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Preface

This dissertation has its roots in my recent empirical research at CPB Netherlands Bureau
for Economic Policy Analysis. The focus is on macro econometric modelling - in
particular, on explaining unemployment.

As I look back at the road behind me in completing this thesis, I note with gratitude that
it has been paved with the help of many who deserve mention.

First, I want extend my wholehearted thanks to my wife Bernadette and children Sietske
and Hidde. Time now for more fun!

Some of the papers, around which the dissertation has been composed, were written with
co-authors.

To begin with, I look back with pleasure at the time of co-operation with Peter
Kooiman. Peter has written some seminal papers on macro econometric disequilibrium
modelling. When CPB was invited to join the European Unemployment Project (as a
shadow player), he was asked to advise. Our research effort was published in Dutch as
a CPB research memorandum: "Een Klein Macro-Economisch Niet-Evenwichtsmodel,"
(Draper and Kooiman, 1991). It also lead to some interesting meetings in London and
Paris. An updated version of the paper appears in chapter 2.

Low- and high-skilled unemployment was investigated together with Ton
Manders. He put me in touch with the vexing problem facing applied economists to find
functional forms that are flexible, use only a small number of parameters and satisfy the
theoretical restrictions implied by economic theory. Our research effort, which was
presented at the Congress of the Econometric Society in Istanbul (1996), and the
European Association of Labour Economists (EALE) in Crete (1996), was published in
De Economist (1997) as "Structural Changes in the Demand for Labour." It appears
without changes in chapter 3.

The equilibrium rate of unemployment in the Netherlands was investigated with
Peter Broer and Frederik Huizinga in a supply-side setting. It will be published in De
Economist as "The Equilibrium Rate of Unemployment in the Netherlands." It is
presented here as chapter 8. This paper was presented at the Congress of the European
Economic Association in Santiago de Compostela (1999) and at the EALE in
Regensburg (1999). Moreover, the European Commission has made a grant to use our

approach for different member countries.
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The consumption paper, here reproduced as chapter 7, was written for CPB's MIMIC
model. It was published in DeEcono,nist (Draper, 1994) as "Savings, Pension Rights and
Taxation." A preliminary version of the export paper (Draper, 1996), made for CPB's
model JADE, was published in Dutch as "De Exportmarkt." Chapter 6 on imports, as
well as chapters 4 and 9 on equilibrium unemployment, were written to unify these
papers around the main topic of this thesis: unemployment.

I am most grateful to Theo van de Klundert, who persuaded me to write this thesis,
supervised the study and provided me with useful and concise comments. CPB made it
possible for me to write this thesis by providing me with both additional study time and

partial compensation forthe expenses. Two colleagues atCPB need honourable mention.
The first is Paul de Jongh: without his aid the project would have taken much longer.
Second is Arie ten Cate, whose computer programmes made my work less cumbersome.
I used several of his programmes to analyse complex models, among others, a
programme for eigenvalue analyses.

My colleagues Peter Broer, Jan Donders, Frederik Huizinga, Berend Hasselman, Alex
Lammertsma, Ruud Okker and Herman Stolwijk provided me with valuable comments
on several parts of this thesis. Andre Nibbelink answered my lay-out questions. I
gratefully acknowledge Peter Boswijk of the University of Amsterdam, Jef Plasmans of
the UFSIA-University of Antwerpen, and Simon Kuipers and Elmer Sterken of the
University of Groningen for their comments on, respectively, chapters 5,3 and 8.

Last but not least, my thanks to Jeanne Bovenberg, whose editorial efforts helped to
make this book more readable.

Nieuwkoop, 19 June 2000
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1 Introduction

During the last twenty five years, many people in the Netherlands have experienced
involuntarily unemployment. It has hit more people than the official unemployment
figures suggest, due to a continuous in- and outflow from the unemployment stock.

Unemployment implies losses in welfare and well-being. These losses are of course most
severe for the unemployed themselves, as unemployment benefits only partly replace lost
income. However, the expenses ofunemployment benefits are charged to the employed,
who raise the funds for this social security system, and so feel to some extent the implied
welfare losses, too. This may be one of the reasons that unemployment is a commonly
perceived problem, and as such will be the focus of this book. But, treating all its aspects
is outside the book's scope. We will therefore restrict ourselves to examining the
macroeconomic reasons for being out-of-work in the Netherlands.

Figure 1.1 The unemployment rate
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8-          / aX   8-\-
6- 6-

4- 4--=-/
2-  A   ------ high skitted-- .-i - macro -  low skilled
0 '''.% , '.1,'',1, ''1,1,,1,1''I ''''I'' 0 ) ' . . . .1. . . .1. . . ,1. . . .1, ' . 'j
1960 1965 1970 1975 1980 1985 1990 1995 1969 1975 1980 1985 1990 1995

Figure 1.1 shows the development of unemployment  in the period 1960-1997.  The
picture reveals a slow rise in the sixties and early seventies. Its steady increase from only
0.5 percent of the labour force in 1961 up to 2.1 percent in 1973 was hardly alarming.
The first oil price shock at the end of 1973 brought about a jump of 1.5 percentage
points, up to 3.5 percent in 1976. Economists did not immediately know what to do. A
traditional Keynesian demand-pull policy as a remedy was hardly advisable in a situation
with accelerating inflation: But the diverse opinions resulted in increasing government

At the beginning only a few economists perceived that unemployment was caused by too high a
wage instead of insufficient demand. Peters (1987) gives Van de Klundert (1974) together with Den Hartog
and Tjan ( 1976) credit for initiating this switch in policy advice in the Netherlands. Their shared vision was
settled in Den Hartog et al ( 1975).
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deficits, indicating a Keynesian demand policy. The second oil price shock in 1979

pushed unemployment even further up - to a peak of 9.7 percent in 1983. But the
development was even worse for low-skilled labour. In the seventies, low-skilled
labour's unemployment rate was already two times as high as that for high-skilled labour
(see Figure 1.1). The rise of 8 percentage points, as opposed to a mere 4 for high-skilled
labour, hit low-skilled labour hard. Wage moderation as a remedy for low- and high-
skilled unemployment was in the early eighties more a matter of common sense among
economists and politicians: Substantial cutbacks in the social security programme
followed, which should have had a moderating effect on wages.3 However, the
unemployment rate remained high. Its 1997 level of 6.6 percent was still unsatisfactory,
and pointed to unexpected persistency. Looking back over the last thirty years, oneis
most struck by the uncertainty surrounding the choice of the right policy at the
beginning, by unemployment's bias towards low-skilled labour over the whole period,
and by unemployment's persistency at the end.

This leads us to the three main questions of this thesis, namely:
1. Which macroeconomic policy is most effective to reduce unemployment in the

short run?

2.  Why did unemployment hit low-skilled labour so much harder?
3. What explains persistent unemployment?

These three questions will be addressed in parts I, II and III of this book. Here follows
a short outline of the arguments.

Part I Which macroeconomic policy is most effective to reduce unemployment in the
short run?

Because wages and prices are rigid in the short run, a demand policy is in general most
effective to remedy unemployment in the short run. However, we have to know whether
the production capacity is sufficient to fulfill a demand increase. If this is not the case,
demand stimulation results in inflation without real effects. Insufficient demand will
bring about a low capacity utilisation rate. Thus, the time series of the capacity utilisation
rate will provide us with a first indication. However, it gives no idea about how fast a
demand shortage will turn into a capacity shortage after a period of demand pull.
Moreover, it yields no insight into the employment consequences of such a policy.

2 See for instance: Donders and Graafland (1998). The central organisations of employers and
employees shared the opinion of wage moderation as main policy instrument for unemployment reduction
since 1982.

1  Reduction  of the wedge   was not possible  due  to the government' s large debt caused  by  the

Keynesian demand policy.
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To get a grip on these questions, we need a structural time-series model. This model has
to describe demand and supply on both the goods market and the labour market.
Disequilibrium in these markets implies insufficient, short-run price sensitivity with
respect to excess demand and supply. Assume, to clarify matters, price and wage rigidity
for the period considered. Then, four regimes result for the individual firms (see for
instance Malinvaud, 1977). In the "Repressed Inflation" regime, firms meet a labour
supply shortage and excess goods demand. In the "Classical Unemployment" regime, a
production capacity shortage is accompanied by excess labour supply. A goods demand
shortage coupled with excess labour supply is called the "Keynesian Unemployment"
regime. The "Under-consumption" regime is characterised by insu fficient goods demand
and insufficient labour supply. Aggregation over the micro markets results in the
macroeconomic disequilibrium model. All four regimes figure in this macro model. This
model is suitable for time-series analyses, due to the model's relative simplicity.

This disequilibrium model is well known in the economic literature: This branch of
literature starts with the work of Barro and Grossman (1971, 1976) and Malinvaud
(1977). Early empirical work in the field of applied macroeconomic disequilibrium
modelling is from Kooiman and Kloek (1979,1985). A somewhat simplified version of
this model has been estimated for a number of European Union countries. These studies
are collected in Drdze and Bean (1990a, 1990b).Ourworkisinlinewiththe latter study.

Our modelling effort presents us with several important insights for the Netherlands.
Classical Unemployment seems to be, roughly speaking, just as important as Keynesian
Unemployment from 1974 onwards. Thus, there is insufficient demand for labour's
output, but also insufficient capital to get full employment. Then, a reduction of the tax
burden should have been an obvious policy measure. However, some years have a more

distinctive regime partition. The estimation results point to a predominance of the
Keynesian Unemployment regime in the years 1975, 1979-1986 and 1993, while

Classical Unemployment is the main characteristic for 1978, 1989 and 1997. The
estimation results point to an economy tending towards a situation ofRepressed Inflation
in the year 1997. Although all the regimes figure at the aggregated level, the regime with
the largest fraction is most important. Simulations with the model point to strongly non-
linear effects. This implies that demand stimulation beyond the point of full utilization
of the production capacity seems highly counterproductive, because the minimum
condition holds at the aggregated level approximately too.

To summarise: in order to get an answer to our research question - asking which is the

4 A review article on non-clearing markets is Benassy (1993).
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most effective remedy for unemployment in the short run - we have constructed a
disequilibrium model to characterise the business cycle situation. Although both
Keynesian and Classical unemployment may figure at the macro level, we conclude that
economic policy must be directed at the predominant regime. However, we found, too,
that after a demand-pull period, a goods demand shortage may rather soon convert into
a supply shortage, which makes a policy directed at reinforcing demand and supply most
effective.

Part II Why did unemployment hit low-skilled labour so much harder?

The educational level of employment has dramatically changed in the Netherlands.
Labour demand has shifted away from low-skilled toward high-skilled labour. The
causes will be investigated in part II of this thesis. We focus on the role of changes in
technological progress and the consequences of wage inflexibility at the lower tail o f the
income distribution due to institutional factors.

A flexible functional form for the production function, proposed by Diewert and Wales
(1987), the Symmetric Generalised McFadden costfunction, is estimated for the exposed
and sheltered sectors. The estimates are based on time-series data for the period 1972-
1993.

The results point to labour-saving technological change as an explanation for the
displacement of low-skilled workers. The computed elasticities suggest that substitution
between labour as a whole and capital is small. However, substitution between low- and
high-skilled labour is relatively strong, especially in the sheltered sector.

To summarise: the study identifies two causes of crowding out of low-skilled labour:
skill biassed technological progress and a relative wage increase of low-skilled labour.
The implication is that full employment of low-skilled labour can be restored by relative
wage moderation. The obtained high substitution elasticities between low- and high
skilled labour suggest that the relative wage decline can remain rather limited.

Part III What explains persistent unemployment?
Wage moderation as a remedy for unemployment has been a matter of common sense
since the early eighties. Substantial cutbacks were made in the social security
programme. This should have a moderating effect on wages, by which full employment
should have been restored. However, the unemployment rate was still high in  1997. Why
didn't unemployment disappear?
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To answer this question, we found a structural macro econometric model to be most
appropriate. Two reasons come directly to mind as arguments for the decision to use such
a model. First, we have seen quite a range of different explanations for unemployment
over the last 25 years. Unemployment has been attributed to the following: demand
shortages; insufficient production capacity; too high a price for oils; increases in the tax
burden and high unemployment benefits. None of these factors alone has been able to

explain unemployment fully. A more modest role for each ofthem, as in a macro model,
thus seems in order. Second, the cause and effect of unemployment will not be directly
related. More complicated economic mechanisms will underlie such a relation. A
structural macroeconomic model is then most appropriate.

Let us give a rough outline of the model.6 The demand side of this model is an open
economy variant of the Keynesian multiplier model (cf. Dornbusch, 1980), and the
supply side is of the "right-to-manage" variety (cf. Nickell and Andrews, 1983). Assume
that firms set prices on the basis of their production costs, using a mark-up for their
normal profits. They produce with labour, capital and imported goods. Factor demand
is determined by total sales and relative factor prices. Firms' total sales consist of exports
and domestic expenditures. The relative export performance is determined by
competitiveness. Thedomestic expenditures are a fraction ofthe national product. Wages
are the outcome of a bargaining process between firms and unions. Real wages will
increase with labour's productivity, but also with the wedge (the ratio between firms'
labour costs and households' disposable income) and the replacement rate (the relative
benefits forpeople outof work). Real wages will be lower at higher unemployment rates.

The equilibrium rate of unemployment is explained in this model by a reduced-form
supply and demand schedule. The supply schedule is a positive relation between
employment and real wages. It states that effective labour supply increases if real wages
rise. This supply schedule may shift up or down according to five exogenous factors. If
the wedge or the replacement rate increases, effective labour supply decreases at a given
wage rate. If the labour force or interest rate increases, the effective labour supply

increases. The influence of mark-up changes can not be determined on a priori grounds.

The demand schedule is a negative relation between employment and real wages. If

5 See, for instance, Bruno and Sachs (1985).

6 Chapter 4 gives a more comprehensive outline of the econometric model, using a log-linear core
model. This method to investigate difficult, economic systems is popular in the Netherlands due to the work
of Schouten (1967). Van de Klundert ( 1982) uses the method to study employment in an open economy.  This
study has clear interfaces with present study. Blanchard and Fischer ( 1989) use the same methods to study

convergence to the steady state of models with rational expectations.
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wages rise, prices will follow, undermining competitiveness, which leads to fewer sales
and less employment. This demand schedule will shift up or down according to three
exogenous factors. A rise in the interest rate and a decline in world trade decreases
effective labour demand at a given wage rate. The influence of mark-up changes cannot
be determined on a priori grounds. A disaggregated version of this model has been
estimated.

Let us sum up our main results: First, it appears possible to model the long-run
according to the above given theoretical structure. Our econometric model thus has a
long-run equilibrium solution for the unemployment rate. The main determinants of this
equilibrium unemployment rate are the wedge, the replacement rate and the real interest
rate. Our econometric exercise teaches us that the equilibrium unemployment rate
increases by about 0.16 percentage point if the wedge or replacement rate increases by
1 percent. A nominal interest rate increase of one percentage point leads to an
equilibrium rate rise of 0.56 percentage point, while an increase of expected inflation
with one percentage point lead to a decrease of unemployment with 1 percentage point.
The mark-up has been constant in the past. This variable therefore gives no explanation
for the unemployment development.

Second,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 influence of the
increasing wedge between the real product wage and the real consumption wage and
replacement rate is cancelled out by a fall in the real interest rate. The sharp rise in the
second half of the seventies and early eighties can be attributed to an increasing real
interest rate, while the wedge and replacement rate remained sizable. The persistence of
high unemployment in the second half of the eighties and nineties, despite a falling
replacement rate, appears to be due to a further rising real interest rate. Our analysis
shows that the impact of the real interest rate (and other capital costs) on unemployment
hinges crucially on alow elasticity ofsubstitution. With an elasticity of substitution equal
to unity, a long-run effect of capital costs on unemployment would not exist in our
model.

Third, other exogenous variables may have influence on the equilibrium
unemployment rate too; for instance: labour supply; labour time; world trade; import
prices and export prices. However, these effects cancelled each other roughly out over
the period 1966 up to 1997. We come to the conclusion that an additional increase in

7 Helliwell (1988), Bean (1994), Jackman et al. (1996) and Blanchard and Katz (1997) survey the
empirical literature on unemployment persistency, which is set up along similar lines. See also Layard et al.
(1991). Note that most articles have a partial- or reduced-form character, contrary to our study.
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labour supply is absorbed for more than 90 percent in the long run. This means that the

growth rate of the Dutch economy is mainly driven by the labour supply development
(apart from technological progress). Although the Dutch economy is a small open
economy, its long-term activity level is thus not dominated by world trade, the import
prices or competitor prices. Labour time reductions have little influences on the
equilibrium unemployment rate. Labour time reductions brings about mainly income
losses and with that a decline of the material consumption possibilities.

Fourth, we find evidence for the influence of energy prices on productivity.
However, these effects have no long-run influence on unemployment, just as all
productivity shocks.

Some important mechanisms are not included. First, proponents of the vintage model
point at a rather rapid obsolescence ofnon-profitable production capacity whenever real

wages increase. However, a recovery of profitability need not lead at the same rate to a
recovery of capacity, because other mechanisms may play a role. Den Hartog and Tjan
(1976) are proponents of this line of thought. They used a clay-clay vintage model to
make their point. Second, skill-biassed technological progress may bring about

persistency. The argument is that skill-biassed technological progress has led to an
increase in the unemployment of the less-skilled and to overall unemployment due to
wage inflexibility at the underside of the income distribution.

To summarise: to explain persistent unemployment, we built a small macro econometric
model. The wedge, replacement rate and real interest rate are the main determinants of
the equilibrium unemployment rate. The accelerating inflation initially increases firms'
ability to pay in the seventies. The consequences of the real labour cost increases (due
to a rising wedge and replacement rate) remained hidden a long time. The second oil

price shock revealed the problems. The replacement rate declined in the eighties.
However, the rather fast decline in the inflation rate did rise the real interest rate which
did have negative consequences for the ability to pay of firms. This resulted in a slow
adjustment of the actual rate to the equilibrium unemployment rate. So our model

explains the unemploymentpersistency, in spite of the replacement rate reductions, from
1979 through the increase of the real interest rate.

Preparatory studies
Part III of this thesis contains several empirical studies, joined together in one macro
econometric model, which is presented in the last chapter of this thesis. This model is
used to get an answer to this part's main topic "unemployment persistency." However,
these separate studies present us with several additional important insights. They report
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research on exports, imports, consumption, wages, prices and factor demand. These
studies were originally independent, single studies, which now have been brought
together around one topic in this thesis. To do value to their original intention, we will
briefly summarise each of them.

Using new dynamic system estimation methods, we have obtained significant new
insights into the working of the export market. First, we find a large price elasticity of

demand, contrary to most Dutch export studies. Second, the estimation results point to
price-setting behaviour. They suggest that cost-price changes are fully passed on to
prices. This clashes with traditional insights. Third, a significant home pressure of
demand is found. Excess capacity leads to an increase in exports without price
concessions. Indeed, capacity effects are relevant for export performance:

The chapter on imports fits into the international discussion concerning why the
aggregated demand curve approach, which explains imports by economic activity and
relative prices, suffers from persistent empirical problems, including parameter instability
and a dependence on unexplained trends. Using a new trade model,' this chapter reveals
that the traditional 'demand curve', because it is insufficient restricted, may result in
parameter instability. The unrestricted demand curve may consist of two different
observable long-run relations. The first equation relates the import share to the relative
import price. The second relates the import share to both domestic production and the
relative number of products. Only one of these long-run relations may have an impact
on the short-run importequation. Including both equations leads to parameter instability.
The paper explains import penetration by the relative price development. Imports are
proportional with domestic production ifdomestic and foreign prices change at the same
rate.

The consumption chapter shows that the voluntary saving rate has declined in the Nether-
lands over the last thirty years. To explain this development, we use the rising share of
transfer income, with a high propensity to consume, in totalincome, simultaneously with
the increase in collective pension schemes. Furthermore, the influence of taxes is
modelled. The planning horizon of the representative consumer is treated as a parameter
to be estimated. The planning horizon obtained (about 4.5 years) appears to be short

8 This chapter on exports is related to the international discussion on how to get rapid export growth
without a severe deterioration of the terms of trade (Riedel, 1988, Muscatelli et al,  1995).

' See Krugman ( 1991 ).
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compared to expected residual lifetime, implying rather low interest elasticities.'0 The
estimation results indicate that in case the obligatory pension schemes are diminished the
representative consumer offsets the loss in pension benefits by 75 percent through
voluntary, additional accumulation of non human wealth. The working of the model is
illustrated by simulation experiments.

The chapter on wages, prices andfactordemandgivesthe supply-side explanation of the
equilibrium rate of unemployment. It 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 in this
partial equilibrium model the three majordeterminants ofequilibrium unemploymentare
the wedge, the replacement rate and the real interest rate. The rise in unemployment in
the 1970's and early 1980's was due mainly to a rise in the first two factors. That
equilibrium unemployment remained high when tax rates and the replacement rate were
reduced in the 1980's and early 1990's is due to the rise in real interest rates during this
period. This study, especially its partial character, has been criticised by Kuipers (1999).
He maintains that the development of a full-fledged macroeconomic model for the
analyses of the natural rate is inescapable. Integrating this partial study into the macro
model developed in part III meets this criticism.

Econometric method
This study uses co-integration methods. These methods are characterised by their
attention to the long-term properties of time series, by which the long-term elasticities
are more properly estimated. Moreover, it differentiates between stationary variables and
trended variables. Obviously, trended variables cannot by themselves explain stationary
variables, while stationary variables cannot explain trended series.

At present, the estimation procedures for dynamic, non-stationary time-series models are

fully developed only for linear models. Only the exports and imports model are linear.
So, we could use the Johanson (1995) procedure to determine the long-run relation. The
structural error-correction models for exports and imports were obtained along the lines
of the Hendry philosophy using PCFIML (Doornik and Hendry, 1994).

The other relations are non-linear. In estimating the disequilibrium model and the
consumption equations we have used the Engle-Granger(1987) two-step procedure. This

10 Our model contains a short, moving horizon. This could be converted into a standard life cycle
model with a much larger time preference rate.



10                                                                                 Chapter 1

has been a generally accepted method until recently. Indeed, it gives biassed estimates
in small samples, but they are consistent, and their convergence speed to the true values
is rather large. However, the small sample problems may be rather severe. More recently,
therefore, the literature has advocated one-step procedures that estimate simultaneously
the long-run and the dynamics. However, we investigated the performance of the Engle
Granger method for the disequilibrium model by comparing the long-run parameter
estimates for the original sample and the extended sample and found nearly the same
results. Moreover, investigating exports and imports, we found that the two-step
procedure appeared to behave handsomely- providing a first indication of the relevance
of theoretical models or of eventual structural breaks in those relations.

Estimating the supply block, we used, apart from the Engle Granger two-step procedure,
also the one-step procedure. Contrary to the Johanson procedure for linear models, we
used a more partial approach, such as the one proposed by Boswijk (1992).

The interested reader can find a non-technical introduction in co-integration analysis in
Ten Cate and Draper (1989), and Harris (1995). Other interesting literature in this field
are Franses (1998), and Doornik et al (1998).



Part I Which macroeconomic policy is most
effective to reduce unemployment in
the short run?



2     Unemployment in a small macroeconomic
disequilibrium model

2.1 Introduction

This model distinguishes a goods and labour market; for both markets demand and
supply are separately modelled. Friction brings about a transaction level below demand
and supply. Then, both unemployment and vacancies exist simultaneously on the labour
market, just as capacity underutilisation and excess demand exist on the goods market.
There are spillovers between both markets: insufficient labour supply diminishes
production, while insufficient goods demand decreases employment.

Firms may be in one of four different regimes (Malinvaud, 1977). In the
Repressed Injlation regime, firms have a labour supply shortage and excess goods
demand. In the Classical Unemployment regime, a production capacity shortage is
accompanied by excess labour supply. A goods-demand shortage coupled with excess

labour supply describes the Keynesian Unemployment regime. The Under-consumption
regime is characterised by both insufficient goods demand and insufficient labour supply.

The distribution of firms over the different regimes characterises the business

cycle situation. This regime partition (implicitly observed by Statistics Netherlands
(CBS) in their business surveys) is endogenous in our model. We estimate the model
with 1954-1986 data, and use simulations to illustrate how the model works. Post-
sample performance, investigated for the years 1987-1997, results in some modest
adjustments.

This study presents us with some important insights. First, shocks may have different
effects on the economy, depending on the business cycle situation (regime partition).
Second, a goods-demand shortage was predominant in the years 1979-1985. Third,

capacity restrictions become rapidly relevant after demand stimulation. After 1985,
capacity restrictions  are just as important as demand constraints.  In   1997, insu fficient
capacity demand for labour is even the most important reason for unemployment.

We start this chapter in section 2.2 by discussing a simple method for aggregation over
micro markets that are not in equilibrium. In section 2.3 we elaborate on the theoretical
disequilibrium model. We make the model suitable for time-series analyses in section
2.4. The estimation method is explained in section 2.5, after which we estimate the model
in section 2.6. The working of the model is illustrated with simulations in sections 2.7
and 2.8, using a small macro model to make the exogenous variables of the estimated
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model endogenous. The post-sample performance is studied in section 2.9. We sum up
the main conclusions in section 2.10.

2.2   Aggregation over micro markets

Using the method of aggregation over micro markets, we derive the macro model of this

chapter. Assume that an aggregated market, for instance the labour market, consists of
a large number of separate sub-markets. On all these micro labour markets i the
transaction level ai (employment) is determined as the minimum of demand aol; and
supply as,  .  a, = min{adi, as,}. Knowing the demand and supply distribution over the
sub-markets, we can derive aggregate employment. A continuous relation between macro

employment and both macro demand and supply of labour results, starting from a
continuous distribution function. Starting from independent, identical Weibull demand
and supply distributions, we obtain a CES-type transaction equation" (Den Broeder,
1983, Gourieroux et al., 1984)

a=  (ad -p  +  as-p)-"p  ,            p> 0, (2.1)

in which suffix i is omitted to indicate aggregates. We will use these CES-type
transaction equations because of their relative simplicity.

The properties of relation (2.1) will now be summarised:
•  Friction, i.e. incomplete adjustment of supply and demand, on the sub-markets

leads to a macro employment level strictly below both macro demand and macro

supply (figure 2.1). The dispersion of micro excess demand and supply
determines the size of the macro frictions. Both unemployment a/as < 1 and
unfulfilled vacancies a/ad < 1 are phenomenon at the aggregated level.

Transactions are determined mainly by the short side of the market: if
demand is small relative to supply, then employment is determined mainly by
demand; if supply is small relative to demand, then employment is determined
mainly by supply. So, demand and supply are the asymptotes of the transaction
curve in figure 2.1.

"  A formal derivation js given in appendix c. A log-normal distribution ofdemand and supply brings
about the Kooiman and Kloek (1979) transaction equation, which was used in the CPB model Freia-Kompas.
Lambert (1988) has shown that CES functions approximate very well transaction equations based on log-
normal distributed demand and supply.
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Figure 2.1 Demand, supply and transactions on the labour market
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• Transaction equation (2.1) can be written as arelation between the unemployment
rate u and the vacancy rate v

1     =   (a/as)"    +   (a/ad)"         or         1     =   (1  -u)0    +   (1  -v)P . (2.2)

This relation has been drawn for different values of p in figure 2.2. It reveals p as
a friction parameter, also called the mismatch parameter. A given unemployment
rate coincides with a larger vacancy rate, and thus a largermismatch, if p declines.
We derive from equation 2.2 if p - oo, then a min(as, ad).12 This implies that the
minimum condition holds at the aggregated level. too, if there is no friction.

If macro demand and supply are equal, this results in a friction
unemployment rate, which we call the "structural unemployment rate at
equilibrium"

sure =1- 2-14 (2.3)

This relation follows directly from (2.2) in case u=v= sure. If p - oo, then

sure - 04 that is, the friction unemployment rate becomes equal to 0.
•    Labourdemand or labour supply determines employment at the sub-market level.

At the aggregated level, demand determines employment only in a fraction of the
markets, while supply determines employment in the other markets. The fractions
can be calculated unweighted, or weighted according to the contribution to the
aggregated transaction level. In appendix c we prove (like Lambert did for log-
normal distributions in 1988) that the demand and supply elasticities of
employment are equal to the weighted fractions micro markets with, respectively,
excess supply and excess demand.

The weighted fraction micro markets with excess demand (supply
determines the transaction level) is

Ps = (alna/ainas) - (-i)P . (1 - u)p
(2.4)

as

Let us look at two extreme situations to uncover the intuition behind this relation.
A labour supply increase will have no influence on employment if there is no
market (Ps = 0) with a labour supply shortage. On the other hand, a labour supply
increase will lead to a one-to-one rise in employment when all markets are
characterised by a labour supply shortage (Ps =  1). The unemployment rate is a
sufficient measure for the weighted fraction micro markets with excess demand,
given our distribution assumptions.

12 The smallest ratio goes to zero, while the other goes to one by which the identity still holds. This
result implies the minimum condition.
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The weighted fraction micro markets with excess supply (demand
determines the transaction level) is

Pd - (Blna/Dinad) = (-a-)p = (1 - v)p .

(2.5)ad
An increase in labour demand willlead to a one-to-one increase in employment,
when all sub-markets have a labour demand shortage (Pd = 1), while the labour
demand elasticity ofemployment will be zero in case of excess labour demand in
all markets (Pd = 0). The vacancy rate is a sufficient measure for the fraction
markets with excess supply.

We obtain Ps + Pd = 1 from (2.2), (2.4) and (2.5). This last property
follows also directly from Euler's theorem, because transaction equation (2.1) is
homogenous of degree one, in as and ad.

•    If demand and supply depend on variable x, so that ad = ad(x) and as = as(x), then
the x-elasticity of employment equals

Eq, = (alna/alnx) =

= (alna/alnas)(alnas/alnx) + (alna/alnad)(alnad/alnx) -
(2.6)

= Ps.E + Pd E
as  adi .

For instance, the wage elasticity ofemployment is a weighted average of the wage
elasticity of demand and supply, weighted by the regime fractions.

The same procedure can be used if we look simultaneously at two aggregated markets:
the labour and the goods markets. However, explicit aggregation will now rather soon
bring about unmanageable macro transaction equations. Therefore, we have to restrict
ourselves to a very simple micro picture. Figure 2.3 presents the behaviour of an
employer at the micro level. Point (ap„ YP,) is the full capacity situation: api is notional
(read: optimal, unrestricted orpotential)labour demand andyp, is notional goods supply.
Technology in the short-run is fixed - which means that capacity output and capacity
employment are well-defined quantities. The straight line between this point and the
origin presents the reaction schedule of the employer in case of labour supply shortages
or lack of goods demand. Thus, at the same time the line embodies the effective (read:
restricted) labour demand function ayd, = h,-'yd, and the effective goods supply
function, yasi = hease with yd, as goods demand, as, as labour supply and hi as labour
productivity.

Assume that firms maximise profits. We can then prove that both reaction
functions - which coincide here - intersect the full capacity point (ap., YP,), the point
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Figure 2.3 Three micro regimes
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at which the restrictions just don't hold.13 This leads to three possible regimes for an
individual firm, and to three regimes at the aggregated level, characterised by capacity
bottlenecks and sufficient labour supply (Classical Unemployment, CU), by goods-
demand shortages and sufficient labour supply (Keynesian Unemployment, KU) or by
lack of labour supply but sufficient goods demand (Repressed Inflation, RI). Minimum
conditions determine the transaction levels at both markets. As is easy to verify, this
brings about the following two relations

Y i   =   min(ypi,  ydi,  yas) , (2.7)

ai = min(app ayd, as;). (2.8)

Demand, capacity or labour supply determine the transaction level. Dividing (2.7) by
labour productivity hi. yields directly (2.8), because

Y,lai= ypilap, = yasilas; = yd,layd,= h,

I 3 When effective labour demand does not go through the full capacity point. it can be above or
below. Let us look at both possibilities. First, assume that effective labour demand at the full capacity point
is smaller than notional labour demand (ayd  = h -'yp  s  ap). This contradicts the starting point that notional
labour demand is profit maximising. Second, assume that effective labour demand at the full capacity point
is larger than notional labour demand. This contradicts the assumption of profit maximisation of the firm,
because a cheaper technology is evidently available. The same type of reasoning results in the conclusion that
effective goods supply and capacity coincide at the full capacity point when labour supply equals notional
labour-demand.
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in this simple model. Let us assume that the distribution of hi is independent of yp, yd,
and yas,; moreover, assume that the latter three variables are independent, identical
Weibull-distributed across the population of micro markets. We then get the next CES-
type of macro transaction equations (a formal derivation is given in appendix c )

y - (yp-P + yd-p + yas P)-UP , (2.9)

a  =  (ap-P  +  ayd-P  +  as -0-'*  ,                                                                         (2.10)

in which aggregates are again indicated by omitting the suffix i. Highly restrictive
assumptions are necessary to derive equations (2.9) and (2.10). The independency of h,
for all firms implies yas = h. as and ayd = h-'yd, with h productivity at the aggregated
level. The effective goods supply and labour demand lines cross the macro capacity
point. Using » = yplap = yaslas = ydlayd = h for the aggregates, we gety = h.a instead
of equation (2.9). We conclude that analysing the goods market will not present us with
insights other than those we gleaned from analysing the labour market. Modelling one
of either of the markets is sufficient. Sneessens and Dr8ze (1986) restrict themselves for
this reason to the transaction equation for the labour market. We will relax these
restrictive assumptions here in our empirical work. We will now summarise the
characteristics of the labour market transaction equation (2.10).

