in the
countries concerned.  Behaviour which generates such results has been called "real wage resistance".  The
countries examined are the United States, Japan, Germany, France, the United Kingdom, Italy, Canada,
Australia, Sweden and Finland and the study covers wage earners in the private business sector.  The main
interest is in the long run, i.e., in persistency of the effects, although adjustment is also analysed by means
of dynamic simulations.

The estimation method is the FIML-procedure proposed by Johansen (1991b).  A 7-dimensional
vector space is defined which includes the real wage and labour productivity, a measure of unemployment
and four wedge variables.  Whenever accepted by the data, the full Vector Autoregressive model is
reduced by means of conditioning, i.e., by considering part of the variables as weakly exogenous.
Structural restrictions which identify a time-invariant long-run wage setting schedule are specified,
imposed and tested.  No structure has been imposed a priori.  Generally, identifying restrictions pass at
fairly high significance levels and generate coefficient estimates with plausible economic interpretation.

The results can be summarised as follows:

a) In all countries, the conjecture of long-run homogeneity between real wages and productivity
passes the tests.

b) Signs of real wage resistance can be found in all economies although its degree differs between
countries.  These differences can at least partly be related to the characteristics of the wage setting patterns
in the countries concerned.

c) In eight out of the ten countries, a hypothesis of identical long-run response to changes in all
relevant tax rates passed the test.  This is in accordance with the conjecture of (long-run) irrelevance of de
jure incidence.  In the short run, however, there are important differences.  A cut in the employers' social
security tax combined with an offsetting rise in other tax rates tends to ease unemployment in the short run
although the beneficial effect vanishes as the adjustment proceeds.

d) As far as adjustment lags are concerned, simulations related to shifts in wedge variables gave
two results of interest.  First, differences in the speed of adjustment are considerable and in some countries
lags are fairly long.  Second, long lags are in some cases primarily due to slow response of wages to
changes in the wedge and in some other cases to slow response of employment to higher wages.

e) Generally, higher wages have also in the long run compensated at least a fraction of upward
changes in the price wedge (which contains the effects of consumption taxes).  In the USA, the long-run
effect is nil despite a strong short-run response.  In Canada, Germany and Sweden one cannot reject the
hypothesis of full long-run wage compensation.

f) In all countries, wages have responded to changes in income tax rates.  A separate effect related
to the progressivity of the tax system could be distinguished in Canada, Japan, Italy and Finland.  In these
countries, evidence indicates that steeper progressivity has tended to reduce wage claims.

g) In the USA and Sweden, wages have fully absorbed changes in employers' social security
contributions.  Although no long-run effect on real labour costs remains, a substantial temporary effect
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lasting several years was found in the USA.  Higher social security taxes induced higher labour costs in
Germany and Canada and to a lesser extent in Japan, Finland, Australia, France, Italy and the UK.

h) In all countries, the data definitely reject omission of an unemployment variable from the wage
setting schedule.  Thus, there appears to be a level relationship between real wages and unemployment.  In
European countries, the unemployment rate expressed in a logarithmic form accorded somewhat better
with the structure of the information set whereas the unemployment rate as such was the more appropriate
measure in the USA, Canada, Australia and Japan.  Relevant elasticities are not sensitive to the choice of
unemployment measure.  In addition to the unemployment rate and log(unemployment rate) we
experimented with the log of the number of unemployed persons.

i) When the estimates of long-run elasticities are analysed in conjunction with actual data from the
mid-1970s to early 1990s, real wage resistance seems to have had a particularly large effect on real labour
costs in France and Canada.  It is also high in Australia, Finland and Japan, and the impact is only slightly
smaller in Italy and Sweden.

In the USA, Germany and the UK, the effect for the full period was small or negative.  However,
even in these economies there were subperiods during which real wage resistance seems to have generated
deviations of real labour costs from labour productivity.  This is particularly important for the analysis of
unemployment in the USA and Germany.

j) According to simulations, the impact of real wage resistance on unemployment differs
considerably between countries.  In the USA and Germany, real wage resistance may have contributed
strongly to the increase in unemployment in the late 1970s and the early 1980s.  The decline in
unemployment thereafter also fits with predictions.  In the USA the magnitude of the decline is in
accordance with our estimate whereas in Germany the reduction over the past few years is smaller than
predicted.  Presumably, this is because of factors beyond our model which have influenced German labour
markets over the past ten years or so.

Over the full estimation period, the impact of real wage resistance on the unemployment rate is
particularly unfavourable in France.  It is also important in Australia, Canada, Finland and Sweden.  In the
latter two, the increase in the wedge has been particularly large in recent years.  Because of adjustment
lags, this may imply that some unfavourable effects are still in the pipeline in Finland and Sweden.

In Canada, the unfavourable impact of real wage resistance is not due to taxation.  Taxes have
not been a primary factor in Japan either whereas in France, Italy and Sweden taxes have played a major
role.  In Finland, large tax rises have taken place in recent years.  In Germany, the exchange rate
appreciation has "created room" for consumption taxes to rise without any harmful effects due to real wage
resistance.  In other countries, the contribution of taxation to changes in the real labour cost is in the range
of + 2 per cent.

Although countries with better and worse unemployment records each have some features in
common, there are differences as well.  The outcome appears to depend both on labour market
characteristics and on actual developments in the wedge factors.  The most unhappy combination is that in
France and Canada, where we found a considerable degree of real wage resistance and a big rise in the
wedge.  Although the feedback from unemployment to wages is clear in both countries, real wage
resistance has dominated.
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In the USA, the degree of real wage resistance is fairly low and adjustment is quick.  In addition,
the rise in the wedge over the full observation period is small.  Therefore, it should not be surprising that
there are less signs of a trendwise increase in unemployment than in most other countries.  In Japan, we
found a considerable amount of real wage resistance, a large rise in the wedge and an adjustment profile
which is not particularly rapid.  The success of Japan in keeping the unemployment rate low is attributable
to the lower response of demand for labour and, particularly, to the strong response of labour supply to
changes in the demand for labour.  The strong feedback effect from unemployment to wages is also a
contributory factor.  As indicated in OECD (1994), more recently the Japanese economy has shown signs
of rising underemployment either in the form of labour hoarding or withdrawal, especially of women, from
the labour force.

k) According to simulations carried out for four countries (Germany, France, Canada and Finland),
revenue-neutral shifts from income taxes to employers' social security taxes have no long-run impact but
in the short run (which lasts for five years or more) the effect on (un)employment is unfavourable.  A shift
from taxes on income to taxes on consumption has a favourable impact on (un)employment not only in the
short run but in the long run as well.  However, a precondition for this policy option is that the
government allows the real value of such non-wage incomes as pensions, unemployment benefits and
social transfers to fall as a result of the price increases generated by higher consumption taxes.
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APPENDIX 1

Estimation results

Table A1 reports the preferred wage relationships.  As a background, we report some country
specific considerations related to these estimations.  More detailed reporting is in Tyrväinen (1995a).

