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Summary

The rise in unemployment in the 1970s and its subsequent persistence have challenged the conven-
tional wisdom embodied in the standard Phillips curve, namely that equilibrium unemployment is
fairly constant over time. This paper attempts to explain the apparent non-constancy of equilibrium
unemployment by developing and estimating a structural model in which equilibrium unemployment
is endogenous and results from the interactions of wage bargaining and the price and employment
determination of firms. We find that the three major determinants of equilibrium unemployment are
tax rates, the replacement rate and the real interest rate. The rise in unemployment in the 1970s and
early 1980s was mainly due to a rise in the first two factors. That equilibrium unemployment re-
mained high when tax rates and the replacement rate were reduced in the 1980s and early 1990s is
attributed to the rise in real interest rates during this period.
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1 INTRODUCTION

The high level of unemployment in OECD Europe remains one of the puzzles of
empirical macroeconomics. In recent years the unemployment rate shows a ten-
dency to fall in some countries, but overall its level remains high (OECD (1997)).
This is somewhat surprising in view of the considerable policy effort that has
been made to redress the adverse supply conditions that are generally held re-
sponsible for the high rate of unemployment. This raises the question whether
these policy reforms were ineffective, or still have to yield their full benefit. Is
the present high rate of unemployment in Western Europe a consequence of slow
adjustment to structural reforms and are we heading towards an era of low un-
employment, or are other factors at work, that prevent us to reap the benefits of
the reforms? This paper considers these questions in a structural empirical model
of wage and price setting and employment dynamics for the Netherlands.
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In the sixties and seventies the unemployment debate was dominated by the
propertics of the Phillips curve. After the seminal contribution of Friedman
(1968), the idea that this curve offers a menu of different unemployment-inflation
combinations came to be abandoned. Instead, the ‘natural rate’ hypothesis was
adopted, whereby the long-run value of unemployment consistent with constant
inflation is a variable determined outside of the core macroeconometric model.
Indeed, in virtually all empirical models of that time the natural rate was deter-
mined by the constant term of the Phillips curve. Within this framework the con-
tinuous increase in the rate of unemployment in Western Europe in the seventies
was both unexpected and inexplicable.

To cope with this problem, several approaches have been followed. One pos-
sibility is to adopt an agnostic view of the natural rate and to use statistical pro-
cedures such as time-varying parameters (Gordon (1997)), to capture the shifts in
the natural rate. Research along these lines is primarily useful to determine the
current level of the natural rate, and hence to predict the direction of inflation. It
does not shed much light on the causes of the increased unemployment or on its
future development. In spirit, the time-varying natural rate is closely related to
the concept of hysteresis, in which the equilibrium rate of unemployment de-
pends on the past unemployment path of the economy (Blanchard (1986)). In
essence, hysteresis implies that the natural rate follows a random walk.

Another approach attempts to find the structural causes of the increased un-
employment by explicitly modelling labour market imperfections. The models that
were formulated in the first half of the eighties may be subdivided into efficiency
wage models, union wage bargaining models, and search models of unemploy-
ment. Katz (1988) provides a nice overview. All these models predict that there
is a relationship between the levels of wages and unemployment, leading in ef-
fect to an upward sloping labour supply curve, also called a wage curve (Layard,
Nickell, and Jackman (1991), Blanchard (1997)). Moreover, a strengthening of
the position of workers, caused for instance by an increase in the replacement
rate, will shift the curve up, leading to higher unemployment. Increases in the
wedge between the product wage and the consumption wage also contribute to
unemployment if the wedge increases the replacement rate (Pissarides (1998)).
Empirical support for the existence of such a stable long-run relation between the
levels of wages and unemployment is provided by Blanchflower and Oswald
(1994) and Blanchard and Katz (1997).

While the new labour market theories have been successful in tracking down
the causes of the upswing of unemployment in the seventies to an inward shift of
effective labour supply, they have so far not been able to explain the European
unemployment persistence of the nineties. Following the substantial cut backs in
social security in the eighties, unemployment should have returned to its previous
low levels within a few years. This however has not happened.

In recent years, a number of authors have attempted to reconcile the empirical
evidence in favour of a wage curve with the observed unemployment persistence
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in Europe, by adding eclements that affect labour demand. In these studies the
return to capital plays an important role. Phelps (1994) and Phelps and Zoega
(1998) point to the close correspondence that exists between the real rate of in-
terest and unemployment in Europe since the eighties. In Phelps (1994) the rate
of interest is an important determinant of labour demand. Hiring costs, costs of
investment in job-specific capital, and the costs of creating stable customer mar-
kets are all affected by the real interest rate. A rising real interest rate depresses
the creation of new jobs and the demand for new products. The result is an in-
ward shift of the labour demand curve. Madsen (1998) also finds empirical sup-
port for Phelps’s model in a panel of OECD countries.

Caballero and Hammour (1996) also claim that the labour demand curve has
shifted inward. In their view, this happened because the rise in bargaining power
of labour enabled it to appropriate a larger share of the rent. This has led firms to
adopt technologies that are labour saving. Due to the putty-clay nature of capital,
this process is slow to develop, and Europe still experiences the adverse effects
of the welfare state of the seventies. Blanchard (1997) lends further support to
this story by showing how it can also explain the observed gradual fall followed
by a gradual rise of the capital income share in many OECD countries.

From this summary of the literature, we can identify a number of issues that
are important in relation to the European unemployment problem, viz. the exist-
ence of a wage curve and its properties, the effects of the return to capital and of
the interest rate on labour demand, and the speed of adjustment towards the long-
run equilibrium. In this paper we attempt to shed additional light on these issues
by specifying and estimating a structural model of wage formation, price setting
and labour demand for the Netherlands. The case of the Netherlands is of par-
ticular interest since it was one of the countries hit hardest by the supply shocks
of the seventies, when the term ‘Dutch disease’ was introduced by The Econo-
mist in 1977, and it is now one of the few European countries showing a clear
improvement in unemployment (OECD (1997)).

Our model of wage formation is a union bargaining model. The main reason
for this choice is that union bargaining and union presence in general is SO Ob-
viously an important part of the Dutch labour market. Our bargaining model is of
the ‘right-to-manage’ variety (Nickell and Andrews (1983)), again, to maintain
close correspondence to actual labour market practice. It provides a role for the
effects of product prices, the mark-up, unemployment, the replacement rate, la-
bour productivity, and the wedge. On the production side, we specify a fairly
standard model of labour demand and price formation, but with a substitution
elasticity that is not a priori fixed at unity. This provides for an explicit role of
capital costs not just in the demand for labour, but also, most importantly, in the
wage bargaining solution, through its effect on labour productivity.