•   Employment is strictly less than potential employment, effective labour demand
and labour supply: a/ap< 1,a/ayd< land a/as< 1. Determining transactions, the
short side of the market is the main determinant of the transaction level, because:
if   aplas   -   =   and   aydlas   -   9.   then   a   -    as    ,

if   ap layd    -=and   as layd   -   =   then   a   -    ayd,

if   ayd/ap   -   -and  as lap   - 99 then a - ap
So, potential employment, effective labour demand and labour supply are the
asymptotes of the transaction level.

•   Rewriting the employment equation, we obtain a relation between the utilisation
rate (q), the unemployment rate and relative excess demand:

1 - (a/as)P + (alayd)P + (a/ap)" =

- Calasy + (ylydf + 6,typy = (2.11)

=  (1   -  u)B   +  0/yd)p  +  q P.

Figures 2.4 presents this relation for p equal to 20 and 30, respectively.
Comparison of the two figures reveals again the interpretation of p as a friction
parameter. A smaller value of p, coupled with a fixed unemployment rate and
utilisation rate (for instance, x and z in figure 2.4), results in a rise of excess

demand (y in figure 2.4). We further conclude from (2.11) if
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Figure 2.4 Unemployment, capacity utilisation and excess demand
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p - = then a -  min(ap, ayd as). If effective demand (ayd), potential demand Cap)
and supply (as) are equal at the aggregated level, then the friction unemployment
rate results in

sure   =   1   -  3- lip
. (2.12)

If p - oo, then the friction unemployment becomes 0.
• The weighted fraction micro markets with labour supply shortages but with

sufficient goods demand (Repressed inflation, RI) is

P= = (alna /alnas) = (-f-y = (1 - u)P . (2.13)as

The weighted fraction micro markets with goods-demand shortages and sufficient
labour supply (Keynesian unemployment, KU) is

PKU - (81na /alnayd) = (-8-)P - (1-)p (2.14)
ayd     yd

The weighted fraction micro markets with production capacity shortages but with
sufficient labour supply (Classical unemployment, CU) is

Pcu  =  (81na  /8lnap)   -  (-a-)1'   -  q" . (2.15)
aP
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We obtain PRI + PKU + PCU = 1 from (2.11) and (2.13) up to (2.15). This property
follows also directly from Euler's theorem, just as before. CBS implicitly
observes the regime fractions PRP PKU and Pcu in the business surveys. This
yields, in principle, the opportunity to express the latent variables as effective
labour demand, and potential employment as a function of this survey data and
employment, at least for the industry. So, one could use up-to-date information
about the business cycle situation (observed four times a year and published

by CBS).
•   If potential employment, effective labour demand and labour supply depend on

variable x (thus: ap = ap(x), ayd = ayd(x) and as = as(x)), then we obtain for the
x-elasticity of employment

Ea, - (ana/Blnx) -

- (alna/alnas)(alnas/alnx) + (alna/alnayd)(alnayd/alnr) +
(2.16)

+ (alna/alnap)(alnap/alnx) =

= PR3*Eoi.x + PKU-Egyd.x + PO}'Eop.* '

For instance, the wage elasticity ofemployment is a weighted average of the wage
elasticity of both labour supply, effective labour demand and potential labour
demand. Note that the weights are the endogenous regime fractions. This brings
about, for instance, a dominant weight for the wage elasticity of labour supply if
labour supply shortages are preeminent. At the same time, the wage elasticity of
production capacity is the main determinant of the wage elasticity ofemployment
for an outweighing lack of production capacity, etc.

2.3 The theoretical model

We summarise the relations of the last section before elaborating on the theoretical model
(see equation 2.9 onwards):

employment

a  =  (ap -P  +  ayd -p  +  as -P)-1* (2.17)

production

y =h.a , (2.18)
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potential employment

ap = h-1 yp , (2.19)

effective labour demand

ayd   =  h iyd. (2.20)

Assume that labour supply as and potential production yp are known and exogenous.
Then, we have to model only goods demand yd and labour productivity h. We will start
our discussion with demand yd. Assume that domestic demand is always met. Then,
domestic sales equals domestic demandfiL However, we distinguish export demand bd
and import demand mdfrom actual exports b and imports m. Export demand depends on
the volume of world trade bc and the relative export price Pjpk. which is a traditional
Armington approach. Import demand is determined by total sales and the relative import

I4price Pmi Ps· Total sales   s consists of domestic salesfand exports b. The sales definition
and demand relations are as follows:

sales

s= f +b+t (2.21)S'

export deman(fs

bd = bca,(Pbl Pbfeao , (2.22)

import demand

md - s#,(p./ppevo, (2.23)

total demand

yd = fd + bd -md=f+bd-md. (2.24)

Excess demand yd-y brings about additional imports or fewer exports
m =md + 8(yd-y), (2.25)

b = bd - (1 - 0)(yd - y) (2.26)

14 Total sales are measured in real market prices, which explains the correction for indirect taxes less

subsidies t,

15                                                                                                      BOWedenote theconstanttermsof the export andimportdemand equations as e and e because
aO

we will estimate in log-linear form to avoid heteroscedasticity.
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Parameter 0 has to be estimated. Substitution of (2.25) and (2.26) into demand definition
(2.24) presents us with the income identity:

Y=f+b-m (2.27)

Assume, that labour productivity depends on firms' profit maximisation behaviour,
which is constrained by a fixed capital stock in the short run. The technology may be

represented by a CES production function with labour-augmenting technological
progress. Then, productivity h depends on the relative wage costs ip„ i py)   and
technological progress:

Labour productivity

(     1 41

h ='Pal
'42.'.,0 (2.28)

.Pyl

Due to the restrictive nature of the theoretical model presented, the empirical model of
the next section will deviate at several points. First, we will  leave open  the possibility
that the effective labour demand and goods supply functions do not coincide. This yeilds
four regimes instead of three (compare figure 2.5 with figure 2.3). The fourth regime
corresponds with the wedge between the two reaction functions, which coincides in
figure 2.3. Second, we will not presuppose equality between the friction parameter p of
the CES transaction equations of the goods market and the labour market. We can test
these theoretical restrictions (three regimes, identical p). Third the empirical model
assumes an increasing mismatch in the course of time, on both the goods and the labour
markets. The next section will elaborate on this point. Fourth, labour productivity,
import demand and export demand will get a dynamic representation. In particular, we
will relax the assumption of an instantaneous reaction to relative price changes.

2.4 The empirical model

In the empirical model we willleave open the possibility that effective labour demand

ayd and effective goods supply yas do not coincide. This is the first difference with the
theoretical model. Four regimes arise instead of three, as shown by figure 2.5. The fourth
regime corresponds with the wedge between the two reaction functions, which is shown
in figure 2.5. In this fourth regime the demand of goods is less than capacity, and labour
supply is less than labour demand. This is called the Under-consumption (UO regime
in the literature.
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Figure 2.5 Four macro regimes
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We make this adjustment because goods-demand shortages lead to labour
hoarding, by which labour productivity falls below its optimal level. So, the effective
labour demand is specified as

ayd   -   ayd ' © atf , 0543<1, (2.29)
which is a slow adjustment to the optimal level ayd: This would have been a partial
adjustment equation, if the lagged ayd was on the right-hand side of the equation instead
of a. We deviate from this standard formulation because (2.29) is easier to handle than
a relation with a lagged latent variable on the right-hand side. This would complicate
estimation greatly. Moreover, habit formation seems plausible, by which demand
becomes dependent on last year's transaction level. Habit formation and its influence on
the regime partition comes again into discussion in the section that discusses the
simulations. Optimal demand ayd' reads as

ayd'   -  (h.ha)-'yd     and      ha   =  hd 87hu 70
, (2.30)

with h labour productivity, ha the effective working time consisting of the index of the
number of days worked a year (hd) and the index of the number of hours worked a day
(hu). The elasticities are the same as in the ZOEM model (Gelauff and Okker, 1988).
Substitution of (2.30) into (2.29) yields, for the effective labour demand,

ayd = L.ydu , with

L    -   (h.ha)-43ac' -43)   .
(2.31)
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We still require that the reaction schedules intersect the macro capacity point, so for
yd - yp we impose ayd - ap, which results in

ap  -  L.yp v , (2.32)

and for as - ap, we impose for the effective goods supply yas - yp, which implies

yas    =    as.yp lap , (2.33)

which is a linear relation through the origin. After these model changes, production can
no longer be written as the product of employment and productivity, as in equation
(2.18). Therefore, the explicit transaction equation (2.9) must be added to the equation
system.

We can now define the friction unemployment rate (the structural unemployment
rate at equilibrium) in two different ways. The original definition (2.12) still makes sense

if it holds, in equilibrium, that effective demand, potential demand and supply are equal
(ayd = ap = as). However, if in equilibrium it holds (ayd' = ap' = as), then the friction
unemployment rate appears to be an implicit function of both the mismatch parameter
p and the adjustment parameter 63

1   =  2(1 -sure)43p  +  (1 -sure)P      and

Bsure Bsure (2.34)- <0, -<0.
ap          843

The frictional unemployment rate declines if the adjustment speed increases. Although
this is appealing, in our empirical work we will use the original definition because it is
easier to handle.

A second, related, difference with the theoretical model concerns the mismatch
parameters. It is not clear why the friction unemployment rate should have to be equal
to the friction utilisation rate. In the empirical model we assume inequality:

a  = (ap-1'1  + ayd-1'1  +  as -pi)-1/1,1 (2.35)

Y - (YP-Pz + yd -P2 + yas -p2)-14,2 . (2.36)

The third change concerns the mismatch on both the goods market and the labour
market. The plot of the unemployment rate against the vacancy rate (figure 2.6) reveals
an outward shift of the unemployment-vacancy schedule (uv-relations) for the years
1984 up to 1991, which implies a decreasing p. Vacancies are more difficult to fulfill.
However, the idea that on the labour market a shortage of well-educated people has

arisen, while unemployment concerns mainly low-skilled labour, is difficult to maintain

(as figure 1.1 illustrates). The long period of low utilisation rates after the first oil crisis
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(figure 2.8) points also to an increasing mismatch in the goods market in the seventies
and eighties.'6 Therefore, the mismatch parameters are modelled as

Pl
= + p13 ,

(2.37)
p11

[1 + ep122-,7/]

p2 - pl.p21 , (2.38)
with t71 a trend, starting in 1971 and pl l, p 12, p 13 and p21 constant parameters,

implicating a fixed ratio between p 1  and p2.

Figure 2.6 Unemployment versus vacancy rate
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The fourth and last change of the theoretical model concerns the labour
productivity, imports- and exports- demand relations. The short-run relations may
deviate from the long-run relations (2.22), (2.23) and (2.28), which we will further
indicate with a star:

bd'   =  bcaigb/Pk)deno , (2.39)
md ' = s B'(pm/ps)Bie BO , (2.40)

h'    =          P"     |< e42.1  +
40 (2.41)

(py.ha j       '

I6 The increased mismatch  at the goods market is mainly an observation matter. Before   1969  the
utilization rate was constructed with a top-line method; from 1969 onwards they are based on real observations
by statistics Netherlands.
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with the effective working time, ha, as an additional variable relatively to equation (2.28)
to take into account labour time reductions. The trend variable starts in 1950. The short-

term equations are

t  be j031 p, 1 f p, 1 bd' I          a6
04/ \ a5

bd=  b.,1 -1 1-1/i-1 1 -1 dum 80 , (2.42)

l bc-1 )    (Phc)  C Pbc) _,     C   b  ) -1

C 531 ,   C                                     115

md I mit' tl ' 21,121-11' Imm 1-:
1 (2.43)

h    =   I     Y     l     [rv/(a.ha)]_,  44       [pd/(py.ha)]    45   5/y-,1     r:6              h  ' -I               .        (2.44)
a.ha  -1 b'/Ca·ha)1-21     [[p, (py.ha)1-4     1 [,6,/yul]     L[y/(«.ha)]-11

The equations are nearly the same as the well-known error-correction equations. The

only difference is that not the lagged, latent export demand bd, import demand md and

productivity h are on the right-hand side, but rather the actual variables b, m and
[y/(a.ha)]. We have two reasons for introducing this difference. First, the model is more

manageable without tagged latent variables. Second, habit formation determines demand,
which implies the one-year lagged transaction level as an explanatory variable.

In the export equation, a dummy variable has been introduced for the year 1980
(the year 1980 equals one, the other years zero).

In the labour productivity equation we introduce a labour-hoarding effect (in case
66 > 0), which is additional to the effect modelled in equation (2.29) (if 63 < 1). The
implicit assumption is that a decline in production growth brings about a productivity
slowdown. This occurs, too, if a labour supply shortage causes the decline in production
growth. Because this is implausible, it would be better to use the deceleration of demand
relative to the production Of the last period. But, this would greatly complicate
estimation. We decided not to adjust the equation during the estimation procedure.

However, we will use demand yd instead of transactions y during the simulations, which
will be presented in sections 2.7 and 2.8.

The equations (2.21) and (2.24) up to (2.27) remain the same in the empirical model;
thus

s=f+b+tS' (2.45)
yd=fd+bd-md=f+bd-md, (2.46)
m -md + 9(yd-y), (2.47)
b = bd - (1 - 0)(yd - y) , (2.48)
p=f+b-m (2.49)

For 0 = l, the model is approximately equal to that of Draze and Sneessens (1986),
which is obviously a particular case.
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2.5    Estimation of the model

We use almost the same estimation method as Draze and Sneessens (1986). The
estimation procedure consists of two steps. First to be estimated is the long-run labour
productivity relation (equation 2.41), and next are the other relations of the model. We
will elaborate on the second step here.

If h' is known, this variable belongs to the set x of pre-determined variables. We
will denote error terms as €, (i - a, y. m, b). The empirical model can now be
summarised as

a   =   [ap(h,  x)-p' + ayd(yd, h, x)-  + as *1|we&,                    (2.50)
y  =  [vp -1'2   +  yd -p2   +  yas(h,  x)-pil-|tpie 5  ,                                                                       (2.51)

md   =   md(s,  x)   e 4, (2.52)

bd = bd(x) e4 , (2.53)
h = h(y, x) , (2.54)
m -md + 8 (yd-y), (2.55)
b -bd-(1-0)(yd-y) , (2.56)

yd= f +bd- md, (2.57)
Y=f+b-m, (2.58)

s- f +b+t.. (2.59)

At this second estimation step, the pre-determined variables aref bc. Phe' Pb. Pm' p„ as,

dumgo• p., Pv, ha, h',and alllagged variables. Endogenous variables are a, b, m, y, s and
the latent variables bd md yd and h. Though we have ten equations. only nine variables
are endogenous. So, we have to reduce the number of equations because they are
dependent. Note that equations (2.55), (2.58) and (2.57) imply the export transaction
equation (2.56), which can thus be deleted. The variables yd bd md and h can be
substituted out. Substitution of yd (2.57) into the import equation (2.55) gives

m-md-0 (bd -md) +89-y), (2.60)

which becomes (after dividing by md and approximating percentages by log differences)
the following:

Inm - (1 - 0)lnmd + 0 1nbd + 0 9 - y)/md . (2.61)

Finally, after substitution of md (2.52), bd (2.53) and h (2.54) into the transaction
equations (2.50,2.51) and import equation (2.61), we get

a = [ap(y, x)-p' + ayd(s, y, x)-pi + as -pl]-14"ee' ,                           (2.62)

y = 6.'P -pi  + yd(s, x)-pi  + yas(y, x)-pil-1/pze" ,                                         (2.63)



Unemployment in a small macroeconomic disequilibritini model                             29

Inm = (1 - 0)lnmd(s, x) + 01nbd(x) + 0(f - y)imdls,   X)    +

(2.64)
+ (1 + 0)5„ + GEb '

Avoiding non-linearity in the error structure, we replace variable yd in both transaction

equations by yd(s, x) = f + bd(x) - md(s, x), and md in the denominator of (f-Y)/md by
md(,s, x). This procedure is the same as that of Drtze and Sneessens. A more satisfactory
procedure is estimation of the model with pseudo maximum likelihood, using simulated
first- and second moments of the endogenous variables, as Laroque and Salanie (1987)
did with a similar model.

We have to substitute the following definition equations (2.65) up to (2.78) into the three
reaction equations (2.62,2.63,2.64):

aydls, y, x) = L.yd(s, xf , (2.65)

L = (h(y, x).ha)-paft-4),                                              (2.66)
ap(y,  x)   .  L.yp 43 , (2.67)

yas(y,   x)    -   as.yp tap(y,   X)   -   as   yp i -P    L -1 , (2.68)
yd(s,   x)    =f   +    bd(x)    -    md(s, x), (2.69)

<  be j t p     1 p,     -'4f       ) "bd' I           a
'd - b-11 -IJ  -1 31J 't pkJ -L  t -b J _,'"- 80 , (2.70)

bdi   =  bcal( b/Pbe aleao , (2.71)

C  s  ) Pip  1   (p  1    -M  md.   BS

m d - m -,1 - )  1 f J ' 1 f J -,  1 - } - ,                        ( 2 .7 2 )
md' = ssi(pmlpfeBO , (2.73)

s=y+ m+t, (2.74)

b .I y 1-1[y/(a.ha)]-,}'. 1 [pa/(py.ha)] }4' 1 5/y_,1 146    h '-1   <' ,(2.75)
a.ha ' [y/(a.ha)1-21      [pjgy.ha)141       ty  ,/y 21]     1[y/(a.ha)141

h ·     4   ev' · w , (2.76)Ily'.
p.Ila)

Pl = + p13 , (2.77)
pll

[1 +e p|21./71]

p2 - pl.p21 . (2.78)

We are now ready to estimate the three reaction equations (2.62,2.63,2.64).
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2.6 Estimation results

We estimate in two steps: first, the long-run labourproductivity relation (2.76), and then
the remainder of the model (conditional on the results of the first step). In case  co-
integration holds, we can estimate (2.76) in levels without short-run dynamics, which
implies in this context that h' in (2.76) can be replaced by (y/(a.ha)), leading to a relation
between only observable variables.

Long-run labour productivity
Table 2.1 gives the DW (Sargan and Bhargava, 1983) and DF (Dickey Fuller, 1979) test
statistics for the order of integration. A significantly different value (positive DW,
negative DF, respectively) from zero leads to rejection of the hypotheses of integration
and leads to the maintained hypotheses of a stationary series.

Table 2.1 Test on the order of integration: DW'  and DP)
test on

levels first differences
DW DF DW DF

labour productivity InG·/(a.ha))                                   0 -2.5 1.3 -4.0

real wages ln(p,/(p,.ha))                                              0                   - 3.4 0.6 -1.8

Critical value 0.67 -3.0 0.67 -3.0

'  regression on the period 1953-1986
b) regression on 1953-1986 and 1954-1986, respectively
C) obtained by interpolation

Taking first differences, we make the labour productivity series stationary, as can be seen
in the table. The results are less obvious for real wages. Differentiating once more seems
necessary in order to obtain a stationary series. However, the auto-correlogram of this
variable becomes then

-0.08 -0.47 0.03 0.22 -0.15 0.09 -0.07 -0.09 0.23 0.18
The second autocorrelation of -0.5 leads to the conclusion that the change in real wages
follows a stationary MA(2) process, perhaps with a deterministic trend: thus
Aln(p,/(prha)) = a.1 + € +0€.t Regression of second differences on a constant term gives
a value not significantly different from zero. We conclude that the first differences of real
wages are stationary, too. Thus, real wages are of the same order of integration as
productivity. We look now at the possibility that both variables are co-integrated. The
long-run relation reads as
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P-ln-=L - 0.62 ln  1 + 0.013 t + 3.66 ,
a.ha py.ha

R 2   -  0.999  ,     DF  -   -3.2  ,      DW  -  1.00  ,      X 0  -   14.4 , (2.79)

RCO 0.44 0.12 -0.13 -0.06 -0.02 -0.15 -0.23 -0.13 -0.15 -0.25 ,

Estimation period:  1952 -1986  .

The autocorrelations (RCO, in equation 2.79) quickly become small. To check whether
or not we have the smallest set of variables that are cointegrated, we normalise on real
wages, re-estimate, and get about the same results (Table 2.2). This does not point to
multicollinearity. So we conclude that we have a minimal set of co-integrated variables.

Table 2.2 Changing the dependent variable in the equilibrium equation
dependent coefficients

a)

variable In(p/(p,.ha)) 1 c 1-2 ADF DF   ;do
In(y/(a. ha)) 0.62 0.01 3.66 0.999 -2.97 - 3.22 14.44

in(p»rha)) 0.67 0.01 3.75 0.999 -2.77 -2.99 13.44

r 0.47 0.02 3.37 0.987 - 2.44 - 1.99 47.22

'rhe coefficients have been normalised on InG/(a. ha)) as dependent variable

This is confirmed through the estimation results after deleting real wages

ln-L = 0.051 t + 2.52 ,
a.ha

R 2   .  0.98  ,      DF  =   -0.30  ,      ADF  -   -0.87  ,      %2,0   -  80.2  ,
(2.80)

RCO 0.87 0.73 0.59 0.45 0.28 0.11 -0.08 -0.23 -0.34 -0.43 .

which worsen considerably. The autocorrelations (RCO) slowly become smaller. The
DF and ADF tests point in the same direction of no co-integration. So, real wages have
to be included to make the residuals stationary. The results suggest that we can use the

right-hand side of equation (2.79) as the long-run productivity relation.

The transaction and import equations
We have substituted (2.65) up to (2.78) into the equations (2.62,2.63 and 2.64) and will
estimate them after making two transformations to prevent heteroscedasticity.

Employment is divided by labour supply after which the logarithm is taken, giving
approximately an unemployment rate equation, because ln(a/as) = Ca-as)las E -up.
Production is divided by capacity after which the logarithm is taken, resulting in a
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utilisation rate equation. We will return later to discuss the unemployment and utilisation
rate equations. The estimation results,7 for these equations are presented in Table 2.3.

The  method  used was nonlinear 3SLS,18  and the estimation period  was  1954-
1986. The Durbin Watson test statistic is 2.2 for the unemployment equation, 1.9 for the
utilisation rate and 2.7 for the import equation. The last, rather high value is caused by
some spikes at the beginning of the estimation period. Leaving them out results in  DW
statistics that are closer to 2.

Estimation of the import and export demand equations gives unreliable results.
Estimation without restrictions results in the wrong sign for the price elasticity of
imports, while the long-run price elasticity of exports becomes -5, and the world trade
elasticity of exports 0.4. Fixing this last elasticity at  1  gives a price elasticity of exports
of -0.7. These price elasticities of demand can be measured if demand dominates
transactions. This is the case from 1970 onwards, as we will see later on. But, the relative
prices have hardly changed since 1970, which implies little information in the data about
these elasticities. Therefore, the long-run price elasticities are fixed: the export price
elasticity at - 2.0, and the import price elasticity at -0.4.

Table 2.3 Estimation results (t-values between brackets)

transactions export demand import demand productivity
p 11 130.7 (3.3f al   0.86 (20.2) 111 1.44 (179) 40 3.66   (-)

p 12 0.28 (0.9) a2  -2.00 (-)  p2  -0.4 (-)  41   0.62 (4

pl)    20    (-)    a3      1 13 (11.0) B3 1.44 (17.9) 42 0.013  (-1

p21   1  (-)  c:4  -0.60 (3.5) 114 -0.16 (1.7) 63 1 (-)
0 0.27 (3.4) 0:5   0.29 (4.3) 1}5   0.13 (1.9) 44 0.66 (7.4)

a6 -0.04 (3.7)        0            -3.54    (7.4)       45 0.28 (3.8)

aO 4.84 (222)                                   66 0.55 (10.1)

67 0.37 (4.3)

The coefficients 63 and p21 are not significantly different from 1 and have been
fixed on this value, which implies that we do not reject the theoretical macro model with
three instead of four regimes and with the same friction on the labour market as on the

17 The estimation results deviate slightly from the results reported in Draperand Kooiman (1991) due
to data updates for the years 1981-1986. The labour productivity equation does not change at all.

I8 We used as instruments: constant, In bc. In(p,/pk).r, In(p„/p,).t, h', as, f yp. y. 1, h.i. a t,  dum, In
y.„ in a.1, in as. t, in yp, L 171, Inf
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goods market. The long-run sales elasticity of imports is large (1.44), while the long-run
world trade elasticity of exports is small (0.86).

Figures (2.7) up to (2.13) show the estimation results together with extrapolations
for the years 1987 and 1988. Figures (2.7) and (2.8) show the fitted and actual values of,
respectively, unemployment and the capacity utilisation rate. The fit is good. The
extrapolated utilisation rate value is below the actual 1988 value. Figure (2.10) shows the
same as figure (2.7), but now in employment terms. A decomposition of employment
into demand, potential employment and supply is given in figure (2.9). Figure (2.11)
gives the relative demand and supply surpluses, defined as asn = (as-a)/as;
apn  =  Cap-a)lap;  aydn  =  Cayd- a)layd. Figure (2.13) presents the estimated regime
fractions. They are depicted as a stacked diagram - at the bottom PR, in the middle
PR/ + PKU, and at the top of the diagram PR, + PKU + PCU = 1, which gives a good

impression of the regime partition.
Lack of labour supply appears to be the case in the sixties. Many firms are in the

repressed inflation regime (p RI , as figure (2.13) shows. From 1964 to 1975 the capacity
is often a bottleneck for the development of employment (Pcu)- Keynesian
unemployment  , KU  characterises the economy in the years 1975-1988, which means
an effective goods shortage and excess labour supply. The relatively low utilisation rate
between  1975  and  1988 is one of the main reasons for characterising unemployment as
"Keynesian."  Even in  1988 the utilisation  rate  is low relative  to  the past. Perhaps the
fraction under classical unemploymenthas been underestimated for these years, because

it is unlikely that the profitable production capacity is as large as the "observed" capacity.
The business surveys make no distinction between potentially profitable and non-
profitable idle production capacity. As a solution, production capacity could be made
endogenous, by which it would become aligned with traditional CPB analyses. The great
fraction of enterprises with goods-demand shortages and sufficient labour supply
(Keynesian unemployment) in the period 1975-1988 is questionable, t00, because the
impression exists that friction in the labour market is a main determinant of
unemployment in this period. The estimation results do not back this idea, as figure 2.12
shows. The figure gives a partition of the unemployment u = as - a into three

components. These are defined as follows:
• Market imperfection unemployment

as - as(3-lipt) ,

which is defined with the structural unemployment rate in equilibrium (2.12).
• Unemployment, caused by shortages in capacity labour demand and goods

demand:

as(3-'*')  - (2.ap 11 -pl)-Itpl+ as
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which is defined as the difference between labour supply (excluding friction
unemployment) and the employment level that would be attained if goods
demand was increased towards the production capacity level.

• Unemployment caused by goods-demand shortages

4.ap-P'  + as -Pi)-'*1  -  (ayd-p'  + ap -p'  +  as -P')-'*i

which is defined as the difference between the employment level that would be
attained ifgoods demand was increased towards the production capacity level and
actual employment.

Joining the three definitions together yields
u=a s-a=

-   [as     -    as(3 -"p')1     +

+ [as(3-'*')  - C2.ap -Pi  + as -p')-'*11 +

+ IC:Z.ap -Pt  +  as -P')-'*'  - cayd -P'  + ap-P'  + as -p')-'*'].
In the period 1973-1988, effective labour demand is less than potential employment and
labour supply. Stimulating effective demand until it becomes equal to potential

employment, (ayd = ap) is the most effective policy measure (its elasticity of
employment is the largest). Area (c) is the unemployment fraction, for which stimulating
demand is the most effective remedy because here holds: ayd < ap. Increasing goods
demand results at a certain moment in the equality of the effective demand elasticity
(Bln a/8ln ayd) to the potential labour demand elasticity (alna/alnap). Enlarging demand
and production capacity simultaneously then becomes important. This is area (b). Further
increase of effective and potential demand until (alna/alnayd) = (alna/alnap) =
(81na/81nas) results in a situation with only market imperfections. All quantities in figure
2.12 are cumulated and scaled with labour supply as.

Judging theplausibility ofthe regime partition requires further research. One topic
will be the post-sample performance of our model. This will be investigated in paragraph
2.9. But, first we will illustrate the working of a disequilibrium model with some
simulations.
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Figure 2.7 Unemployment rate fitted ( 0,), actual (u,)
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Figure 2.8 Utilisation rate (log), fitted ( 4), and actual (q)
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Figure 2.9 Employment: fitted (d), potential (ap), effective labour
demand (ayd) and labour supply (as)
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Figure 2.10 Employment (log), fitted (d) and actual (a)
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Figure 2.11 Fitted relative demand and supply surpluses on the
labour market
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Figure 2.12 Unemployment decomposition

0.25 -
a) Market imperlections

b) Shortages of capacity labour demand and of goods demand

0.20 c) Goods demand shortages
C

O.15                                             i-
/   \-l

0.10 //       b

1

0.05
.
r--a

--
"-

bl.   's.-'.'<.,//  *. a

O.00          i   r-    ·10- - -            ./41 Il I 11 11
55     60     65     70     75     80     85



38                                                                                                            Chapter 2

Figure 2.13   Regime fractions: capacity shortage (Pcu). demand
shortage (PKU) and labour shortage (.PRI)
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2.7   ZOEM with disequilibrium model

This section illustrates the working of the model with some simulations. The exogenous
variables of the estimated model (production capacity, wages, prices and domestic sales)
will be modelled to get more realism. For this purpose, the disequilibrium model joins
forces with ZOEM, a simple model for the Dutch economy (appendix a gives a short

description). Take note of the following:
•    Because many variables are not defined exactly in the same way, assume constant

ratios between "corresponding" variables. As an example: production (gross value
added against factor costs) is defined in the disequilibrium model for enterprises,
excluding mining, medical services, other non market services and housing, while
in ZOEM production is only exclusive of mining. Assume a constant ratio
between these two quantities.

• ZOEM's employment equation is replaced by equation (2.50), the import and
export equations by (2.55) and (2.56) respectively. The production definition is
replaced by demand definition (2.57). Further, production equation (2.51) is
added to the model.

•    The price and wage equations of ZOEM are adjusted. The disequilibrium theory
presumes insufficient wage andprice adjustment to clear markets instantaneously.
To make this a striking characteristic of the integrated model. we exclude the
strong equilibrium mechanisms. More specifically, we omit the utilisation rate
level in the price equation and the strong Phillips curve in the wage equation.
Second, downward price rigidity is built-in. Making prices dependent on excess
demand ACyd/y) instead of excess capacity A(y/yp), we obtained downward price
rigidity. The demand surplus indicator (yd/y) is limited downwards (because
yd/y > 1), while the utilisation rate is limited upwards (q = y/yp< 1 ).  The
disequilibrium models ofDr&ze and Bean (1991) for the EG countries have nearly
the same structure for the wage and price equations.