In Germany, the Trace test suggests that the co-integration rank (r) is four and that there is a
linear trend in the data set.  Under this conjecture, the preferred structure passes the LR test with a
p-value40 of .68.  The degree of real wage resistance appears to be very high which  contradicts some
earlier results [see, e.g.  Turner et al. (1993)].  Less than 20 per cent of a disequilibrium is corrected within
the first half-year.  Log of the unemployment rate is highly significant.  A dynamic wage equation which
incorporates the specific long-run relation explains 79 per cent of the semester-to-semester variation in real
wages.

For Canada, we conclude that r=3 and that a linear trend is present in the data.  Under this
conjecture, the p-value related to the preferred structure is .06.  The preferred structure indicates almost
full wage compensation and allows a separate role for progressivity (marginal income tax rates increased
considerably in Canada particularly in the late 1980s).  In fact, the hypothesis of full wage compensation
cannot be rejected.  Under that conjecture, the structure passes with a p-value of .30.  Despite these facts,
we have chosen a relation which indicates partial wage compensation as the preferred one.  This is because
even in this model the wage response exceeds that found some earlier studies.

Wages were found to absorb only a relatively small fraction of an increase in employers' social
security contributions.  Part of the explanation could be in the generous unemployment benefit system
because of which losses faced by workers who become unemployed are smaller than in many other
countries.  In Canada, CPI has risen 10 per cent more than PCP within our estimation period.  Because it
gives a somewhat better overall explanation for the data generating process,  PCP/P enters the preferred
relationship.  An increase in the price wedge leads to an adjustment of nominal wages which is
comparatively high.  COLA clauses are probably only part of the explanation.  The unemployment
variable is highly significant and its magnitude is considerable.  Around 15 per cent of a disequilibrium in
the wage relation is corrected within the first semester.  The dynamic equation with specific long-run
properties explains 85 per cent of the short-run variation in real wages.

In Japan, we conclude that r=4 and condition on three tax variables.  Under this assumption, the
preferred relation passes the LR test with a p-value of .20.  This structure indicates partial wage
compensation and allows a role for progressivity.  Japan is one of the countries with a systematically
increasing gap between CPI and PCP.  A specification of the price wedge with the latter was preferred.
The speed of error correction in Japan is high.  Almost half of a disequilibrium is corrected within the first
half year.  The dynamic equation explains 71 per cent of the short run variation in real wages.

For Finland, the preferred relation stems from a set-up in which -- as in the models for the USA
and Italy -- homogeneity between the real labour cost and labour productivity -- easily accepted by data --
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was imposed a priori  In this structure, we find two cointegrating vectors and no linear trend.  The
preferred structure passes the LR test with a p-value of .88.  The error correction coefficient has the value
of -.30.  Half of a change in employers' social security taxes as well as in the price wedge is shifted to
higher labour costs.  The same holds for an increase in income taxes which leaves the progressivity index
intact.  However, if progressivity is tightened, wage push related to income tax is reduced by around
50 per cent of the magnitude of the change in the progressivity index.  In the preferred relation, data reject
omission of the unemployment variable.  The dynamic equation incorporating the specific long-run
properties explains 77 per cent of the short-run variation in real wages.

For Australia, the preferred result comes from an estimation in which co-integration rank is three
and a linear trend enters the model.  In estimations, one could not have both τ

a
 and τ

m
 in the wage relation41

since they tended to play a similar role.  This appears to reflect the fact that in Australia marginal income
tax rates have been very high and the average rates have risen permanently because more and more wage
earners have been moving upwards in the wage scales (see OECD Country Studies).  As a matter of fact, τ

a

and τ
m
 move so closely hand-in-hand that they are co-integrated.  As they tended to cancel out each others'

significance in estimation, we excluded the latter a priori.  Wages have absorbed half the changes in
employers' social security taxes in the long run.  In the short-run the effect on the real labour costs is,
however, full.  Changes in income taxes as well as in the price wedge have been half compensated.  The
structure has a p-value of .60.  The speed of error correction is fairly fast (α is almost .4).  A dynamic
equation incorporating the long-run relation explains 62 per cent of the semester-to-semester variation in
real wages.

In France, the Trace test suggests that r=3 and that a linear trend is in the data set.  The preferred
structure found under this conjecture is very similar to that of the countries above.  Income tax effects
could, however, be distinguished only after the marginal tax variable was excluded a priori.  This is
because  τ

a
-τ

m
 (which is a difference of two non-stationary variables) has been almost flat in France: most

of the time it has fluctuated between 5.2 and 5.8 percentage points, with only two observations outside this
range.  As in the case of Australia, a formal test indicates that the two income tax variables have been co-
integrated in the observation period.  The preferred structure passes the LR test with a p-value of .42.  The
strength of error correcting processes is similar to that in many other countries. Around 30 per cent of a
disequilibrium is corrected in the first half-year.  The dynamic equation incorporating the relevant long-
run structure explains 76 per cent of the semester-to-semester variation in real wages.

For Italy, in a model with -- as in the USA and Finland -- long-run homogeneity between
productivity and real wages imposed a priori, co-integration rank is three.  Under this conjecture, the
structure above has a p-value of .44.  The error correction coefficient has the value of .15 and the related
dynamic equation explains 81 per cent of the short-run variation in real wages.  The result indicates partial
response of the labour costs to wedge factors with a strong progressivity effect.42 In estimations, PCP
performed better than CPI and the former enters the price wedge in the reported relation.

For Sweden, we conclude that r=3 and that a linear trend is in the information set.  The p-value
related to the preferred relation is .21.  In this structure, changes in the price wedge have been fully
compensated by changes in wages.  Since wage indexation was not widely used in the observation period,
the reason is presumably in union behaviour in wage setting.  Wage contracts as well as wage drift have
been driven by consumer price developments.

Changes in employers' social security taxes are fully absorbed by wages.  A look at the dynamic
part of the model reveals that most of the absorption takes place in the very short term.  Income taxes were
not found to have major effects on wage determination.  This seems to reflect the fact that the average
rates have varied very little except in the final year of the estimation period.  The LR test for omission of
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τ
m
 is just on the limit: the test statistic is 3.95 against a critical value of 3.84.  Since the sign of the

coefficient is against our a priori expectations we excluded it from the preferred structure.  Finally, the
unemployment variable plays a definitely significant role in the long-run wage relation and its coefficient
is fairly large.  When the unemployment rate is in a logarithmic form, residuals of the full model behave
better than otherwise.  Error correction is fairly slow (α is around .1).  The dynamic equation which
contains long-run restrictions incorporated in (xvi) explains 93 per cent of the short-run variation in the
real wage.