Our empirical results about the dynamic adjustment show that hysteresis is not
a major issue. We find that the wedge, the replacement rate and the user costs of
capital are important determinants of unemployment. The importance of the user
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cost of capital originates from the low estimated value of the elasticity of sub-
stitution. This effect distinguishes our approach from the contributions by Phelps
(1994) and Blanchard (1997), that also seek the main determinant of unemploy-
ment persistence in the shifts in the labour demand curve, but through different
channels. Our main conclusion is that in the period 1985-1996 unemployment
remained high because of an increase in the relative user costs of capital that
neutralized the beneficial effects of the cut-backs in social security payments.
The remaining part of the paper is organized as follows. In section 2 we dis-
cuss the model. The data used in estimating the model are described in section 3.
Section 4 presents our estimation results as well as the estimate and decomposi-
tion of the natural rate of unemployment. Section 5 offers some conclusions.

2 THE MODEL

The wage bargain

The model we estimate consists of three equations, determining wages, employ-
ment and prices. We first present the equations for the steady state. Dynamics
will be added later on in the form of an error correction specification. We first
derive the wage equation from a bargaining model. Assume the union and the
firm bargain about the total wage bill as follows:!

P

c

aremas(n): (pyy - lw) (w (1+se) t (1 =s) (1 —1d) _ F)"" W

where p, denotes the value added price deflator, p, the consumer price deflator, y
total output, w the wage rate, [ employment, se the rate of employers’ social se-
curity contributions and other labour costs {such as pension costs), s/ the pre-
mium rate for the social security contributions paid by labour, ¢d the rate of di-
rect taxes paid by labour, F the fallback position of a worker, and o a measure
of relative bargaining power.

In order to derive a simple expression for the first order condition, we define
some additional elements. Let w, denote the real product wage, defined as
w,=w/p, Let w_ denote the real consumption wage, defined as

c

1 The firm’s gain function consists of operating profits. Total profits are given by operating profits
minus some unspecified sunk or fixed costs. These could, for example, be hiring costs or capital
costs. In equilibrium, these costs correspond to quasi rents that make the bargaining necessary. They
also generate unemployment as a necessary force to reduce the union wage claims to a level com-
patible with general equilibrium, that is a level such that the firms’ operating profits are high enough
to cover the fixed costs.
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w,=w(l+se) Y(1—sl) (1-td)lp. Let A denote the wedge, defined as?

A=w/w,. Define rp’ as rp’ = Fiw,. So, rp' is the ratio of the utilities of un-

employed and employed workers and can be thought of as a replacement rate.
The first order conditions to the bargaining problem may now be stated as:

w o
— - ©
P, l—rmp' +a

where (7 =y/l) denotes labour productivity. This equation indicates that if pro-
ductivity & and the coefficient « are exogenous, the product wage only depends
on rp’. So, if the wedge affects labour costs, it does so only indirectly, by alter-
ing rp’, the ratio of the utilities of the unemployed and employed workers. Even
if this is the case, the wedge does not enter the equation for w, once we include
rp’. Therefore, if we find an independent effect of the wedge next to a measure
of the replacement rate, this must be because that measure of the replacement
rate is not equal to rp’. We will elaborate this now.

The fallback position and the informal market
We may find an independent effect of the wedge next to a measure of the re-
placement rate if we include the informal sector or household production into the
analysis. For instance, suppose that negotiations break down, and the worker be-
comes unemployed and tries to find work again.® If he succeeds he gets a wage
which we assume to be equal to the wage he would have got if the first nego-
tiations had resulted in an agreement, namely w. If he cannot find another job, he
gets unemployment benefits equal to the replacement wage times that wage. While
unemployed, he may also engage in activities in the informal sector. We assume
that these activities are not taxed. This may be because these activities simply
are not subject to taxation, such as household production, or because taxes are
evaded (black market activities). In ¢ither case we think of the worker selling his
labour directly to himself or to another consumer. The (implicit) wage is a frac-
tion vy of the going total cost of his labour, including all direct and indirect taxes
and premiums cOSts.

Letting P denote the probability of finding another job, 7p the official replace-
ment rate, the formula for the fallback position of the worker is:

F=Pw.+(1—-P)[rpw.+vyw], 3)

2 Note that the ratio of p, over p, equals 1 plus the indirect tax rate. Actually, it also includes terms
of trade effects. If the value of output in the informal market is not shielded from changes in the
terms of trade, p, should be replaced by the consumer price with the terms of trade effects taken out.
3 One may also interpret the fallback positions F as the expected income to the worker during a
strike. However, this would not affect the analysis.
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It makes sense that the probability to find another job, P, depends negatively on
the unemployment rate, u. If we assume that P=1—u® we get, after some
arithmetic:*

' =1—us(1—rp—vyA). 4

Substituting this expression into (2) we get the equation for the wage level. Note
that if we disregard the informal sector, that is, set y = 0, the wedge again drops
out of the analysis. Graafland and Huizinga (1999) estimate this non-linear ver-
sion of the wage equation directly. To facilitate the more complicated system es-
timation in this paper, we linearize the wage equation:

Inw=1Inp,+Inh+ x, InA+ x,Inrp — x,u+x,. 5

In the wage equation the wedge enters as a single variable, that is, all sub-com-
ponents have the same coefficient. An important assumption for this result is that
gross wages are not sticky, which is a reasonable assumption for the long run.
However, since most wage contracts specify gross wages, we may expect gross
wages to be relatively fixed in the short run. An unexpected shock to employer
social security payments then has to be absorbed by the employers in the short
run, while unexpected shocks to employee taxes and social security payments
must be born by workers. Many empirical studies have found that employer so-
cial security payments do indeed have a stronger effect on wage costs than em-
ployee taxes and social security payments. So, this may well be an additional
effect for the short run.