•   The acceleration of production in the productivity equation, an approximation for
labour hoarding, has been replaced by the acceleration of demand weighted by its
influence on production. The latter is a better measure for labour hoarding, as
discussed during the presentation of equation (2.44). Thus,

A[- -  AIPKUSInyd] is included in equation (2.44) instead of Ailnyany blnydlalnyd
Table 2.4 presents the coefficients used during the simulations. They have been taken

from Draper and Kooiman (1991). So, we did not update our simulations with respect
to the coefficient values.
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Table 2.4 Simulation coefficients

transactions expon demand impon demand productivity
Pll 127 al 0.86 pl 1.44 60 3.66
p 12 0.4           a2            -2.00         02            -0.4               41        0.62

p 13 20 a3 1.12 1}3 1.44 42 0.01
p21            1              a4            -0.76          4 -0.10 Q        1
0 0.21 a5 0.30  5 0.10 44 0.66

a6 -0.04  30 -3.51 45 0.29
GO 4.85     66 0.56

67        0.35

Table 2.5 Cumulated effects  of an increase in world trade of  10%  in  1977
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Employment D 104 95 75 28 -3. -11. 2     31     62     84
Eff. labour demand D 157 180    86    33 -2. -9. 5     37     72    90
Potential employmentD 3    54    69    19 -24. -45. -44. -15.     28    66
Labour supply D O O 000000 00

Production volume      % 3.17 1.92 1.29 1.39 1.59 2.03 2.61 2.96 3.00 2.71

Goods demand % 4.68 4.20 1.60 1.51 1.62 2.05 2.68 3.18 3.27 2.93

Eff. goods supply         % .1 4 -.74 -.80 .58 1.68 2.33 2.53 2.01 1.07 .27

Production capacity % .22 .72 1.07 1.11 1.05 1.07 1.27 1.57 1.88 2.10

Imports % 6.07 5.52 4.94 4.82 4.78 5.13 5.68 6.32 6.35 6.25

Import demand % 5.48 4.67 4.86 4.77 4.74 5.18 5.71 6.22 6.37 6.11

Long-term imports    % 5.47 4.32 3.91 3.69 3.61 4.03 4.67 5.31 5.48 5.38

Sales     % 3.78 2.83 2.43 2.43 2.48 2.85 3.32 3.77 3.86 3.75

Sales price % -.03 .52 .93 .43 .06 -.24 -.36 -.37 -.32 -.15

Exports % 8.86 5.03 4.79 5.60 6.30 6.98 7.38 7.54 7.45 7.38

Export demand % 10.86 8.11 5.17 5.53 6.29 6.97 7.50 7.78 7.81 7.63
Long-term exports % 8.23 6.77 5.77 6.95 7.71 8.38 8.65 8.70 8.49 8.15

Export price 90 .01 .69 1.17         .61 .25 -.06 -.18 -.21 -.11 .05

Labour productivity % .14 -.74 -.80 .58 1.68 2.33 2.53 2.01 1.07 .27

Long-run lab. prod. 9 .15 .34       .51 .76 .66 .90 1.18 1.26 LIO   .71

Wage rate % .18 1.32 2.26 1.85 1.09 .99 1.24 1.28 1.12 .86

Production price          % -.05 .77 1.42 .60 .02 -.46 -.66 -.75 -.65 -.29

Fraction markets with
Classical unempl. D .41 .20 .03 .03 .01        .01 02 .06 .07 .03

Keynesian unempl.      D -.46 -.42 -.09 -.04 .01 -.01 -.02 -.06 -.07   -.04

Repressed infl. D .05 .22 .06 .01 .00 .00 .00 .00 .00 .00

World trade simulations
Table 2.5 gives the cumulated effects  of a permanent increase in world trade  by   10

percent. A rise in world trade brings about an increase in the demand for export products,
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by which total demand increases. However, production does not rise proportionally in
all  years. The reason  is that production capacity forms a bottleneck  in the years  1977-

1978 (the fraction markets in the classical unemployment regime increases), just like
labour supply in 1978 (the repressed inflation regime increases). Exports are rationed,
while imports increase more than notional demand to partially fill the demand gap. The
cyclical upswing boosts wages and prices due to the fall in unemployment. The wage

price spiral is reinforced in years with a demand surplus because of additional price
pushes. Real wages increase, which lead in the long term both to a rise in labour

productivity and to more consumption, followed by sales and import demand. Moreover,
the rise in capacity utilisation initiates investments, which augment production capacity.

Table 2.6 Cumulated effects of a decrease in production capacity of 10%-points
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Employment D -165 -191 -221 -232 -190 -181 -164 -139 -127 -128

Eff labour demand D 82 -71 -120 -136 -178 -161 -141 -99 -82 -98

Potential employment D -309 -281 -318 -327 -344 -375 -356 -292 -244 -240

Labour supply             D            0 0 00 000000

Production volume       %     -6.50   -8.57   -8.61   -9.06   -7.53   -5.88   -4.95   -4.91   -5.35   -5.14
Goods demand %  .53 -5.19 -5.77 -6.20 -7.20 -5.21 -4.22 -3.69 -3.93 -4.36
Eff. goods supply %    - 1.78  -3.30  -2.52  -2.52 -2.23 -.40 .08 -.64 -1.48 -1.51
Production capacity %  -10.20 -10.68 -10.97 -11.18 -11.08 -10.61  -9.85  -9.04  -8.43  -8.08

Imports 9 -4.55 -6.19 -5.83 -5.96 -4.75 -2.86 -1.63 -1.08 -1.17 -1.18
Import demand 9 -7.04 -7.30 -6.81 -6.86 -4.83 -3.10 -1.89 -1.47 -1.61 -1.41
Long-term imports %   -6.99  -8.98  -9.47 -10.13  -8.64  -6.79  -5.44  -4.92  -4.98  -4.79
Sales % -4.96 -6.80 -7.00 -7.45 -6.39 -4.97 -4.04 -3.67 -3.78 -3.69
Sales price                       9           .21 1.85 1.24 1.19 1.21 .78 .88 .84 1.08 1.25

Exports %  -10.36-14.01 -14.41 -14.95 -11.75  -9.32  -7.76  -7.15  -7.00  -6.43
Exports demand %     -.12  -8.89 -10.62 -10.88 -11.27  -8.51  -6.92  -5.76  -5.52  -5.54
Long-term exports       %       -.31   -4.33   -2.64   -2.21 -2.10 -.82    - 1.01 -.94    - 1.46    - 1.91
Export price % .16 2.24 1.35 1.12 1.06 .41            .51 47 .74 .97

Labour productivity % -1.78 -3.30 -2.52 -2.52 -2.23 -.40 .08 -.64 -1.48 -1.51

Long-run lab. prod.     %      -.02  -2.21   -2.18  -2.59  -2.65  - 1.55  - 1.12 -.78 -.91 -1.16

Wage rate % .17 -.45   - 1.34   -2.20   -2.38   - 1.47 -.48 -.12 .09 .12

Production price % .19 3.20 2.23 2.04 1.94 1.04 1.34 1.14 1.58 2.01

Fraction markets with
Classical unempl. D .86 .60 .56 .52 .14 .20 .22 .31 .30 .21
Keynesian unempl. D -.84 -.52 -.52 -.48 -.13 -.20 -.22 -.31 -.30 -.20

Repressed infl. D -.01 -.08 -.04 -.03 -.01 -.00          .00          .00 -.00 -.00

Production capacity simulations
Table 2.6 presents the cumulated effects of a permanent drop in production capacity.

Production capacity is a bottleneck over the whole period. The classical unemployment
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regime increases, while the Keynesian unemployment regime falls. Initially, export
demand does not change. However, its transaction level crumbles. So sales fall, just as
notional import demand and imports do. However, the latter fall at a lower rate, due to
the large domestic demand surplus. Habit formation pulls export demand in line with the
lower transaction level.

The demand surplus situation pushespricesupwards, improving profitability. The
decline in reallabourcosts leads to more labour-intensive production methods. However,
competitiveness deteriorates, which leads to an exports decline. Employment declines
more modestly than production through the productivity decline.

The increasing effective labour demand in 1977 is striking. It is caused by
declining labour productivity in the short run. This effect does not seem very realistic.

Table 2.7 Cumulated effects of a decrease of real wages of 2 percent
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Employment D 10 25 41 55 61 64 64 64    65    67
Eff. labour demand D 9254258626463636466
Potential employmentD             17            36            51            62            74            82            87            83            78            80
Labour supply D000000 00 00

Production volume % -.19 -.33 -.31 -.23 -.28 -.40 -.54 -.49 -.38 -.30
Goods demand % -.21 -.33 -.30 -.18 -.26 -.40 -.56 -.53 -.42 -.33
Eff. goods supply      %    -.48   -1.01    - 1.45   - 1.75   - 1.99   -2.26   -2.44   -2.43   -2.31   -2.24
Production capacity     % -.01 -.03 -.07 -.08 -.07 -.06 -.08 -.10 -.10 -.07

Imports % -.34 -.59 -.56 -.47 -.55 -.73 -.92 -.93 -.82 -0.77

Import demand % -.33 -.59 -.57 -.49 -.55 -.74 -.92 -.91 -.82 -.75

Long-term imports % -.47 -.72 -.65 -.56 -.63 -.83 - 1.02 -1.01 -.90 -.85
Sales % -.20 -.36 -.34 -.28 -.34 -.46 -.58 -.57 -.49 -0.42
Sales price % -.44 -.51 -.43 -.37 -.36 -.43 -.48 -.49 -.51 .61

Exports   % .35 .56 .60 .57 .57 .65 .72 .81 .89 0.94

Export demand % .32 .53 .60 .60 .59 .63 .70 .77 .84 .92

Long-term exports % .84 92 .74        .64 .64 .75 .82 .87 .90 .96

Export price % -.42 -.46 -.37 -.32 -.32 -.37 -.41 -.43 -.45 -.47

Labour productivity   %     -.48    -1,01     -1.45    -1.75    -1.99    -2.26    -2.44    -2.43    -2.31    -2.24
Long-run lab. prod.    %    -.84   -1.12    -1.28   -1.45    -1.70    -1.96   -2.16   -2.30   -2.30   -2.27
Wage rate %    -2.03     - 2.54 - 2.67 -2.89 -3.31 -3.81 -4.19 -4.43 -4.45 -4.46
Production price          % -.69 -.76 -.62 -.57 -.60 -.69 -.76 -.78 -.81 -.85

Fraction markets with
Classical unempl. D -.01 -.04 -.03 -.02 -.00 -.00 -.01 .01 -.01 - 01

Keynesian unempl. D .01 .00 -.00 -.01 :01 .00 .01 .01 .01 .01
Repressed infl. D .00 .03 .03 .03 .01 .00 .00 .00 .00    .00
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A permanent wage  rate  decrease  of 2  percent
The decreasing real wages induce a fall in labour productivity, which results in a decline
of effective goods supply yas. During the period 1977-1986, labour supply is a small
bottleneck only in 1978 (see before in the figure 2.13). The decline in effective goods
supply has only a minor influence on production. Therefore, the most important effects
in table 2.7 are induced from outside the disequilibrium model.

The wage decrease improves competitiveness, by which exports increase and

imports decline. Contrary to this foreign demand impulse, consumption declines due to
the drop in wages. On balance, demand decreases. Because demand is the short side of
the market, the production decline is about the same, which brings about a further fall in
import demand. This mitigates the initial demand fall. The productivity slowdown
dominates the production effect, which results in more people employed.

Labour supply simulation
In the period 1977-1986, labour supply does not cause a severe bottleneck. However, this
changes after a 5 percent decrease. The effects of this impulse are presented in table 2.8.

A lower labour supply produces less because the effective goods supply declines.
Domestic demand can no longer be met, by which exports will be diminished and
imports increased. The rise in imports is only temporary, due to the fall in total sales.

Unemployment decreases through the decline in the labour supply, initiating an
upward wage and price movement. Competitiveness deteriorates, resulting in less export
demand and more import demand. However, consumption increases by the rise in real
wages and by the decline of social security premiums, due to less unemployment. On
balance, goods demand increases in the first two years, after which it declines by the
lagged price reactions. Further, the large real wages initiate a labour productivity
increase, which explains why the decline in the effective goods supply is less than the
initial impulse of 5 percent. The rate of return deteriorates with the larger real wages.
This, together with the decline in capacity utilisation and production, explains the fall in
investments, by which production capacity declines.

As a striking result, goods demand, rather than the reduced labour supply,
becomes once more the limiting factor after two years. The repressed inflation regime
is then again nearly at its initial level. A possible explanation seems to be habit formation
in export and import demand, by which demand adjusts towards the production level. To
exclude this effect, we omitted dynamics in the import and export demand equations and
ran the simulations again. But again, demand forms a bottleneck rather quickly (three to
four years). The labour shortage initiates real wage increases, by which firms rationalise,
leading to less need for labour. Labour supply therefore ceases to be a bottleneck, while
demand becomes again the limiting factor.
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Table 2.8 Cumulated effects of a decrease in labour supply of 5 percent
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Employment  D -4 -45 -72 -118 -138 -130 -104 -69 -36 -14
Eff labour demand       D            1 0            15 -6 8 -119 -138 -130 -103 -66 -33 -10
Potential employmentD             0          -1        -44      - 109 -141 -146 -133 -97 -56 -25
Labour supply D -188 -188 -187 -187 -187 -187 -187 -187 -187 -186

Production volume % -.12 -1.36 1.24 - 1.06 -1.15 -.93 -.49 -.27 -.34 -.50
Goods demand         % .29 .32 -1.12 - 1.05 -1.14 -.92 -.46 -.19 -.22 .41

Eff. goods supply % -5.01 -5.06 -4.15 -2.61 - 1.99 - 1.75 - 2.00      - 2.80 -3.87 -4.69
Production capacity    % -.01 -.12 -.40 -.70 -.92 - 1.03 - 1.03 -.94 -.83 -.78

Imports % 0.14 -.46 -.49 -.47 -.72 -.52 -.03 .28 .28 0.1

Import demand % -.01 -1.05 -.53 -.46 -.72 -.52 -.04 .25 .25 .07

Long-term imports % .08 -.91 -.76 -.88 -1.22 -1.05 -.54 -.22 -.17 -.27

Sales                      % -.03 -.89 -.94 -.86 -.98 -.79 -.42 -.19 -.18 -0.31

Sales price % .29 .94 1.53 .91 .48 .24 .15 .13 .24 .42

Exports % -.81 -3.68 -3.74 -3.13 -2.37 - 1.71 - 1.23 -.97 -.92 -0.97

Export demand            % -.20 -1.19 -3.57 -3.00 -2.35 - 1.69 - 1.20 -.87 -.79 -.88

Long-term exports % -.53 - 1.76 -2.99 -1.60 -.74 -.21 -.04 -.04 -.30 -.67

Export price            % .27 .89 1.53 .81 .37 .11 .02 .02 .15 .34

Labour productivity     % -.01 -.09 .80 2.34 2.91 3.1 i 2.78 1.91 .79 -.10

Long-run lab. prod. % .48 1.24 1.64 1.71 1.51 1.56 1.54 1.33 .98 .56

Wage rate % 1.20 3.46 5.19 4.31 3.26 2.90 2.74 2.34 1.99 1.58

Production price % .42 1.42 2.46 1.50 .80 .37 .24 .19 .39 .68

Fraction markets with
Classical unempl. D -.01 -.12 -.08 -.04 -.00 .00 .01 .02 .03    .01

Keynesian unempt.    D -.16 -.35 -.04 .00 -.00 -.00 -.01 -.02 -.03 -.02

Repressed infl. D .17 .47 .12 .03 .00 .00 .00 .00 .00    .01

2.8 ZOEM with and without the disequilibrium model; a
comparison

Discussing the simulations, we paid attention mainly to the working of the whole model.
The specific characteristics ofthe disequilibrium model will become clearas we compare
ZOEM simulations with and without the disequilibrium model. The elasticities of the
imports, exports and productivity equations of the original ZOEM model are made equal
to those of the disequilibrium model in order to make sense of the comparison, that is:

• world trade elasticity of exports 0.86;
• relative price elasticity of exports  - 2.0;
• total sales elasticity of imports  1.44;
• relative price elasticity of imports -0.4;
•    real wage elasticity of employment  - 0.6;
•   production-elasticity of employment  1.
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Further, the price and wage equation of the original ZOEM version are adjusted, too: we
have omitted the level of the utilisation rate in the price equation and the strong Phillips
curve in the wage equation.

We restrict ourselves to a decrease of 5 percent in the labour supply. In that case,
bottlenecks arise on the labour market, by which the two simulations will diverge. Table
2.9 gives two lines per variable. The lines marked with a + are the results with the
extended ZOEM model, which has been used in section 2.7, while the lines marked with
a - are calculated with the original ZOEM model. The presented figures, calculated with
the two different model versions, have been defined as mutually consistent. Owing to this
the figures calculated with ZOEM extended with the disequilibrium model do not exactly
match those of table 2.8.

Table 2.9 Cumulated effects of 5 percent decrease in labour supply; a comparisona)

NE 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Employment +D -4 -52 -83  -136  -160  -153 -122 -81 -43 -16
- -D -5 -23 -55 -83 -97 -92 -75 -59 -51 -47

Volume production +% -.09 -1.19 -1.25 -1.08 -1.17 -.98 -.57 -.37 -.42 -.57

-          - % .17 .39 .43 .13 -.22 -.21 -.03 .05 .03 -.02

Goods demand +% .29 .32 -1.12 -1.05 -1.14 -.92 -.46 -.19 -.22 -.41

-      - % - - - - - - - - - -
Effective goods supply     +   %   -5.01   -5.06  -4.15   -2.61   - 1.99   - 1.75   -2.00   -2.80   -3.87   -4.69
-      - % - - - - - - - - - -

Imports +% .14 -.46 -.49 -.47 -.72 -.52 -.03 .28 .28 .10

- -% .39 1.03 1.42 .98 .18 -.07 .09 .20 .22 .17

Exports +% -.81 -3.68 -3.74 -3.13 -2.37 -1.71 -1.23 -.97 -.92 -.97

-          - % -.21 -.82 -1.56 -1.85 -1.59 -1.04 -.52 -.29 -.28 -.36

Real labour costs +% .83 2.16 2.87 2.97 2.62 2.71 2.67 2.32 1.76 1.03

-          - % .90 2.82 4.62 4.24 3.45 2.87 2.31 1.91 1.75 1.66

Labour productivity + %  .01  .04 .68 2.19 2.77 2.92 2.66 1.79 .65 -.25

- % .30 .97 1.81 2.17 2.19 2.13 1.94 1.62 1.34 1.16

Wage rate +% 1.20 3.46 5.19 4.31 3.26 2.90 2.74 2.34 1.99 1.58

- -% 1.25 4.03 6.48 5.68 4.16 3.16 2.40 2.04 2.04 2.02

"Lines with + concern the ZOEM version with the disequilibrium model, Lines with - concern the original
ZOEM version.

Let us summarise the simulation with the disequilibrium model, which was
presented in section 2.7. The labour supply decrease results in lower unemployment,
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which leads to an upward swing of wages and prices. The rise in real wages pushes
labour productivity upwards, but the productivity increase is modest in the first years.
The real wage increase and the lower social premium burden, through the fall in
unemployment, lead to a rise in disposable income and consumption. In spite of the
deterioration of the terms of trade, total demand increases initially through the
expenditure impulse, leading to a rise in labour demand. However, employment falls
because labour supply becomes the short side of the market. The effective goods supply
diminishes through the lower labour supply, too. Production declines on balance, due to
increasing demand and adecreasing effective goods supply. Imports decreaseon balance,
due to lesser sales and relative imports price decreases, together with the increasing
demand surplus. Exports fall, due to the negative influence of both the relative export
price increase and the rise in the demand surplus situation.

The working of the original ZOEM model is different in a number of aspects. For
instance, production is only demand determined. It increases in the first instance by the
same mechanisms as we saw before. This is not a very plausible implication for a labour
supply decline. Imports rise because production increases. The effect is reinforced by
lower relative import prices, too. The rise in imports deviates from the developments
according to the disequilibrium model, in which the imports diminish because of lower
economic activity. The export development is equal in the sign but quite different in size.
In the disequilibrium model the increasing demand surplus brings about a larger export
decrease. The sign of the employment development figures is the same in both models.
Increasing capacity utilisation leads to an increase in productivity in the original ZOEM
model.

To conclude: if bottlenecks are expected on the labour market, then one should
take into account spillover effects on the labour and goods market when modelling both
demand and supply.

2.9 Post-sample performance

In section 2.6 we estimated the disequilibrium model with 1954-1986 data and made
extrapolations for the years 1987 and 1988. Draper and Kooiman (1991) had only these
data available. But, the post-sample period reaches now up to 1997 (see appendix b).

We make use of a formal test procedure to judge the post-sample performance,
employing the Gallant Jorgenson (1979) restriction test statistics for 3SLS."We present
the statistics without (GJ) and with (GJD correction for the degrees of freedom. The

19
See Hall, B.H. ( 1995) for the way the test can be implemented.
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correction factor is of the Anderson variety, as discussed in Kiviet (1986). The test
statistics are

G.ir  =  (T+m)(Qo-Qi)  ,     64  -    T+ -f-1.  (Qo_QI)
,

(2.82)
Q   =   8 (S -1®z(z'Z)-1z3e  ,

with Qo and Q, the value of the minimum distance function for, respectively, the null
hypotheses and the maintained hypotheses, S a consistent estimate of the variance-
covariance matrix of the residuals, Z the matrix of instruments, T 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, and lthe number of equations. The test statistics are
%2 distributed, with degrees of freedom equal to the number of restrictions.

We test whether the post-sample period can be described by the model estimated in the
original sample. The modelis extended with dummy variables for this purpose. Dummy
variables  are added to each equation for every post-sample year. The model describes
the post-sample period adequately if all the coefficients of the dummy variables are not
significantly different from zero. This is our null hypotheses.

Table 2.10 presents the results. The table reveals that the model is rejected in 1990.

Table 2.10 Post-sample test statistics
post-sample number of Gallant Jorgenson restriction test
period constraints

without Anderson correction with Anderson correction
statistics P-value statistics P-value

1987-1987                          3                       1.5                   0.69                     1.1                      0.77
1987-1988                             6 10.6 0.1 8.2 0.23

1987-1989                             9 22.4 0.01 17.1 0.05

1987-1990                              12                          41.3                        0                             3 1.3                           0

Tables 2.11 up to 2.13 suggest that the demand side causes the post-sample problems.
Table 2.11 reveals that the long-run labour productivity relation is not changed after
1986. The coefficients are roughly the same for both sample periods. So, we can focus
on the demand side to solve the post-sample problems.

20 The set of instruments is also extended with the dummy variables
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Table 2.11 Long-run labour productivity equation  ln-21   -   y l In-Pa + 72 t+YO
a.ha p.ha

period                                                                    y 1                              y2                             yO                             DW

1952-1986 0.62 0.013 3.66                    1

1954-1997 0.63 0.012 3.68 0.89

Chapter 5 elaborates on exports. This chapter suggests that a long-run competing export
elasticity of one is more plausible on theoretical grounds. Moreover it suggests that the
introduction of an additional step dummy will lead to a co-integration relation with a
price elasticity of exports of roughly -2. Table 2.12 reconfirms this result. The step
dummy is equal to one in the years 1980-1986 (and is otherwise zero). This relation does
not change after  1986, as the table shows.

Table 2.12 Long-run export equation Inb  = al  1nbc  + a2 In-2   + aO  +  a7d
pbe

s8086

sample                     a 1                           a2                           aO                           a7                           DW
1952-1986        1 -2.04 4.87 -0.06 1.17

1954-1997                 1                                  - 2.09 4.88 -0.07 1.21

Chapter 6 elaborates on imports. One of its main conclusions is that the large volume
elasticity of imports is due to multicollinearity. The results of that chapter suggest a
volume elasticity of one and a price elasticity of roughly one. Table 2.13 confirms these
results for the present data set. The two-step dummies are introduced to take into account
structural breaks around 1975 and 1979, years with large oil price shocks.

Table 2.13 Long-run import equation

Inm  = 111  1119  +  112 lnET.  + BO  + 116 d,75  + 47 d 79
PS

sample                                                         11 1                     02                    0                   1 6                   117                    DW

1952-1986                                       1 -1.26 -1.15 0.1 0.1 1.2

1954-1997                                            1                    - 1.14 -1.16 0.11 0.09             1.1

We re-estimated2i the disequilibrium model conditional on the long-run coefficients
presented in tables 2.11  up to 2.13, using as sample period 1954-1997. However, we did
not fix the constant terms and the coefficients of the dummy variables. The results are
presented in table 2.14. A striking difference with the results of section 2.6 is the rather

2I We used as instruments: constant, In bc. In(p,/pk),Iln(p,„/p,) 1. h: as. f ypi y. 1. hA , a.,. In Y.I. ln
a.1, In as I. In yp, t, 17/, Inf, d,m'0, d,75, d,79
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symmetric influence of a demand surplus on exports and imports, due to a coefficient
0=0.4. The estimation results point also to a significant increase of the mismatch. This
effect is considerably larger than that in section 2.6, and even larger than that found in
Draper and Kooiman (1991). The increased mismatch at the goods market is mainly an
observation matter. Before   1969 the utilization  rate was constructed  with a top-line
method;   from 1969 onwards    they are based   on real observations by statistics
Netherlands. The coefficients of the dynamic part of the model do not deviate very much
from those of section 2.6.

Figures (2.14) up to (2.20) illustrate the ultimate estimation results. The model
effectively tracks the development of the utilisation rate and unemployment rate, just as
theemploymentdevelopment. Figure (2.17) suggests that Classical unemployment isjust
as important as Keynesian unemployment in the second half of the eighties and in the
nineties. Keynesian unemployment seems predominant only in the early eighties. This
is a significant difference with the results of section 2.6. Figure (2.18), which gives the
relative demand and supply surpluses, reconfirms this results. Moreover, it illustrates the
increased mismatch on the labour market. All three surpluses increase in the eighties and
nineties. This is more clearly illustrated by figure (2.19), which shows that only in the
eighties should a demand policy have been most effective to redress unemployment. In
most other years, the supply side needs as much attention as the demand side of the
economy. Figure (2.20) presents the regime partition. It points to a much larger classical
unemployment regime than does figure 2.13. The fraction in classical unemployment is
even larger than that reported in Draper and Kooiman (1991). Note the presence of some
repressed inflationary tendency at the end of the estimation period.

Table 2.14 Estimation results (t-values between brackets)

transactions export demand import demand productivity
p 1 1 185.9 (2.3)  al   1.00 (-)   01   1.00 (-9   40 3.66 (-)

p 12 0.82 (8.0)  a2  -2.09 (-)    2  -1.16 (-)   4 1  0.62 (-)
p13 20 (-) a3 1.15 (9.3)   3   1.00 (-4   42  0.013 (4
p21  1  (-)   a4  -0.53 (2.9)  114  -0.20 (1.3) 0 1 ( -)
0 0.41 (5.N  a5  0.24 (2.3)   5 0.10 (1.1)      64 0.75 (7.9)

a6 0.0 (9   6 -0.03 (1.6)     45 0.22 (2.8)

a7 -0.03 (2.3) 117 0.03 (2.1)     66 0.74 (14.0)

aO 5.00 (83.6)        110          - 1.04 (77)            67 0.17 (2.1)
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Figure 2.14 Unemployment rate fitted ( 0,), actual (u,)
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Figure 2.15 Utilisation rate (log), fitted  ( 4), and actual  (q)
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Figure 2.16 Employment (log), fitted (d) and actual (a)
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Figure 2.17 Employment: fitted (d) and potential (ap) employment,
effective labour demand (ayd) and labour supply (as)
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Figure 2.18 Fitted relative demand and supply surpluses on the labour
market
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Figure 2.19 Unemployment decomposition
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Figure 2.20  Regime  fractions:  capacity shortage (PCU), demand
shortage (PKU) and labour shortage (PRI)
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Although the regime partition seems more plausible than that of section 2.6, some
caution remains necessary, due to the use of both the theoretical specification and the
data. The assumption that all unemployed persons belong to the labour supply of the
(here considered) sub-sector of the economy (firms excluding energy, mining, medical
services, other non market services and housing) could be disputed. Perhaps the labour
market is more segmented. If the latter is the case, for instance because unemployed civil
servants are not able to work in the market sector of the economy, then we did not use
the right labour supply figures.

2.10 In conclusion

The classification of unemployment according to the business cycle situation is the
research topic of this chapter. The nature of unemployment has to be known in order to
select the most effective short-run policy measures. We used a disequilibrium model of
the goods and labour market to characterise the business cycle situation.

Our econometric analyses  for the period 1954-1997 reveal  that  up  to   1979

repressed inflation is an important characteristic of the Dutch economy. However,
unemployment rose already from 1970 onwards. From 1970 up to 1979, Classical
unemployment is just as important as Keynesian unemployment. This suggests both



54                                                                                                            Chapter 2

insufficient goods demand and insufficient capacity demand for labour. The Keynesian
unemployment regime (goods-demand shortages) dominates the period 1979-1985. But,
we find also that demand stimulation should rather soon have resulted in capacity
constraints, after which Classical unemployment would become as important as
Keynesian unemployment. After 1985 both unemployment regimes are again equally as
important. The estimation results point to a substantial increase in the mismatch, both on
the goods market and on the labour market from 1975 onwards. However, the measured
increased mismatch at the goods market is mainly an observation matter.

Simulation experiments illustrate the working of the model. For this purpose, we
have combined the disequilibrium framework with a macroeconomic model. We did find
strong, non-linear impacts of shocks in case of regime switches. For the same reason,
changes in the business cycle situation in the base run (regime partition) influence the
simulation results substantially.

Appendix 2.a ZOEM, a small model for the Dutch economy

ZOEM, a relatively simple model of the Dutch economy, is used to endogenise

production capacity, wages, prices and domestic sales. The model was constructed
especially for research purposes by Gelauff and Okker (1988). This appendix discusses
the main equations of ZOEM, paying particular attention to the equations that will be
replaced by the disequilibrium relations.

We use as notational convention capitals for values and lowercases for quantities.
A p refers to prices, with a suffix indicating the relevant quantity. Operator D refers to
distributed lag polynomials. Ratios and relative changes (indicated by a dot (o) above a
variable name) refer to per units; interest rates and rates of return are in percentages.
Constants will not be presented

Note that we use the same symbols for variables in this appendix that are used in
the main text. As highlighted in the main text, the definitions of corresponding variables
are in general not exactly the same. So, the definitions, given at the end of this section,
may deviate from the main text.

Capacity output, labour market and wages
The supply block of ZOEM is rather simple. Equipment (k the stock and io the
investments) deteriorates at a constant rate. The capital-output ratio in efficiency units
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is constant. Structural labour productivitydplap) growth depends on the growth of real

labour costs (P,/Py , exports (b) and production (y):
f = Dio / k-1 - .09 ,

'P = E + 4, (a.1)

ap   =  fP   -   .36   D(#a-By)   -   .656   -   .18   DB   -   .24  DN  .

Employment (a) results from a partial adjustment process. The rate of utilisation of the
capacity demand for labour (qa, defined as the ratio of employment to capacity demand
for labour, ap) adjusts gradually to the rate of capacity utilisation (q):

q  - y/yp   ,   qa '  -  1   -  .9(q-q),
(a.2)

qa = qa.1 + .61(qa'-qa_,) ,a= qa.ap
Both labour supply and employment of civil servant are exogenous.

Wages
Wage (pq) fluctuations are explained by consumption price (p,) inflation, labour
productivity (h) growth, a Phillips curve mechanism and the incidence of taxes and social
security contributions

1.2Asl-2.2Auk+.65Atd
A - DBC + D/7 - 0.017(lnu,-insure) + .25

1-1.23/,+2.2uk_, -.65td-1
(a.3)

Ase Aul
+ .85---- .06A(lnu,-Insure)

1 +sl_
1 1+ul.1

Consumption
The consumption function of ZOEM is not changed. Consumption is explained by
disposable wage and transfer income, disposable non-wage income and the real interest
rate.

Exports
Goods exports (b) exclusive of energy are explained by world trade (bc) and Dutch
competitiveness. The latter is measured by relative prices (P/Phc) and Dutch investments

(iq) relative to foreign investments (iq') Exports of services are related to exports of
goods. Aggregating both equations, the export equation of ZOEM reads as
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6 .  .9&  +.2&8c  -1.8D ( b- Bbc)  +  .32(iq-iqj . (a.4)

Exports of energy are exogenous.

Investments
Investment in equipment consists of replacement investments and net investments. The
capital stock deteriorates at a rate of 9.1% a year. Expansion is driven by expected sales
and the rate of return. The average rate of return is used as an explanatory variable. This
equation remains unchanged, just as the investment equation for non-residential
buildings and inventory formation.

Imports
Imports (m) of consumer goods, tourism services, investment goods, raw materials and
semi-manufactures excluding energy and intermediate services forenterprises have been
aggregated into one equation for imports of goods and services net of energy. The
coefficients for the demand variables and for the relative prices have been computed by
weighting the coefficients of the separate import equations. The resulting aggregate
import equation reads as

m = 1.09(.422+.1670+.424 - .43 D -.5,#:18,0,0-.32/J
An (a.5)

+ .45- +  .1 D Aq
M-i

The equation for the imports of energy has not been changed.

Prices
ZOEM distinguishes only behavioural relations for the prices ofprivate consumption (pc)
and exports Wb)· Both price equations have the same structure. The other prices have
been related to these two prices and to the import prices. We present here only the
consumption price

Pc  -  .4  D B„,c  +  .6 cc  +  0·25 Daq + .lmax(q-q,-.05) .

(a.6)

The public sector

The public sector is split up into the government sector and the social security system
(including pension funds).
The sub-model for the social security system covers four sub-sectors:
- social insurance funds, excluding unemployment insurance
- unemployment insurance funds



Unemployment in a small macroeconomic disequilibrium model                             57

- pension funds and life insurance companies
- income transfers from the government to households.
The price component of the benefits is endogenous, taking into account the relevant
indexation schemes. The real component of unemployment benefits is related to
registered unemployment, while the volumes of the other categories of benefits are

exogenous. Contributions to the social insurance funds cover net costs (benefits and
administration expenses minus government contributions) and are divided between
employers and employees by exogenous shares. The premium tariffs levied by pension

funds and life insurance companies are exogenous.