For the USA, we imposed homogeneity between the real wage and productivity a priori; it is
accepted when imposed as part of the estimation.  The co-integration rank is two.  The preferred
relationship which stems from a specification with six variables passes the LR-test with a p-value as high
as .64.  If one restricts the coefficient of τ

a
 to zero, the test statistic jumps from 1.68 to 16.00 and the p-

value drops to zero.43 Therefore, wage effect of income taxes can definitely not  be rejected in the present
set-up.44

This result contradicts most existing beliefs.  It indicates that in the USA, a rise in the average
income tax rate has been fully compensated in pre-tax wages.  So far, the only explanation we could think
of for this finding - in addition to local bargaining or bargaining about after-tax wages - refers to efficiency
wage considerations: if employees' efforts depend on the purchasing power offered by the firm, employers
should care about real take-home pay.  So, employers might be willing to compensate for changes in
income taxes when -- as in the USA -- a shift takes place discretely with common knowledge about tax
reforms generating changes in living standards.  The level of progressivity -- measured by the Jackobsson-
index -- has been fairly stable in the USA and its effect could not be distinguished.

An increase in employers' social security contributions leads to downward adjustments in wages.
Since the response is one-to-one, no long-term effect on real labour costs remains.  In the short run, the
employers' social security tax influences real labour cost by its full amount.  Simulations indicate that it
may take as long as ten years for this effect to die out fully.  In the second and the third year after the
shock, the unfavourable impact on (un)employment is of considerable order.  Although it vanishes in the
long-run, a rise in unemployment can still be seen after five years of adjustment (see Figure 5).

Unemployment variable is significant -- although the magnitude of the coefficient is tiny.45

Although the long-run response to price wedge is nil, a short run response of .8 occurs.

The error correction feature is clear: 20 per cent of a disequilibrium is corrected in the first half-
year although adjustment is without doubt slowed down by the presence of staggered contracts.  The
dynamic equation incorporating the specific long-run properties explains 67 per cent of the short-run,
semester-to-semester variation in real wages.  If CPI is replaced by the private consumption deflator, that
has no impact on the preferred structure although the p-value jumps to .97.

In the UK, the Trace test suggests that the co-integration rank is five and that a linear trend is
present in the data.  The preferred structure passes the LR-test with a p-value of .27.  In the UK, CPI and
PCP have tended to deviate systematically.  Over the estimation period, the former has increased
6 per cent more than the latter.  Specification including PCP gave a better overall explanation for the data
generating process.  Therefore, it is in the preferred relationship.

 There are relatively modest signs of long-run real wage resistance.  However, a look at the
dynamic part of the estimation reveals that, in the short-run, higher employers' social security
contributions add to labour costs by their full amount.  A short-run response to income tax is considerable
as well.
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The coefficient of the unemployment rate is fairly small but highly significant.  Around two
thirds of an equilibrium error is corrected within the first half-year.46 Because the second "left-over" vector
enters the dynamic part of the wage equation with a considerable loading, one cannot rule out bias in the
estimation of the error correction coefficient.  The dynamic equation which incorporates the relevant long-
run relationship explains 76 per cent of the semester-to-semester variation in  real wages.  The structure
remains the same if co-integration rank is reduced to four.
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How to read Table A1

Since reporting in Table A1 differs in many respects from conventional reporting of econometric
results, we attempt to facilitate the interpretation with some clarifying notes.

First, on top of the Table the co-integration rank, r, is given which defines the number of
cointegrating vectors in the unrestricted VAR model.  The choice of r is based on a formal test.

β-vectors in the upper part of the Table define the long-run equilibrium relationship between the
variables.  This cointegrating vector acts as an attractor.  If the system is out of equilibrium, i.e., if it is off
the attractor, error correcting behaviour emerges.  The α

W/P
-coefficient reports the share of the prevailing

disequilibrium which is corrected within the first period through wage adjustment.

After having indicated the number of restrictions imposed, we give them a compact
characterisation.  Restriction β

W/P
 =1 indicates that all coefficients have been normalised with respect to

wages.  Restriction β
W/P

 = -β
Q/N

 defines long-run homogeneity between real wages and labour productivity.
The rest of the restrictions relate to the β

WEDGE
-restriction discussed in the main text or test whether some

(or all) of the wedge-coefficients can be restricted to zero or perhaps to unity.

No structure which can be found in the preferred relationships reported in the Table has been
imposed a priori.  All restrictions pass specification tests.  The p-value indicated in the Table indicates the
significance level.  Usually, a hypothesis is rejected if the p-value related to a test is less than .05.  As can
be seen, this critical level is exceeded by a large margin in most cases.  Canada is the only country which
is close to the limit.  However, there a further hypothesis that β

WEDGE
 is unity passes with a p-value of .30.

For the β's, standard t-values are not available when the Johansen procedure is used.

At the bottom of the Table, the R2's refer to an equation like (v) in the main text which explains
variation of real wages over the previous half-year and which incorporates long-run structures implied by
the  β-vectors in the upper part of the Table.

Because the results in the Table have been expressed in a vector format, signs of all wage
elasticities are opposite to that in conventional notation.  In the main text we express all elasticities in
terms of standard signs which are those found in Table A1 when all other variables than wages are thought
to be shifted to the right-hand side of each expression.  When we, in addition, shift employers' social
security contribution rate to the left-hand side and make use of the Jackobsson progressivity index [see
expression (vii) in the main text] which receives a value of .6 in Italy, .5 in Japan and Finland, and .2 in
Canada, we move from Table A1 to Table 1 in the main text.
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Table A1.  Cointegrating relationships with characteristics of a wage setting relation1

USA CAN JAP GER FRA ITA UK AUS SWE FIN
r=2 r=3 r=4 r=4 r=3 r=3 r=5 r=3 r=3 r=2

coeff. variables long-run coefficients β
i

long-run coefficients
β

W/P

β
Q/N

W/P
Q/N

1.000
-1.000

1.000
-1.000

1.000
-1.000

1.000
-1.000

1.000
-1.000

1.000
-1.000

1.000
-1.000

1.000
-1.000

1.000
-1.000

1.000
-1.000

βτa

βτm

β
s

β
Pc/P

β
u

1-τ
a

1-τ
m

1+s
P

c
/P

u

1.000
.000

1.000
.000

.007

1.000
-.198
.198

-.802

.019

1.000
-.500
.500

-.500

.051

1.000
.000
.000

-1.000

.168

.421
--

.579
-.421

.289

1.000
-.600
.600

-.400

.330

.250

.000

.750
-.250

.098

.500
--

.500
-.500

.035

.000

.000
1.000

-1.000

.256

1.000
-.500
.500

-.500

.314
adjustment coefficient α

W/P
adjustment coefficient

α
W/P

∆W/P -.199 -.157 -.431 -.149 -.344 -.150 -.702 -.377 -.082 -.303
number of
restrictions
imposed on relation
i, (η

i
)