The wage equation can also be seen as an equation determining the labour
income share, denoted lis and defined as lis =Inp, — Inp —Inh. The labour in-
come share resulting from the bargaining process rises with the wedge and the
replacement rate and falls with the unemployment rate. For future reference, it is
given explicitly as

Inlis = x, A + X, Inrp — x5 + Xo ©)

Labour demand and price setting

The equations for the value added price and employment are derived from a
model of firm optimization. A vexing problem facing applied economists in esti-
mating factor demand relations is to find a functional form that is flexible, uses
only a few parameters and satisfies the theoretical restrictions implied by eco-
nomic theory. We assume that the production structure can be characterized by a

4 Note that if we had used the consumer price with the terms of trade effect taken out, as suggested
in the previous footnote, the terms of trade would also disappear from this equation. A should then
be interpreted as the wedge with the terms of trade effect taken out.
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CES unit cost function® with labour augmenting technological progress and pos-
sible non-constant returns to scale, written as

C=By*c, c=[0p; 7+ (1 =0)p,~7]7",

w
RSN ™
Pie (1-9) (1 +p7) 1—¢t,(c,+d)
pk_Pko 1+(1_[g)r ' Pie=Pi 1—1, )

Total costs C depend on the output level y, the efficiency corrected price of la-
bour p,, and the user cost of capital p, (see the data appendix for a formal deri-
vation of the user cost definition). The efficiency corrected price of labour equals
the annual wage cost w divided by the effective working time g and the degree
of labour augmenting technological progress, which is modeled by a quadratic
time trend. This quadratic time trend is meant to capture locally the actual tech-
nological progress. Following Jorgenson (1986) the user cost of capital, p,, is a
function of the effective investment price p,,, the depreciation rate 8 and the real
after tax interest rate. The latter depends on the nominal interest rate r, the over-
all income tax rate ¢, and the expected inflation.® The effective investment price
is the investment price corrected for tax facilities. The correction factor is deter-
mined by the corporate tax rate ¢,, the investment tax credit ¢,,” and the present
value of depreciation rights of one guilder of investment expenditures d;, To turn
p, and p, into indices, their expressions are divided by their values in the base

year p,, and p,q.

5 1In previous work, one of us has applied a functional form suggested by Diewert and Wales (1987,
1995), the so-called Symmetric Generalized McFadden (SGM) cost function, see Draper and Manders
(1996, 1997). This function meets all our criteria. Subsequent testing revealed however that a more
restrictive CES specification cannot be rejected against the SGM cost function (CPB 1997).

6 The expected inflation rate, j3¢, is computed from an optimal MA(2) forecast of investment prices.
7 In the Netherlands from 19771988 a variety of the investment tax credit existed (called the WIR),
whereby a percentage of the investment expenditure was simply re-imbursed, rather than deducted
before taxes. The net effect of this change on equation 2 is simply to replace c; by c¢/t, in the com-
putation of the tax credit.
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Shephard’s lemma implies that the demand for labour equals
1 P >
lnl:1n6+ln0+glny—crln —|—Inp, g— v t—y,t*. 8)
¢

The price equation is based on profit maximization in an imperfectly competitive
market. The price is set as a mark-up over marginal cost

1 1 1 i )
np,=InM+In{— ),

where M denotes the mark-up. The mark-up depends on the price elasticity of
demand, which under homothetic utility® depends on the own price p, and the
foreign competitor price p,. After linearization, the expression for the value
added price becomes:

3
Inp,=lnp,+(1—p,) [1nﬁ+lnc—ln§+ Iny|+p, Inp,.(10)

The term between square brackets equals marginal cost. If w, is zero (foreign
competitor prices do not matter in the long run), p, equals the markup. The firms’
price setting and labour demand equations imply another relationship for the la-
bour income share denoted lis

Inlis=Iné—InM + In (1—(1—0) (&> _U>. (11)
¢

The labour income share resulting from profit maximization falls with the
mark-up and with the relative price of capital if the elasticity of substitution is
less than one.

In equilibrium, the two expressions for the labour income share have to be
consistent. This implies that in equilibrium, unemployment must equal

1
u*=— [X1 InA+ x,Inmp + x,+InM—In¢

X3
—ln(l—(l—G) (13) w)], (12)
c

8 See Nieuwenhuis (1986).
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where a star denotes equilibrium unemployment. This expression shows four de-
terminants of the equilibrium rate of unemployment: the wedge, the replacement
rate, the mark-up, and the relative cost of capital.® The wedge may shift as a
result of changes in tax rates or because of a change in the terms of trade. An
increase in the wedge and the replacement rate push up wage demands and, ce-
teris paribus, lead to an increase in the labour income share lis. However, the
labour income share consistent with firm price and employment setting has not
changed. To maintain equilibrium, the unemployment rate has to rise. An in-
crease in the mark-up and the relative user cost of capital reduce the labour in-
come share consistent with firm price and employment setting. So, the bargaining
labour income share has to fall as well. To bring this about, the unemployment
rate has to rise.

Note that the degree to which the relative capital costs affects equilibrium un-
employment depends on the elasticity of substitution . A rise in the relative cost
of capital always reduces the real wage the firm can pay to still maintain its level
of profitability as measured by the mark-up. This follows directly from the factor
price frontier.!® The issue is how the unions will be induced to accept this wage
cut. Without substitution, we get the standard mechanism of layoffs and unem-
ployment. If there is scope for substitution, firms will also respond by reducing
the capital labour ratio, which over time reduces labour productivity. Since lower
productivity directly reduces union wage demands, there is less need for unem-
ployment to rise in this case. With Cobb Douglas technology, the reduction in
labour productivity exactly matches the reduction in the real wage the firm can
pay. Union wage demands then also exactly match this wage reduction, and there
is no need for increased unemployment at all.

An important difference with other recent labour market theories is that we do
not presuppose a substitution elasticity of 1 as for instance Layard et al. (1991)
and Blanchard and Katz (1997). Available empirical evidence for the Netherlands
does not generally point to an elasticity of substitution close to unity. Our own
estimates in this paper confirm these findings. Blanchard (1997) estimates the
elasticity of complementarity (the inverse of the substitution elasticity). This
yields an upwardly biassed estimate of the elasticity of substitution, see Hamer-
mesh (1993). In the next paragraph we will give some global empirical evidence
that these supply side models are not able to explain the developments in the
nineties contrary to our model which combines the supply side with a standard
labour demand model.

9 Note, technological progress does not have influence on the equilibrium rate of unemployment,
because two conditions hold. First, they do not affect the labour income share resulting from the
bargaining process, because they lead one to one to wage increases. Second, they do not affect the
labour income share resulting from profit maximization, because technological progress is labour aug-
menting.