Definitions ZOEM Model'.
a employment enterprises sector

ap capacity demand for labour
b          exports of goods and services, excluding energy
bc        volume of competing exports, excluding energy of the OECD-area, reweighted

according to Netherlands' export composition and trading partners

CC cost price consumption goods

c consumption
h productivity
ha        index of effective labour hours

hy         index of effective machine hours
io       investment in equipment, excluding mining and quarrying
iq domestic investment quota
iqc foreign investment quota
k capital stock
m       imports of consumer goods, tourism services, investment goods, raw materials

and semi-manufactures excluding energy and intermediate services for enterprises
n        stocks
p        wage rate
Pb         price of exports of goods, excluding energy

Pbc price of competing exports of the OECD-area, doubly reweighted
p< consumption price
p,0 price equipment
pm import price
Pmi import price consumption goods

p,        price of production, excluding mining and quarrying
q       utilisation rate
q          normal rate of capacity utilisation
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qa        rate of utilisation of capacity demand for labour
*

qa desired level of qa
sure friction unemployment rate

se rate of employers' social security contributions

sl social security contributions paid by labour
td         rate of direct taxes paid by labour
u,       unemployment rate
uk child allowances rate
ul wage-replacing benefits to employees
y production, excluding mining and quarrying
yp capacity output
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Appendix 2.b Data

year y             a            ha           b            m            bc           ph,           ph
1950 45.08 3.18 1.14 9.52 15.79 0.12 0.42 0.54

1951 47.35 3.21 1.14 10.82 14.81 0.14 0.49 0.63

1952 49.25 3.16 1.14 11.72 12.88 0.14 0.51 0.62

1953 53.80 3.20 1.14 13.20 15.76 0.14 0.48 0.57

1954 58.60 3.28 1.14 14.54 19.43 0.16 0.47 0.57

1955 64.30 3.34 1.14 16.01 20.70 0.18 0.48 0.57

1956 67.20 3.39 1.13 16.44 23.50 0.19 0.50 0.58

1957 69.44 3.40 1.13 17.33 24.27 0.20 0.51 0.59

1958 68.89 3.36 1.13 19.09 22.32 0.21 0.49 0.57

1959 72.68 3.39 1.13 21.82 26.19 0.23 0.48 0.58

1960 80.61 3.46 1.12 24.72 30.59 0.26 0.49 0.57

1961 83.76 3.51 1.08 25.40 32.40 0.27 0.48 0.56

1962 88.21 3.57 1.05 27.26 34.24 0.29 0.48 0.55

1963 91.86 3.62 1.04 29.45 37.84 0.31 0.49 0.57

1964 101.65 3.68 1.04 33.47 44.14 0.35 0.50 0.58

1965 108.96 3.70 1.04 36.43 46.92 0.38 0.51 0.60

1966 112.62 3.71 1.04 39.32 49.90 0.40 0.53 0.60

1967 120.39 3.67 1.03 42.46 52.90 0.41 0.53 0.59

1968 129.64 3.69 1.02 48.45 60.05 0.45 0.53 0.58

1969 139.87 3.74 1.02 55.94 68.21 0.50 0.56 0.60

1970 149.79 3.77 1.00 62.17 77.73 0.56 0.58 0.62

1971 154.40 3.75 0.99 69.36 82.66 0.60 0.58 0.63

1972 158.17 3.66 0.98 76.35 85.32 0.65 0.59 0.64

1973 167.02 3.63 0.97 87.16 95.62 0.71 0.66 0.68

1974 173.19 3.61 0.96 92.73 98.75 0.74 0.79 0.81

1975 167.58 3.55 0.94 88.72 93.97 0.72 0.80 0.84

1976 177.82 3.51 0.94 99.26 102.36 0.80 0.84 0.88

1977 181.80 3.49 0.94 98.68 106.18 0.83 0.84 0.90

1978 187.15 3.50 0.93 102.22 112.65 0.88 0.85 0.89

1979 191.17 3.54 0.93 113.50 119.01 0.95 0.92 0.93

1980 191.94 3.54 0.93 116.54 120.29 1.00 1.00 1.00

1981 189.71 3.44 0.93 120.99 115.02 1.00 1.12 1.09

1982 188.26 3.31 0.92 121.18 116.64 1.01 1.11 1.13

1983 190.00 3.23 0.92 126.18 121.45 1.04 1.12 1.15

1984 198.40 3.22 0.91 138.50 130.00 1.11 1.20 1.20

1985 203.40 3.28 0.90 147.40 142.50 1.15 1.23 1.20

1986 209.70 3.35 0.89 151.00 147.40 1.18 1.12 1.12

1987 213.42 3.41 0.89 158.70 153.68 1.27 1.05 1.10

1988 222.29 3.49 0.88 176.18 166.65 1.36 1.11 1.13

1989 234.13 3.57 0.88 187.69 179.27 1.46 1.18 1.17

1990 245.60 3.67 0.88 198.81 189.07 1.52 1.12 1.14

1991 251.92 3.74 0.88 208.62 198.37 1.57 1.13 1.13

1992 255.72 3.78 0.88 214.45 200.92 1.63 1.10 1.11

1993 254.79 3.77 0.88 217.09 194.69 1.63 1.07 1.09

1994 265.12 3.76 0.88 234.48 211.05 1.78 1.09 1.09

1995 273.10 3.83 0.88 252.32 228.37 1.94 1.07 1.11

1996 280.90 3.92 0.88 265.54 242.63 2.02 1.10 1.ll

1997 295.55 4.03 0.88 284.77 261.92 2.20 1.17 1.14
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year          s              p,            pm            as            yp            PU            P,           q
1950 63.10 0.36 0.45 4.15 45.93 0.06 0.29 0.98

1951 63.78 0.41 0.57 3.32 48.46 0.06 0.32 0.98

1952 62.42 0.41 0.55 3.28 52.55 0.07 0.32 0.94

1953 70.73 0.39 0.50 3.29 55.98 0.07 0.32 0.96

1954 79.97 0.39 0.49 3.33 59.86 0.08 0.32 0.98

1955 86.97 0.40 0.50 3.37 64.43 0.09 0.34 1.00

1956 93.22 0.42 0.52 3.42 68.22 0.09 0.35 0.99

1957 96.32 0.43 0.53 3.44 70.93 0.10 0.37 0.98

1958 93.41 0.43 0.51 3.44 73.44 0.11 0.38 0.94

1959 101.68 0.43 0.50 3.45 77.56 0.11 0.38 0.94

1960 114.54 0.44 0.50 3.50 81.43 0.12 0.39 0.99

1961 119.71 0.44 0.50 3.53 86.43 0.13 0.39 0.97

1962 126.21 0.45 0.49 3.60 91.50 0.14 0.40 0.96

1963 133.85 0.46 0.50 3.65 97.10 0.16 0.41 0.95

1964 150.58 0.49 0.52 3.71 102.06 0.18 0.44 1.00

1965 160.98 0.50 0.52 3.74 109.17 0.20 0.46 1.00

1966 167.84 0.52 0.53 3.76 115.50 0.23 0.48 0.98

1967 178.97 0.53 0.52 3.77 124.23 0.25 0.49 0.97

1968 195.79 0.53 0.50 3.78 132.15 0.27 0.50 0.98

1969 214.47 0.53 0.53 3.82 142.00 0.31 0.53 0.99

1970 234.34 0.55 0.56 3.84 149.79 0.36 0.54 1.00

1971 244.14 0.58 0.57 3.84 155.48 0.40 0.58 0.99

1972 250.74 0.62 0.58 3.80 161.80 0.45 0.63 0.98

1973 269.98 0.66 0.63 3.78 168.82 0.53 0.68 0.99

1974 279.56 0.75 0.77 3.79 175.70 0.61 0.73 0.99

1975 268.88 0.80 0.80 3.81 178.70 0.69 0.79 0.94

1976 287.97 0.84 0.84 3.79 187.29 0.76 0.85 0.95

1977 295.92 0.89 0.87 3.76 190.76 0.83 0.89 0.95

1978 307.93 0.91 0.87 3.77 195.00 0.89 0.93 0.96

1979 318.30 0.95 0.93 3.82 197.43 0.94 0.96 0.97

1980 320.36 1.00 1.00 3.87 202.34 1.00 1.00 0.95

1981 312.37 1.06 1.09 3.92 206.12 1.04 1.03 0.92

1982 312.06 1.10 1.11 3.97 209.07 1.11 1.09 0.90

1983 318.70 1.12 1.12 4.03 208.89 1.16 1.11 0.91

1984 335.95 1.15 1.19 4.04 211.76 1.17 1.13 0.94

1985 353.85 1.16 1.19 4.04 216.32 1.19 1.14 0.94

1986 365.09 1.16 1.11 4.06 218.89 1.22 1.19 0.96

1987 372.64 1.16 1.09 4.06 224.95 1.24 1.20 0.95

1988 394.13 1.18 1.10 4.14 231.75 1.26 1.22 0.96

1989 419.64 1.21 1.14 4.20 241.18 1.28 1.24 0.97

1990 441.52 1.20 1.11 4.27 252.09 1.32 1.26 0.97

1991 455.39 1.22 1.11 4.32 260.75 1.38 1.27 0.97

1992 462.77 1.23 1.10 4.38 266.61 1.44 1.30 0.96

1993 457.72 1.24 1.08 4.43 271.55 1.47 1.32 0.94

1994 483.52 1.26 1.08 4.48 277.08 1.50 1.34 0.96

1995 506.85 1.27 1.09 4.53 283.70 1.52 1.35 0.96

1996 529.65 1.27 1.08 4.59 292.50 1.55 1.37 0.96

1997 561.74 1.29 1.10 4.66 305.90 1.59 1.39 0.97
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Appendix 2.c Derivations

Den Broeder (1983) and Gourieroux et al. (1984) derive CES transaction equations for

only one market (equation 2.1). They assume thatdemand and supply in this markethave
independent Weibull distributions. Lambert (1988) proves that the CES transaction

equations can be obtained as an approximation for lognormal demand and supply
distributions. Conditional on the assumptions made in section 2.2, the CES transaction

equations for two markets, (2.9) and (2.10), will now be derived.

Assume:
1.         f= min{y-d,Sp,yas },

a = min {ay-d,a-p,a-s};
2.          9-p/dp=yds/ds=yd/aid =R. with /i independent distributed from yp, yas and

)-d. This implies that we can restrict ourselves to the production equation;
3.         H(a, ,7,6) is the number of firms in a situation with

097 / a, y-d c P, yds c y.  E'  56) and Jis the total number of firms; thus f dH = J.

Conditional on these assumptions, there are three regimes (see figure 2.3), which can be
defined as

CU. yp  gy-dandy-p  s yds .

KU: yd < y-p and yd  5 yds,
RE. yds <fp and yds < fd.

Summation over firms or, (which is equal) Lebesgue integration, gives the macro totals
for both markets:

yp= fy-pdH,  yd= 1 yddH,  yas= f yds dH, (c.1)

ap = 11-typ,  ayd = h-'yd,  as = h'yas, with h-' = 1 R'dH .

For the aggregated production and employment, one obtains
y = fcu Jip.dH + fl u fd.dH + fx, ya-s .dH, (c.2)

a =  h-' y.

The weighted regime fractions and utilisation rate are
Pcu= ily I cuy-p.dH ,    PKU= liy  f xuy-d.dH,     PR,= liy Imyds .dH, (c.3)

q = y'yp - (c.4)

H is not a distribution function because f dH = J. We define distribution function G
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Hm(0(.P,y) = P(fp c 0 , yol g 1 , ytis s y).J =
= PO.y-P  S  1.a. J ·fd  c  J.B   J yds s J.y).J E
*. G(J.Or, J.B, J.y).J,

with Hm(•) the marginal distribution (*, fd, ya-s). The aggregated variables are defined
as: 9p   s  J.fp; 9d -  1.y-di yas -  1.ytis. Now holds

f dG = 1.and for the regimes

CU: 9p 5 9d and 9p s yas,
KU: gd < Sp and 9-d s yas ,
Rt. yas <9p and yas < 9-d.

After transformation, equation (c.1) up to (c.3) become
yp = 1 9p dG, yd = 1 9d dG, yas = I yas dG, (C.5)

y = E  min{yd,» .yas }  = fcu ».dG + fKU y-d.dG + f , yas .dG, (c.6)

Pcu = 1/y fJP.dG , PKU = 1/y   Ku Yd.dG , PR, = 1/y 41 yas.dG . (c.7)

Assume the following:
1. 9-p=yp.€l,yd=yd.€2,y ls=yas.€3;
2.       G can be approximated with a continuous distribution function;
3.       €1, €3, €3 are mutually independent, identical Weibull distributed.
From assumption 1 and the definitions of yp, yd and yas (see c.5), one obtains
E(€l) = E(€2) = E(€3) = 1.
This leads to the distribution functions, defined on the interval (0,=)

FE,(80  -  1  -e -be.,      i  -  1,2,3 ,
the density functions

4(GO - a.b.Gia-1.e -bo' ,      i  =  1,2,3 ,

and the expected values

E(El)    =   b - 1/'.r(1    +    1/a)    -    1    ,

which gives for b

b=[ I-(1 + 1/a)]a.

We derive the distribution of y = min{jid,yp.vils }
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1- F- (c) = P67>c) = P(y-ct>c) . Poas>c) . PQ>c) =

=P(g2> ..c.). P(83> -L). P(st> c ) =
yd yas YP

.  e -b.(yd-a  + yas 1  + yp -a).ca

Thus, y is Weibull distributed with expected value

y = E[ ] = E[mind-d,ji ,yas]] -

=  b - 1,add -a  + yas -a  + yp -9 -ita.I-(1 + 1/a) =

=  (),d-g  + y S -a  + yp-a)-1/g  .

We get from (c.1) and (c.2) for employment

a   =  (ayd-a  + as -a + ap-g)-Ita .

Lastly, we derive the relations for the weighted regimes. From (c.7) we obtain

p     =  E[ jp / .-0  - min(Fd, As)]  =  Efp  .
CU Y                 Y

We get the distribution of9p from

F *44  =  Pgp«:3Ir<9(13p<ya).

Differentiating in c gives the density

4(c)    -   1.Lit  -E-1.p(id>c). P(yas>c)    =
yp      \ yp J

- 1.4,1 i).4 'b ) I'le,-fil =yas,

= a.b.ca-le-bi.cilypizl,

with      b'   -  b. [yp-a  + yd -a  + yas -9   -  b.y -a.

For the expected value of 9p results
1.aE[fp] = v    ,
ypa

by which
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P  = EfP = (21)q
CU

y     yp

It is easy to check by log-differencing the production transaction equation that this is
equal to the capacity elasticity of production. In the same way we get for the other

regime fractions

PKU     Lr ,
PRI = (.y f)(' .yd

It is easy to check that these expressions are successively equal to the demand elasticity
of production and the effective goods supply elasticity of production.

Appendix 2.d Simulation base

Simulation base; volumes in prices (1980=1), billions of guilders
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Employment 3490 3500 3535 3541 3443  3314  3226  3222  3277  3346
Effective labour demand 3470 3621 3581  3598  3499  3334  3274  3223  3287  3393
Potential employment 3606 3687  3664  3680  3802  3654  3586 3451 3462  3603
Labour supply 3761  3773  3816 3866  3923  3969  4027 4044 4038 4057

Production volume 182 187 191 192 190 188 190 198 203 210
Goods demand 184 192 193 198 190 191 191 198 205 206
Effective goods supply 199 200 206 213 213 227 235 248 252 247
Production capacity 191 195 197 202 206 209 209 212 216 219

Imports 106 113 119 120 115 117 121 130 143 147

Import demand 107 113 118 120 116 115 120 131 140 150

Long-run import demand 109 117 121 121 115 117 120 128 139 149

Sales 296 308 318 320 312 312 319 336 354 365

Exports                      99 102 114 117 121 121 126 139 147 151

Export demand 101 107 115 123 122 122 126 139 147 150

Long-term export demand               96 106 119 128 133 125 126 140 151 147

Labour productivity                        57       57       58       59       59       62       64       68       70      68
Long-run labour productivity          55       57       58       60       61       63       65       66       67       68
Fraction markets with

Classical unemployment                 12          27          25          27            4 4 4    10    17    15

Keynesian unemployment          87       64       71        69       95        96        96       90       83        85
Repressed inflation                   1        9       4 4 1 0 0001
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Appendix 2.e Definitions

a employment
ad labour demand

ap       notional ( optimal, unrestricted, potential) labour demand
as labour supply

ayd     effective ( restricted) labour demand
b actual exports
bc world trade
bd exports demand
f domestic sales

fd domestic demand
h labour productivity
ha effective working time
hd        number of days worked a year
hu         number of hours worked a day
m imports
md imports demand

p  wages
Pb the relative export prices
Pbc competitor prices
pm import prices
p, sales prices
py value added price
PKU weighted fraction micro markets with a shortage of goods demand
Pcu weighted fraction micro markets with a shortage of production capacity
PR, fraction micro markets with a shortage of labour supply
pd The weighted fraction micro markets with demand shortage
Ps The weighted fraction micro markets with supply shortage
p friction parameter
s total sales
t indirect taxes less subsidies

u unemployment
v         vacancies
sure structural unemployment rate at equilibrium

y production
yas effective goods supply

yd goods demand

YP notional goods supply



Part II  Why did unemployment hit low-
skilled labour so much harder?



3 Structural changes in the demand for labour

3.1 Introduction
The educational level of employment in the Netherlands has increased dramatically in
the last decades. Demand for low-skilled workers halved, while demand for high-skilled
workers tripled between 1969 and 1993. As a consequence, unemployment hit low-
skilled workers much harder. In the same period, wage differentials decreased
considerably. A high-skilled worker  in 1969 earned  60%  more  than his low-skilled
colleague. This earnings differential decreased to a mere  10% in  1993.

Given these changes in wages and employment, substitution on the demand side
seems a likely explanation for the structural upgrading of the workforce. Employers may
have replaced increasingly expensive, low-skilled workers by relatively inexpensive,
high-skilled workers.

Another plausible explanation for the shift in demand is labour-saving techno-
logical change. American research (e. g. Berman, Bound, Griliches, 1994) indicates that
new technologies, e.g. the introduction ofcomputers, have strengthened relatively strong
the productivity of low-skilled labour. In the US, and in contrast to the Netherlands,
wage  differentials rose sharply  over the 1980's, while demand for educated labour
continued to grow compared to the demand for unskilled labour. Substitution due to
changes in relative wage costs cannot explain these patterns.

Two other possible explanations seem less plausible. First, changes in the growth
pattern by industry have only a limited effect on the composition of employment. The
increased demand for educated labour is due to shifts within rather than between
industries. Own calculations (appendix c) show that between 1979 and 1989 almost 90
percent of the decline in the employment share of low-skilled workers was caused by
intra-industry shifts. Second, one could argue that the rapid growth in the educational
level of the workforce could lead skilled workers to occupy unskilled jobs. Van Ours and
Ridder (1994), however, find empirical evidence suggesting that job eviction of low-
skilled and high-skilled workers is unimportant. Indeed, job competition occurs only
between workers with an academic and a higher-vocational education. Both categories
are termed "high skilled".

In this paper we explore the role of substitution and labour-saving technological

change. This research was undertaken in connection with the construction of a new
macroeconomic model by CPB Netherlands Bureau for Economic Policy Analysis
(Broer et al., 1998). However, the results have a policy relevance of their own. For
example, when considering policies to fighthigh unemployment of low-skilled workers,
policymakers would like to know how the demand for labour responds to price signals.
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Empirical studies on the demand for different types of labour in the Netherlands
are relatively scarce. Examples are Broer and Jansen (1989), Hebbink (1991) and Huigen
et al. (1993). Lack of appropriate data is the main reason for this limited research. Well
known is the missing data on capital, but also information on employment and wages by
educational level was, until recently, available for only a few years. Recently, Statistics
Netherlands (CBS) and CPB released new labour market data by educational level for
the period 1969-1993 (CBS, 1996). This paper relies on these new data.

We distinguish between three factors of production: low-skilled labour, high-
skilled labour and capital. We assume cost minimisation, subject to a production
function. Accordingly, factor demand is a function of factor prices, output and the
parameters of the production function. These parameters are estimated and the results
will be represented by elasticities.

In order to allow for differences in the production structure by industrial sector,
we distinguish two broad categories of industries; the exposed and the sheltered sectors.
The exposed sectoris relatively capitalintensive and contains agriculture, manufacturing
and transport. Construction, trade, banking and other private services form the sheltered
sector. We make estimates for both sectors.

This chapter is organised as follows. Section 3.2 presents the model. The evol-
ution of factordemand and factorprices is described in section 3.3. Section 3.4 discusses
the estimation results and section 3.5 summarises and concludes.

3.2 The model

3.2.1  Introduction
One of the most vexing problems facing applied economists in estimating factor-demand
relations is to find functional forms that are flexible, use only a small number of
parameters and satisfy the theoretical restrictions implied by economic theory. For our
purposes, we require the estimated relations to satisfy the global concavity restriction.
A (nested) CES function is globally concave, but restrictive with respect to the
substitution possibilities. For example, a nested CES function that aggregates low- and
high-skilled labour into one production factor, labour, excludes the possibility of
complementarity between high-skilled labour and capital. Moreover, this particular
structure implies identical substitution between capital and both types of labour. A
widely-used form, the translog cost function, is flexible, but does not guarantee global
concavity. Diewert and Wales (1987) show that imposing this restriction may lead to
biased estimates. We apply a functional form suggested by Diewert and Wales (1987,
1995), the so-called Symmetric Generalized Mcfadden (SGM) cost function. This
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function meets all our criteria. Recent applications of this specification can be found in
Rask (1995), Coelli (1996) and Terrell (1996).

3.2.2 Long-run
We distinguish three production factors: low-skilled laboura„ high-skilled labourah and
capital k. Technology can be represented by a production function y = f(x,t) where x is
the vector of factor inputs (x = [a, a , k]T), y is output and t is the time trend representing
the state of technology. Given the vector of factor pricesp (p  =  [pat, P ab, Pk]D, costs are
defined by Cy = x'p. We assume cost minimisation and constant returns to scale. Given
these assumptions, Diewert and Wales (1987) propose the following functional form for
the minimal cost per unit output:

C
Cy = __Z = g(p  + PTa + PTDt + PT.ft2 , (3.1)

Y

tprE pwith
U) -                                                          (3.2)

2  Orp

where E = ki,1| denotes a symmetric matrix and a,  , and y are vectors of parameters. The
vector 0 is a predetermined vector of positive constants. All prices are rescaled so that
they are one in a certain base year (1990). The time trend equals zero in that year. In
order to identify all parameters, we need some extra restrictions. We demand the E
matrix to satisfy the linear restriction Ei = 0, where L is the unity vector. All rows of E
sum to zero. For practical reasons we pick the constants of the 0 vector to sum to unity

E - ET, Er .0, eT, - 1. (3.3)

Diewert and Wales labeled this function the Symmetric Generalized McFadden (SGM)
cost function. They show that this suggested form is flexible and satisfies the conditions
implied by economic theory. The function is linearly homogeneous in factor prices.
Global concavity in the prices implies that matrix E is negative semi-definite. If
necessary, this restriction can be imposed without destroying the flexibility of the
functional form. Concavity means that, with rising prices, costs will go up at adecreasing
rate. The cost-minimising firm will thus shift away from the factor that becomes more
expensive to employ other inputs that have constant prices.

When imposing global concavity, we apply the same technique as Diewert and
Wales (1987). They replace matrix E by minus the product of a lower triangular matrix
0 times its transpose OT

- nnT,    n  =  110), 11,    (o,J =O f o r i<j i
(3.4)
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Varian (1978) proves that a unique production function corresponds with a minimum
cost function if some regularity conditions hold. However, it is not possible to derive an

explicit functional form for the production function in the case of the SGM cost function.
Using Shepard's lemma, i. e. x = DC/ap, we can easily derive the factor-demand

relations from the cost function (3.1). For the input-output ratios we can thus write

L    =   gp(p)    +   a   +    11 t    + y t 2, (3.5)
Y

with        g (p)   -Ef    _  1 0 Z._32 (3.6)OTP 2 (OT )2

The asterisk denotes a long-run variable. Each factor-demand relation in the system

given in (3.5) and (3.6) consists of three parts. The first term Kip) represents the effect
of prices; the second term a denotes the input-output ratio in the base year, while the
third and fourth terms B t +712 stand for the influence of technology.

3.2.3 Short-run
Equation (3.5) represents the long-run relation. It is unlikely that factor demand equals
the long-run equilibrium in every time period because of the persistence of habits,
adjustment costs, incorrect expectations and misinterpreted real price changes. We
therefore assume a general first-order error correction model:

Ar   =   rpyll  -   +   ry[ -1 -,Ay   +   AIx'   -  x]    ,
, (3.7)

where the input-output ratios (x'/y) stand for the long-run input-output ratios as given by
equation (3.5), while I'v, I'p and A represent parameter matrices. We assume ry and rp
to be diagonal. The dynamic equation consists of three terms. The first gives the impact
effect ofprice changes, the second provides the impact effect of a production change, and
the last is the error correction term, which determines dynamic behaviour after the first
year. When the impact effects of a price- and production change are equal, i. e.
P,= rp= r, equation (3.7) reduces to

Ax  -  rAx '  +  AIx ' -x] _1 (3.8)

3.2.4 Elasticities
The factor input-outputrelations can be estimated. The estimated parameters can be used
to compute the effect of prices and technology on factor demand. In particular, we will
present the following elasticities

alnx aln x,n,1 -        ',     n„ = - ,    i, j =l,h,k. (3.9)
ainpJ                            8 t
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The elasticity nu represents the ordinary (compensated) elasticity of factor demand i with
respect to the price of factorj; n„ stands for the relative change in factor demand i due
to technological progress.22 It should be noted that the elasticities are derived for a given

level of output and are not constant over time. According to a strong definition, two
factors are complements if their cross-price elasticity is negative, while two factors are
substitutes if this elasticity is positive. According to a weaker definition, two factors are

relative complements if their cross-price elasticity is lower than other cross-price
elasticities. Technological change is factor-saving, -neutral or -using if Bit, is.
respectively, negative, zero or positive.

In the base year, when prices equal one and the time trend equals zero, express-
ions in (3.9) reduce to a simple function of the parameters of the cost function

rl,5 -   ,    Tli' =   ,    i. j =l,h,k, (3.10)

where an asterisk denotes elasticities in the base year.

A commonly reported substitution elasticity in applied work is the Allen
substitution elasticity. Characterised in terms of the price elasticities, it reads

a.= 44  ,    i, j  = 1, h, k, (3.11)U
Vj

where v = (p xj)/C is the cost share of factorj. Blackorby and Russell(1989) show that
the Allen elasticity is not a good generalisation of the substitution elasticity originally
derived by Hicks in the two-dimensional case. Compared to the (cross-) price elasticities,
it adds no new information. A more natural generalisation of the substitution elasticity
in the two-factor case is the Morishima elasticity. This elasticity gives the percentage
change in proportional factor inputs induced by a change in relative prices, keeping
output and all prices but one constant.

aln (x./x,)m= - ' p      =    9ji  - ni, I (3.12)u                         a ln(p, /1 1)       ,

In general, this elasticity is not symmetric. The percentage change in x, /xj depends upon
how the relative price P, / pj is changed.  Note that in the two-dimensional  case both  the
Allen elasticity and the Morishima elasticity reduce to the same value.

22 For convenience, we will use as a notational convention: x =[4 14, xk]T = Ia, ah, k]T and
1TP =  IP,· P, Pg = \p., p.h, pki ·
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3.3 Factor demand and factor prices between 1969 and 1993

3.3.1 Data
To estimate the system of input-output ratios, we need data on prices and quantities of
all factor inputs. Low-skilled labour is defined as labour with a primary and extended
education. High-skilled labour involves labour with secondary, higher vocational and
university education. Statistics Netherlands (CBS, 1995) provides data on employment
and  wages by education  for the period 1969-1993.  We rely on time series  from  1972
onwards.

The stock of capital is constructed through the accumulation of investments,
assuming a constantdepreciation rate. The cost ofcapital poses aparticularproblem. One
could employ the user cost of capital according to Jorgenson (1986), but the quality of
this approximation is probably quite poor and likely to cause bias in estimation.
Alternatively, we assume the value of output to equal the total cost of production. Using
this accounting identity, we can derive the cost of capital from value added, the costs of
other inputs and the stock of capital. Prices and quantities are corrected for shifts in
working time. Appendix a discusses in more detail the definitions and the data used.

3.3.2 Employment and wages in the  1969-1993 period
Before discussing our estimation results, we first take a closer look at the development
of employment and wages between  1969 and 1993. Figure 3.1 shows the evolution of
the employment ratio a,/ah and the wage ratio palpol, of low-skilled and high-skilled
workers in theexposed and sheltered sectors. In both sectors the employmentratio shows
a strong downward trend: the employment oflow-skilled labourdeclines relative to high-
skilled labour. In the exposed sector, this ratio changed from 3.3 in 1969 to 0.8 in 1993.
In the sheltered sector, this decline was even stronger, viz from 3.4 to 0.5. The wage ratio
shows an upward trend: wages of low-skilled workers rose relative to those of high-
skilled workers. In the exposed sector, the wage ratio increased from 0.65 in 1969 to 0.92
in 1993. The sheltered sector experienced a more modest change in the wage ratio from
0.69 to 0.82.

From these figures one could make a first guess of the substitution elasticity
between low- and high-skilled workers. This elasticity can be defined as the percentage
change in the employment ratio, divided by the percentage change in the wage ratio. For
the exposed sector, this would lead to a substitution elasticity of 4. For the sheltered
sector, the figures suggest an elasticity of 11. These values are unrealistically high. It
should be noted, however, that this first guess neglects the possible effects of biased
technological change and substitution with other input factors (capital), which could be
different for the two types of labour.
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Table 3.1 gives the annual percentage changes in output, factor demand and real
factor prices for both the exposed and sheltered sectors.

Figure 3.1 Employment- and wage-ratio
a,/ah P,1|P,h
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Table 3.1 Annual percentage changes in output, factor demand and prices

Exposed Sheltered

Quantities
Low-skilled -3.71 -3.17
High-skilled 2.32 4.63
Capital 2.29 3.91

Output 2.81 2.38

Real prices')
Low-skilled 4.58 1.90

High-skilled 3.16 1.15

Capital 0.25 -1.10

' Real prices are defined as p /p„ where p, is the price of output

Again, this table shows the strong decline in low-skilled labour. Surprisingly, the
negative growth rate is roughly the same in the exposed and the sheltered sectors,
although there are large differences in the development of prices in the two sectors.
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This suggests differences in substitution in both sectors. Another possibility is a minor
role for substitution and identical labour-saving technological progress in the exposed
and sheltered sectors. The growth rates for capital and high-skilled labour are the same,
especially in the exposed sector- despite the fact that high-skilled wages rose more than
the cost of capital. This suggests skill-capital complementarity.

3.4 Results

3.4. l Introduction
This section presents results obtained from estimating the system of factor-demand
relations, given by (3.5), (3.6) and (3.7). We estimated the model both for the exposed
sectors (manufacturing, transport) and the sheltered sectors (trade, market services and
construction). We added a disturbance term to all equations. This disturbance is assumed
to have a multivariate normal distribution. Estimation of equation (3.7) may result in
heteroscedasticity in the error term. So, the equation is scaled with the production level
to make the assumption ofhomoscedasticity of the disturbances more plausible. We used
Instrumental Variables to estimate the parameters. This technique is chosen because of
the (possible) endogeneity of prices and output in macroeconomic demand relations and
the possible measurement error in the cost of capital.

There are 12 long-run parameters to be estimated; three independent parameters
in the E matrix, and three parameters in each of the a,   and y vectors. The general
dynamic specification adds another 15 parameters  to the model. It turned  out  to  be
impossible to estimate all parameters simultaneously. We therefore proceed as follows.
We first estimate the static equations. Next we estimate the dynamic structure, given
these long-run parameters. In another round we re-estimate the long-run parameters,
given the dynamic structure, and so on. We repeat this procedure until convergence is
reached.

The base year at which all prices are set to unity is arbitrary, and is obtained by
scaling the data. We select  1990 to be this point.  For each input, the original prices  are
divided and the original quantities are multiplied by the original price in 1990. The
vector 0 is a vector of nonnegative constants that may be chosen by the researcher. We
choose the parameters 0, to be equal to the average cost share. For both sectors global

concavity was enforced.
The estimation results are given in Appendix b. The computed long-run

elasticities are described in subsections 3.4.2 to 3.4.4. The dynamic properties are dis-
cussed in subsection 3.4.5. Subsection 3.4.6 compares our results with earlier empirical
work.
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3.4.2 Long-run elasticities
Table 3.2 contains the elasticities, as defined in (3.9), as well as the price elasticity for
labour as a whole (naa). The elasticities are evaluated in the base year 1990. In the
exposed sector, elasticities are below unity, indicating only a modest effect of prices on
employment. In the sheltered sector, elasticities are higher. In both sectors, own-price
elasticities decrease with skill, indicating that the (direct) negative effect of an increase

in wages is sharper forlow- than forhigh-skilled labour. From the cross-priceelasticities,
it follows that the two types of labour are substitutes in both sectors. However,
substitution in the sheltered sector is considerably higher than in the exposed sector.
According to the strong definition, when high-skilled labour is complementary with
capital in the sheltered sector, the price elasticity is negative. In the exposed sector, this
elasticity is positive, but smaller than the cross elasticity between low-skilled labour and

capital. Substitution between low-skilled labour and capital is modest, especially in the
exposed sector. The computed own-labour demand elasticities are small, indicating
hardly any substitution between labour as a whole and capital; the cross-price elasticity
between labour and capital (minus the own-labour demand elasticity) ranges from 0.03
in the sheltered sector to 0.06 in the exposed sector.