4 4 4 5 3 4 5 4 5 4

characterization of
restrictions
imposed

β
W/P

=1
=-β

Q/N

= βτa

= β
s
,

βτm
=

β
Pc/P

= 0

β
W/P

=1
=-β

Q/N

= βτa
,

βτa
+

βτm
=

1-β
s 
=

-β
Pc/P

β
W/P

=1
=-β

Q/N

= βτa
,

βτm
=

1-β
s 
=

-β
Pc/P

= .5

β
W/P

=1
=-β

Q/N

= βτa

=-β
Pc/P

= 1-β
s 
,

βτm
= 0

β
W/P

=1
=-β

Q/N
,

βτa

=-β
Pc/P

= 1-β
s

β
W/P

=1
=-β

Q/N

= βτa
,

βτa
+

βτm
=

1-β
s 
=

-β
Pc/P

=
.4

β
W/P

=1
=-β

Q/N
,

1-β
s 
=

βτa
=

-β
Pc/P

= .25,
βτm

= 0

β
W/P

=1
=-β

Q/N
,

1-β
s 
=

-β
Pc/P

=
βτa

= .5

β
W/P

=1
=-β

Q/N

=β
s

=-β
Pc/P

,
βτa

=
-βτm

= 0

β
W/P

=1
=-β

Q/N

=βτa
,

βτa
+

βτm
=

1-β
s

=-β
Pc/P

= .5
LR test statistic,
χ2 (Σ(η

i
-(r-1)) 1.68 5.62 3.20 .78 .65 1.65 1.19 1.02 4.55 .69

critical value,
CV

5%
 (Σ(η

i
-(r-1)) 7.81 5.99 5.99 5.99 3.84 5.99 3.84 5.99 7.81 7.81

p-value .64 .06 .20 .68 .42 .44 .27 .60 .21 .88

R2 of the dynamic
wage equation
which incorporates
the long-run
properties implied
by the β-vectors

.67 .85 .71 .79 .76 .81 .76 .62 .93 .77

1. r = number of cointegrating vectors, r1 = number of cointegrating vectors to be restricted, r2 = number of non-restricted
cointegrating vectors = r-r1.  All variables are in logs.  In the upper part of the Table, variables considered as weakly exogenous
(due to an exogeneity test) have bene underlined.  As far as the short-run adjustment coefficients (=αi's) are concerned, for
expositional reasons we report only that related to wage adjustment (=αW/P).  For the USA, Canada, Japan and Australia, u is the
unemployment rate and for the rest of the countries it is the logarithm of the unemployment rate.
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APPENDIX 2

The simulation model

We have derived and estimated above wage relationships.  In order to design a simulation model
which could be used in evaluations about related effects on employment and unemployment we need to
specify relationships which define 1) demand for labour and 2) responses of unemployment to changes in
employment.  That is the purpose of this appendix.

1.  Modelling labour demand

In Section 3 of the main text, we specified a wage setting relation in a model with only one
production factor, labour.  In order to "show" that this simplification does not make a big difference as far
as empirical application is concerned, we define the relationship acting as the optimisation restraint in the
Nash maxim and (ii) in the main text in a standard set-up used by Wallis et al., 1984, e.g. Accordingly, a
(log linear) relation which we expect to hold  in the long run is

logN = β
Q
 logQ + β

W
 log(W(1+s))  + β

P
 log(P) (x)

with β
Q
>0 and -β

W
 = β

P
>0.  A CES technology is appropriate if β

Q
=1 and 0 < -β

W
  = β

P 
 ≤ 1.  If β

Q
 = -β

W
 =

β
P 
 =  1, the technology is Cobb-Douglas [see for example Wallis et al. (1984)].

Our empirical unrestricted log-linear VAR-model contains the following four variables for the
private sector:

 − employment, N, is the number of employed persons;47

 − output, Q, is the value added in real terms;

 − the wage variable is the labour cost, W(1+s), where W is wage paid per an employee and s refers to
employers' social security contributions;

 − output price, P, is the value added deflator.

All variables will be considered as endogenous at the outset.  The significant presence of the
time trend will be tested simultaneously with the choice of the co-integration rank.

The seasonally adjusted semi-annual series come from the analytical data base (ADB) of the
OECD.  Because of the availability of the relevant series, the estimation period varies from country to
country (see Table A2).
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As far as the preliminary analysis of the data is considered, a few remarks are worth making.
First, with few exceptions the appropriate choice for co-integration rank, r, is 2.48  This indicates that there
are two cointegrating vectors in the system.  When three appeared to be the appropriate choice, we
examined the residuals of the second and third vectors in order to emphasize whether the test result should
be challenged.  Second, with few exceptions the data appear not to contain linear trends.  Third, as
indicated above, dummies are often needed to reduce risk of bias which could be due to outliers in the
dynamic counterpart of equation (x).  In the present case, the dummies are usually related to oil shocks.49

In general, in models including the relevant dummies, no signs of misspecification could be found in
residual analysis.50 Particularly, none of the estimations suffered from autocorrelation which would have
been the most severe problem for estimation of the long-run coefficients [see Eitrheim (1991), and
Cheung et al., (1993)].  Signs of excess kurtosis were found in some cases but it seems not to be a severe
problem for estimation in the context of the Johansen procedure.  Finally, in six cases the data do not
allow us to consider any of the four variables as weakly exogenous.

There are two countries in which the standard procedure worked less well.  These countries are
Sweden and the UK.  In the former, a shift in the relation between wage level and the level of the
employment/output ratio appeared to take place in the middle of the 1970s.  In order to take account of
this, a dummy which takes value of 1 during 1963S1-1975S2 had to be included in the model.  In the UK,
a similar shift appears to have taken place in the late eighties which is a familiar observation from other
contexts as well.  One explanation has been that at this point of time, a considerable number of low-skilled
workers were obliged to leave unemployment and enter employment (even at a lower wage) which
induced a negative effect on average productivity in the private business sector.

For all countries, restriction β
N
 = β

Q
 = 1 seems to be well in accordance with the data.  In

addition, the restriction  β
W
 = β

P
 was never rejected by the LR-test.  Table A3 reports the long-run

elasticities incorporated in the preferred relationships.  The related α
N
-coefficients are indicated as well.