10 The factor price frontier represents the maximum rate of return that can be paid to capital for a
given real wage level (Bruno and Sachs (1985)).
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3 DATA

Figure 1 shows the 1965-1997 development of the unemployment rate and some
key variables. The top left graph reveals a slow unemployment rate rise in the
60s and early 70s. Its steady increase up to 2.1 per cent in 1973 was hardly
alarming. The first oil price shock at the end of 1973 brought about a jump with
1.5 percentage point up to 3.5 per cent in 1976, while the second oil price shock
in 1979 pushed unemployment even further up to a peak of 9.7 per cent in 1983.
The unemployment rate remained high, while the relative energy price is back to
its pre oil price value after 1986. In 1997 6.6 per cent of labour supply was still
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O S e e 0.6 T —— e
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Figure 1 — Unemployment and some key variables
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involuntary out of work. The other graphs may reveal some insight into the pos-
sible causes.

The top right graph shows that the labour income share is not constant. It
reaches its peak in 1975-1980 with a value of 85 per cent. This indicates a sub-
stitution elasticity between labour and capital considerably less than one. This
opens up the possibility of an effect of the real interest rate on unemployment'!

Looking at the other graphs reveals that none can solely explain unemploy-
ment’s development. Up till 1975, the rising wedge and replacement rate could
explain the rise in unemployment. However the time lags have to be consider-
able, unless the decreasing real capital costs (p,/p,) exert some mitigating influ-
ence. In 1975, the replacement rate had reached an all-time high, and started a
gradual decline that did not come to a halt until 1990. The wedge continued to
increase until 1985 and remained roughly constant afterwards. This development
may explain to some extent why the unemployment level has remained high in
the eighties despite the falling replacement rate. On the other hand, the larger
part of the increase in the wedge occurred already before 1975. Hence it is not
clear given these two variables why unemployment persisted at its high level.
Here the real capital costs come again to the fore. Indeed, in 1990 the real capi-
tal costs had arrived at a level above that of the sixties. This may have caused
the unemployment persistence in the eighties and nineties. The two graphs at the
bottom of figure 1 show that the development of real capital costs is dominated
by movements in the real interest rate.'?

4 ESTIMATION

All data used in our estimations are given in the data appendix. Before estima-
tion, we extend the set of equations given above. First, we introduce the import
price of energy (p,,.) relative to the value added price, which measures possible
productivity effects of the oil price shocks (see Bruno and Sachs (1985)). Since
the oil shock is thought of as an additional productivity shock, we interpret it as
affecting the efficiency parameter 8 in the cost function. We implement this by
replacing 8 by B+ (8,,, + 8,,; 4) Inp,,/p, in the cost function, and thus also
in the price and labour demand equations. Note that, if w, is zero, this relative
import price does not affect the labour income share resulting from profit maxi-
mization, so that the expressions for the labour income share lis and equilibrium
unemployment remain unaltered.

The second extension of the theoretical framework is in terms of the dynam-
ics. For this we use the error correction (ECM) formulation. We impose the re-

11 See equations 12 and 7.

12 The relation between the real interest rate (1 —¢,)r — p; and the nominal rate can at times be
remote. The link is provided by expected inflation. See the data appendix for details about the con-
struction of inflation expectations.
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quirement that the equilibrium derived in the previous section will eventually be
reached.
The dynamic wage equation we estimate is:

Alnw=a ;Alnw_; + (1 —a;) ) Alnw* + A, (Inw* —Inw)_,

+ E B1jA2x1j + 2 'Y1j(Ax1j - Axlj) >

_ (13)
Inw*=Inp, +Inkh+x, InA+ x,Inrp— xsu+x,,

xy; € {Ink, InA, Inrp, uj,

where a star (*) denotes the long run and m the average value of Ax,;. Note,
the constant term has not been included in the short-run equation because it can-
not be identified. To get a good estimate of the constant term of the long-run
equation we have to correct the differenced variables'® for their average values.
This particular formulation ensures that on a steady state growth path Inw will
equal Inw*. The dynamic labour demand equation is written in the same way as

Alnl=oay, Alnl_, + (1 —a,)AInl*+ A, (Inl* —Inl)_,
+ E B2jA2x2j + 2 'Yzj(szj - szj) >

pme 1 pl
Inl*=In(B+(8,,,+8,,,A4) In +In6+-Iny—ocln [{—
p, 3 ¢

—Inwog — vt — .17 (14)

X,; € {ln Pme’ Iny, In (&> s lng}.
py ¢

This formulation ensures on a steady state growth path that In/ will equal In/7*.
Note, the oil price variable has been implemented in the long-run labour demand
equation. The addition in the short-run equation makes it possible to measure
possibly asymmetric effects on productivity and prices. The time trend is not in-
cluded in the short-run equation because its coefficient is hardly identified. The
dynamic price equation is'*

13 We investigated the time series properties of the individual series. We concluded that all varia-
bles are stationary after first differencing. This makes it sufficient to correct only the first differenced
variables.

14 We tried both the import price p,, and the price of foreign competitors on the foreign markets
Py, as indicators of foreign competition.
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Alnp,=a3 Alnp, | +oapAlnp*+(1— a3 —az)Ahp,
+ Ay (Inp*—Inp)_, + 3 ByA%,, + X vy (Axy; — Axy)

prrLe

Inp*=Inp,+ - [ln (B +(8,,, T 6,,,4) In ) +Inc—Iné

1-£

y

+

lny] +p,Inp, (15)

pme
X3 € {ln—, Inc, Iny, lnpfv}
Py

The short-run dynamics have been implemented in a similar way. So it ensures
in a steady state that In p will equal In p*.
So, in a steady state with constant growth rates it will hold that

Inw=1Inw*; Inl=Inl*; lnpy:lnp;’j. (16)

So, our dynamic specification encompasses the non accelerating inflation rate of
unemployment (NAIRU) hypotheses. Moreover our model gives an explanation
of structural changes in the non accelerating inflation rate of unemployment.
We investigated the empirical relevance of the above system for the years
1966-1995. A good preliminary parameter estimate is necessary to get conver-
gence due to the non-linear character of our model. For this purpose we started
with the Engle Granger two step procedure. This amounts to first estimating the
static long-run equations, simultaneously applying the proper cross-equation re-
strictions, and then applying the dynamic system conditional on the long-run static
results just obtained. Next, we followed the ‘from-general- to-specific’ approach.
So, we estimated the whole system in one step, using non-linear 3SLS.'> Then,
we tested restrictions against this general model,'® using the Gallant Jorgenson
statistic, corrected for degrees of freedom (see appendix). These estimates were

15 We used as instruments the constant term, Iny_,, Ina_;, Ina,, In(p,/p,)_,, np,, Inp,_,,
11’1W71, 1npi—17 lnpy—lv 1npy—27 ((1 +]51e)/(1 +(1 _tg)r))—h 8 1n(Pc/Py)—17 _y, Uy,
In(l —sl—td)_, , InA_,, Inrp_,, dum@y, dumly_,, dumi_,, In(p,./p)_,, In(p,/p)_,,
Inm,_,, Inp,,, with m  world trade. The dummy variable takes the value 1 for the period 1966-
1981. Using the Hausman (1978) Wu statistic, we tested on weak exogeneity of competitor prices and
of the import price of energy. Exogeneity was accepted for the first variable but not for the second.
However, the latter result is hardly believable. So, we did not scrap this variable from our list of
instruments..