Table 3.2 Price elasticities and elasticities of technological change'

Exposed sector Sheltered sector

Price elasticitiesb
TIn -0.88 (3.1) -2.10 (8.2)

Tlth 0.83 (2.9) 1.92 (8.5)

111, 0.05 (1.4) 0.18 (53)

0 (2.9) 0.91 (8.4)0.65

 hh -0.67 (2.9) -0.84 (8.8)

Tlbi 0.02 (0.7)
- 0.06 (4.0)

0.04 (1.4) 0.13 (5.7)

Tlkh 0.02 (0.7) -0.09 (4.3)

-0.06 (6.5) -0.04 (5.9)

71// -0.06 - 0.03

Elasticities  of technological change
Tl" -0.027 (2.6) -0.029 (4.8)

-0.017 (2.1) -0.012 (4.0)

TI" -0.009 (7.3) 0.013 (9.9)

' Absolute t-values between parentheses; elasticities are evaluated in the base year  1990

b Price elasticities are defined as 11,1 - Bln x,' lan pj
c Elasticities of technological change are defined as n„ = Bin x,#iat
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From these elasticities one can compute the employment effects of a decrease in wage
costs in the market sector, the exposed sector and the sheltered sector together. Given
employment and elasticities in  the  base  year,  a 10% overall decrease in wages, without
any change in other prices and output, increases low-skilled employment by 1.2%

(corresponding to 20,000 labour years). Due to complementarity with capital, an overall
change in wages has a small (negative) effect on high-skilled employment. The
employment effects of a specific change in wages  are much different.  A 10% decrease

in wage costs for low-skilled labour only leads to an increase in employment for the low-
skilled of 15.4% (250,000 labour years). At the same time, due to substitution, the
demand for high-skilled labour decreases by 8.1% (178,000 labour years). Again it
should be stressed that the elasticities are derived under the assumption of constant
output. When output effects are taken into account, total employment effects can be
much higher. Technological progress does not affect all inputs in the same way; it is
strongly labour-saving for low-skilled labour. Due to exogenous technological change,
the demand for low-skilled labour is reduced by almost 3% in the base year in both the
exposed sector and the sheltered sector. One might argue that there is a collinearity
between the time trend and the prices. The flexible way in which technological progress
is modelled takes account of most of the variation in prices, leading to low estimates for
the substitution parameters. However, estimating the model under the constraint of no
technological change, we do not find substantially higher estimates for the substitution
elasticities. This suggests that collinearity between price and time effects is rather small.
It should be noted that the null hypothesis of no technological change is rejected for both
sectors.

Morishima elasticities, which are presented in Table 3.3, can easily be derived
from the (cross-) price elasticities in Table 3.2.

Table 3.3 Morishima elasticitiesa

Exposed sector Sheltered sector

m/h 1.53 3.01
mik 0.92 2.23
mhi 1.50 2.76
mAk 0.69 0.75

mk; 0.11 0.22

mkh 0.08 -0.02

m, = 9,-Ti„, for ij = h,k,l. elasticities evaluated in the base year 1990

Changing the wage ratio has a strong effect on the employment ratio of low- and
high-skilled workers. In both sectors the values of the corresponding Morishima
elasticities are larger than 1. This finding corresponds with the crude guesstimates in sub-
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section 3.3.2. The reported values in section 3.3 were higher due to disregarding the
influence of technological change.

The Morishima values are asymmetric. It matters how a change in the price ratio
is induced. A change in the price ratio caused by a change in the cost of capital has a
much lower effect on the relative factor-demand ratio than does an identical change
induced by a change in wages. This corresponds, of course, with the low value of the
own-price elasticity of capital.

3.4.3  Decomposition of the shift in employment
Table 3.4 attributes changes in employment, as determined  by the long-term  rela-
tions (3.5), to changes in output, prices and technology. In accordance with the reported
elasticities, the strong technological change determines the decrease in long-term
employment of low-skilled workers. In the exposed sector, a growth rate of output of at
least 4.3% is necessary to stabilise low-skilled employment at unchanged factor costs.

In the sheltered sector, the required growth rate would be 3.4%. Changes in prices play
only a minor part to the shift in demand. Substitution plays a relatively more important
role in the growth of high-skilled employment.

Table 3.4 Determinants of long-term employment
Annual growth Decomposition

rate

Long-run Output Technological Substitution
employment progress

Exposed sector
Low-skilled -3.4 2.3 -4.3 -1.4

High-skilled 2.4 2.3 -1.8 1.9

Sheltered Sector
Low-skilled -3.4 2.0 -3.4 -2.0

High-skilled 3.9 2.0 1.0 0.9

'
Percentage values; growth rates are averages over the period 1973-1993

3.4.4  Elasticities over time
The reported elasticities refer to the base year. However, elasticities are not constant over
time. Table 3.5 contains the price elasticities in the first and the last sample points for
both sectors. Figures 3.2 and 3.3 show the evolution of the elasticities of technological
change.

Especially the own- and cross-price elasticities of low-skilled labour show a large
increase in absolute values. This increase is (partly) caused by the strong decline of low-
skilled employment. Given the SGM-specification, the employment effect in labour
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years of a price change is fairly constant. The relative effect, however, increases with the
fall in the size of employment.

The strong variation in the elasticities of technology is partly caused by the way
technology is taken care of in this specification. The additive quadratic term in the factor-
demand relations even causes some elasticities to change sign over the sample period.
For example, this is the case for the effect of technological progress on high-skilled
labour in the sheltered sector. Without any strong indication about major changes in
technology, this seems implausible.

Table 3.5 Price elasticities in 1973 and 1993

Exposed sector Sheltered sector
1973 1993 1973 1993

ntt -0.31 -1.07 -0.85 -2.66
gh 0.31 1.00 0.81 2.45

n. 0.00 0.07 0.04 0.21

4, 0.54 0.72 1.22 0.98

 hh -0.61 -0.72 -1.18 -0.91
#k 0.07 0.00 -0.04 - 0.07
& 0.00 0.06 0.10 0.15

0·06 - 0.01 -0.06 -0.12
n„ -0.06 -0.05 -0.04 -0.03

Figure 3.2 Technological progress; exposed
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Figure 3.3 Technological progress; sheltered
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3.4.5 Dynamic parameters
So far, the dynamic parameters as given by the I' and A matrices in equation (3.7) have
been ignored. Tables 3.6 and 3.7 give for the exposed and the sheltered sectors the
estimated values of these matrices, as well as some usual statistics. The A-parameters
denote the error-correction coefficients. A necessary condition for the dynamic system
to be stable is that the eigenvalues of the A-matrix (in absolute value) are between zero
and two. For both sectors this condition is met. All diagonal elements are positive, as one
would expect. An actual input-output ratio below the long-run ratio leads to an increase
in factor demand in the next period.

The dynamic results are not satisfactory in all respects. First, for high-skilled
labour and capital in the sheltered sector, the short-run price effects are larger than the
long-run effects; Viz Yph and ypk are greater than one. For low-skilled labour in this sector,
we see that a production change causes overshooting; yy, is greater than one. However,
overshooting can be explained as forward-looking behaviour in inflationary or growth
situations.

Second, the short-run production effect on investment seems high in the exposed
sector. The capital coefficient is about 4 in the exposed sector. Combined with the
estimated impact coefficients 0.78, this will lead to large investment fluctuations
following production changes.
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Table 3.6 Dynamic parameters exposed sector

A(a, i y) &(a, / y) A(k / y)

yp, 0.74 (15.5) 0.78 (1.3) 0.89 (3.1)

5 0.31 (3.1) 0.82 (5.7) 0.78 (9.0)

A 0.25 (1.4) -0.33 (1.5) -1.38 (1.6)i1

1 0.22 (1.4) 0.29 (1.3) -0.13 (0.2)ih

A 0.03 (0.3) 0.27 (2.5) 1.38 (3.4)Ik

R2 1.00 0.60 0.93

DW 1.88 1.73 2.30

Table 3.7 Dynamic parameters sheltered sector

6(a, 1 y) A(ah / y) A(k / y)

Yp; 0.89 (6.7) 1.18 (3.2) 1.33 (21.8)

y 1.19 (9.6) 0.14 (0.9) 0.28 (10.3)Yi

A 0.46 (4.9) -0.32 (3.9) -0.19 (6.9)

Am -0.13 (1.1) 0.43 (4.0) 0.15 (4.7)

Aa 0.37 (5.5) 0.12 (1.7) 0.11 (6.9)

R, 1.00 0.99 1.00

DW 2.40 1.76 1.92

3.4.6 Comparison with other results
Hamermesh (1993) surveys (mainly American) studies on labour demand. Although
empirical work on price elasticities shows a wide range of estimates, some general
conclusions can be drawn. Studies that assume labourto be homogeneous yield estimates
somewhere between -0.15 and -0.75 for the own-demand elasticity. Studies that allow
for heterogeneous labour suggest that capital and skill level are relative complements,
and that own-wage demand elasticities decrease with skill. Our results on the substitution
pattern only partly fit this picture. The direct price elasticity for high-skilled labour is (in
absolute value) smaller than for low-skilled labour, and the cross-price elasticities indeed
suggest a (weak) skill-capital complementarity. However, the own-demand elasticity is
considerably lower than suggested by Hamermesh. The important role for technological
progress in reducing demand for low-skilled labour is in line with Berman, Bound and

.

Griliches (1992) and Shadman-Mehta and Sneessens (1995).
As mentioned above, empirical studies on the demand for heterogeneous labour

in the Netherlands are scarce. Differences in methodology and data prevent a detailed
comparison of the results across studies. However, none of the studies on the Netherlands
fully confirms the'stylised facts' as reported in Hamermesh. In line with our results, both
Broer and Jansen (1990) and Hebbink (1992) find that labour-saving technological
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change plays a major role in reducing the demand for unskilled labour. Regarding the

price elasticity of labour demand, the evidence is mixed. To illustrate, Gelauff, den Haan
and Okker (1986) report an elasticity close to zero. Draper (1989), however, finds a value
of -0.2. Hamermesh suggests that measurement error in the price of capital biases the
estimate of the elasticity of labour demand towards zero. This bias might explain why
studies that use the real price of labour as a determinant (Draper, 1989) find a higher
demand elasticity than studies that adopt the price ratio of labour and capital as an
explanatory variable (Gelauff, den Haan and Okker, 1986).

3.5   Summary and conclusions

Focussing on the role of substitution and technology in explaining the structure of
employmentin the Netherlands, we estimated a system offactor-demand relations. Three

production factors are distinguished: low-skilled labour, high-skilled labour and capital.
We employ time-series data for the period 1972-1993 that became available only
recently. We use a functional form that is flexible, globally concave and relatively easy
to estimate. We provide estimates for both the exposed and the sheltered sectors.

The computed price elasticities indicate that the pattern of substitution does not
differ very much between the exposed and sheltered sectors. Substitution between low-
and high-skilled labour is relatively strong, especially in the sheltered sector. For the

market  sector  as  a  whole,  a  10%  decrease  in  wage  costs for only low-skilled workers
would in the market sector lead to a rise in low-skilled employment by 15.4%; high-
skilled employment would decrease by 8.1%. There is hardly any substitution between

high-skilled labour and capital (skill-capital complementarity), and only modest
substitution between low-skilled labour and capital. The resulting own-labour-demand
elasticity is small. Technological change plays an important role. Indeed, the greater part
of the reduction in demand for low-skilled labour can be attributed to asymmetric labour-
saving technological change. Our estimates should be interpreted with caution, as the
results are only partly in line with earlier empirical work. The small elasticity of labour
demand may be due to measurement errors in the price of capital. Also note that, partly
due to the specification used, elasticities vary considerably over time.

It remains unsatisfactory to 'explain' the major part of the change in employment
by an exogenous time trend. Further research should aim to incorporate technological
change in a more sophisticated way.
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Appendix 3.a Definitions and data used

This appendix defines skilllevel and industrial sector as used in this research. It explains
the data used. Tables a. 1 and a.2 contain time series for all data used.

Skill level
Employment is distinguished by skill. We approximate the skilllevel of workers by the
(highest) level of education attained. This contrasts with much work in which the
manual/non-manual distinction is used as a proxy for unskilled/skilled work. Low-skilled
labour is defined as labour with a primary and extended education. High-skilled labour
involves labour with secondary, higher vocational and university education.

We focus on the shifts in employment. Both the shares of primary and extended

primary workers declined over the sample period, while the shares of secondary, higher
vocational and university workers rose. It therefore seems reasonable to combine the two

formercategories. One might argue that, when addressing labour market problems of the
unskilled, it is useful to narrow this category to the primary level only. Only 8 percent
of the workers fall in this group, however. For practical reasons we want both groups to
be of comparable size.

Industrial sector
We restrict our analysis to the market sector. We distinguish two broad groups of
industries: the exposedand the shelteredsectors. The exposed sector contains agriculture,
manufacturing and transport. Construction, trade, banking and the other private services
form the sheltered sector.

Time series Project Labour and Education (Tijdreeksproject Arbeid en Opleiding)
Empirical work is limited by the availability and quality of data. For the estimation of
input-output relations one needs data on quantities and prices of all factor inputs, i. e.
labour by skill and capital. Until recently, for the Netherlands, there existed no time-
series data foremployment and wages by skilllevel. Therefore, Statististics Netherlands

(CBS) and CPB, in a joint project called Tijdreeksproject Arbeid en Opleiding (CBS,
1996), have made an effort to fill this gap. For the period 1969-1993, this project
constructs consistent time series for employment and wages by educational level and
industrial sector, merging all information available. Although this data set is a major
innovation compared to data used in earlier empirical work, we should express some
caution regarding the quality of the data. The time series were based on several data
sources, often differing in methodology and definitions used. Strong assumptions had to
be made to combine different sources. Furthermore, the data sources used cover only a
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limited number of years, and values for missing years have been obtained by inter- and
extrapolation. For this reason we restrict our analysis to the 1972-1993 period.

Employment and wages
We rely heavily on the data from the above-mentioned Tijdreeksproject (TP). However,
some information is missing: employment figures for self-employed workers are not
complete, for example, and earnings for this category are not available. Furthermore, data
from the TP do not exactly match the data from the National Accounts (NA). We assume

self-employed workers to have the same education and (imputed) wage as employees.
To obtain employment figures by skill level,  we  take the shares  from TP and combine
them with total employment from NA. Wages by skill are computed by combining the
ratio of hourly wages from TP with the total wage sum from NA.

The stock of capital
There exists no aggregate time-series data on the value of the capital stock. The
Kapitaal-goederenstatistiek (CBS) contains data for only a few years. Statistical
problems prevent comparison of these values over the years. However, using time-series
on investments and the value of the capital stock in a base year, it is possible to compute
the stock of capital. We distinguish between buildings and equipment. For each category
in the exposed and the sheltered sector we use the following equation for the accumulati-
on of investments:

k, = k,-,(1 -6) + i, (a. 1)

Capitalis denoted by k, investments are denoted by i, and the index t stands for time. For
ease of notation, we omit indices for sector and type of capital. We assume the scrap rate
6 to be constant over time. Scrap rates are based on average lifetimes as given in the
Kapitaalgoederenstatistiek. Por the exposed sector, we use a scrap rate of 0.02 for
buildings; for equipment, this rate is 0.04. For the sheltered sector, these rates are 0.03
and 0.11, respectively. From the same source, we take the value of the stock of capital
in the year 1991 as the base value. Buildings and equipment are combined to form the
total stock of capital.

The user cost of capital

Capital poses a particular problem. Its user cost is not a market price, and is therefore not
observed. Following Jorgenson (1986), we express the user cost of capital as a function
of the interest rate, tax parameters and the investment price:

(1 - wir - tbia)
Pk

i
[(1  - tb)r

+6+ risk -0,«lp,,
(a.2)

(1 - tb)
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with       p;    =  ap:       +  (1 -a)p. _  (a.3)., 1

/-1

The corporate tax rate is given by 4; wir stands for investment premiums, and ia stands
for certain fiscal tax facilities. The long-term interest rate is given by r; risk is a mark-up
for  risk. The price of investments is given  by  Pt,  andp,e is the expected inflation  of
investment goods. The cost of capital as a whole can be obtained by weighing the cost
of buildings and the cost of equipment with the stocks of both categories. We call this
the Jorgenson price of capital Pk-j·

Theoretically, at least in the long run, the value of output should equal total cost
of production. In this approach we assume profit margins to be zero. Using this
accounting identity, the cost of capital can be derived from value added, the cost of other
inputs and the stock of capital

P>Y -Paial-Pahah
Pk                 ·                                         (a.4)

k

For convenience of notation, the index t is left out. We call this the value-added price of
capital Pk-va· This leaves us with two definitions for the cost of capital. Both definitions

are approximations of the 'true' cost of capital. How do we evaluate both measures?
Which price do we take? In Figures  3.4 and 3.5 both series are drawn. In computing the
Jorgenson price according to (a.2), the researcher has a certain freedom in choosing the
risk rate and in computing the expected price inflation of investments. We chose the

parameters risk and a such that over the period 1969-1993

Figure 3.4 Capital prices; exposed
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the Jorgenson price fitted the value-added price best. Despite the calibration of the
Jorgenson price, there are still large differences between both series for the cost of
capital. Over the sample period, as one should expect, both series are more or less the
same. The fluctuations in the Jorgenson price seem a bit larger. These fluctuations are
caused by changes in the long-term interest rate. In estimating the model, we
experimented with both series. The Jorgenson price lowered the overall fit of the model.
Moreover, using the Jorgenson price led to lower estimates for the substitution between
labour and capital. As Hamermesh points out (1993, p 79), measurement errors in the

price ofcapital will bias this substitution toward zero. Both series probably contain large
measurement errors. However, based on these results, we assume the value-added price
to be more reliable. This price we use in the estimations.

Figure 3.5 Capital prices; sheltered
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Working time
Prices and quantities are corrected for changes in working time. Employment and wages
refer to labour years. The effective input of labour falls and the effective price rises with
reductions in the length of a labour year. However, shorter working hours increase the
productivity. Effective labour therefore falls less than proportionally, with a
corresponding elasticity of less than one. Effective capital input and cost are also
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affected, albeit slightly, by the changes in working time. A reduction in working hours
leads only to a small reduction in machine hours. For effective quantities and prices, we
use the following expressions

x, = E, ha4,  p, = Il,lhaL,   i - 1,h,k , (a.5)

where ha stands for the (index of) working time. A tilde means uncorrected quantities
and prices. The parameter < denotes the elasticity of effective quantities to working time.
For both types of labour we assume an elasticity of 0.85. It is assumed that reductions
in the working hours of labour reduce capital input, with an elasticity of 0.15.

Table a. 1 Data exposed sector

3 4 -ah k P; *„1 *.h Pk-i Pk.w ha
1969 82.66 1.47 0.45 380.50 0.52 0.24 0.30 0.31 0.44 1.18

1970 88.77 1.44 0.47 397.20 0.52 0.27 0.34 0.36 0.42 1.15

1971 91.23 1.41 0.48 411.30 0.55 0.30 0.38 0.40 0.40 1.13

1972 94.14 1.35 0.49 423.10 0.60 0.34 0.42 0.40 0.46 1.13

1973 100.83 1.32 0.50 437.90 0.64 0.39 0.49 0.41 0.51 1.11

1974 105.86 1.29 0.52 454.20 0.68 0.45 0.56 0.49 0.51 1.09

1975 100.57 1.25 0.53 466.70 0.73 0.50 0.63 0.55 0.39 1.07

1976 107.53 1.20 0.52 476.10 0.78 0.56 0.70 0.58 0.53 1.07

1977 108.90 1.16 0.52 489.30 0.80 0.61 0.75 0.56 0.50 1.07

1978 112.52 1.11 0.55 504.10 0.82 0.65 0.80 0.57 0.51 1.06

1979 116.33 1.07 0.57 519.40 0.83 0.69 0.84 0.58 0.50 1.06

1980 117.33 1.04 0.61 532.50 0.84 0.73 0.87 0.67 0.44 1.06

1981 120.37 0.98 0.63 540.70 0.84 0.76 0.89 0.79 0.47 1.06

1982 120.83 0.92 0.64 548.20 0.90 0.82 0.93 0.85 0.56 1.06

1983 122.96 0.87 0.65 557.10 0.92 0.86 0.95 0.80 0.61 1.05

1984 130.03 0.85 0.66 567.30 0.93 0.87 0.95 0.78 0.75 1.04

1985 132.40 0.85 0.68 580.60 0.94 0.89 0.96 0.73 0.76 1.02

1986 136.94 0.84 0.71 596.70 0.97 0.92 0.98 0.67 0.83 1.02

1987 138.00 0.82 0.74 610.70 0.97 0.94 0.99 0.66 0.78 1.01

1988 143.18 0.81 0.77 623.90 0.99 0.95 0.99 0.75 0.88 1.01

1989 150.15 0.79 0.80 639.40 1.01 0.96 1.00 0.87 0.99 1.00

1990 157.38 0.75 0.87 654.10 1.00 1.00 1.00 1.00 1.00 1.00

1991 161.23 0.74 0.88 668.00 1.01 1.07 1.03 1.09 0.99 1.00

1992 162.87 0.72 0.90 680.40 1.01 1.16 1.05 1.11 0.90 1.00

1993 162.41 0.69 0.90 691.60 0.99 1.19 1.08 1.00 0.84 1.00

'  Output (y) and capital (k) values (billions) in prices 1990; employment (a, ah) in labour years (millions);
prices (A) and working time (ha) normalised to unity in  1990.
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Table a.2 Data sheltered sector'

y              4             4               k              p,             p,1              A            P, i          Pk.™            ha

1969 99.68 1.508 0.440 112.90 0.33 0.25 0.29 0.30 0.35 1.17

1970 105.52 1.498 0.484 121.70 0.35 0.28 0.32 0.28 0.36 1.14

1971 109.70 1.460 0.524 129.30 0.38 0.32 0.37 0.26 0.36 1.12

1972 111.71 1.399 0.553 135.90 0.42 0.35 0.41 0.28 0.39 1.12

1973 117.04 1.363 0.588 142.90 0.45 0.40 0.48 0.34 0.39 1.11

1974 121.01 1.315 0.618 148.90 0.49 0.46 0.55 0.29 0.40 1.09

1975 120.36 1.268 0.645 153.60 0.55 0.52 0.62 0.29 0.40 1.06

1976 125.79 1.258 0.666 159.10 0.59 0.57 0.68 0.32 0.46 1.06

1977 129.69 1.252 0.690 165.90 0.63 0.63 0.74 0.36 0.50 1.06

1978 133.75 1.214 0.768 172.70 0.69 0.66 0.78 0.41 0.58 1.06

1979 136.54 1.177 0.852 179.60 0.73 0.70 0.81 0.43 0.59 1.05

1980 136.91 1.118 0.922 185.50 0.77 0.75 0.85 0.46 0.60 1.05

1981 132.54 1.012 0.960 189.20 0.81 0.78 0.87 0.54 0.62 1.05

1982 130.63 0.925 0.958 191.50 0.86 0.83 0.91 0.67 0.67 1.04

1983 129.58 0.861 0.969 194.70 0.89 0.86 0.94 0.75 0.73 1.04

1984 133.72 0.845 0.994 198.80 0.90 0.87 0.94 0.77 0.80 1.03

1985 137.62 0.839 1.032 204.90 0.90 0.89 0.94 0.82 0.80 1.01

1986 143.47 0.851 1.083 212.80 0.93 0.92 0.96 0.80 0.86 1.01

1987 147.28 0.856 1.133 222.70 0.94 0.93 0.97 0.81 0.85 1.00

1988 154.08 0.867 1.191 233.00 0.95 0.95 0.97 0.89 0.88 1.00

1989 162.60 0.879 1.256 244.00 0.98 0.97 0.98 0.94 0.98 1.00

1990 170.03 0.875 1.341 255.80 1.00 1.00 1.00 1.00 1.00 1.00

1991 174.82 0.870 1.408 268.60 1.02 1.05 1.03 1.04 0.96 1.00

1992 176.08 0.836 1.475 281.10 1.06 1.10 1.07 1.05 0.93 0.99

1993 176.65 0.807 1.531 289.70 1.10 1.15 1.10 1.03 0.90 0.99

a) Output CY) and capital (k) values (billions) in prices 1990; employment (a,  4) in labour years (millions);
prices (p,) and working time (ha) normalised to unity in 1990
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Appendix 3.b Estimation results

exposed' sheltered'

long-run parameters
(ott                           -4.96 (6.1) 6.96 (17.8)
(1)/1/ 4.68 (5.4) -6.35 (18.3)

6)'h 1.42 (11.8) 0.89 (8.6)

at                            0.28 (37.2) 0.23 (26.2)
Ill    (X 100) -0.75 (2.6) -0.67 (4.3)

Y, (x 1000) 0.11 (6.6) 0.57 (9.8)

ah                              0.36 (60.0) 0.49 (32.3
13, (X 100) -0.60 (2.2) -0.61  (3.7)

h (X 1000) -0.20 (1.4) -0.66 (5.8)
a*                            0.37 (246.7) 0.33 (91.7)
B, (X 100) -0.34 (7.4) 0.43  (10.7)

Yk (X 1000) -0.14 (4.0) -0.12 (3.1)

dynamic parameters
74                             0.74 (15.5) 0.90 (6.7)
7*                            0.78 (1.3) 1.18 (3.3)
yp,                            0.89 (3.1) 1.32 (21.8)

y,#                            0.31 (3.1) 1.19 (9.6)
YA                            0.82 (5.7) 0.14 (0.9)
YA                            0.78 (9.0) 0.28 (10.3)

4                                                 0.25 (1.4) 0.46 (4.9)

11*                            0.22 (1.4) -0.13 (1.1)
1,                           0.03 (0.3) 0.37 (5.5)
4                         -0.33 (1.5) -0.32 (3.9)
Ad                             0.29 (1.3) 0.44 (4.0)
U                            0.27 (2.5) 0.12 (1.7)
Aw                                                                                          - 1.38 (1.6) -0.19 (6.9)
A*                          -0.13 (0.2) 0.15 (4.7)
1*                           1.38 (3.4) 0.11  (6.9)
statistics
DWI 1.9 2.4

DWh 17 1.8

DWk 2.3 1.9

R71 0.99 0.99
Rt 0.60 0.99
Rek 0.93 0.99
' Estimation period 1973-1993; t-values between brackets
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Appendix 3.c Decomposition in between- and within components

Which part of the shift in employment toward high-skilled workers can be explained by
shifts in the demand between industries from those intensive in low-skilled workers to
those intensive in high-skilled workers? In order to address this question, we find it
useful to decompose the change in the educational structure of employment. A standard

way (e.g. Bound, Johnson and Grilliches, 1993) of decomposing a change in an
aggregate proportion into a term reflecting reallocation of employment between
industries, and another reflecting changes of proportions within industries, is as follows:

Api = I AS, f + rAp, T. (c.1)j                               j

fori=1,...,N skill  levels  and j =  1,  .  .  .,  M industries,  P, = x,  /x is the  employment

share of skill level i, P„ = XJxj is the proportion of i-skilled labour in industry j, Sj =
Xjix

is the share of employment in industryj. A bar denotes a mean over time. The first term
on the right reports the change in the aggregate proportion of workers with educational
level i that is attributable to shifts in employment between industries. The second term
reports the change in the aggregate proportion of workers with educational level i that
can be attributed to shifts in employment within industries.

Table c. 1 reports the employment share by skill in 1979 and 1989 and the
between- and within decomposition of the change in these shares. The decomposition is
based on employment data from the Wage Structure Inquiries in the years 1979 and
1989. We distinguish five educational levels: primary, extended primary, secondary,
higher vocational and university. Low-skilled consists of the first two categories, high-
skilled consists of the upper three levels. The decomposition is based on a two-digit
classification of industries.

Table c.1 Employment share and decomposition in between- and within-industry
shifts'

employment share decomposition
1979 1989 between within

low-skilled 73.9 61.4 -1.8 -10.7

primary 21.8 11.8 -0.7 -9.3
extended primary 52.1 49.6 -1.1 -1.4

high-skilled 26.1 38.6 1.8 10.7

secondary 20.3 31.1                          1.1                          9.7

higher vocational 4.5 5.6 0.4 0.7

university                                         1.3 1.9 0.3 0.3
'

percentage values
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The within-industry component dominates the between-industry component for
each educational level. The within component explains 86 percent of the shift in
employment from low-skilled toward high-skilled. The decomposition suggests that
shifts in product demand, e. g. the shift from industrial towards service-oriented sectors,
did not play a large role in explaining the increased share of high-skilled workers.

It should be noted that aggregation over industries decreases the importance of the
between component. Bound, Johnson and Grilliches (1993) show for US data that the
between componentdecreases from 30 percent to 13 percent when, instead of a four-digit
classification, a two-digit classification is used. Unfortunately, our data did not allow us
to make a decomposition based on a three- or four-digit classification of industries.

Appendix 3.d Definitions

au the Allen substitution elasticity

ah high-skilled labour
at low-skilled labour

Cy Costs

cv        minimal cost per unit output
nu          the ordinary (compensated) elasticity of factor demand i with respect to the price

of factorj
ni, the relative change in factor demand i due to technical progress
i          investments
ia      fiscal tax facilities
k capital
mu Morishima elasticity
Pah wages high skilled labour
pat      wages low skilled labour
p,          price of investments

0, expected inflation of investment goods.
pk        cost of capital
r long-term interest rate

risk    mark-up for risk
t time trend

4        corporate tax rate
vj cost share of factor j
wir investment premiums
y output



Part III What explains persistent unemployment?



4 Equilibrium unemployment in a small
theoretical model

4.1 General outline

This chapter's focus on unemployment persistence is its main difference with chapter 2
of this book, which classified unemployment into Classical unemployment (insufficient
production capacity) and Keynesian unemployment (insufficient goods demand) without
explaining why wages and prices don't clear the markets. For the short run, this seems
to be a reasonable approach. However, unemployment should disappear in the medium
term with sufficient price and wage flexibility, which is at variance with the observation
of long-lasting unemployment. A reconsideration seems desirable.  Let' s start  with  the
observation that business surveys regularly report a significant fraction of firms that
experience demand constraints without capacity constraints. Insufficient demand for
labour's output seems to be a main reason for unemployment (Keynesian
unemployment). Yet, insufficient demand suggests that firms want to sell at too high a
price, which may be caused by too high a wage resulting from the wage bargain. The
production capacity is then insufficientprofitable (Classical unemployment) and will not
be used. If agents do not want to change the situation, then long-lasting unemployment
results. This suggests the necessity to model wage and price setting separately from
demand in order to understand how full employment can be established in case of
unemployment persistency.

This chapter's model explains persistent unemployment. The demand side of this
small, theoretical model is an open economy variant of the Keynesian multiplier model
(Dornbusch, 1980), and the supply side is of the "right-to-manage" variety (Nickell and
Andrews, 1983). It mimics the theoretical background of the econometric model of
chapter 9. The chapters in-between contain the econometric studies with respect to the
demand side of the economy (chapters 5 through 7) and the econometric supply-side
modelling (chapter 8).23

Table 4.1, a total account of the Dutch economy for 1990, gives insight into the
circular flow, which will be modelled in the core model. The row entries of the total

23 The model does not have a monetary sector because the Dutch economy has a fixed exchange rate
within the euro zone. Under a permanently fixed exchange rate, uncovered interest parity forces the home
nominal interest rate to equal the foreign rate. With prices fixed by the economic agents and output given at
its equilibrium employment level, all determinants of money demand become exogenous. As a result the
monetary authority must adjust money supply to equilibrate markets. This job can be done without
disturbances. (Obstfeld and Rogoff, 1996). So, modelling the monetary sector is not relevant.
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account are the markets: the table distinguishes a market for goods, a market for
imported goods (both including services), a market where production factors earn
income, and a market for foreign bonds. For convenience, all import goods are
considered to be intermediary products. The column entries of the table are groups of
"agents." The first are the production factors, the second are firms, and the third are the
foreign countries. A cell in the table gives the transactions of agents on a market (+
receipt, - payment). The budget restriction of agents is obtained by adding up over the
column.

Table 4.1 Total accounts of the Dutch economy for the year 1990 a)

factors firms foreign total

goods -492.6 772.3 -279.7                            0

production
-imports -255.8 255.8                           0
- labour/capital 515.6 -516.5 0.9                  0

deficit -23.0 23.0                           0
total                                   0                      0                     0
a) Billions of guilders, secondary incomes from abroad are not presented here.

Total sales (772.3) consists of domestic expenditures (492.6) and exports (279.7). Firms
combine imported intermediary products (255.8) with labour and capital, which gives
the gross domestic product (516.5) (equal to total sales, excluding imports). The latter
is nearly the same as the gross national product (515.6).