Table A2.  Summary of the preliminary analysis of the unrestricted VAR model
for 10 OECD economies

Estimation
period

Number of cointe-
grating relations

Linear trend
or not

Number of
dummies

Weakly exogenous
variables

USA 72S1-92S2 2 not 1 none

Canada 70S1-92S2 2 not 0 Q

Australia 69S2-90S1 2 not 2 none

France 70S1-92S2 2 yes 1 W(1+s), Q

Germany 60S1-92S2 3 not 2 none

Japan 68S1- 91S2 3 not 1 none

Italy 60S1-91S2 3 yes 0 none

UK 61S1-91S2 2 not 1 P

Finland 60S1-90S2 1 not 1 W(1+s)

Sweden 63S1-90S2 2 yes 2 Q
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Table A3.  Summary of the long-run demand for labour schedules for 10 OECD economies and the
share (=ααN) of the deviation from the equilibrium which is corrected within the first half-year

Employment
elasticity with

respect to
output

Employment
elasticity with
respect to the

real labour cost
 ααN

p-value related
to the preferred

structure

R2 of the difference
equation for  ∆∆logN
with preferred long-

run properties

USA 1 -1 -.53 .19 .65

Canada 1 -.5 (-.58) .14 .88

Australia 1 -1 -.25 .28 .71

France 1 -1 (-.18) .16 .81

Germany 1 -1 -.15 .23 .71

Japan 1 -.8 (-.15) .56 .51

Italy 1 -.5 (-.05) .63 .43

UK 1 -1 -.05 .42 .62

Finland 1 -1 -.05 .48 .40

Sweden 1 -.9 (-.05) .91 .66

Finally, the Table reports p-values related to the structure imposed and R2's of employment
equations [comparable to wage equations like (v) in the main text] explaining changes in employment
from one semester to the next.  The α-coefficients which may potentially suffer from problems of
imprecise estimation discussed above, are in parentheses although similarity of the estimates between
countries with similar characteristics reduces fears in this respect.

Restrictions with an economic interpretation pass at a fairly high significance level.  In six of the
countries concerned (USA, AUS, FRA, GER, UK and FIN), results in accordance with Cobb-Douglas
technology were discovered.  In an additional two (JAP and SWE), the deviation of the wage elasticity
from unity is fairly small and also a unity restriction passes the specification test.  In the remaining two
economies (CAN and ITA), a general CES function seems to be a more appropriate description of the
technology.

2.  Response of unemployment

In order to close the simulation model,  we need to consider the relation between employment
and unemployment.  According to various documents, in most OECD countries the response of
unemployment to changes in employment is far from full.  With all variables  in logarithmic form, we can
write ∆u = ρ ∆Nd , with 0<ρ<1.  In the present study, we do not estimate ρ.  Instead, we make conjectures
about its magnitude in light of two recent OECD studies.

Turner, Richardson and Rauffet (1993) report estimates for the USA, Japan and Germany.  These
numbers will be used as such below.  Elmeskov and Pichelmann (1993) report estimates for all ten
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countries examined here.  In some countries the estimates differ so much from their estimates for
comparable countries that we preferred to do some adjustment.  This concerns Australia, Italy, Sweden and
to a lesser extent Canada.  The figures used in simulations can be seen in the right-hand-side column of
Table A4.

In Sweden, the choice of ρ is somewhat problematic.  The analysis in Elmeskov and
Pichelmann (1993) appears to indicate that a considerable change in ρ has taken place within the
observation period.  For the earlier part, the "low" value found by  Elmeskov and Pichelmann seems to be
an appropriate one whereas in the later years a considerably higher value would probably be a more correct
choice.  Because we are more interested in pressures generated in recent years, we have chosen to work
with the higher elasticity reported in Table A4.

Table A4.  Estimates related to the response of unemployment to changes in employment

Elmeskov and
Pichelmann (1993)

Turner, Richardson and
Rauffet (1993)

Values used in the present
study

USA -.65 -.79 -.79

Japan -.19 -.28 -.28

Germany -.52 -.84 -.84

France -.75 n.a. -.75

UK -.67 n.a. -.67

Italy -.48 n.a. -.70

Canada -.59 n.a. -.70

Australia -.50 n.a. -.70

Sweden -.43 n.a. -.70

Finland -.69 n.a. -.69

3.  Simulation models

For each country, the simulation model consists of three equations.  The first two equations
incorporate the long-run wage setting and demand for labour schedules estimated above.  These
relationships which generate the long-run properties of the system are in square brackets at the end of each
equation.  Deviations from long-run relationships generate error correction the strength of which depends
on the magnitude of the coefficient before the square brackets.  The right-hand-side variables in
differences derive from the short-run part of equation (v) in the main text.  Difference terms enter the
simulation equations when they differ significantly from zero.  Inference on significance derives from the
t-ratios.

In all simulation models the unemployment rate is in logarithmic form.  This should be kept in
mind when wage equations below are compared with those in Table A1.  Transformations  required were
evaluated at the average unemployment rate of the observation period.
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Germany

1)  Wage equation:
∆log(W/P)

t  
= -.55∆log(W/P)

t-1
+.24∆log(Q/N)

t-1
+.27∆log(1-τ

a
)

t
+.26∆log(CPI/P)

t
+ .29∆log(CPI/P)

t-1

      -.15 [log(W/P)
t-1

 -log(Q/N)
t-1

 -1.00 log(1-τ
a
)

t-1
 -1.00 log(CPI/P)

t-1
 + .17 log(u

t-1
)]

2)  Labour demand equation:
∆log(N

t
)    =   .55 ∆log(N

t-1
)   - .15 [log(N

t-1
) + 1.00 log(W(1+s))

t-1
 - 1.00  log(P

t-1
) - log(Q

t-1
)]

3)  The unemployment rate "definition":   log(u
t
)  =  -.84  log(N

t
)

Canada

1)  Wage equation:
∆log(W/P)

t
 =  -.33 ∆log(W/P)

t-1
 + .54 ∆log(Q/N)

t-1
   + .51 ∆log(PCP/P)

t-1

    -.16 [log(W/P)
t-1

 - log(Q/N)
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 - 1.00 log(1-τ
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)
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2)  Labour demand equation:
∆log(N

t
)   =    .62 ∆log(Q

t
) + .14 ∆log(Q

t-1
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t-1
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)
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t-1

) - log(Q
t-1

)]

3)  The unemployment rate "definition":   log(u
t
)  =  -.7 log(N

t
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Japan

1)  Wage equation:
∆log(W/P)
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) - log(Q
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3)  The unemployment rate "definition":   log(u
t
)  = -.28 log(N

t
)

Finland

1)  Wage equation:
∆log(W/P)

t
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3)  The unemployment rate "definition":   log(u
t
)  = -.69 log(N

t
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France

1)  Wage equation:
∆log(W/P)

t
=-.34[log(W/P)
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Italy

1)  Wage equation:
∆log(W/P)
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1)  Wage equation:
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1)  Wage equation:
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1)  Wage equation:
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2)  Labour demand equation:
∆log(N
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1)  Wage equation:
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t
)  =  -.67 log(N

t
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3.1  Some simulation results

Simulations have been carried out using the "MAQUETTE" simulation software developed and
kindly supplied by Dave Turner.  Figure A1 presents a selection of results which clarify the diagnostics of
the models defined above.  A more comprehensive set is available from the author upon request.
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Simulation results:  Germany

Figure A1 

The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.
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Simulation results:  Canada
Figure A1 (cont.)