16 Some authors claim that the wage equation cannot be identified because, as it is derived based
on the firm’s profit function and the union utility and fallback functions, no exclusion restrictions
should be applicable that allow identification. However, in practice, equations like our wage equation
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obtained without adjustment of the first differenced variables for their mean value
(that is the Ax-‘s were not included, see for instance equation 13). This correc-
tion is necessary to get good estimates for the long-run equations. We did not
estimate in one step because some of those variables are calculated during esti-
mation (A In p,/c, Alnc). So, we can only use an iterative procedure to calculate
their mean. So the last estimation result with adjustment of the first differenced
variables for their mean value was obtained conditional on the second-to-last es-
timation results.

Tables 1, 2 and 3 present the results of the four estimation rounds of the whole
dynamic system. The first set, labelled ‘1°, is the result of the Engle Granger two
step procedure. The second set, labelled ‘2°, is the result of the one step overall
estimation. The third set, labelled ‘3’, is the result of imposing restrictions. The
last set, labelled ‘4’, is the result after correction of the first differenced series for
their mean. For each set we present the point estimates on one line and the stan-
dard errors in italics on the line below. No t-statistics should be computed for the
coefficients of the level variables with these standard errors because the distribu-
tion of the estimates is non-standard. However, the t-statistics for the coefficients
of the variables in first differences and of the error correction terms have a stan-
dard distribution.

The estimation result ‘3’ is obtained from the unrestricted equations ‘2’ after
imposing 22 parameter restrictions. The Gallant Jorgenson statistic is x? distrib-
uted with 22 degrees of freedom, if these restrictions hold. Its value
x>(22) =28.2 gives an upper tail areca of 17 per cent, which is not significant.
So, the restrictions are not rejected using a standard significance level. For all
equations we find a good fit. The LM test statistics point to negative autocorre-
lation in the price equation.

The end-result ‘4> does not deviate very much from ‘3’.!7 We shall discuss
this end result further. In the wage equation, we find significant long run effects
of the wedge, the replacement rate and the unemployment rate on the wage level,
confirming the existence of the wage curve. The point estimates indicate that the
elasticities of a wage with respect to the wedge and the replacement rate are 0.28
and 0.29, which is also quantitatively not unimportant. The semi-elasticity with
respect to the unemployment rate is —1.76, which is in line with results found
elsewhere (see for instance Graafland and Huizinga (1999) and references con-
tained therein).

perform reasonably well. This may be because there is only a small contemporaneous feedback of
wages on employment and only little correlation between the error terms, so that the system is almost
recursive. See Bean (1994) for a discussion.

17 We did not test this formally because both models are not nested.
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TABLE 1 - DYNAMIC WAGE EQUATION®
Alnw=(1—a,;)Alnw*+a,; Alnw_, + A (Inw* —Inw)_, +y ,Alnp +vy,Alnk+y;AlnA+ vy, ,Alnmp+ vy, Au

Inw*=1Inp, +Ink+x, InA+ x,Inrp — x;u+ x,

+ B, A2 Inp .+ B,A?Inh+ B, A°InA+ B, A’ Inp + B,5A%

R
equation Alnw* Alnw_, <ln W;) Alnp, Alnh AlnA Alnrp Au A’Inp, A%1Inh A%InA A?Inrp
-1
1 0.52 0.48 0.43 -0.11 0.14 —0.10 0.11 0.42 0.24 -0.19 0.13 —-0.04
0.11 0.11 022 0.11 0.16 0.14 0.10 0.32 0.15 0.24 0.10 0.09
2 0.54 0.46 0.51 0.33 —0.47 0.06 —0.02 0.11 —0.03 0.10 0.02 0.09
0.14 0.14 0.24 0.18 0.32 0.22 0.12 0.52 0.20 0.24 0.12 0.10
30 0.48 0.52 0.52
0.07 0.07 0.12
4 0.54 0.46 0.44
0.09 0.09 0.14
equation A%y X1 X2 X3 Xo R? se LM1 LM2
1 0.59 023 038 1.43 ~0.39 097 0.008
045 0.05 0.04 0.19 0.03
2 0.04 0.00 0.28 0.97 —0.30 0.98 0.007
051 021 0.07 0.58 0.11
39 0.22 0.30 1.69 —0.40 0.96 0.009 0.5 —0.6
0.07 0.06 027 0.05
4 0.28 0.29 1.76 -0.43 0.94 0.011 0.8 -0.3
0.09 0.08 0.35 0.06

»  For notational convenience we do not present the first differenced variables relative to their mean (see equation 13). This correction has been applied only in
equation 4. Estimation sample period: 1966—-1995. We present the Lagrange Multiplier tests against auto-correlation as t-values: LM1 tests against significant first
order autocorrelation; LM2 against significant second order autocorrelation.
®  Galant Jorgenson restriction test statistic: y%(22) = 28.2 (P-value 0.17), post sample test for 1996-1997 x*(6) =5.2 (P-value 0.52).
< Post sample test for 1996-1997 x%(6) = 5.2 (P-value 0.52).
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TABLE 2 - DYNAMIC LABOUR DEMAND EQUATION®

P &
C

Alnl=(1—a,)AInl*+a,, Alnl_; + A, (Inl* —Inl)_, + v, Aln—"+ y,,Alny + y,,Aln—+ v,,Alng
P