To start our modelling effort, we represent the total accounts again - but now
with symbols in Table 4.2. Primary incomes from abroad are not taken into account. On
the good markets, firms earn (v P.) by selling to domestic agents (x Pv) and by
exporting (b p,)

Table 4.2 Total accounts
factors firms foreign total

goods -Xp' VP -bp                   0
factors

' 0- foreign -mp mp
-labour/capital yp: -yp,                                      0

deficit                                  -S                                                          S                                     0
total                                          0                                0                                0                                         0

Assume  that all imports,  (mp ') are delivered to firms  that  use the imports  in  the
production process as an intermediary product. The production factors earn income (ypv)
by selling their services to firms. Factor income (y p,) is partly spent (x p,) and partly
invested in foreign bonds (S).
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We are now ready to present the long-run open economy core model. We will first
describe the behaviour of agents in section (4.2). The working of the markets comes into
discussion in (4.3). The equilibrium is derived in (4.4), which explains unemployment
persistence. The driving forces behind unemployment will be analysed. Section (4.5)
concludes. The original non-linear version of the model is given in Appendix a, with the
derivation of the linear model.

4.2 The behaviour of the agents

Firms
Assume monopolistic competition on the product market. Firms then fix their prices (pv)
adding a mark-up (n) to the total production costs (Cl)

24

pv  -  cv  +  R      and      2  =  ec-y  +  (1 -0)j-'. (4.1)

The total production costs are a weighted average of the prices of imported intermediary
products (p ') and the costs of domestic production (c,). The weight (1-0) equals the
import share in the base yearof an equilibrium growth situation. The development of the
actual importratio in Figure 4.1 indicates an import weight (1- 0) between 0.30 and 0.35,
using  1990 as a base year.

Figure 4.1 Import and export ratio
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The value-added price (py) consists of domestic production costs and imputed profits

24
The equations have been approximated by a log-linear Taylor series expansion in a base year of

an equilibrium growth path. Differences of log-transformed variables from the steady state are indicated with
a tilde. For instance, 9  -  Iny  -  Iny  , with y' the steady state. Differences of level variables from their steady-

state value are indicated with a hat, eg.  ti,  =  u -u;, with  u,' the steady-state unemployment rate.
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py=ey+- i. (4.2)

The costs of production are a weighted average of labour costs (pt) and capital costs (pk)

Cy = 1#1 + (.1 -X) k '    #k -F+  v, (4.3)

where A is the equilibrium wage share in the cost of value added. The user cost of capital
is determined by the real interest rate, r, and the price of investments, pv. Figure 4.2
shows the development of the labour income share in value added, which indicates the
development of the labour income share in value-added costs. Using 0.15 as an estimate
for the mark-up, the figure suggests an equilibrium value of the labour cost share (A)
between 0.7 and 0.85.

Figure 4.2 Labour share in enterprise income
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Besides setting prices, firms determine the size of imports, m, and production, y. Assume
that domestic production depends on total sales, v, and on the domestic production costs,

cv, relative to the weighted average, c, of the domestic production costs and the foreign
pdce:

9   =   9   -    Cm(ey-2 3 , (4.4)

where a,„ is the substitution elasticity between imports and domestic production.
At the same time, imports will depend on total sales and the foreign pdce p i

relative to the weighted costs 4

m =9- amqi-2') . (4.5)
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Figure 4.3 plots the relative domestic production price against relative domestic
production. It suggests a substitution elasticity (am) between imports and domestic
production of around one.

Figure 4.3 Relative domestic production
and prices (both indices)
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Total demand for a given firm's products is a weighted average of domestic
expenditures and exports

v - 0x + (1-0)b , (4.6)

with   1-0 the export share in total sales, which equals the import share  in  case  of
equilibrium on the balance of payment, which is assumed in the point of linear
expansion.

Given factor prices, the firm determines the relative use of labour and capital so
as to minimise the cost of production. Clearly, the higher the wage rate, the lower the
demand for labour. For a CES production function, the relationship between employment
and wages is

1-9-6«)1-Ey), (4.7)

where l denotes employment, y the output of value added, and c the elasticity of
substitution between labour and capital. Employment rises with output, but falls ifwages
rise more fastly than the overall cost of value added. The degree to which this happens
depends on the substitution possibilities between labour and capital, as indicated by the
elasticity of substitution a.
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Figure 4.4 gives an impression of the substitution possibilities (c) between labour

and capital. The x-axis gives the log-transformed real wage costs in efficiency units, that
is the wage costs after correction for labour time and technological progress. Appendix c
shows how technological progress has been measured. The y-axis gives the log-
transformed labour income share in production. The angle of inclination indicates the

Figure 4.4 Labour income share and real

wage costs in efficiency units
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substitution possibilities. A substitution elasticity of one gives a flat line, while the angle
of inclination is 45 degrees if there is no substitution. The figure suggests more
substitution possibilities when wages increase than during times of wage moderation.

Figure 4.5 Relative exports and relative
sales prices
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Agents  in foreign countries
Assume that the export (b) performance relative to competing exports (the relevant world
trade, bc) depends on the relative price (pv-p')

6   =   6c   -   ab  v -b   · (4.8)

Figure 4.5 plots the relative sales prices against the relative exports. The plot does not
reveal a stable relation between the two variables. This is one of the reasons why we

consider only the exports of goods in the econometric analysis, and why we use different
prices for different sales categories.

The domestic production factors
Assume that domestic expenditures, x, can be linked directly to total real factor
income, z,

f  =  (1-y)2  ,      f = 9+Py-DV' (4.9)

with  1-y  the real factor-income elasticity  of the expenditures  in the steady state.  For
recent years, figure 4.6 points to a value slightly below one. The empirical model will
extend in different ways this simple modelling approach of expenditures.

Figure 4.6 Total real factor income elasticity
of the expenditures  (1-y)
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4.3 The markets

Before elaborating on wage formation, we will comment on the markets for goods,
intermediary products and capital. The firm sets prices on the goods market according

to equation (4.1). Because prices are set above marginal costs, supply will be perfectly
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elastic against the announced prices for a moderate shock, because more sales than
initially conjectured will be profitable as long as the marginal costs stay below the sales
price. The supply of intermediary products is assumed to be perfectly elastic against the

world market prices, just as capital supply is assumed to be perfectly elastic against the
capital market interest rate. Employment is set equal to labour demand according to
equation (4.7). This seems to be a reasonable assumption for recent years because labour
demand falls short of labour supply.

Wages are the outcome of a bargaining process between firms and unions. The
resulting wage may be represented by the following equation:

-        -         -

Pt =Py+9-1+ l,A + lij - 1(3Ur '
(4.10)

A - A+n - n
1 rt ry '

where A, and j denote the tax wedge and the replacement rate, respectively, and u,
denotes the rate of unemployment. Labour productivity is measured as the real value
added (gross domestic production) per worker. The wedge is the ratio of the real wage
costs for the firm and the purchasing power of wages for the workers. It can be thought
of as the sum of the direct tax rates, the indirect tax rates, the social security contribution
rates, (together denoted  as  A,),  and a measure  of the terms of trade,  p, -pv.  The
replacement rate is the ratio of the weighted average of welfare-, unemployment- and
disability benefits to the wage rate. Xi, %2 and X3 are positive coefficients. Thus, the
bargaining model says that nominal wages rise proportionally with value-added prices
as well as productivity - and furthermore with the wedge and the replacement rate.
Wages fall when unemployment rises.

The intuition behind the above equation follows directly from the basic idea
behind the bargaining process: firms and unions bargain about how to divide the
proceeds from production (the value added) between them. The shares in the division
depend on the relative bargaining power of the parties involved. A major determinant of
this bargaining power is the availability of an alternative to the current situation (the
fallback position). For instance, the bargaining power of the firm is enhanced if it can
easily (and legally) replace its current workers with other workers. Similarly, the
bargaining power of the workers increases if they can easily replace the income from
their current jobs with income from alternative sources.

The model may be completed with the unemployment rate definition

u =I-I. (4.11)rs

Labour supply,  4, will be held exogenous.
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4.4 The equilibrium

We will now derive two relations between employment and the real wage that will
summarise the equilibrium conditions on the labour market. For reasons that will be
made clear directly, we shall call them the reduced-form demand and supply wage-

employment schedules. Together they determine the equilibrium rate of unemployment.
The demand side of the model can be characterised as an open economy variant

of the Keynesian multiplier model (Dornbusch, 1980). Goods demand is described by
the equations for domestic production (4.4), total sales (4.6), exports (4.8) and domestic

expenditures (4.9). After making some substitutions, we get the following:
0-1 (4.12)

Ky = M(1-0)Pr + am- n- + (1-0)bc ,
with:

K  =  [1 -0(1 -y)]  ,

M I [0(ob'%+7-1)41-0)04 .
This equation reveals that the demand for labour's output will depend on the relative
production price (/5  . 1  1-pj) and on world trade. The coefficient K is the inverse of the
Keynesian multiplier. The coefficient M is related to the Marshall Lerner condition,
which says that domestic production will increase after a relative rise of competitor
prices if the sum of the export- and import price elasticities is greater than one.
According to our model, this condition is sufficient but not necessary for production
growth, as saving and intermediary goods imports relax the condition somewhat.

The relative price is directly related to the real wages according to the price
equation (4.2) and the cost definitions (4.3)

(1-0)Pr = -r--(1 +X')- n-X'(/3/-/-v)
, (4.13)

where k'   -   1/(1  -k). The relative price is a measure for competitiveness. Competitiveness
will deteriorate after a real wage increase because domestic prices will rise unlike the
foreign prices.

Employment is closely related to goods demand. Substituting the total goods

demand (4.12) and the relative price equation (4.13) into the labour-demand relation

(4.7), we get a negative relation between employment and the real wage if the extended
Marshall Lerner condition holds. We will call this the reduced-form demand wage-

employment schedule, due to its close relation with goods and labour demand. Its semi-
elasticities are given in table 4.3. This relation reveals that at low wages, goods and
labour demand will be large and unemployment small, while a wage increase leads to a
fall in demand and a rise in unemployment.
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But there is also another trade-off in the economy. The relative bargaining power
of labour will increase if unemployment falls. Labour will claim a larger part of
production, which may be expressed more clearly by rewriting the wage equation (4.10)
as an equation for the labour income share

1+P,-9- Py= II[A, *p.-p-yl  + x21-- x,[4-4 . (4.14)
The wedge, the replacement rate and the unemployment rate signify the relative
bargaining power of labour.

The price relation (4.1) and productivity relation (4.7) link the labour income
share to the real labour costs

T-9+111 - Py -(1 -6,)(Pi- fy)- fi. (4.15)

If the elasticity of substitution o  is zero, then there is no possibility to substitute capital
for labour, and the labour income share will rise one-to-one with the real wage. For
larger substitution possibilities, the labour income share changes will be smaller than the
real wage change.

Table 4.3 Reduced-form demand and supply wage-employment schedules
Supply Demand"

employment j'' employment (;

real wage  ( , - 4) 1[x,k'.1 -a] > 0 - Mx'-a< O
4                                                               K

wedge (Al) -6<0
X3

interest rate 09                                                                                               K
1! >O -M<O
X1

mark-up (R/0) _.1-[-xt('.k').al   0 - (1+11 +a IL!.1 -c>O
X3            m K<

replacement rate 0) -8<0
X3

labour supply (4)                                         1

world trade (6,) 1-8> O
K

'*The signs of the semi-elasticities are derived conditional on the assumption thatthe extended Marshall Lerner
condition holds.

Both relations determine simultaneously the other trade-off in the economy (the price
term in the wedge can be expressed in real wage costs, too), which will be called the
reduced-formwage-employment supply schedule. at higher real wages, more people will
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leave unemployment and take a job. This curve is called the supply schedule because it
summarises effective labour supply, taking into account the optimal decisions of the firm
to make the labour costs as low as possible. The semi-elasticities of this supply schedule
are also presented in table 4.3.

Next, we determine the production level that goes with a given employment level.

Rearranging the labour demand equation (4.7), we get

9 = 1 + O (bi- 0) + a.b. (4.16)
Y     0

The real wages can be substituted out using the demand wage-unemployment schedule
of table 4.3, which brings us to the employment-production schedule (table 4.4).

Table 4.4 Employment-production schedule a)

production y
employment / [1 -Bl > 0

-BM<Ointerest rate (19 K
.IM . 0-1 1 >

mark-up (19/0)
-111-(1+1)-C,„--K+alia < 0[K

world trade (6,) B fl.-el >O
K

'>The signs of the semi-elasticities are derived conditional on the assumption that the extendedMarshall Lerner
condition holds.
b) The coefficients A

and Baredefined as  A  = a 31-1,+-1-2,1-  and   B = a  A'+ c -   X3    %3 )

The equilibrium unemployment rate
We have considered the demand and supply schedule between employment and wages
and its potential shift factors. Together they determine equilibrium employment. Using
the unemployment rate definition (4.11), we get the equilibrium rate of unemployment.

We will now proceed with the study of the adjustment process towards a new
equilibrium after an exogenous shock. Figure 4.7 presents a graphical analysis of the
initial equilibrium. The top right quadrant plots the two curves presented in table 4.3,

:r„relating the real wages to employment. The first one, labelled "Supply, 1, depicts the
effective labour supply. It slopes upward, as more labour is effectively supplied ifwages
rise. The curve shifts to the left for a rise of both the wedge and replacement rate,
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Figure 4.7 Unemployment, wages, the relative price and production
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as well as for a decline of both the labour supply and the interest rate. The influence of
the mark-up cannot be determined on a priori grounds. The second line, labelled

:,„"demand, id represents the influence of real wages on goods demand. It slopes

downward, as larger real wages result in less demand and therefore reduced labour
demand. The curve shifts to the right if the interest rate decreases, or if world trade

increases. The mark-up effect cannot be determined on a priori grounds.
For given values of the wedge, the replacement rate, the interest rate, mark-up,

labour supply and world trade, the intersection of the two lines is at point A. Equilibrium
employment is equal  to   4. The relative price relation  (4.13) is given  in  the  top  left
quadrant. It relates the real wage to the relative price. The dashed line connects the
equilibrium wage to the equilibrium relative price. The reduced-form relation (4.12)
between production and the relative price is given in the bottom left quadrant. Finally,
the relation between employment and production from table 4.4 is depicted in the bottom
right quadrant. Note that all variables are zero in the initial equilibrium, because they are
formulated as differences from the equilibrium. Thus, alllines should pass the origin; by
adding up constant terms, however, we have disentangled the thread.
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Figure 4.8 Increase in the replacement rate or wedge
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An increase in the wedge causes a decline in effective labour supply: a shift to the left
of the 'supply' curve. As a result, wages rise to point B in Figure 4.8. However, this
point is not an equilibrium. How will the equilibrium be restored? As the rise in wage
costs are fully passed on to prices, competitiveness deteriorates. Production falls and

layoffs will occur. The increased unemployment erodes the union's bargaining power,
and wages retreat until they are in line with the firm's ability to pay (point C). The
ability-to-pay has somewhat improved, because the relative price improves a little, due
to imperfect competition on the goods market. In the end, the real wage costs to the firm
have changed less than the initial impulse, and the tax increase is partly borne by the
workers in the form of lower purchasing power. To make unions accept this,
unemployment has to rise, up to -4 in the figure, which diminishes their bargaining

power.
A rise in the replacement rate results in a similar story.  The wage claim again

increases, withouta concurrent shift in the ability-to-pay of the firm because demand will
fall at higher prices. Again we move to point C, with higher unemployment.
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Figure 4.9 Increase in the real interest rate
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Next we consider a rise in the real interest rate in figure 4.9. Its direct effect is a cost
price increase, which will be passed on to prices. Given a certain real wage level,
competitiveness deteriorates, which is depicted in the figure by a inward shift of the
relative price line in the upper left quadrant. The firm's ability-to-pay falls, due to lower
sales, which leads to layoffs. The demand schedule ofemployment thus shifts downward,
because at the same real wage employment will decline to point B. The union's
bargaining power erodes, and wage demand declines to point C, with still more
unemployment than initially. If the firm has no substitution possibilities between capital
and labour, employment will decline one-to-one with production. However, labour
productivity declines if substitution is possible, leading to a shift to the right of the
production-employment schedule in the bottom right quadrant. Firms reduce their use
of expensive capital, and produce in a less capital-intensive way.

But there are additional effects on the supply side. Due to a decrease in the wedge,
the union's production claim diminishes, leading to a shift to the right of the supply
schedule of employment. This causes the ultimate unemployment effects to diminish
further. In the figure, the new equilibrium point at the employment-wage schedule is
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point D. However, we have to conclude that the ultimate unemployment effects cannot
be determined on a priori grounds.

Figure 4.10 Increase in labour supply
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Figure 4.10 analyses a rise in labour supply. More people are available for production.
The figure illustrates this by a shift to the rightof the supply employment-wage schedule.
At the same real wage, labour supply rises to point B. The firm gets more choice options,
thus eroding the union's bargaining power. Wages decline to point C, leading to
improved competitiveness and a production increase. Labour supply will not be absorbed
completely. The unemployment rate remains a little bit larger  ( 6,   =  4 -4 )  due  to
imperfect competition on the goods market. Note that production does not increase

proportionally with employment in case of substitution (bottom right quadrant).

Finally, we consider a rise in world trade in figure 4.11. Demand will be larger at initially
given relative prices and wages. Thus, production increases and unemployment declines,
which is depicted in the figure by a shift downward of the production-employment
schedule in tile bottom right quadrant, and a shift to the right of the demand employment-
wage schedule. Employment increases initially to point B. The union's bargaining power
increases, leading to a rise in wages (to pointC) and prices. Competitiveness deteriorates,
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leading to a fall in production. The relative price effect on production is smaller than the
initial volume effect of world trade. So, production increases and unemployment stays
a little bit smaller.

Figure 4.11 An increase in world trade
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4.5 Conclusions

This chapter presented a small theoretical model which explains unemployment. The
demand side ofthe model is an open economy variant of the Keynesian multiplier model,
and the supply side is of the "right-to-manage" variety. The equilibrium rate of
unemployment is explained by several exogenous factors. If the wedge or replacement
rate increases, unemployment becomes larger. The influence ofmark-up and interest rate

changes could not be determined on a priori grounds. A rise in labour supply and a
decline in world trade increases unemployment, too.
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The charm of this simple model is its analytical tractability, which makes clear- cut

propositions possible. But several objections can be made.
First, the model cannot address all possible effects of changes in the exogenous

variables of the model, on a priori grounds. For instance, the consequence of a shift in
the interest rate on the equilibrium rate of unemployment is not clear. Empirical research

is necessary to unearth not only the sign of these changes, but also the size of the effects.
Second, if one's objective is to use the model as a starting point for empirical

purposes, then other objections can be raised. First, the figures revealed that not all
relations are stable    at this aggregated level. In particular, exports     need    to    be

disaggregated. Second, the description of the national saving rate was over simplified.
A split-up in consumption and investments seems necessary. Three, the possibility of
evaluating government policy in this simple model is rudimentary.

Subsequent chapters aim at countering these objections. They are preparatory
studies for the econometric model of chapter 9. Price setting is investigated
simultaneously with exports in chapter 5, and again in chapter 8 together with labour
demand. Besides setting prices firms decide to import intermediary products or to
produce by themselves. This decision problem is investigated in chapter 6. The firms'
labour demand is investigated in chapter 8, together with price setting and wage
formation. Only the exports of goods are considered in the econometric analysis of

chapter 5. This restriction has been made to obtain a stable relation between the relative

exports performance and relative prices. Private consumption is modelled in chapter 7,
and firms' investments in appendix 8.a.

These separate studies are integrated in chapter 9. This last chapter will focus once
more on the explanation of unemployment and its persistency, as indicated in this
chapter.

Appendix 4.a Derivations

The nonlinear model
Assume that the firm's minimal costs (C,) can be represented by a nested CES function.
The minimal value-added costs (cy) are a weighted average of wages (pt), and the user
costs of capital (pk)· The user costs of capital depend on the real interest rate (r) adjusted
for technological deterioration and sales prices (p,). The value-added costs (cy) and
import costs (p ') together comprise the unit sales costs (c,)

[          1 -c.                                                 -                                                                                                                                   (a. 1)
cy  =  p  cy        +  (1 -0)p ' '-0- I -0-  ,
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cy   =  IX  pl -0   +  (1 -1)  PL -liz    ,                                                                                                                 (a.2)

Pk- r p  (a.3)

The firm's factor demand follows from Shephard's lemma. Imports On), labour (l) and
capital (k) are the distinguished production factors. Value added (y) is a sub-aggregate:

/  'l amBC                BC
y  -  -acv  -1 1' -aci-  B v ° i f j       ·                                                            (»4)p               y                  .

BC         ac.              f  /'1 -0.
m  =I  =  A  v-  -  B (1 -0) v plap /                  ap'                               . c.,1 (a.5)

/   ) -0BC BC Bc

."„ lf J .       ca 6)ap,    ac;, ap,

C    '1 -0BC BC Bc
1 Pk IV    Y  =   (1 -X) Y    - (a.7)apk    89 apk              , S

Sales prices (p,) are fixed using a mark-up (n) over the marginal costs

p, -  av
35.n=Bcin. (a.8)

The value-added price (py) results from the definition

v P.-mpt

-       y                                                              (a.9)

The firm's total sales (v) consist of domestic expenditures Cr) and exports (b)

v=x+b. (a. 10)

Domestic expenditures (x) depend on the income from production in sales prices (z)

y P.
X   =  Z (1 -7) and  z =-, , (a. 11)

P.

and the export (b) performance relative to competing exports (bc) on the export price (p,)
relative to competitor prices (P /)

t  =  · 1 fl -'
I (a. 12)/

1

The terms of trade (p,) is determined by the competitor prices and the value-added price
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C   /\
I p l

P,  -  1 -1·                                                                                                              (a. 13)Cpy)

Out of the wage bargain with unions comes the labour income share. The wedge (A), the
replacement rate (i) and the unemployment rate are significant variables:

C lp,1 i Xo Ax, jxz e-bu. (a.14)Cy py)

The wedge may be split up in a tax (A,) term and a terms-of-trade term

P,A -A,-. (a.15)
PY

The last equation is the unemployment (u) definition

up=fs-l (a. 16)

Linear version
All prices are normalised at 1 (the real interest rate r, too). As a result, we get 1  = 1/n.
Using a first-order Taylor series approximation at the steady-state point, we make the
linear version of the model. For instance:  x = f(y,z) is approximated as follows:

Inx  -  1nx *  = i .2!nf '(lny-lny *)  +   .219(1 '(lnz-lnz ')
C alny) alnz)

(a. 17)

or     s  . 1 -ainfl 3  +   {ainfl'zC alnyJ alnz)
Note the meaning of a tilde (-) above a symbol. Moreover. we will use a hat () above a
symbol for:  f  -  x  - x' . Assume zero profits in the steady state, so   =  1/n      1. This
results in the following:

4  =  0  4  +  (1 -0), , (a. 18)

4  -  A A  +  (1 -A) Pk, (a. 19)

 k=r+ p. (a.20)

9=9-6,(2, - 20 , (a.21)

m  =0  -  antii'  -  2), (a.22)

I=9  0 W1_23. (a.23)

k- 9 - 6(f'k-23, (a.24)
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P. -  c. + n , (a.25)
1       1-0 -1

Py liep. -ep, (a.26)

v  -0  x  +  (1-0)  b , (a.27)
R  =0 -51) 2     and     z  =  9  +  fiy  -  v, (a.28)

b = bc - ab 05. - P,) ' (a.29)

Pr=  V   -by, (a.30)
-                            -

1 + /1-9-1'y=X  A + X2  -lh U , (a.31)

A=A+A-  y, (a.32)

U   =i -I (a.33)rs

The relation between the price terms and the terms of trade is

#v   -    # 1    -   8   ify-f) 5    =    -   9   p r , (a.34)

15,-By - (0-1) (Ey - # 9 - (1-016, , (a.35)

1             1-0 -tPy -8(6 + nD- -r p  -
(a.36)

=     (0  2,  +  (1 -0)#t)  ..   n--  -1-,it # 1-  c.  +  - i  n  ,

(ty- 2.) = -(P - 0 =(0-1) -t
0

(0-1) -t--9- f.- 7 (a.37)
0

-(0-1)< 0 /,) -(8-1)n-00
Ability to pay

py-c-y+ n=
(a.38)

= A P, + (1 -1) P-k +   n '

0-1 (17-4.) + (1-X) (r + A -P-) + -8-n,(a.39)Y    e
X                     1    -(1-0)P, = - - (25-jay) -f- n. (a.40)

(1-X) (1-1)0

Supply schedule

1=9-0 li -13  *- R, , (a.41)Y 0
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1-9+ #1 - #y=(1 - a)(#1-1 3-2- A , (a.42)0

ZIA+Xzf-X,u,=(1-C)(A-#..)-En, (a.43)0

102    (1 - a) + -A .Gr =I L (Al  + #v- p y) + -f-
t#1 - #4

X.3                       73          X3                   0 Xy

%1                1(2    (1 - 0) +LU=. - (A   + (1-0)6) + -f- Wt - 03
%3    )(3 X3  ' 0%3

X i( :   1            1   1 (a.44)
-  -1  A,   -  -  (#1-16v)  -    F  -                 n I

X3  C    '       (1 -X) (1-1,0    3

+ 32 1- -  (1  - 0)  1 - #> + 1 A =
%3          X3                   0%3

%1  1 - , 4-=-lAI   -F/ + -j +
4                 4

-  C  r,       1      + (1    -   a)'1                                 C  -   r,

1 .1] n,
X3  (1 -k) X3         ,|     L   -   4                   4  (1 -A)0      0 4,1

-    -

l=l-11
sr

I 4  - 3!. CA,  - F)  I  -3  f.
X                   )6                                                                (a.45)

1,
,

(,  i  .,1    0-1   -  6,   -1  -      (1 -,»,..41,-73 (1 -1) 4

Demand Schedule
9=9-0. Cay - 23

=   0-   a„,(8 -1)  p     +   a      (8-1)n
m   0

-0  (1-y)  03  +  4   -pv)   +  (1 -0)  b (a.46)

(0-1)-
-  cm(0 -1)  p    +  c     -n  .r m 0
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[1 -0  (1-Y)lf  =
0  (1 -y)  Wy  - j-v)   +  (1 -0)  b

-  s„(0 -1) p    +  c     fe_116/ /0
=  0  (1 -7)  Wy  -   v)  +  (1 -0)  (b-£  -  Gb  (, v - j  S

(0-1)n-- c,"(0 -1) A + 0-- (a.47),„ 0
=   -0  (1 -y)    (1 -0)6   +  (1 -0)  (bc   +  Gb  0 Pr)

- am(0-1) 6 + a  ·CO-11,-
m   0

=   -[0(1-y-ab-am)-(1-0)am)](1 -0),6,  +  (1-0)b  +  a    (fL.Un
m   0

K y  -  M(1 -0)ji  +  (1 -0)6   +  c    .(0-1)n
C . 0

J x 1 1
(a.48)

(0-1)n=  -At\  -    1-#)  +    F  + (1-ijii  li   +  (1 -0)6c  +  c,„  -r    ,
l  (1 -A)

0 -1-9-6 ,-  Ji)--n
Y     0

M[ A      1=--1- Wipy) + 7+ -n'
Kl  (1 -X) (1 -)00    J

1 -0 - (0-1).
+-Kbc+Cm-Krn -0(#1 -P..) -9-n- (a.49)0

=_IMA ._1 M -           1 -0 -

[ K (1 -k) '      (Pt-P- )  -  -Kr    +  --Kbc
[M    1       _c   (0-1)  +  a 11
[K (1-1)0 m  KO     ' 

Employment production schedule

f - i + c 05,-4) + O 6
F [M 1  1-11  [M X 1-'M

=11- 6 +C l l/ -c r + Cl -7
i       [ K (1-X)      1 ] [ K (1 -X)       ]     K

IM X 1-' 1-0- (a.50)
+ e + al -b

[ K (1-k)       ]     K    C

«IM__L.  a]-'  IM 1 (0 -1)   +   a  liT  +  2  n-  .
[K (1-k) j [K (1-1)0 -cim-KO-0]     0
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Equations drawn in the graphs
-,-                                                    0|d=y-atill-OV- TA

I    -I: (1 t,)  +   .1   0-, -02    -   *,      + liti (a.51)

[Af    1        _ O   (0-1)  + .2 1-
[ K (1-1)0 m  Ke     0 f.'

X1  1 - 1 47C =ls--(Al- r)--1 +
4                4

(a.52)

.I  C,t')." I "} 11,1 - 4, -1 -  3,1-10  4 1 ' 1
y = M(1-0)p + (1-0)6 + C. (0-1)6- (a.53)K r K c K0

1

Pr  -  -  (1 -1*1 -O)  W-'-Py)  -    Ii-EGif  -                         n ,                               (a.54)(1 -1)0(1 -0)

9  -  1 -  JM    x    +  01-11   1--  JM    k    ,  a -'  M r[ K (1-X)        J J [ K (1-1)        J      K

+jM X 1-' 1-0 -
+ 01 -b (a.55)

L K(1 -1)       j      K    C

JM  1  + 61-1 [M   1     _ c  (0-1) + 2 1 n- + .2 n .
[K(1 -1)       1     [K(1 -1)0 KB     0 J     0

Appendix 4.b Substitution between labour and capital

This appendix presents a method to measure roughly the substitution possibilities
between labour and capital. First, technological progress is determined using the method
of growth accounting (Boskin, M.L. and L.J. Lau, 1992). Assuming Harrod-neutral
technological progress, we can next determine the substitution elasticity.

Assume that firms use labour l and capital k, to produce goods y. The working
time is ht· The production function is in general y = f(k, l h,. t), with t the time index to
represent technological progress. The production change can be attributed to a change
in the capital stock, employment, working time or technological progress
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dlny    -    alnf dlnk   -ainfl- dkh,   . ahf                         (b. 1)
dinl  *

dt   ank dt alnl  h         dt                dt                   at

Technological progress can be determined by

24=   hy_    alnf dink   _   -3Bl(.-  fgnl   +   -j;--     .                                                           (b.2)
dinhh

&   dt  ank dt an!  h ,       dt

Assume that firms maximise profits with a constant returns-to-scale technology and a
goods market with perfect competition. Then, the employment elasticity of production
equals the labour income share A, and the capital elasticity of production equals the

capital income share  1 -A. The percentage change of technological progress can then be
determined as

p  =  f  -  (1 -A)-,f  -  A., 7  + 4. (b.3)

With:

p technological progress, y production,
k       the capital stock, 1 employment,
ht      working time,
and a o indicating an annual percentage change. The capital stock is not observed, but its
technological depreciation, d, can be used as a measure in case of degressive
technological deterioration. Then, # -3 holds.

Assume that the firms' profit maximisation problem is

max
1 -k    n  =  YP.  -  1.Ple  -  kpk'
e'

1,         -1 (b.4)le = 1 ht III(1 +p,)    ,  Pli = Pt hi-1 1 IIB +p,   ,
ls=o J L,=0       J

1-1/p
y  =  A  ate-p   +  (1 -a) k  P]

This results in a log-linear relation between the labour income share, A, and real wages,
lnX    -   141  -'al   +   (1  -a)[lnp/,-Inpy] (b.5)

In summary: aftercalculating technological progress, we can determine the development
of wages in efficiency units (Pt,)· A scatter between the real wage costs in efficiency units
and the labour income share gives an impression of the substitution possibilities between
labour and capital
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Appendix 4.c Definitions

b exports
bc competing exports (relevant world trade)

cy          costs of domestic production
c, total production costs
ht       working time
1 employment
4       labour supply
m imports
n mark-up
p ' competitor prices
Pk Capital costs

pv price sales

py price value added
r real interest rate
j         replacement rate
u,        rate of unemployment
v firms' total sales

A wedge
x domestic expenditures
y production (value added)
z         total real factor income



5 Exports

5.1 Introduction

Over the period 1950-1973, Dutch exports grew 62 percent more than the exports of
competitors, while this same measurement was a mere 4 percent more than the
competitor's over the period 1973-1992. Why did Dutch exports grow so much faster in
the first period? Is it a matterof price competition, orhas non-price competition, perhaps,

played an even more important role? Modelling exports, we have focussed on these and
related questions.

This research effort has been motivated by the usefulness of this type of
information in evaluating the effectiveness of export-led growth policies. Export-led
growth could be realised by wage moderation. Wage moderation brings about lower
prices, leading to a rise in exports and to an overall upswing. The upswing would be
possible, too, if the unused capacity, due to the fall in domestic demand, could be used
to meet new demand on foreign markets. But are these effects significant enough, or will
policy based on these theories be built on a house of cards?

To assess the contribution of the research effort more easily, we will begin by
summarising both national and international insights over the last twenty years.

In the seventies and early eighties, empirical research in the Netherlands focussed
mainly on the relative price elasticity of exports. Following this, Draper (1985) and
Brakman and Joosten (1987), among others, introduced supply elements. They explained
aggregated exports as a weighted average of demand-following and supply-setting
behaviour that results in a mixture of demand and supply elements to explain export

performance. Apart from world trade and the relative export price, capacity and the profit
margin were used to explain exports, while the export price was explained as a weighted
average of costs and competitor prices.

This type of supply-side modelling may be criticised because it does not deal

symmetrically with domestic and foreign supply. Thus, ter Rele (1986) presented cross-

country evidence for the significance of the relative investment-ratio as an explanatory
variable. The investment ratio is meant to give an indication of the capacity to produce
modern products and to enter new foreign markets. In CPB (1992), his suggestion was
adopted in the macro model FKSEC. The relative investment rate was introduced in the

operational models as a separate variable, alongside world trade and the relative export
price. The export price itself continues to depend on a weighted average of costs and

competitorprices. The latter variable incorporates the implicit assumption that cost-price
reductions will partially be used to improve the profit margin.