The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.
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Simulation results:  France

Figure A1 (cont.)

The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.
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Simulation results:  Australia

Figure A1 (cont.)

The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.
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Simulation results:  Japan

Figure A1 (cont.)

The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.
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Simulation results:  Finland

Figure A1 (cont.)

The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.
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Simulation results:  United States

Figure A1 (cont.)

The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.
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Figure A1 (cont.)

Simulation results:  Sweden
The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.
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Simulation results:  United Kingdom
The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.

Figure A1 (cont.)
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Simulation results:  Italy
The simulated effect of a simultaneous rise of one percentage point in
1) average income tax rate,
2) marginal income tax rate,

3) employers’ social security contribution rate,
4) consumption tax rate.

Figure A1 (cont.)
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3.2  Summary of the properties of the simulation models

In Table A5, the most important results characterising the simulation properties have been
summarised.  The results describe the long-run response to increases in all relevant wedge factors by
1 percentage point.51 In Table A5, (b) - (a) equals minus three which is the effect of the shock on the
"cake" the division of which is defined by the Nash maxim and in (ii) in the main text.

In Germany and Canada, most of the increase in the wedge leads to higher real labour costs.  In
Japan, France, Australia and Finland the burden is fairly evenly shared between employees and employers.
In the USA, Sweden, Italy and the UK, most of the burden falls on wages.

Evaluation of the third column reveals the impact of the wage elasticity found in the demand for
labour relationship.  In countries with Cobb-Douglas technology, (c) = - (a).  In countries in which we
found a CES function as the most appropriate description of the technology, (c) < - (a).  This difference is
particularly important in Canada and Italy.  Finally, the right hand side column reports changes in the
unemployment rate when all feedback effects on wages have been taken into account.  The difference
between (d) and - (c) is determined by the magnitude of ρ (see Table A3 above) which is particularly low
in Japan.

Tables A6 and A7 reveal the source of the slowness in adjustment.  Table A6 reports simulations
with the employment equation only when an exogenous permanent increase by 1 per cent is introduced to
the wage level.  Table A7 reports simulations with the wage equation only when an exogenous shift of
1 percentage point in the unemployment rate takes place.  The reaction of the demand for labour seems to
be slowest in Sweden, Italy and the UK although it is slow also in Finland and Japan.   The response of
wages to higher unemployment has been slowest in Germany and Canada and perhaps in Sweden and
Japan.

Table A5.  The simulated effect of a simultaneous rise of 1 percentage point in a) employers' social
security contribution, b) average income tax rate, c) marginal income tax rate, and d) price wedge,

percentage points

(a)
Real labour  cost

(b)
Real take home pay

(c)
Employment

(d)
Unemployment

Germany +2 1/2 -1/2 -2 1/2 +2 1/4

Canada +2 1/4 -3/4 -1 +3/4

France +1 1/4 -1 3/4 -1 1/4 +1

Finland +1 1/4 -1 3/4 -1 1/4 +1

Australia +1 1/4 -1 3/4 -1 1/4 +1

USA +1 -2 -1 +3/4

Sweden +1 -2 -3/4 +1/2

Japan +1 1/2 -1 1/2 -1 +1/3

UK +1/2 -2 1/2 -1/2 +1/2

Italy +1 -2 -1/2 +1/2
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Table A6.  Diagnostics of the employment equation1: (a) The long-run effect on employment of an
exogenous, permanent 1 percentage point increase in the real wage level and the time, in years,
which it takes for (b) 50 per cent (=median lag) and (c) 80 per cent of the effect to pass through

(a)
Effect on the employment
level, percentage points

(b)
Time for 50 per cent of

the effect to pass through,
years

(c)
Time for 80 per cent of the

effect to pass through, years

USA -1.0 1 1 1/2

Japan -0.8 3 5

Germany -1.0 2 3

France -1.0 2 3

UK -1.0 4 1/2 7

Italy -0.5 5 9

Canada -0.5 1 1 1/2

Australia -1.0 1 1/2 3

Finland -1.0 3 7 1/2

Sweden -0.9 7 1/2 20
1. In these simulations feedback effects through other equations have been ignored.

Table A7.  Diagnostics of the wage equation1: (a) The long-run effect on the wage level of an
exogenous, permanent 1 percentage point increase in the unemployment rate and the time, in years,

which it takes for (b) 50 per cent (=median lag) and (c) 80 per cent of the effect to pass through

(a)
Effect on the wage level,

percentage points

(b)
Time for 50 per cent of

the effect to pass through,
years

(c)
Time for 80 per cent of the

effect to pass through,
years

USA -1 1 1

Japan -5 3 5 1/2

Germany -3 4 6

France -3 1/2 1 1/2 3

UK -1 1 1 1/2

Italy -3 1/2 2 4

Canada -2 3 1/2 5 1/2

Australia -4 1 1/2 2 1/2

Finland -6 2 3 1/2

Sweden -10 2 1/2 9 1/2

1. In these simulations feedback effects through other equations have been ignored.
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NOTES

                                                  
1 This paper highlights the analysis and results presented in a more comprehensive report "Wage

Determination in the Long Run, Real Wage Resistance and Unemployment: Multivariate Analysis of
Cointegrating Relationships in 10 OECD Economies" (Tyrväinen, 1995a).  All readers who are interested
in details related to estimation, testing and simulation are addressed to that report.

2 This paper has benefitted from useful comments and suggestions by Sven Blondal, David Grubb, Jorgen
Elmeskov, Steve Englander, David Hendry, Mark Pearson, Stephan Thurman and Dave Turner. Helpful
discussions with Katarina Juselius,  Søren Johansen and Antti Ripatti also are gratefully acknowledged.
Needless to say, the usual disclaimer applies.

3 A stationarity test included in the program for Cointegration Analysis of Time Series (CATS) in RATS
rejects stationarity of the unemployment rate in all countries concerned  in estimation periods applied.
Katarina Juselius has kindly supplied this software for estimation.  For complications which arise if there
are I(2) variables in the data, see Tyrväinen (1995a).

4 Manning (1992b) defines a model which allows for multiple equilibria of unemployment. His empirical
model -- which also includes wedge factors -- suggests that the British economy may have moved from a
"low unemployment equilibrium" to a "high unemployment equilibrium" although no economic
fundamentals changed.