N
p}'”E
+B,,A%In

p
+B,,A%Iny+ B,,A? ln:I +B,,A%Ing

¥

pme

1
In/*=1In <B+ (8101 + 85044) In ) +1n9+glny— oln <ﬂ> —Inweg — y,t— v, 1>
c

¥

. > Pone P P P
equation Alni* Alnl_, In— Aln Alny Aln— Alng A?ln— A?lny A?ln— A’lng
L), Py c Py p.
1 0.44 0.56 0.11 —0.03 0.02 0.08 0.11 0.03 —0.06 —0.02 0.39
0.08 0.08 0.07 0.01 0.06 0.06 0.24 0.01 0.11 0.06 0.20
2 0.82 0.18 0.21 —0.02 0.08 0.05 1.24 0.06 —-0.34 0.04 -0.15
0.12 0.12 0.09 0.02 0.19 0.13 0.32 0.03 0.11 0.05 0.18
39 0.49 0.51 0.32 0.49 0.02
0.05 0.05 0.05 0.15 0.01
4 0.52 0.48 0.28 0.51 0.04
0.05 0.05 0.05 0.15 0.01
equation B 0 & o Y1 Y, R? se LM1 LM2
1 0.92 0.69 1.00 0.44 0.014 —0.001 0.85 0.006
0.03 0.02 © 0.07 0.002 0.000
2 0.88 0.71 1.23 0.29 0.015 —0.001 0.94 0.003
0.04 0.02 023 0.18 0.004 0.000
30 0.84 0.75 1.00 0.39 0.014 —0.001 0.89 0.005 -0.5 0.4
0.02 0.02 © 0.07 0.001 0.000
4 0.82 0.75 1.00 0.34 0.014 —0.001 0.88 0.005 -15 -0.5
0.03 0.03 ) 0.08 0.001 0.000

*  For notational convenience we do not present the first differenced variables relative to their mean (see equation 14). This correction has been applied only in

equation 4. Estimation sample period: 1966—-1995. The long run dummy coefficients are presented in the price equation table
®  See note b, Table 1.
9 See note c, Table 1.
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TABLE 3 — DYNAMIC PRICE EQUATION®
A lnP)- =a;A lnp:‘_‘ +anAlnp, +(1—as —an)A lnp_y— 1T A lnp:‘_‘ - lnpy)—l

+ v, A ln%+ VA lne+ vy Alny+ v, Alnp, + 5 A? lnpm
p

¥ ¥

+ B3 A%Inc+ B A%Iny+ B, A%Inp,,

Inp*=Inpy+ (1 - p,) [m (B +(8,,,+8,,,A) In p”’e) +Inc—Iné+ ¢ In y] +p,Inp,
N
: vy Pone Prme
equation  Alnp*  Alnp, Alp, <1n_’> Aln Alnc Alny Alnp, A?In—  A’Inc  A’lny A’lnp,
Py/ Py Py
1 0.38 0.27 035 0.29 0.00 0.01 0.09 —0.08 —0.01 0.09 0.00 0.05
0.13 0.07 0.13 0.1 0.02 0.1 0.11 0.09 0.01 0.12 0.12 0.06
2 0.83 0.10 0.07 0.53 0.01 —-0.72 —0.03 0.18 0.03 0.26 0.10 —0.07
0.16 0.07 0.14 0.10 0.04 0.14 0.21 0.09 0.03 0.11 0.11 0.05
3 0.87 0.13 0.48 —0.48 —0.20 0.03 0.14 0.18
0.05 0.05 0.08 0.09 0.08 0.01 0.07 0.07
49 0.89 0.11 0.42 —0.39 —0.20 0.05 0.08 0.08
0.06 0.06 0.09 0.10 0.10 0.02 0.08 0.08
equation Mo 3 B oy 8., 8,11 R? se LM1 LM2
1 111 1.00 0.92 0.05 —0.05 0.93 0.008
0.03 -) 0.03 0.01 0.01
2 1.50 1.23 0.83 —0.15 0.03 =0.07 0.96 0.006
0.33 0.23 0.04 0.11 0.01 0.05
3® 1.26 1.00 0.84 0.04 —-0.07 0.96 0.005 -5.0 -2.9
0.03 =) 0.02 0.01 0.02
49 121 1.00 0.82 0.04 —0.09 0.94 0.007 —4.1 —2.8
0.04 -) 0.03 0.01 0.02

»  For notational convenience we do not present the first differenced variables relative to their mean (see equation 15). This correction has been applied only in

equation 4. Estimation sample period: 19661995
®  See note b, Table 1.
©  See note ¢, Table 1.
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362 D.P. BROER, D.A.G. DRAPER, AND EH. HUIZINGA

The labour demand and price equations indicate that the substitution elasticity
o is around 0.35, quite different from unity.'® Thus we may expect that the rela-
tive cost of capital will play a role in determining equilibrium unemployment.
The variable for the oil shocks Inp,, /p, turns out to have the expected sign in
the long run: an increase of the relative oil prices which reduces overall produc-
tivity. However, we measure an opposite effect in the short run. The effect of
competitor prices on domestic prices is significant for the short run, but the effect
in the long run is negligible, as w, is around zero. We find, therefore, that the
mark-up of prices over costs is constant in the long run, at about 20%, as u, is
around 1.20. The return to scale parameter £ has been restricted to 1 in the last
round.

A prediction test is used to check whether the model estimated with 1966-
1995 data also fits the post-sample years 1996 and 1997. For this purpose, the
model is estimated for the extended period with addition of dummy variables for
both years in all equations. The Gallant Jorgenson (1979) test was used to test
the hypothesis that the coefficients of the dummy variables are insignificant. The
test statistic was constructed with application of the Anderson correction factor
for degrees of freedom (Kiviet (1986)). This is a straightforward extension of the
Chow prediction test in the classical linear regression model to the non-linear
simultaneous regression model estimated with three-stage least squares. The test
statistic 1S not significant. So, our model passes the extended sample test.

Substituting the estimation results in the last estimation round into equation
(12), we find the following relationship for the equilibrium rate of unemploy-
ment:

0.66
u=016A +0.16 nrp — 0.57 In (1 - 025 (&> )—0.20. (17)
C

With this equation we have constructed Figure 2, using a confidence interval of
two standard errors around the point estimate. The standard errors have been cal-
culated with the TSP analyze command and are conditional on the values for the
exogenous variables in each period. The two standard error interval does not cor-
respond to a standard 95% confidence interval because the distribution of some
of the estimated parameters is non-standard.