122 Chapter 5

The international literature on the explanation for the rapid export growth of
Newly Industrial Economies' (NIEs) has evolved along the same lines. In the early
eighties, using the Goldstein and Khan (1978) methodology, empirical research focussed
mainly on the relative price and income elasticities of demand. These studies explain the
rapid export growth primarily as a phenomenon of income-elastic export demand. The
price elasticities obtained for NIEs are low. These results could point to a rather unique
product mix of the export package. Then, price concessions will not be necessary to gain
a larger market share. This could explain their terms of trade development, which
changed little.

However, Riedel (1988) and Arthukorala and Riedel (1990) challenged these
results, arguing that the NIEs operate in competitive markets with no unique products.
They are price followers, while exports are determined mainly by supply. The obtained
high income elasticities could be due to the measurement method used.

Muscatelli et al. (1995) provide evidence that the high income elasticities of
export demand, which are detected using a conventional simultaneous (Goldstein Kahn)
model, may conceal the presence of important product differentiation and product
innovation effects on export demand. These are captured using the capital stock as a
measure for the total resource base. This results in a mixture of demand and supply
elements to explain export performance.

Using new dynamic system estimation methods, this study presents us with significant
new insights into the working of the export market. These new methods are characterised
by their attention to the long-term properties of time series, by which the long-term
elasticities are more properly estimated. Moreover, the methods differentiate between
stationary variables and trended variables. Obviously, trended variables cannot by
themselves explain stationary variables, while stationary variables cannot give an
explanation of trended series. Making use of these methods, we get three new insights.
First, we find a substantially larger price elasticity of demand compared to previous
studies. Second, the estimation results point to price-setting behaviour. They suggest that
cost-price changes are fully passed on to prices. This is at variance with traditional
insights (CPB, 1992). Third, a significant home pressure of demand is found. Excess

capacity leads to an increase in exports without price concessions. Indeed, capacity
effects are relevant for export performance. However, this capacity effect points not to
perfect competition, but to non-price competition, which is the usual way to explain
home pressure of demand (for instance: rationing in case of high utilisation rates, and
marketing efforts or improved service at low utilisation rates).

This paper is set up as follows. Section 5.2 formulates a theoretical model for the
determination of exports. Section 5,3 starts our empirical research with a graphical
analysis of the most important variables, an analysis of the order of integration, and some
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static regressions. Three co-integration relations are identified. The Johansen approach
is then used in section 5.4, which points to one or two additional co-integration relations.
After identification of the long-run relations, we model the short run in an intuitively
appealing way. The results are summarised in section 5.5.

5.2   A theoretical model

Before looking at the data and elaborating on the estimation results, we will first give an
economic interpretation of the main results as sketched in the introduction. The estimates
suggest the relevance ofimperfect competition, with firms announcing prices and selling
all goods that are demanded.

Demand

The Armington (1969) approach gives a parsimonious representation of exports.
According to this approach, an economic agent chooses first to buy domestic or foreign
goods. Next, the agent determines the country from which the foreign goods are ordered,
taking into account that the products are not totally the same. Competition between
export firms concerns mainly competition with firms from otherexporting countries. The
export performance of a country, relative to that of its competitors, will then depend on
its relative export price.

Modelling demand we use this theory. So, assume that after deciding to import
goods, the importing agent has to chose between products from the (domestic) country
for which exports are modelled (bf) and products from third countries (be)· These goods
are substitutes, but not completely equal. The price of domestic suppliers (pbf) may
deviate from foreign competitor price (Pbc)· The value ofworld trade (MJ is exogenous.

The importing agents' second-step decision problem is formulated as a utility (U)
maximisation problem:

25

max                                                                i

b,         U   =    a -'   t:f   +   a  -p   b,!'P,
(i «c)

(5.1)

s.t.   Mw =  bf Pbf +  bc Pbc

25 Another approach would be minimisation of the import costs given limited-substitutability ofgoods
from different countries and an exogenously given total volume of world trade. In that case the value of world
trade is not exogenous, but, rather, the volume is. For firm behaviour, the compensated price elasticity will
then be relevant.
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This specific utility function leads to log-linear demand equations:

\1 -C

b, -a, m.    b,
for   i=f c,

(5.2)
\ mw

in which the volume (m.) and the price index of world trade (p,„w) are defined as

Mw  F ,0 1
-giTTE

(5.3)
mi   =   -   '       Pmw   =   Laf  Pbr       +   ac  Pbc    j         ,

p mw

and c  -   1/(1 -p).So, exports are a function of the value ofworld trade, the export price

and the competitor price if one takes the value of world trade exogenously. Note, the
own-price elasticity of demand is not equal to a, because the macro price Pm. and the
total exports depend on the own price. We will deal with this later (see equation 5.6).

Price setting
Modelling price setting, we assume that firms, which produce with constant returns to

scale, maximise their profits. In the long run all production factors are variable and firms
can produce against average costs

(Ca).
Their sales will depend on the price.

Profit maximisation of the firm makes their marginal costs equal to their marginal
returns. In case of constant returns to scale, marginal costs are equal to average costs. For
the marginal returns (mf) holds

abfpv      F 1 1 alnb

mof  -   --ab         -  Pb/ 1    +   ·E      with     9  -ali   '                                                               (5.4)f
and €,represents the uncompensated own-price elasticity of demand. To obtain positive
marginal returns mor the own-price elasticity has to be smaller than - 1.

The price results from the equality of the marginal returns and the marginal costs

[   11

tnp" = 1.c. - inll + -i J. (5.5)

According to this relation, the export price is explained by average costs and the profit
margin, which depends on the price elasticity ofdemand. This equation corresponds with
the price equation 4.1 of the small, theoretical model, which was presented in chapter 4.

The  influence  of competitor prices
As can be derived from demand equation 5.2, the price elasticity of demand is a function
of the own export price and the competitor price
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C       , 1 -0

9 =w/a-  1)- 0  =al -Pbf'    (a -1) - a ,
C  pm„ 11

(5.6)

with Wf the market share of the domestic firm. To guarantee positive marginal returns,
the absolute value of the own-price elasticity has to be larger than one, as we saw before.
From the derived expression for the own-price elasticity follows for the substitution
elasticity c >1, which is guaranteed if 0<p<1 holds for the utility parameter. This
price elasticity of demand (and thus also the profit margin) appears to be homogeneous
of degree zero in the own price and the competitor price.

Substituting the log-linear approximation of the profit margin into the price
equation, results in26

wf((I - 1)
InPbf -  -i- Inca  +  -_ILInpbc  +  It       with   n  5  - -1+4 19(C-1) - G (5.7)

with (,Pf) the average market share. The export price is a weighted average of the average
costs and the competitor price. The maximum value for the weight of the competitor
price in the price equation equals the average value of the market share

( f)· This type

of reasoning (using commonly used demand systems27) suggests little influence of the
competitorprice on price setting, which is at variance with most empirical research in the
past, but in line with our results.

Home  pressure  of demand
The demand equations 5.2 are put together before the model is estimated, which leads to

lnb
(5.8)f - tnbc - a (lnpbf - lnPbc) + Ina /ac ·

This equation corresponds with the export relation 4.8 of the small, theoretical model,
which was presented in chapter4. In these equations the export performance of a country
relative to that of its competitors depends on the relative export price. This is a notional,
unrestricted export volume. However, firms may prefer to supply domestic markets first
in case of high utilisation rates (qy), for instance because transportation costs are lower

26
Increasing returns and the income level may have influence on price setting (See Nieuwenhuis,

1994). However,empirical research(Nieuwenhuis, 1979,V, 10) reveals that worldtrade as an income indicator
has no significant influence. We will look at the possibility of increasing returns in our empirical research.

27 In appendix 5.d we prove for other specifications of the demand equation that the competitor price
has more influence on price setting.
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for domestic deliveries than for foreign deliveries. This leads to a lack of supply on
foreign markets and a transaction level below the unrestricted volume. For this reason,

equation (5.8) is written as

tnbf  =   1nbc   _   a(lnpbf  -   lnPbc)   +   tn of/ac   -   alnqy . (5.9)

For competing exports we make no correction for their utilisation rate.

Towards an empirical application
We need data for the capacity utilisation rate, which may play a role in the price and
export equation. Because utilization rate indicators for separate final demand categories
are not available, we must use an approximation. The exposed sector is the most
important export sector, and we use its capacity utilisation as an indicator.

Assume that the above equations hold in the long run. In the short run, the actual
levels of price and exports may deviate from the theoretical relations because of several

rigidities.
The parameter restrictions that have to hold in the long run will be tested against

a data-coherent vector auto-regressive (VAR) model containing all model variables. The
VAR will contain relative world trade, the relative export price, the production of the
exposed sector, the profit margin, the production capacity of the exposed sector and
world trade [lnb /bc, Inpbf /Pbc'  Inyf'  lnPhf /(0,  1nyp,  Inbc]·

This model is more general than many in the economic literature. It encompasses,
for instance, the models of Draper (1985), Bauwens and d'Alcantara (1977), and
Brakman and Sterken (1998). Presupposing fixed capital coefficients, which are often
found for the Netherlands, this model encompasses also the models of Goldstein Kahn
(1978) and Muscatelli et al. (1995).
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Figure 5.1 Development of the level  variables
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5.3 Data

Graphical analyses
Graphs will give a first impression of the relations on the export market. Figure 5.1 gives
the level variables, figure 5.2 shows the relative developments, and figure 5.3 depicts the
annual changes.

In the period 1950-1990, the volume28 of exports (bf) increased more fastly than
the competing exports (bc)29, while the prices (pbl) did not increase as fast as competitor
prices 0'bc)· The first graph reveals a structural break of exports around the first oil price

28 The variables in each graph are scaled in such a way that the series are equal, on average.

29
Before  1961, the competing exports and export price are weighted according to the geographical

distribution of Dutch exports and include oil products; after   1961,  they are weighted by geographical

distribution and the product mix of Dutch exports and they exclude oil products.
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chock in  1974. The third graph of figure 5.1 shows that exports increased more than the

production capacity of the exposed sector (y ). This phenomenon cannot be explained
by the development of the profit margin  Phf IC,j, which declined a little bit. Yet, a
possible explanation may be the increase in intra-sectoral trade.

Figure 5.2 Relative developments
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The second set of graphs (figure 5.2) presents at the top the relative price (PupbA and the

profit margin  Pb CO). The relative price declines permanently. The profit margin is rather
constant in the period 1953-1973, after which it declines in two years towards a new

constant level, which is lower. The next two graphs present the utilisation rate (qv =Ybb
and the Dutch investment ratio (4,  =  iq- iq<) relative to foreign countries. The latter
variable is taken into account as an potential other explanatory variable of exports.

In the third set (figure 5.3), the annual change of exports and world trade are presented
first. This graph reveals a change in the lag pattern after 1960. Further, the domestic price
changes are nearly the same as the changes in both competitor prices and domestic costs.
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Figure 5.3 Annual changes
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Order of integration
Integration tests will further reveal the properties of the time series. Table 5.1 gives the
results for augmented Dickey Fuller (ADF) unit root tests. The test statistic is the t-value
of the coefficient 1 - 1  in the following equation:

S

Ay,=a  +  (11-1)y,_,  +  E y,Ay,-i  + 6 t  + s,. (5.10)
/=1

We test at the largest s with significant %.s· If 0-l is significantly smaller than zero (but
larger than  -2), the variable y is stationary.

The  unit root tests are executed with 1953-1992 data, except for the investment
ratio, for which only 1963-1992 data are available. From the raw data, only the utilisation
rate and the investment ratio are stationary at the five percent level. From the relative
time series, the profit margin is stationary at the one percent level, and the relative
investment ratio at the five percent level.30 All other series become stationary by first

30 The relative investment ratio variable iq, is not presented in the table, due to a shorter time series.
Its unit-root tests, using  1963-1992 data. are: ADF(c,t,0)=-3.65* (Critical values: 5%=-3.57)
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differencing.
All variables are qualified to explain the relative export performance, except the

utilisation rate, the relative investment ratio and the profit margin (because they have
another order of integration). These latter variables can explain only the short-run

Table 5.1 Unit root testsa)

Levels ADF(c,t.s) A ADF(c,t.s)
1n q, -3.8* (C,t,0) -7.2** (C,t,0)

In yp -0.5 (c,t,2) -4.4* (C,t,0)

1n b  -0.7 (c,t,2) -5.4** (C,t,0)
ln be -0.9 (c,t,2) -5.9** (C,t,0)

ln c. -2.0 (c,t,2) -4.6** (C,t,0)

1n Pbf -1.8 (c,t,2) -4.3** (C,t,0)
In Pbc -1.7 (c,t,2) -4.2** (C.t,0 )
ln yf -1.0 (c,t,2) -6.7** (C,t,0)
In pe/pbc

(C.t.0)
-2.1 (c,t,2) -6.8**

(c,t, 1)

In P,f/c« -4.4** (C,t,0) -7.2**
ln b,/b, -1.6 (c,t.2) -5.8** (C.t.0)

"Levels sample 1953 to 1992. Critical values: 5% = -3.525 1% = -4.202; Constant and Trend included
Differences sample 1954 to 1992; Critical values: 5% = -3.528 1% = -4.209; Constant and Trend included

development. The relative competitor price can hardly be an explanatory variable for the

export price, because the profit margin is stationary, as opposed to the relative competitor
price. We furtherconclude thatexportprices are co-integrated with costs, and production
with production capacity, because the profit margin and utilisation rate are stationary.

We get an indication of a third co-integration relation by regressing the relative
exports on the relative export price, taking into account a change of the constant term
from 1980 onwards. This results in3t

Inbf = tnbc -  2.07 (lnpbf - Inpbc) -  0.14 sgo +  5.46
(,0. 10) (0.02) (0.02) (5.11)

The value of 1.49 for the Durbin Watson statistics points to stationary residuals. We will
use this co-integration relation to identify the long-run relations in our dynamic model.

31 The standard deviations are given below the coefficients
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5.4 Econometric analyses

Methodology
We will now identify the co-integration relations in a dynamic model because static
estimation results (the first step of the Engle Granger (1987) two-step procedure) are sub-
optimal for several reasons. First, although the estimates are consistent, they are biassed
of order T-' (with T the sample size) in small samples. The bias is comparable with a mis-
specification bias. Information about the short-run dynamics has been omitted. If the
short-run dynamics are substantial relative to the long-run development, the bias can be
large. Modelling dynamics jointly with the long run is an obvious solution (Banerjee, ea.,
1993; Harris, 1995). Second, the estimated coefficients of the long-run static equations
have no standard distribution, contrary to the estimated coefficients that belong to
stationary series in a dynamic equation for which the standard statistical theory holds.
Therefore, a dynamic specification is a better model for estimation of the long-run
relations.

Equation by equation estimation of a dynamic system is usually appropriate and
often efficient. However, Roodenburg (1987) shows that simultaneous estimation of
Dutch exports and the export price equation results in substantially larger substitution
elasticities. That is why we will estimate a dynamic simultaneous system. Estimation of
its reduced form prevents simultaneous equation bias, but the interpretation of most
parameters is difficult, apart from the long-term parameters, which are the same as in the
structural form. The reduced form is therefore pre-eminently useful for long-run

analyses. The short-run relations will be estimated in structural form using simultaneous
equation methods.

In summary: Estimating static equations, we found co-integration relations, but
the coefficients that are obtained may be biassed in small samples; re-estimation in a
dynamic context will yield more efficient estimates; the most appropriate method is
estimation of the exports and the export-price equations in a system.

The methodology will be as follows. We start with the estimation of a vector auto-

regressive model (VAR) without restrictions. We test for data coherence. We thus require
from the residuals the following: no autocorrelation, a normal distribution and no
heteroscedasticity. The theoretical restrictions derived in section two are tested against
this data-coherent model. Among other things, we will retrieve the co-integration
relations of the last section, but now estimated in adynamic context. Finally, we estimate
the structural short-run relations.

The vector auto-regressive model
We estimate first the unrestricted vector auto-regression model (VAR)
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y, = Aty,-, + ......... + A ky,-k + Boz, +B,z,-1  ,

yT = Unblibc, lrti'bj Pbc, ln)'f' *btic , inyp, Inbc] ,
(5.12)

Z r   -   [S74' 40' trend, constant]   .

The vectory's elements are relative world trade, relative export price, production of the
exposed sector, the profit margin, the capacity of production of the exposed sector and
world trade. Vector z includes the deterministic components of the model, which are the
step dummies, s74 and s 0, the linear time trend and the constant term. The step dummies
are inserted on the grounds of the graphical analysis and the static estimation results.
They give the impact of the two oil price shocks on the export conditions. The profit
margin is included, instead of prices and costs separately, leading to normally distributed
error terms. We have two reasons to include the time trend. First, testing for the order of
integration, we would have to conclude that some of the endogenous variables are
integrated of order two unless a time trend was included. Second, if the time trend would
not be included, then some eigenvalues of the companion-matrix would have moduli
larger than one. However, with a time trend all roots are inside the unit circle. This
indicates that model (5.12) becomes stable only after including a time trend. Instability
points also to integrated variables of order two. We will restrict the time trend to the co-

integration vectors, and exclude it from the short-run model.
Estimation of system (5.12) with OLS using PCFIML (Doornik and Hendry,

1994) produces the test statistics in table 5.2. The estimates for a lag length two (k = 2)
are at the top of the table. F-tests are shown for the significance of the variables in the
system (F =i). None of the coefficients of the two-year lagged variables (Fi,=2) are
significantly different from zero. Only the deterministic components (F =O) and some of
the one-year lagged variables are significant.

We therefore simplify the system to a lag length one (k = 1). The test statistics are
given  in the second  half of the table. The standard deviations  of the residuals  ( ac)
increase only slightly as a result of this simplification. Next, some diagnostic tests follow
for data coherence. They involve a test (F-) for second-order auto-correlation; a test
(Fua) for first-order auto-regressive conditional heteroscedasticity;  a  test  (Fic,)  for
heteroscedasticity, and a test for normality (XL). We find only an indication for first-
order auto-regressive conditional heteroscedasticity in the export equation. Analogous
system tests are given at the bottom of the table: a vector error autocorrelation test (Far);
a vector normality test (XEd) and a vector heteroscedasticity test (X et)· In summary, the
tests reveal only first-order auto-regressive conditional heteroscedasticity in the export
equation.
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Table 5.2 Model evaluation diagnostics (1951-1992)
In b,/ b.    In pb / pbc   In y, In Pbf /  C.    ln  yp \nb            s               s             trend74                     ",

Lag-length = 2

F w(6,18) 2.67* 4.72** 3.16*

Fk. (6,18) 4.28** 1.21 0.49 5.57** 4.95** 2.80*

Fk.2(6,18) 2.52 2.46 1.09 1.22 1.33 1.86
8 0.022 0.019 0.021 0.023 0.013 0.023
E

Lag-length = 1

F ,0(6.25) 4.84** 1.92 3.03*
Fk.,(6.25) 4.48** 1.04 0.38 3.84** 15.8** 1.39

2 0.022 0.02 0.021 0.026 0.012 0.026
E

F„(2,28) 1.57 2.81 3.04 1.05 0.91 0.87

F..0.(1,28) 7.09* 0.21 0.03 1.52 0.13 0.03

F*(16,13) 0.76 0.52 0.39 1.6 0.42 0.38

X d(2) 2.22 1.26 1.41 1.11 3.43 2.66

Multivariate tests: F„(72,76) = 1.07; %5(12) = 0.22; XL,(336) - 0.38

** Denotes rejection of the null hypotheses at 1 percent significance level; * denotes rejection of the null
hypotheses at 5 percent significance level.

The number of co-integration vectors
For k = 1, the set of equations (5.12) can be written as

ay, = p ,-1 + QAZ'' (5.13)

withy the vector of endogenous variables, z the vector ofdeterministic components, and
P the matrix of long-term coefficients. We know that all variables in vector y are

integrated of order one (thus stationary after first differencing) except the profit margin,
which is stationary without differencing. The rank r ofA 14, the first n columns ofP must
then be smaller than n, the number of elements in y. If not, the inverse of matrix A l-I
would exist, which would imply a (trend-) stationaryy (because vectory can be written
as a weighted average of stationary variables and a deterministic trend by inverting). This
contradicts the starting point thaty is integrated of order one. The possibility to factorise
matrix P as

P = allT and  a n)<r,  B m)<r. (5.14)

is presupposed (with m-n the numberofdeterministic components). Vector BT [Y,5 , 44]T
represents the long-term relations, while matrix a embodies their influence on short-term

development.
The rank r of matrix P is called the order of integration, which can be determined

with the Johansen test. The Johansen test uses the eigenvalues Pi. which correspond with
the quadratic canonic correlation coefficients between the level variables [Y, rl,  z,t]  and
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the differences Ay,. The corresponding eigenvectors are the estimated columns of matrix
1 . The size of K is thus a measure for the correlation between the cointegration relation
BT [y,Tl,  4-T,]rwith the stationary part Ay, of the process. In theory, the last n- r elements

of BT [Y,T, z,T]Tarenon stationary, and accordingly not correlated with the stationary

process Ay,. This implies that the corresponding eigenvalues have to be zero. The
statistical problem is to discriminate between zero and non-zero eigenvalues. Test
statistics are32

n

n    =   -T E   log( 1    -   11,)   ,
/=r.1

(5.15)

<T =  - Tlog(1 - Pr.,)

From our discussion follows that if the correct order of integration r is found, then these
test statistics have to be non significantly different from zero. Therefore we subsequently
test against significant difference of 710T, nI, nI, TII, 115..... from zero. The same holds for
4 J. The lowest r is chosen for which the statistic does not differ significantly from zero.

The test results are given in table 5.3. The first column of the table gives the null

hypotheses that there are at most r co-integration vectors. The second column presents
the eigenvalues p„t, ordered in size. The third column gives the likelihood value of the
model subject to the restrictions of the null hypotheses.

The integration tests and static estimates of the previous section pointed already
to a co-integration relation for exports and the export price, and to a stationary utilisation
rate series, which is consistent with the E. test statistics. The n, test statistics suggest one
or two more co-integration relations. We will proceed with the maintained hypotheses
offourco-integration relations, taking into account the possibility that the fourth relation

may consist of two sub-cointegrated relations.

Table 5.3 Tests for co-integration rank (1951-1992)

4: rank=r Mr+ 1 In L                     4                       4
r=0 0.79 990.5 65.03** 214.3 **

rs/ 0.72 1017.2 53.45** 149.2**

ri2 0.62 1037.5 40.62** 95.79**

r53 0.45 1050.2 25.29 55.17 **

rJ4 0.40 1060.8 21.22* 29.88*

r<5 0.19 1065.1 8.66 8.67

Table 5.4 gives estimates for the unrestricted vector auto-regression model (5.13). The

32 We omit degrees-of-freedom corrected test statistics because they give nearly the same results.
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estimation period is 1951-1992. We can get additional information about the number of
co-integration relations, looking at the dynamics of the VAR model. The coefficients of
the endogenous variables determine matrix At in the notation of equation (5.12). The
moduli of the eigenvalues of the matrix I+At are: 0.94,0.78,0.53,0.53,0.13, and 0.13.
All eigenvalues are inside the unit circle, with the two largest in the neighbourhood. This
suggests also four co-integration relations.

Tables 5.5 and 5.6 present the unrestricted estimates of a and 1  using the
Johansen technique (P = aPT) These are normalised coefficients. The first four columns
of   correspond with the stationary part of the model, while the latter two columns are
the unstable ones. So, the first four columns are linear combinations of an unknown

Table 5.4 Unrestricted Vector Auto-Regressive model (VAR); estimation period
1951-1992';

Aln b// b, aln Pbf / Pbe Aln & Aln Pbf / Co Aln yp Alnb,

In(b,/ b,), -0.41 -0.10 0.36 0.06 0.16 0.38

ln(p ,/Pk)-1 -0.23 -0.74 0.25 -0.04 0.15 0.64

ln ypt -0.25 0.11 - 1.27 - 0.40 -0.22 -0.22
In(pb,/ c,) 1

-0.53 0.25 0.24 -0.47 0.05 0.16

Iny,/ 0.32 -0.16 0.88 0.58 0.07 0.38

ln b,i 0.14 -0.11 0.12 -0.25 0.07 -0.52

$74 -0.09 0.03 -0.07 -0.08 -0.03 - 0.04
Sao -0.00 -0.07 -0.01 0.00 0.00 -0.03
AS„ 0.07 -0.03 0.07 0.04 0.02 0.05

ASSO -0.04 0.03 0.02 0.02 0.00 0.05

trend -0.01 0.01 0.01 0.01 0.00 0.03

constant 2.21 0.51 -0.39 - 1.57 -0.14 -3.95

8 0.022 0.02 0.021 0.026 0.012 0.025E

in L = 1065.1
a, a  : the equation standard error; In L log-likelihood

equation and the already identified export, export price and capacity utilisation rate
equations. For instance, the first column of   appears to be a combination of an export
demand equation and the utilisation rate.

The matrices a and 13 are not unique because one can write P = o:QQ-'BT for any
nonsingular Q. Hence, restrictions can be imposed without effect on the likelihood value.
Taking linear combinations of the  -vectors, one can imposejust-identifying restrictions
without affecting the likelihood value. These restrictions cannot be tested. However,

-1more general (over-identifying) restrictions of the form P = aQI(22BT without Q, = Q2
need to be tested.

Tables 5.7 and 5.8 give the estimation results after imposing (over-identifying)
restrictions. We test conditionally on the maintained hypotheses of four co-integration
relations. So, the unrestricted log-likelihood value is In Lu = 1050.2 (see table 5.3,
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Table 5.5 Unrestricted estimates of the long-run coefficients   w

1 2                                  3                                 4                                 5                                 6

ln(b,/b,) 1.00 9.57 -1.45 -0.41 0.92 -9.74

In(Pbf   P   2.99 1.00 0.19 -2.78 1.85 -2.43

In Yf 4.54 -56.94 1.00 -2.36 -2.53 -5.46

In(Pbf / C,) 0.22 4.15 -2.89 1.00 0.83 6.03

in YP -4.07 41.83 0.13 0.44 1.00 4.79

In b -0.24 5.20 0.08 2.00 1.92 1.00
s 0.09 -3.65 -0.31 0.03 0.09 -0.1074

-0.17 -0.92 0.14 -0.11 0.25 1.35

trend - 0.007 0.34 -0.04 -0.05 -0.06 0.14

'*The table gives 4TIVTZ')T = 0, which means a sign for the coefficients reverses to the usual notation.

Table 5.6 Unrestricted estimates of the adjustment speed coefficients a

1                             2                             3                            4                            5                            6

Aln(bf / b,) 0.00 0.01 0.23 0.07 -0.03 0.01

Aln(14/    b 
- 0.03 - 0.00 -0.11 0.11 -0.16 -0.01

Aln yf 0.03 0.02 -0.05 -0.03 0.03 0.00

Aln(Pbf / co) -0.07 0.01 0.08 -0.09 -0.08 -0.02
Aln yp

0.02 -0.12 -0.23 -0.08
0.09 0.01 0.01 0.04 -0.02 -0.00

Aln b, 0.06 0.00

rank r=4,r k 3 i s rejected). Imposing 17 (over-identifying) restrictions, the likelihood
becomes ln L, = 1042.9, which gives a likelihood ratio test-value x2(17) =  14.5 and a
probability value 0.63 that these restrictions hold.

Table 5.7 Restricted estimation of the long-run coefficients B a)

1                                            2                                             3                                             4

In(b,/b,) 1.00 0.24 (0.03)

In(Pbf/Pk) 2.37 (0.14) 1.00
ln >f 1.00

In(Plf / C.) 1.00
In yp - 1.00
In b, 0.24 (0.03)

s 0.18 (0.04) 0.73 (0.07) 0.35 (0.04) -0.23 (0.03)74

0.15 (0.03) 0.09 (0.02)

trend - 0.00 (0.00)
- 0.02 (0.00)

T  T  TiT'*Between brackets standard errors. The table gives  B ly J 1  - 0, which means a sign for the coefficients
reverses to the usual notation.

The equation in the first column, the long-run export demand equation, is very much like
the static equation found in the previous section. The price equation (column 2)



Exports 137

corresponds with the integration test result of a stationary profit margin. In the fourth
equation we recognise the utilisation rate, which is stationary, too, according to the co-
integration tests. The interpretation of the third equation is more difficult, but will not be
important for the final model.

Table 5.8 Restricted estimates of the adjustment speed matrix aa)

1                                       2                                           3                                          4

aln(bt/b,) -0.5 (0.12) -0.52 (0.09) 0.93 (0.21) -0.27 (0.13)

Aln(Pb, / Pk) 0.34 (0.06) -0.61 (0.12)

Aln Yf 0.56 (0.10) -0.92 (0.10) -0.62 (0.09)
Aln(p,f / c.) -0.34 (0.07) -0.71 (0.15)

Alnyp 0.19 (0.05) -0.20 (0.03)
Aln b. 0.79 (0.13) 0.26 (0.09) - 1.35 (0.22) -0.46 (0.15)

' Between brackets standard errors.

To simplify economic interpretation, we will reformulate our model. We will further
explain the utilisation rate and capacity, instead of production and capacity. Second, the
interpretation of the equation set would be more clear-cut if we explain the costs instead
of the export price relative to the competitor price.

After this transformation, the log-likelihood of the vector error-correction model
becomes ln Lu = 1025.4. The parsimonious vector error-correction model is obtained by
omitting all insignificant variables and co-integration vectors. The third error-correction
equation disappears by our reformulation of the model. After imposing 22 (over-
identification) restrictions, we find that the log-likelihood of the parsimonious vector
error-correction model becomes ln L, = 1016.2. The (over-identifying) restrictions are
not rejected with the likelihood ratio test %2(22) = 18.3, with a probability value 0.69.

Our main aim is to furmulate a structural model with a clear economic
interpretation that is not rejected against the vector error-correction model with log-
likelihood ln Lu = 1025.4 (the likelihood without identifying restrictions). More
specifically, we are interested in a clear-cut interpretation of the export and export price
equation. For that purpose, we pre-multiply system (5.13) with a matrix A and obtain

AAY, = afir    + Bltz,  and
Lz1 -1

(5.16)P= aBT . A-'apT,   Q - A-'B .

Note that the long-term relations  T ,T r T = 0 do not change by the transition from the
reduced form to the structural form.
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Table 5.9 The structural modelal

Aln br /b, Aln pl' / C. Alnb Aln q, Aln yp Aln c,

Aln b,/ b, 0.60
(3.0)

Aln Phf / Pbc - 1.42
(3.4)

Aln q, 1.58
(3.1)

Aln yp
(3.4)

- 1.09

Mn Pbf:
(-)

cil., -0.52 -0.24

(3.5) (2.6)

ci2., -0.03 0.46

(1.4) (5.5)

ci4
i

-0.24 0.10 0.82

(2.4) (7.9) (4.5)

constant 2.81 0.01 0.06 0.04 0.07 1.44

(3.5) (0.7) (10.9) (2.8) (17.2) (2.7)

21374 -0.01
(0.7)

Asm, -0.07 -0.03
(2.4) (13)

a 0.028 0.039 0.036 0.038 0.013 0.030
E

' 8, : the equation standard error; between brackets t-values

ci/ = In(b,/bc)+2.37ln(p¥/phc)+0.18,74+0·15sm
ci2   = In(phf/c„) +0.73s74 -0.001

c,4 = Inq,-0.23574

The results, presented in table  5.9, are obtained  with  the full information
maximum likelihood procedure. The log-likelihood of the structural model is
ln L, = 1011.5. The likelihood ratio test does not reject the 22 over-identifying
restrictions %2(22) = 27.7, with a probability value of 0.19.

This structural model is easier to interpret than the reduced-form model of tables
5.7 and 5.8. First, the export equation has a short-run price elasticity of - 1.4, which is
lower than the long-run export price elasticity of -2.4, while both the short- and long-run
world trade elasticities are equal to one (the coefficients of Aln bc and ln bc respectively).
This estimated price elasticity is on the high side of the range (-1.25 to -2.50), which
is reported in Goldstein and Kahn's (1985) survey of international research on this topic.
Moreover, the home pressure of demand is significant. An increase of the capacity
utilisation rate (See definition ci4) of one percent results in a decline of exports of 0.24
percent after one year. Second, costs are completely passed on to prices, even in the short
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run, because the markup is constant, apart from a utilisation rate effect. There is no
independent, short-run effect of competitor prices on prices. So, the cost elasticity of
prices is one. An increase of the capacity utilisation rate results in a larger mark-up: the
short-run utilisation rate elasticity of prices is 1.58, but the long-run elasticity is zero.
Third, world trade is modelled as weakly exogenous in the structural model, which is like
a random walk along an exogenous growth rate of 6 percent a year. Fourth, larger export
growth than the growth of world trade brings about a rise in the capacity utilisation rate
(This result signifies that unexpected exports, i.e. shocks above the trend in world trade,
lead to an increase in the utilisation rate, which has a restraining influence on exports);
the relative export elasticity of the utilisation rate is 0.60, while in the short run an
extension of the production capacity leads to a one-to-one decline of the utilisation rate.
Fi   h, the utilisation rate regains its normal level in the long run because the level of the
utilisation rate determines capacity expansion. The adjustment speed is not very fast, as
may be expected, because the normal utilisation rate can be obtained only by investment
or disinvestment, which are long-term processes. Sixth, the changes in costs relative to
foreign prices are explained by the utilisation rate. A percentage point increase in the
utilisation rate brings about a rise in the costs of 0.8 percentage points after one year.
This is a reduced-form effect, and may be interpreted as a Phillips-curve effect. A
negative long-term error-correction term of exports (Cil') points to a forthcoming
economic upswing, which will bring about cost increases with a lag of one year. Costs
increase when prices exceed costs (ci2 > 0). The interpretation ofthe lasterror-correction
term is more difficult, due to the reduced-form character of this equation.