5 Let us consider two non-stationary variables x and y such that y = Ax. Line A acts as an attractor if there
is some mechanism such that if y departs from Ax there will be a tendency to get back near to it. Because
of uncertainties, rigidities, contracts etc., the mechanism may not immediately bring the points exactly to
the attractor. "If the economy lies on A, a shock will take it away. If there is an extended period with no
exogenous shocks, the economy will definitely go to the line and remain there. Because of this property,
the line A can be thought of as an 'equilibrium', of the centre of gravity type" [Engle and Granger
(1991), p. 2]

6 A description of the underlying statistical model (in vector notation) is in Tyrväinen (1995a). Equation
(v) describes a case in which there is only one cointegrating vector in the system. If there are more
cointegrating vectors, their equilibrium errors also enter equation (v) and additional α-coefficients are
estimated. Furthermore, in (v) all  variables except real wages are weakly exogenous. If one of the other
variables  is endogenous, its current difference does not enter (v) and, instead, an additional difference
equation is estimated (simultaneously with the present one) with the other endogenous variable on the
left-hand-side.

7 As the "wedge" is the ratio between the (gross) real labour cost paid by the employer and the after-tax
real wage received by the employee, the "tax wedge" defines the contribution of taxes to this ratio.

8 As far as the employers' social security contribution rate is concerned, several OECD studies have used
and presented misleading figures for Finland. McKee et al. (1986), e.g., state that this rate was 5 per cent
in 1983 although the effective rate was more than four times higher. The confusion arises because
Finland has a programme which has been considered as privately run even though the schemes are
funded by mandatory contributions and are similar in all other ways to publicly run systems elsewhere. In
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the revised National Accounts of 1993, these schemes have been redefined to be part of the public sector.
Inclusion of the effective rates would shift Finland into the group of countries with the highest tax
wedge, similar to that in Sweden.

9 In a recent OECD study, Turner, Richardson and Rauffet (1993) suggest that the inability of wage growth
to adjust to a slowdown in productivity growth is the primary factor behind high unemployment in major
economies.  We are inclinded to consider our study as an attempt to search for an explanation for this
long-lasting deviation.

10 When standard estimation methods are used, the evidence is heavily influenced by the short-run structure
of the information set. The "long-run" is typically solved simply by shifting the lagged dependent
variable to the left-hand side.

11 In Germany, France, Finland and Australia, CPI and PCP have moved more or less hand-in-hand in the
long run.   In the USA, CPI has risen 5 percentage points more than PCP within the observation period
and there are fluctuations in CPI/PCP which have lasted several years in a row. In Japan as well as in the
UK, CPI/PCP has risen around 6 percentage points. The biggest rise was found in Canada, 10 percentage
points. In Italy and Sweden, CPI has risen almost 10 per cent less than PCP from early 1970s to early
1990s.

12 As will be seen, in some cases the structure of the information set is such that some tax variables enter
significantly whereas some others do not.  As far as income taxation is concerned, this may happen if
either τa or τm is flat over the estimation period.  On the other hand, in some countries τa and τm seem
to cointegrate.  In these cases, the result of insignificancy may be due to time series properties of certain
series and it should not necessarily be considered as an analytical device.  This underlines the importance
of careful examination of the data.

13 For a discussion of the concept of "average production worker" and problems related, see
McKee et al. (1986).

14 For the test procedures, see Juselius and Hargreaves (1992).

15 This indicates that there is one lagged difference term in each equation.

16 For the test procedures, see  Johansen (1992), Johansen and Juselius (1990) and Tyrväinen (1995a).  The
asymptotic critical values tabulated in Johansen and Juselius (1990) were used.  All test results can be
found in Tyrväinen (1995a).

17 In the set-up applied, the test regarding the presence of a linear trend is a test about significance of a
constant term in a difference equation like (v) above [see Johansen (1991c)].

18 In cases where tax reforms have made the residuals "wild", a dummy was introduced and its significance
tested. A full set of dummies is available from the author on request.

19 The hypothesis related to weak exogeneity is that for selected equations, the αi's are zeros. The test
statistic is similar to that described in note 23 below.  In Tyrväinen (1995a) we discuss problems which
may arise if there are I(2) - variables in the model.

20 Eitrheim (1991) shows that the parameter estimates of the long-run relation are not sensitive for
misspecification in other respects than the one generating autocorrelation. In broad terms, Cawing and La
(1993) seem to reach a similar conclusion. Autocorrelation is not a problem in our models.
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21 This has seldom been stressed in the literature, Calmfors and Nymoen (1990) being one of the few

exceptions.

22 These vectors may mimic various processes. As pointed out by Johansen and Juselius (1994), in
macroeconomic behaviour a role is often played by various types of agents with disparate goals
(demanders versus suppliers, producers versus consumers, employers versus employees etc.) interacting
in such a way that equilibrium is restored once it has been violated. This complicates evaluations because
one may also pick up vectors describing either one of the sides or a mixture of both of the sides
influencing the variables concerned. In the present context, the "left-over" vectors could describe
determination of productivity, prices, employment and/or unemployment and complicated structures
between various tax rates may also play a role. A closer look at the variables in our unrestricted VAR
makes it clear that none of these potential relationships could be well specified. These "semi-relations"
may also be mixtures of two or more competing but misspecified relationships. Hence, one should not
put too much emphasis on overinterpretation of the "left-over" vectors [see also the discussion in
Tyrväinen (1995c) pp. 146-148].

23 The test statistic concerned is T
1

r
ln((1 - ~ ) / (1 - ))i i

^
∑ λ λ  where i

^

λ ( i
~
λ ) is calculated without (with) the

restrictions on β. Permanently, the H0-hypothesis is that the restriction imposed is accurate [for details,
see Johansen & Juselius, (1990)]. Each restriction is always compared with the original unrestricted
estimation and all r eigenvalues contribute the test statistic which follows the χ2-distribution with
degrees of freedom indicated in Table A1. The necessary condition for unique identification is that the
minimum number of restrictions is one less than the number of cointegrating vectors, r-1.

24 In Table A1, the results are in vector notation. So, all elasticities with respect to the real wage have the
opposite sign compared with that usually seen in standard regressions where one of the variables (=the
real wage) has been removed to the left-hand side.