The equilibrium rate deviates significantly from the actual rate over a large
period due to large and multiple shocks. However, the adjustment speed is rather

18 Empirical research for the Netherlands points in general to low substitution possibilities. Esti-
mating the long-term relationship for potential demand for labour, Fase et al. (1992) find a substitu-
tion elasticity of 0.068 for the MORKMON model. The CESAM and IBS-CCSO modellers (Kuipers
et al. (1990)) obtained a value of 0.25 in a putty-clay setting. Lever (1993) finds 0.65 when he esti-
mates the equilibrium unemployment rate. The operational CPB (1997) macro model JADE contains
a value of 0.15 for the exposed sector and O for the sheltered sector.
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Figure 2 — Actual unemployment rate and estimated equilibrium unemployment rate (in %)

high. The adjustment speed is determined by the largest (real part of the) eigen-
values, which are 0.51, 0.58 and 0.60.'® This implies that a (static) change in
equilibrium is absorbed for more than 90 per cent in a period of 5 years. The
long standing deviations between the actual and equilibrium rates have to be at-
tributed to structural changes and are not due to slow adjustment. The relatively
fast adjustment speed also implies that our results do not favor hysteresis as an
explanation for the unemployment persistence.

It appears from Figure 2 that the equilibrium rate of unemployment is not
much less volatile than the actual rate of unemployment. This is a consequence
of the fact that, as an endogenous variable, its development depends on exogen-
ous variables like tax rates and the real interest rate. To the extent that these
variables shift, the equilibrium rate shifts too, and at the same time. The actual
rate of unemployment will also show the effect of changes in these variables, but
with a mean lag of several years.?° One important conclusion that arises from
this study is therefore that the old concept of the equilibrium rate of unemploy-
ment as a stable or slowly moving characteristic of the labour market of an

19 These are the eigenvalues of the companion matrix (the matrix of the feedback coefficients) of
the estimated system, that is, they indicate the adjustment speed towards a static equilibrium in which
w*, [I* and p* are exogenous. A full analysis of the adjustment speed would, of course, take account
of the fact that the equilibrium also moves in response to a shock, and would additionally require, for
instance, the dynamic modelling of equilibrium output since output is a major determinant of equi-
librium employment [*. Indeed, a proper analysis of the overall adjustment speed woud require a
fully determined macro model. This is beyond the scope of this paper, although some information on
this topic may be found in CPB (1997).

20 Of course, the actual rate of unemployment is also affected by business cycle indicators, like
fluctuations in demand, that play no role in the determination of the equilibrium rate.
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economy needs to be revised. The equilibrium rate is only stable insofar as its
underlying determinants are stable. Indeed, the concept of a slowly-moving
NAIRU, that forms the backbone of much recent work on inflation forecasting in
the U.S. (see e.g. Gordon (1997)), is void of empirical content in times of rapid
changes in the structural determinants of equilibrium unemployment.

Figure 3 and Tables 4 and 5 give a decomposition of the equilibrium rate for
the years 1966-1995. The period 1966-1975 shows some increase of the equilib-
rium rate. The wedge and the replacement rate are rising but this is largely com-
pensated by the fall in the user costs of capital. The equilibrium rate increases in
the 1975-1984 period. The replacement rate is starting to fall, but the wedge and
the cost of capital rise steadily. The equilibrium rate stays at its high level in the
last period in our sample 1984-1995. The wedge remains on its high 1984-level
but the replacement rate falls. The unemployment rate does not decrease because
of the further increase in the relative user costs of capital in that period. The
mark-up has no effect on equilibrium unemployment since in our estimates it is
constant in the long run.

Table 5 gives a further decomposition of the influence of the user costs of
capital and of the wedge. The fluctuations in the user costs of capital are driven
mostly by the real interest rate. The increase in the wedge is mainly due to the
increase in taxes and social security premiums, with only small effects of the
terms of trade. In comparison with Madsen (1998), our results point to an even
more important role of the real interest rate in the explanation of the develop-
ment of unemployment in the eighties.

10+

post sample
—

equilibrium rate of unemployment

——————— relative capital costs markkup
————————— replacement rate e wedge
'10 1T ] T T 11T 1T [ T T ] T T T T [ L | 1

1966 1970 1975 1980 1985 1990 1995

Figure 3 — Decomposition in the change in the equilibrium rate of unemployment (in %)
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TABLE 4 — DECOMPOSITION OF THE CUMULATIVE CHANGE IN THE EQUILIBRIUM RATE
OF UNEMPLOYMENT FROM 1966 (IN %)

1975 1984 1995 1997
change in equilibrium rate of unemployment 0.7 4.3 5.0 4.0
— relative capital costs —4.3 —-14 1.8 0.8
— wedge 3.1 4.8 4.8 4.5
— replacement rate 1.9 0.9 —-1.6 —1.3
— markup 0.0 0.0 0.0 0.0

TABLE 5 - DECOMPOSITION OF THE CUMULATIVE CHANGE IN THE EQUILIBRIUM RATE
OF UNEMPLOYMENT FROM 1966, THE CONTRIBUTION OF THE RELATIVE CAPITAL
COSTS AND THE WEDGE (IN %)

1975 1984 1995 1997

relative capital costs —4.3 —14 1.8 0.8

— real interest rate -24 0.8 3.7 2.7
— fiscal instruments —-0.3 —-1.1 0.0 0.0
— overall income tax rate —-0.9 —1.1 —-1.0 -1.1
— terms of trade indicator —-0.7 0.0 -0.9 -0.8
wedge 3.1 4.8 4.8 4.5

— terms of trade —-0.3 —-0.1 0.6 0.6
— taxes and social premiums 34 4.9 4.2 39

5 CONCLUSIONS

In this paper we show that the development of unemployment in the Netherlands
over the period 1966-1995 can be explained by a structural model of wage bar-
gaining, labour demand and price setting. Care has been taken to impose homo-
geneity restrictions on the adjustment dynamics that make the model consistent
with a long-run NAIRU concept. The individual equations of this model show
satisfactory explanatory power. Conspicuous results are a low estimated elasticity
of substitution, at 0.35, a significant influence of the oil price shock through its
effect on productivity and a strong feedback of unemployment on wage forma-
tion. Although the feedback to the static equilibrium is fairly fast, it nevertheless
appears that the actual rate of unemployment can deviate from the natural rate
for a considerable length of time.

The structural form of the model allows for a decomposition of the natural
rate into its composite factors. It appears that the rise of unemployment in the
early seventies is an adjustment to an already higher equilibrium rate. The influ-
ence of the increasing wedge between the real product wage and the real con-
sumption wage and replacement rate is cancelled out by a fall in the capital costs.
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The sharp increase in the second half of the seventics and early eighties can be
attributed to increasing capital costs, while the wedge and replacement rate re-
mained considerable. The persistence of high unemployment in the second half
of the eighties and nineties, despite a falling replacement rate, appears to be due
to further rising capital costs. Our analysis shows that the impact of capital costs
on unemployment hinges crucially on a low elasticity of substitution. With an
elasticity of substitution equal to unity, a long-run effect of capital costs on un-
employment would not exist in our model.

Our results are in line with other recent studies, e.g. Blanchard (1997) and
Phelps (1998), in that they all point to a substantial effect of capital costs on
unemployment. We deviate from these studies by identifying the elasticity of sub-
stitution as the main parameter that regulates the importance of this effect. A de-
sirable future extension of our work would be to repeat this analysis in a panel
of countries, to see whether the difference in unemployment performance be-
tween countries can be related to differences in the capital-labour substitution. A
second important extension is to include a description of capital formation into
the model, both to provide a more complete description of the dynamics of em-
ployment and to be able to integrate the dynamic arguments of Phelps (1994)
and Caballero and Hammour (1996) into the analysis.

DATA APPENDIX?!

Definitions and data source (in parentheses??)

g the contractual working time in hours (fte) of employees working in enter-
prises (CBS)

l employment enterprises (CBS)

¢, investment tax credits (CPB)

d; present value of depreciation deductions over the life time of the assets
(CPB)

Py price of foreign competitors on the foreign market (CPB)

p; the price of total investments of enterprises (CBS)

D,, import prices (CBS)

p,  price value added enterprises (CBS)

r long term interest rate paid on government loans (CPB)

rp  replacement rate, weighted average of welfare-, unemployment and disabil-
ity benefits (CPB)

21 On request, the authors can supply both original data and data calculated during estimation such
as the cost variable c¢. The parameters used to calculate these variables are the ones estimated in the
third joint dynamic estimation round, labelled CRS in Tables 1, 2 and 3. The source for the original
data is CPB .

22 CBS: Statistics Netherlands; CPB: Netherlands Bureau for Economic Policy Analysis.
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~
S

tax rate assessed on corporate profits (CPB)

overall income tax rate (CPB)

unemployment rate (CPB)

the average earnings (fte) of employees working in enterprises (CBS)
wedge between the real product wage and the real consumption wage (CPB)
value added enterprises (CBS)

~
0y

R

Aggregation level data

‘Enterprises’ encompasses the market sector, mining and quarrying, housing and
non-market services. The market sector contains agriculture, manufacturing and
transport, construction, trade, banking and other private services. The price of
firms’ investments includes buildings, equipment, means of transport, housing and
infra structure.

Labour market figures
The unemployment rate is defined as the out of work labour force as a per-
centage of the total labour force, with the restriction that only people with a work-
ing week of at least 12 hours are taken into account. Starting point is employ-
ment in full time equivalents according to the ‘Nationale Rekeningen’ (national
accounts) of Statistics Netherlands (CBS). Using the ratio between persons and
full time equivalents from the ‘arbeidsrekeningen’ (labour accounts) of CBS the
labour force in persons has been calculated. Together with the number of persons
out of work from the CBS ‘Enquete BeroepsBevolking, EBB’ (labour force ques-
tionnaire) the total labour force and unemployment rate results. This unemploy-
ment rate deviates from the rate that can be derived with EBB data only. The
OECD unemployment rate figures deviate due to a broader labour force defini-
tion: people working less than 12 hours are also taken into account.

The wedge is defined as the ratio between the total wage bill of firms and
households’ disposable income out of this income source. The replacement rate is
a weighted average of welfare-, unemployment and disability benefits.

The user costs of capital
The definition of the user costs of capital follows from the firm’s optimization
problem

max V,= Z [(1—1¢,) [F(k 1) Py~ Ip]—[1—t,(c;+d)]
k=k_(1=9]p ]+ A —1)n7, (21)

with V the value of the firm and k the capital stock. The user costs definition
follows from the marginal productivity condition of capital, which has to hold in
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the optimum

22

1=1,(c;+d,) =9 aA+p)]_
Fip,=p 1= — P

1-1¢, L+ (1—t)r

with F, the marginal product of capital. Assume a CES production technology,
increasing returns to scale and labour augmenting technical progress. This yields
the minimal cost function of the main text after re-scaling to obtain price indices
with the value one for a certain base year. The effective price of investment goods
is calculated as a weighted average. Figure 4 shows the development of the user
costs of capital.

Expected inflation

The expected inflation also determines the user costs of capital. Assuming an
ARIMA(0,1,2) process for inflation, thus Ap, =€+ 6,e_, + 6,€_,, we get with
1950-1997 data a relation that can be used to forecast inflation. We used a 10
periods ahead forecast of inflation as a proxy of the expected (long term) infla-
tion p¢.

1.2
1.0
0.8
06
0.4

0.2

O R R T e o o S —

1965 1970 1975 1980 1985 1990 1995

Figure 4 — User costs of capital
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APPENDIX: TEST PROCEDURE

post sample performance

We make use of a formal test procedure to judge the post-sample performance.
The Gallant Jorgenson (1979) restriction test statistic for 3SLS is used.?® In the
main text we present the statistics with (GJ_) correction for the degrees of free-
dom. The statistics without degrees of freedom correction are denoted as (GJ).
The correction factor is of the Anderson variety as discussed in Kiviet (1986).
The test statistics are:

k—1

GI=(T+m(Q,—0Q); GJ.= (T+§_T> (Qo— Q)

0=¢€'®z(z2'2)7'72")é

with Q, and Q, the value of the minimum distance function for the null hypoth-
eses and the maintained hypotheses, respectively, S a consistent estimate of the
variance-covariance matrix of the residuals, Z the matrix of instruments, 7 the
number of observations in the original sample, m the length of the post sample
period, k the number of coefficients in the original model, / the number of equa-
tions. The test statistics are y? distributed with degrees of freedom equal to the
product ml, which is the number of restrictions.?* The correction factor aims to
get the right size in small samples.

Restriction test
We make use of the same type of correction. The correction factor is discussed
in Evans (1982). The test statistics are:

k
GI=T(Qo - 0)) ; GJC=(T—;+21I—1><QO—QI>

with Q, and Q, the value of the minimum distance function for the null hypoth-
eses and for the maintained hypotheses, respectively, 7' the number of observa-
tions in the original sample, r the number of restrictions, k& the number of coef-
ficients in the original model, ! the number of equations. The test statistics are y?
distributed with degrees of freedom equal to the number of restrictions r.

23 See Hall (1995) for the way the test can be implemented.
24 The set of instruments is also extended with the dummy variables
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