25 Please recall the statement of Granger (1986, p. 217) on the special relation between cointegration and
error correction: "Not only must cointegrated variables obey such a model but the reverse is also true;
data generated by an error-correction model ... must be cointegrated." Of course, this result is technical
by nature, and the interpretability of the coefficients indicate the economic plausibility of the outcome.
Whether we correctly interpret a long-run relation can also be considered by investigation of the weights,
αiβi. The preferred long-run vectors enter the short-run equations for wages, ∆W, with a considerable
weight. The rest of the weights are usually considerably smaller in magnitude. This surely does not
indicate that the interpretation suggested for these long-run relations would be arbitrary. Finally, "left-
over" relations do not usually  influence wage equations as the related α-coefficients are close to zero in
many cases. Hence, the fact that we cannot give a plausible interpretation of the "left-over" relations
hardly undermines the credibility of identification of the relation of interest.

26 At face value, this rejection could allow long-run "free lunch" policies. As will be indicated below,
caution is required in this respect.

27 Hourly wages in Swedish manufacturing industry declined much less than average wages in the private
business sector. The difference appears at least partly to be due to implementation of part time
employment schemes which may have played a more important role in other sectors than in
manufacturing industry. For manufacturing industry, the unemployment elasticity of wages would
therefore show up as considerably smaller than the estimates reported here.

28 The simulations have been carried out using the "MAQUETTE" simulation software developed and
kindly supplied by Dave Turner.



79

                                                                                                                                                                     
29 The reason for choosing 1975 as the base year of the simulations is as follows. Developments in 1973-

1975 were heavily dominated by the first oil shock, OPEC I, which took place in the latter half of 1973.
A considerable part of its immediate effects seems to have taken place in the first two years after the
shock: the number of unemployed people in the OECD area rose from 12-13 millions in 1972 to 14-15
millions in 1975 with some stabilization after that [OECD (1994)]. When 1975 is the base year, the
effective changes in the wedge start to cumulate from the second half of 1975 onwards. This choice
allows us to avoid an overwhelming dominance of OPEC I in discussions and to keep the main emphasis
in an intra-OECD dimension.

30 In a model for the full economy, a key adjustment channel runs from competitiveness to output via
exports as well as via business sector confidence. In our model, allowing this would lower the long-run
impact of tax shocks on labour costs because of weaker productivity and probably higher unemployment.
Of course, in a more realistic model in which everything is endogenous, there are plenty of other
adjustment channels as well.

31 Evaluation of the fact that higher taxes tend to go hand-in-hand with an increase in public services is
beyond the scope of the present paper

32 The fall in real GDP can be attributed to the collapse of trade with the former Soviet Union, to the
excessive (foreign) indebtedness of domestic agents and to the banking crisis, which has been
exacerbated by the first two factors.

33 Italy is among the countries that was worst hit by the recession which began in the late 70s. GDP growth
virtually stagnated for three years in 1981-83. In general, a complication related to the interpretation of
the Italian results is that most of the rise in the unemployment rate is due to an increase in female and
youth unemployment. The difference between male and total unemployment rates has increased steadily
almost throughout. Youth unemployment accounted for 50-60 per cent of total unemployment in the
1980s. Male unemployment as a percentage of male labour force was 4.0 per cent on average in 1968-73,
4.2 per cent in 1974-79 and 6.6 per cent in 1980-89.

34 The United Kingdom was particularly severely hit by the recession which started at the end of the 70s.
Aggregate GDP in 1981 was 3 1/2 per cent below the level of 1979. The decline in manufacturing output
from 1978 to 1982 was around 15 per cent. This must be the core of an explanation for the increase in
unemployment in these years.

35 It should be recalled that when the FIML estimation method proposed by Johansen (1991) is used, a
(wage) relationship is considered as a long-run cointegrating vector only if it is time-invariant. When the
test "approves" the existence of such relationships, it implies that the role of structural breaks,
institutional changes etc. is of secondary order

36 To be frank, this point is complicated by the fact that the real labour cost has not risen in recent years in
a manner predicted by  the increasing wedge. On the other hand, this may underline the possibility that
some unfavourable effects are still in the pipeline.

37 To give an example, let us consider a hypothetical increase of 7 percentage points in employers' social
security contributions. In our model,  it leads to an immediate increase of 7 per cent in real labour costs in
the USA. Three years later around half of this effect is still there. After the shock, employment starts to
decline with some lag. In the second and the third years after the shock, unemployment is 3 -
 3 1/2 percentage points higher than in the control solution. Although unemployment declines thereafter,
a considerable effect can still be observed five years after the shock occurred.
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38 As far as the simulated adjustment path of the unemployment rate in the USA is concerned, the shape of

the curve in Figure 5 is almost identical to the one reported in Turner et al. (1993, Figure 6) although
adjustment is slightly slower in Turner et al.

39 In recent years, centralized wage setting has lost ground in Sweden. Therefore, extrapolation of this
reasoning may be inappropriate where future behaviour is concerned.

40 The concept of the "p-value" refers to the significance level. Usually, a hypothesis is rejected if the p-
value related to the test is smaller than .05. In statistics, the concept of p-value is related to the "type II
error" which indicates acceptance of H0-hypothesis when it is in fact false.

41 Inclusion of the income tax of  two-earner households generated slightly better behaving residuals than
the data for one-earner families although the elasticities were almost identical in both cases.

42 In broad terms, this seems to be in accordance with the result in Padoa-Schioppa (1992).

43  In the present context, all four competing structures implement an identical number of restrictions. The
hypotheses are 1) βτa= - βPc/P= -1, 2) βτa= 0, βPc/P=1, 3) βτa= -1, βPc/P= 0, and finally 4) βτa= βPc
/P= 0.  So, the inference cannot be based on a standard LR test but one must evaluate otherwise which of
the competing structures is best in accordance with the data.

44 In our average income tax data there are -- in addition to a trendwise increase -- two shifts. An upwards
shift takes place in the first two years of the 1980s. After the middle of the decade a (partly)
compensating shift downwards can be seen.  Because the standard variable used in many other studies (=
direct taxes of households relative to their pre-tax disposable income) is -- with some variation -- almost
flat over our observation period, it is not surprising that a significant effect on a non-stationary dependent
variable is not found when it is used.

45 As wages are non-stationary and the unemployment rate is close-to-stationary, the small coefficient is
quite understandable. If the unemployment rate were uniformly an I(0) variable, it would hardly be
significant in the present system.

46 Interestingly, Manning (1992b) finds in the UK an error correction coefficient which varies between .68
and .74 in various wage equations (which include wedge terms) although the framework, the estimation
method as well as the data differ from ours in many important respects

47 OECD data base does not include hours worked.  For definition of variables, see main text

48 Test tables indicating this are available from the author on request.

49 A full set of dummies is available from the author on request. It should be recognized that the role of
dummies in the present set-up differs radically from the role they have in traditional estimation
procedures. For a discussion of  this issue, see main text.

50 Tables indicating this are available from the author on request.

51 As far as the countries in which progressivity matters are concerned, it should be noted that an identical
rise in average and marginal tax rates leave the progressivity index unchanged.