The fact that we have limited our search for VAR models to systems with an
economic interpretation has led to a deterioration of the statistical properties, relative to
the data-coherent VAR, for the equations with a reduced-form character (world trade,
utilisation rate, capacity, and costs). Even so, the test statistics for the equations of main
interest, the export and export price equations, do not point to severe statistical problems.
The test for second-orderautocorrelation is the only significant test at the 5 percent level,
and insignificant too at the 1 percent level.

Finally, figures 5.4 and 5.5 present the actual and fitted values of the changes in
exports and export price. The fit of the estimated equations is excellent.

5.5 Conclusions

Over the period 1950-1973, Dutch exports grew 62 percent more than competing
exports. According to the estimated long-run export equation, this must be attributed

completely to a relative price decrease. Over the period 1973-1992, Dutch exports grew
4 percent more than exports of the competition. The relative export-price decreases
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suggest that this would have been 15 percent if the two oil price shocks had not occurred.
The other variables exert an influence only on the short-term development of exports.
We explored whether or not it is a good idea to advocate wage moderation to obtain full
employment. Several conditions must hold to make this an effective policy option in an
open economy. First, cost decreases must bring about lower prices and not only an
improvement of the profit margin. Ourempirical research for the Netherlandsreveals that
cost decreases are completely passed on to prices. Cost decreases do not lead to larger
profit margins, as has often been assumed in the past at CPB. Second, the size of the
price elasticity of exports demand must be sufficiently large to let the export increase
outweigh the fall in domestic demand in the long term. We found a long-term price

elasticity of export demand of 2.4 (absolute value), estimating with period 1951-1992
data and using full information maximum likelihood methods and a complete model.
This is considerably larger than 2.0, an often-used value in CPB models. Idle capacity
is used to supply foreign markets. This follows from significant utilisation rate effects
on exports over the long estimation period 1951-1992: Exports increase when the
utilisation rate declines; conversely, when the capacity utilisation rate increases there will
be a home pressure of demand effect. We found a direct effect of the utilisation rate on
exports independent of the influence of the utilisation rate on the export price. This
utilisation rate elasticity of exports is 0.2 percent. The implication of this estimation
result is that export-led growth can be obtained without a severe deterioration of the
terms of trade, first, because the price elasticity of demand is large, and second because

equilibrium on the goods market can be restored without price competition, as follows
from the home pressure of demand term.
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Figure 5.4 Exports, actual and fitted (dashed); (A ln bf)
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Figure 5.5     Export price, actual and fitted (dashed); (Aln PhD
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Appendix 5.a Data

year br b. Pbf PI,* ci y, iq i* q.
1950 10.15 0.08 0.48 0.35 0.42 30.29 0.23 NA 0.85

1951 11.61 0.09 0.56 0.42 0.55 32.47 0.22 NA 0.84

1952 12.62 0.09 0.55 0.43 0.54 34.42 0.21 NA 0.82

1953 14.19 0.10 0.51 0.41 0.46 36.71 0.21 NA 0.82

1954 15.59 0.10 0.51 0.40 0.44 40.00 0.22 NA 0.83

1955 17.11 0.12 0.51 0.41 0.45 42.57 0.25 NA 0.84

1956 17.49 0.13 0.52 0.42 0.47 44.73 0.29 NA 0.83

1957 18.41 0.13 0.53 0.43 0.47 47.52 0.29 NA 0.83

1958 20.42 0.14 0.51 0.42 0.46 49.09 0.24 NA 0.81

1959 23.24 0.15 0.52 0.41 0.45 51.73 0.25 NA 0.80

1960 26.22 0.17 0.52 0.42 0.44 55.08 0.26 0.12 0.87

1961 27.05 0.18 0.50 0.41 0.44 57.51 0.27 0.13 0.84

1962 29.00 0.19 0.50 0.41 0.43 60.74 0.27 0.13 0.84

1963 31.30 0.20 0.51 0.42 0.44 64.07 0.25 0.13 0.82

1964 35.56 0.23 0.52 0.43 0.46 68.75 0.25 0.13 0.85

1965 38.67 0.24 0.54 0.43 0.46 73.88 0.25 0.13 0.83

1966 41.81 0.26 0.54 0.45 0.47 78.53 0.27 0.13 0.81

1967 45.10 0.26 0.53 0.45 0.47 82.49 0.26 0.13 0.81

1968 51.43 0.29 0.53 0.45 0.46 88.19 0.26 0.13 0.83

1969 59.19 0.32 0.54 0.48 0.46 95.85 0.23 0.13 0.84

1970 65.79 0.36 0.56 0.50 0.50 102.40 0.26 0.14 0.84

1971 73.43 0.38 0.57 0.51 0.52 106.85 0.24 0.14 0.84

1972 80.85 0.42 0.58 0.52 0.52 111.89 0.22 0.13 0.82

1973 92.30 0.46 0.61 0.57 0.56 118.96 0.22 0.13 0.84

1974 98.20 0.47 0.73 0.69 0.69 123.99 0.23 0.13 0.84

1975 93.95 0.46 0.76 0.69 0.76 126.28 0.23 0.12 0.79

1976 105.11 0.51 0.79 0.72 0.77 134.05 0.19 0.12 0.79

1977 104.49 0.53 0.81 0.74 0.81 136.16 0.23 0.13 0.79

1978 108.24 0.56 0.80 0.74 0.81 139.19 0.24 0.13 0.80

1979 120.18 0.60 0.84 0.79 0.85 142.19 0.25 0.13 0.82

1980 123.41 0.63 0.90 0.87 0.91 145.80 0.25 0.13 0.81

1981 128.12 0.64 0.99 0.99 0.97 150.40 0.22 0.13 0.80

1982 128.27 0.64 1.02 0.99 1.01 153.75 0.21 0.13 0.79

1983 133.33 0.65 1.03 1.02 1.03 155.91 0.22 0.12 0.79

1984 146.11 0.71 1.08 1.10 1.06 159.92 0.22 0.12 0.81

1985 155.12 0.73 1.08 1.13 1.06 162.88 0.24 0.13 0.81

1986 159.63 0.77 0.98 1.00 0.99 166.98 0.25 0.13 0.82

1987 166.78 0.82 0.97 0.94 0.96 169.68 0.24 0.13 0.81

1988 185.15 0.88 0.99 0.99 0.96 174.77 0.23 0.13 0.82

1989 197.23 0.95 1.03 1.05 1.00 180.91 0.24 0.14 0.83

1990 208.92 1.00 1.00 1.00 1.00 187.99 0.24 0.14 0.84

1991 220.01 1.04 0.99 1.01 1.01 194.29 0.23 0.13 0.83

1992 224.98 1.07 0.97 0.97 1.02 197.01 0.23 0.13 0.82
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Appendix 5.b Weak exogeneity

We start with a system without exogenous variables (that is z=O i n equation 5.13).
Substitution of equation (5.14) in equation (5.13) gives

dy' = allry,-1 +I t+E,  ;  E,-IN(O,I) (b. 1)

In large models, variables are often treated as exogenous during estimation. We will now
formulate cases for which conditioning on exogenous variables does not lead to a loss
of information. For this purpose we split up the simultaneous process (b. 1) into a
conditional and a marginal process. If these can be investigated separately without loss
of information, we may speak of weak exogeneity. We start with partitioning of
equation (b. 1)

.hl     la„  •,2-  ,T, #,TI Y,]    1111]  [£,1 and  E =
 .      (b.2)

SI,   -   1.2,     .22-  B,     '22   -,21,-,    .   1.21.1,21,                                               1:"     2,1

The expected value of the conditional and marginal process are

E(AyilAy2) = E(Ay, 14) - TAY2 + (all-FaMABl i + BAY2)-1 +

+ (an-WanX#Ari + f'Ayu)_, + (Fi - 'PP2) and (b.3)

9  = D,2 21  ,   E(Ayi)  - aqi(Bl 13'1  +  BAvi)-1  + a22(BAY,  +  BA '2)  +  P2 ·

Assume that holds33r

(121   =  0   ,        (a12 -'I, 2)   = 0.
(b.4)

In that case (b.3) can be written as

E(Ay, IAy2) = E(Ay,|Ee) = WAyz + all(Bi Yi + B '2)-1 + (511 - TF12)  ,

EAY*) = a,2( |Ay, +
PA,2) + B,2 .

(b.5)

From this relation we conclude that separate estimation of the conditional and marginal
relations does not lead to a loss of information if (b.4) holds, because none of the
coefficients of the marginal process figure in the conditional process, and reverse. The

variablesY2 are then called weakly exogenous for the long-term parameters  BT, and BL,

33
If 0121 = 042 - 0, then the variable Y2 is weakly exogenous, too. Then, the variable y  is weakly

exogenous for all co-integration vectors.
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which determine Ay,
Weak exogeneity can be tested in two steps. First, one tests the hypotheses 0(21 =0·

If this hypotheses is not rejected, then we use the co-integration relations PTY in the next
step, which is estimation of the conditional relation from (b.3) to test the second

restriction from (b.4).

Appendix 5.c The implications of measurement errors

Correlation between the residuals of the equations
The observations of the prices and volumes of exports and competing exports (relevant
world trade) are affected by measurement errors. The competitor exports price is a so-
called unit value, which means that the quality of the traded goods is not correctly taken
into account. Assume that the values are observed without error. The measurement error
in the price then results in a reverse error in the volume. Assume as statistical model for
exports the following:

Alnbf
- Alnbc   -   O A(lnpbf   -    lnPh )    +   E l    ,

Alnpbf  =  lalnpbc  +  (1 -X)Alnca  +  62  ,

AlnBf = Alnbf + n,  AlnPbf = Alnpbf -n, (C. l)

AlnBc - Alnbc + F i,  AlnPbc = Alnpb€ -6 1,

in which variables indicated with capitals are the observed ones. If the error terms are

mutually independent and the coefficients c and A are known, then one can obtain for
the correlation between the equation residuals:

p ='
-(1 -a)Gqi   -  (1 -G)16„2 >0,

 (002  +  (1 -c)2(0,12  +  0/2))(6&22  +  an2  + 125,2) 1/2 (c.2)

assuming that a is larger than one.
This may explain the positive correlation between the residuals of the export

equation (Alnbf/bc) and the equation for the relative price development (Alnplf/phc) and
profit margin (Alnpbf/c„) of, respectively, 0.9 and 0.3.
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Estimation of the price-elasticity of demand in case of errors in variables

Define

Ay   -   &(lnlf   -    Inbc)   ,      Ap    =    A(Inpbc    -    lnPbf)   '      Ay    =   a   Ap    +   E l    ,

AY= Ay + v , AP =AP- v,
(c.3)

v=4   B.

Estimation of aresults in

I Ap dy  -  I AP(cAP  + El  + V+GV)
I  =   E (Ap)2 E (Ap)2 (c.4)

from which we obtain

plim(9 - c) = - (1 + C)
2

(3
1 +p

(c.5)2G
V

This implies that the estimated price elasticity will be too low if one estimates the export
equation in percentage changes. If the variance or the price is very low relative to the
variance of the error term, one obtains an estimator for the substitution elasticity ae of
minus one.

The next question is: What will be the bias if we estimate an equation in levels?
The statistical model becomes:

y=cp  +El,   Ap-u,

A Y - A Y+v, A P= » -v. (c.6)

And for the bias can be derived

(1  +G) ava. f W.(r) »i.(r)dr   -   a f[ W (r)]2dr
0                           0

plim c, -0 d                                                                    -
(c.7)

.2 fIw,ir)lidr  -  2avouf w,j,r)wv(,r)dr  +  c,2 ful,ir)12dr
0                           0                            0

with W representing a Wiener process. If the variance of the prices goes to zero, then the
estimated coefficient Ge converges to minus one. We used results from Banerjee ea.
(1993) to derive this equation.
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Appendix 5.d The influence of the competitor price on price setting

The starting point is the equality of the marginal returns and the marginal costs

m..  -  P.1,    +   tli                                                                                                                                               (d.1,
In case of a homothetic utility function, log-linearisation results in

alnE

dlnmef - dlnp,f +  9 1 l   dlop,f - Adlnp,J with X = ·ain- f.         (d.2)

After reordering, we obtain the following:

1   1
dlnp"  -1'9  + -11  -  '.Idlnp'..1,   -   5'  +   1   -  l dl'„19 -

(d.3)

The coefficient of the competitor price increases with A. Dependent on the price
sensitivity of the own-price elasticity, the prices are determined more by competitor
prices. The values that A can obtain, are small in case of a CES utility function.

Appendix 5.e Definitions

br       products from the (domestic) country for which exports are modelled

bc competing exports
Pbf        price of domestic suppliers

Pbc competitor prices
m. world trade

U utility
Pm. price index of world trade
Ca average costs

€  the uncompensated own-price elasticity of demand

qy capacity utilisation rates

yf production
yp production capacity of the exposed sector
iq the investment ratio of the Netherlands
iqc the investment ratio of foreign countries
S74 step dummy

S  step dummy



6 Imports

6.1 Introduction

Economists often advocate wage moderation as a means of reaching full employment.
Although moderation leads to less consumption due to lower real wages, the decline in
domestic demand should be limited by falling imports. An overall upswing may then
follow if the increase in foreign demand outbalances the modest decline in domestic
demand.

However, the size of the decline in imports, a prerequisite for the overall upswing,
is surrounded with much uncertainty. This is clear from Goldstein and Khan's (1985)
survey of the traditional, aggregated demand-curve approach, which explains import
demand by economic activity and relative prices. This approach suffers from persistent
empirical problems, which include parameter instability and a dependence on
unexplained trends. Moreover, the reported measures of the activity elasticities are often
large, resulting in an unsatisfactory microeconomic foundation.

New trade theorists have argued that this failure of the traditional demand-curve
approach may be caused by a fundamental theoretical failure. The new trade theory
suggests that a relative increase in the variety of products may be as important as price

competitiveness for the explanation of trade flows (Krugman, 1989). Empirical studies
support this proposition (Muscatelli, 1995, and Driver and Wren-Lewis, 1998, for
instance).

This chapter investigates the causes of the persistent instability of the traditional
approach using a new trade theoretical model. Two equilibrium relations are derived.
One relates the relative imports to relative prices and to the relative variety of goods,
which is an extension of the traditional demand-curve approach. The other equation
relates the relative variety of goods to relative supply. Together, the two equations
underpin a share model for imports that is often used in the empirical literature. It is this
type of model that has received so much criticism by new trade theorists. It gives often
large activity elasticities and small price elasticities, while the parameters are rather
unstable.

This chapter reveals why the parameter estimates of this share model may be
unstable. If the unobservable relative variety of goods is variable, then the theoretical
model points to only one observable co-integrated relation: the share model. However,
if the relative variety of goods is constant, then both equilibrium relations become
observable, which results in two co-integrated relations. In the latter case the share model
is afflicted with multicollinearity. Moreover, we will argue that this parametrisation is
then inappropriate, because both equilibria cannot be achieved by adjustment of
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imports only.
We investigate the relevance of this model with aggregated data on Dutch goods

imports. Indeed, our results point to two equilibrium relations. We obtain these results

using dynamic system estimation methods. The number of co-integration vectors is
determined with the Johansen methodology. These full system methods are theoretically
most appealing, but in practice are not often used (Urbain, 1995).

The theoretical model is discussed in section 6.2. Then we look at the
development of Dutch imports of goods and at potential explanatory variables in section
6.3. The dynamic econometric analysis is described in section 6.4. Starting from a data-
coherent VAR model, we test for weak exogeneity. After conditioning, the long-run
equations are investigated and a structural model is formulated. Section 6.5 concludes.

6.2    A theoretical model for imports

The theoretical model of this section is meant to explain the aggregated goods imports,

consisting of the imports of intermediary and finished goods. Imports of services are
excluded.

We require a theoretically acceptable explanation for the empirical observation
of the aggregate demand-curve approach that a one percent gross domestic production
increase goes, ceteris paribus, hand-in-hand with a larger expansion of imports (see, for
instance, the survey in Goldstein and Kahn, 1985). Traditional microeconomic
explanations are unsatisfactory. A consumer theoretical explanation that would point to
the possibility of large income elasticities of imports due to their luxury character is

inappropriate, as a relative specialisation of a country in basic goods is hardly plausible.
Yet, a production theoretical explanation, which would use non homothetic production
technologies, is better at describing than explaining.

We will use new trade theory to explain the large production elasticity of imports.
This theory reveals that a relative increase in the variety of products may cause the large
production elasticity. Empirical studies support this proposition (forinstance, Muscatelli,
1995, and Driver and Wren-Lewis, 1998). Because we want to explain aggregated

imports, we will make a short cut in our theoretical model, and designate all imported
goods as intermediary products.34 A useful starting point, then, is the Ethier(1982) model

of production with a variety of inputs. This type of model is widely used in the new trade
theory (see Krugman, 1989, for instance). A result of this theory is that a relative increase

34 Final imports will have another theoretical explanation, leading to other activity and price
indicators. The aggregate approach presumes that these indicators show nearly the same development as the

explanatory variables of intermediary imports, by which aggregation becomes possible.
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in the variety of products may be as important as price competitiveness for the
explanation of trade flows.

The results set out in this section suggest that the unobserved relative increase in
the variety of products can be represented by the relative trade performance, leading to
the share specification for the relative trade performance, which is widely used in
empirical work. In this aspect the derived empirical model deviates from that of Driver
and Wren-Lewis, who use cumulated investments as a proxy for the variety of products.
We will discuss under which conditions the traditional parametrisation is inadequate. The
complete derivations can be found in appendix a. Here, we sketch only a broad outline.

Production offinal products
Consider an economy in which firms produce finished goods with a production function
of the form

v. = A I  .... + t m.f .
(6.1)

'.1            J

where Ym, are home produced intermediary products, and mg are imported intermediary
goods. Of the total numberof intermediary goods, n, are produced by the home economy
and n. abroad. There is a constant elasticity of substitution between any two
differentiated inputs, given by a  =   1/(1 -p)  with a  > 0. Firms minimise their total input
Costs

min     C      .    Ym, Ppm,  +    mg, Pmg, '
(6.2)YKm£ 4 i.1 ,=1

subject to the production function (6.1).

Assume that the domestic production technology of intermediary products (ym,) differs
from the technology of import goods   ( mg ). However, the domestic production
technologies are mutually equal, just like their foreign counterparts (symmetry
assumption). These assumptions make the home-produced goods prices different from
the foreign goods prices, but make them mutually equal, so py4  - ppm and pm£  = pmE
Conditional on these assumptions, we get for the ratio of total imports mg to total
domestic production y„,

C     \1 -0mg=nil p.g
Ym   ny  Py.) (6.3)

Imports will increase more than domestic production if import prices lag behind
domestic prices. This is the traditional price substitution term of the aggregated demand-
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curve approach. The other term is related to the new trade theory. A relative rise in the
supply offoreign intermediary products leads also to a relative increase of imports. Note,
the close correspondence (in combination with production equation 4.4) with the import
relation 4.5 of the small, theoretical model, which was presented in chapter 4.

We will now derive an expression for the (in macro statistics) unobserved relative
increase in the number of products.

Production of intermediary products
Assume that domestic goods are produced with only one production factor, and that the
production technology can be represented by35

-1+at
ry,  =  yiym,  + 61 ny , (6.4)

where g, is the amount of resources  used in production  of ym,' The costs combine  a
variable part (yly-,)' dependent on the amount ofproduction, with fixed innovation costs

(6, n  1 1). This technology embodies increasing returns to scale  so  that  each  semi-

finished good will be produced by only one firm. Knowledge spillovers bring about an
influence of the number of firms on the innovation costs. Common knowledge may
increase with a rise in the number of firms. An increase in common knowledge improves
productivity, which is modelled here as a decline in the innovation costs. For
convenience of subsequent derivations, we will model this as a, <  1. (As an alternative,
a decline in yt, the variable costs, could be supposed.) Modelling an influence of the
number of firms on productivity is necessary in order to obtain an explicit expression for
the unobserved number of goods (firms).

Assume the same type of production structure for foreign firms

rm,    -   72 mg,    + 62 nil
.aw

(6.5)

Both domestic and foreign producers of intermediary products maximise their profits
subject to their production functions. and use a. the substitution elasticity between any
two different inputs, as the conjecture of the price elasticity of demand. The profit-
maximising price is set as a mark-up over the marginal costs, which equals the price of
resources.

Assume that profitability will attract new supply until profits become zero in
equilibrium. Substitution of the price and technology relation in the zero-profit function
yields after aggregation an equilibrium relation between the total numberofintermediary

35
See, forinstance, Helpman and Krugman (1989), and Krugman ( 1991 ), forthis typeof :echnology

assumption. The external effect is an extension of this type of technology.



Imports 151

products (and firms) and production
1 1

1    71 Ym E 1   72 mg 6
(6.6)ny = a-1

61
   nm = a-1 62

These equations reveal that the number of firms will not increase one-to-one with
production, due to an increase in productivity (a, < 1). A reverse movement is even
possible if the productivity increase is large (a; < 0). In that case, the number of firms and
products will decrease, while production increases. For the relative development of the
number of intermediary goods we get

1 ai-al
.. -

- 1  E  0 221 al  a,a,
(6.7)m '

n m                -mg-

with 0 a function of the coefficients of the production function and substitution elasticity
as defined in appendix a, equation (a.21).

The share model
We make use of the equilibrium relations between the number of firms and production
to replace the unobservable number of firms in the import equation, which leads to

"2       -_a,-a<    /        '1 1 -_M

qM    E  .mgfig  = 01.Zczzy", a,(a:-1)   fmg 1    ai-1  .
1-qM Ympym 7 Pym  (6.8)

This is the share specification for the import share qM, widely used in empirical work.

The production elasticity of imports
Our derivations reveal two potential explanations for a large production elasticity of
imports. The first one is the most obvious: it may be due to a relative increase in the
variety of foreign products. In that case we shall observe only (6.8) as a co-integration
relation. The second explanation may be linear interdependence between the variables.

This may occur when the relative increase in the variety of products (n„/nv) is constant.
The share model results then, too, as a weighted average of equations (6.3) and (6.7)

52W   al

-

1-1  -                   
       -X

mg   =   002 v
. m  *  L fl            nm' p='1-,      .                                              (69,y.                                    7         -        -ny( pym )

with A a weighting coefficient, chosen at random. Estimation will now result in
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parameter instability.

Short term
Assume that the import equation (6.8) holds in the long run. In the short run, the imports
may deviate from the theoretical relation because of several rigidities. The parameter
restrictions which have to hold in the long run will be tested against a data-coherent
vector autoregressive (VAR) model for all variables in the model.

The VAR model will contain relative imports, domestic production, the relative
import price and the capacity utilisation rate, q , of the exposed sector, in order to take
into account the possibility of home pressure of demand, thus the variables:
[lnmg/ym, inym' Inpmg/p,m,  Inq,] .

6.3 Data

Graphical analyses
The development of imports and domestic production is presented in the first graph of
figure   6.1.   In the period 1950-1974, imports increase much faster than domestic

production. The rise in import prices is much slower than the rise of domestic
production. This development is supportive for the price substitution term of our
theoretical relation. Moreover, the rather constant relative import share suggests a
substitution elasticity of nearly one. The need to extend the import model with a product
innovation term is not immediately obvious from graphical inspection.

Figure 6.2 shows the relative developments. The first picture reveals that domestic
production changes are much smaller than the import changes, just like the price

development.  The oil price shocks   in 1974, around   1979   and   in   1986  had a great
influence on the relative prices. The business cycle situation, measured by the utilisation
rate, seems to influence the relative imports. A high utilisation rate coincides with
relative high imports. Finally, the outliers in 1951-1952 make it sensible to exclude those
years from the sample period, because they could bias the estimation results.
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Figure 6.1 Development of the level variables
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Order of integration
The augmented Dickey Fuller (ADF) test is used to investigate the properties of the time
series. The test statistic is based on the regression equation

S

Ay,=a  + (11-1)y,-1  + I Y,Ay,_,+ 6 t + 8,. (6.10)
„1

When I B I is a trend stationary series. The test statistic is the t-value of the< 1, Yt
coefficient 1 - 1  of the regression equation.  So, the hypothesis is tested that y, is  not

stationary. The results from using this augmented Dickey Fuller test at the largest s with
significant y„ are reported in table 6.1. The estimation period is 1955-1997. The
hypothesis of a unit root is rejected for the utilisation rate. For all other series, the
presence of a unit root at the zero frequency is not rejected. The same test applied to the
first differences of the time series leads to a rejection of the unit-root hypothesis in the
first differences for all series, with the exception of domestic prices.

Table 6.1 Unit-root testsa)

Levels ADF(c,t,s) A ADF(c,t,s)
In Ym -1.2 (c,t, 1) -4.8**

(C,t,0)

In mg -1.4 (C.t,0) -5.5** (c,t, 1)
In Pym -1.7 (c,t, 1) -2.1 (C.t,0)
In Pmg -1.5 (C,t, 1) -4.0** (C.t,0)
In qy -3.7* (C,t.0) -6.2** (c,t,2)
In m, i y. -1.8 (c,t,2) -6.6** (C,t,0)

\rt pm: 1 Py- -1.9 (C,t,0) -5.8** (C,t,0)

levels sample 1955 to 1997; Critical values: 5% = -3.516 1% = -4.184. Constant and Trend included.
** Denotes rejection null hypotheses at 1 percent significance level; * denotes rejection null hypotheses at 5
percent significance level.

6.4 Econometric analyses

The vector auto regressive model
Using relative prices, we have no I(2) processes in our model. So, we continue our
analysis under the maintained assumption that all variables are well represented by I(1)
processes.

For the variables of interest (the relative imports, domestic production, the relative
import price and the capacity utilisation rate), a data-coherent VAR model is estimated
with 1953-1997 data. Restricting this VAR model to a lag length of one year yields auto-
correlated error terms. Moreover, the two-year lagged domestic production appeared to

be significant in a VAR model with lag length two.
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Using recursive least squares and sequential Chow tests, we found structural
breaks and outliers around the years with an oil price shock. Apparently, our model is
not rich enough to explain the developments in those years. So, we are forced to extend
our model with dummies to obtain constant parameters, making the VAR model a valid
starting point in the analysis.

Using the Johansen procedure, we determined the number of co-integrated
vectors. Conditional on this result, weak exogeneity was tested. The hypothesis, that the
relative import price is weakly exogenous (the conditions of footnote 33 hold) in the
system under investigation, is not rejected. Therefore, we condition on this variable. Our
system is now defined as:

Ay, = Poz,-i + Pidzt4 + Bd,,

y T   i   [lnmg/y,",   tnym,  1nqy  ]   ,       z T   -   Ey :  1npmjpy™]   ,
(6.11)

d     =   [61,74'   d,79'   01,86'   d74 '   d79'   d86'   trend,   Constant]   .

The vectory consists of the following endogenous variables: relative imports, domestic
production and the capacity utilisation rate. Vectorz includes, apart from the endogenous
variables, the weak exogenous relative import price. Vector d has as elements the
deterministic components of the model, which are stepdummies (d,) and yeardummies

36

(d) for the oil price shocks in the years 1974,1979 and 1986, the linear time trend and
the constant term. The linear time trend is restricted to enter the long run only.

Table 6.2 Model evaluation diagnostics (1953-1997)
In  m, /): In Y. In q,

Lag-length=2
F .1(4,28) 1.50 14.8** 7.0**

Fk.2(4,28) 0.75 4.60* 1.07

8 0.028 0.015 0.013
E

F„(2,26) 0.13 0.23 0.15

F„,h(1,26) 0.05 0.11 1.38

F*(16,11) 0.29 0.35 0.69

X22) 0.68 3.64 0.66

Multivariate tests: F„(18.57) = 1.28; XL(6) = 5.1; F*,(96,40) = 0.47
** Denotes rejection null hypotheses at 1 percent significance level; * denotes rejection null hypotheses at 5
percent significance level.

36   d,74 =  1  from 1975 onwards, otherwise 0; d,79 -  1  from 1979 onwards, otherwise 0; d,86 = I  from
1986 onwards, otherwise 0, d,4 = I in 1974, otherwise 0; d 9=1 in 1979-1981, otherwise 0; da = 1 in 1986,
otherwise 0.
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Estimation of system (6.11) with OLS using the computer package PCFIML (Doornik
and Hendry, 1994) produces the test statistics in Table 6.2. F-tests are shown for the
significance of the variables in the system (Fk=i)· The coefficients of the two-year lagged

domestic production (Ft,=2) are significantly different from zero. So we continue with a
VAR model of order two (k = 2). The standard deviations of the residuals (8£) follow
after the tests for significance. Next, some diagnostic tests follow for data coherence.

They involve a test (Fw) for second-order auto-correlation; a test (F=ch) for first-order
auto regressive conditional heteroscedasticity; atest (F ot) for heteroscedasticity and a test
for normality (XL). We found no indication of a lack of data coherence.

Analogous system tests are given at the bottom of the table: a vector error
autocorrelation test (Fab: a vector normality test (XL) and a vector heteroscedasticity test

#4. We conclude that we found a data-coherent model against which more
parsimonious models can be tested.

Table 6.3 Tests for co-integration rank (1953-19971
Ho: rank = r P,+1 In L                       4,                      0

r=0 0.62 580.1 43.4* 84.1**

rs 1 0.44 592.1 25.8 ** 40.7**

ri2 0.28 600.4 14.9* 14.9*

Using the Johansen method, we test for the number of co-integration vectors. The test
results are given in Table 6.3. The first column of the table gives the null hypotheses that
there are at most r co-integration vectors. The second column reports the eigenvalues A+1.

ordered according to size. The third column gives the likelihood value of the model
subject to the restrictions of the null hypotheses. The test statistics (f, and n,) Point to
three co-integration relations at the 5 percent significance level.

Table 6.4 gives estimates for the unrestricted VAR model (6.11). The estimation period
is 1953-1997. We can get additional information about the number of co-integration
relations by looking at the dynamics of this VAR model. The moduli of the eigenvalues
of the companion matrix are: 0.72,0.42,037. All eigenvalues are inside the unit circle,
with none in the neighbourhood. This suggests also three co-integration relations.

We presuppose the possibility of factorising matrix Poas

Po - apr   and a nxr,  B mxr . (6.12)

Vector PTz represents the long-term relations, while matrix a embodies the influence of
these long-term relations on the short-term development; n is the number of endogenous

variables, r the number of co-integrated relations, and m-n the number of weakly
exogenous variables.
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Table 6.4 Unrestricted Vector Auto-Regressive model (VAR); estimation period
1953-1997a

Aln mg / y- Aln y- Aln q,

In (m, ly-), -0.68 0.23 0.15

In Ym·/ 0.10 - 0.48 -0.19

ln (p., / prn).1 -0.51 - 0.25 -0.03

In qy-/ 0.34 -0.60 - 1.22

Aln  (p-g / p„,) 0.24 0.06 0.12

Aln (mg / y„,)-i 0.03 -0.08 0.04

Aln y../ 0.14 0.73 0.30

Ain  (pm,/   p=) 1
- 0.07 0.03 0.12

Ain qy.1 -0.19 -0.25 0.05

&
s74 0.05 0.03 -0.03

(,79 0.07 0.04 0.13
d -0.06 - 0.03 0.16386

d74 -0.12 -0.02 - 0.02
d -0.11 -0.05 -0.0179

4 0.12 0.05 0.03
Trend -0.000 0.004 0.002
constant -1.19 2.86 1.00

8 0.028 0.014 0.013
E

In L = 600.4

a) CIE .the equation standard error; In L: log-likelihood

Tables 6.5 and 6.6 present the unrestricted estimates of a and f  using the Johansen
technique (P = aBT). These are normalised coefficients. The columns of   are linear
combinations of the three co-integration vectors, of which one can be identified as the
utilisation rate. For instance, the first column of   appears to be a combination of the
long-run import demand equation and the utilisation rate.

Table 6.5 Unrestricted estimates of the long-run coefficients B a)

1                                                    2                                                    3

in mg 1 Y. 1.00 -9.54 1.25

In Ym -0.90 1.00 - 1.85

in (p.:/P,J 0.07 -7.54 -0.64
In q, - 3.44 10.28 1.00
Trend 0.01 - 0.00 0.01

'*The table gives BTz = 0 which means a sign for the coefficients reverses to the usual notation.
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Table 6.6 Unrestricted estimates of the adjustment speed coefficients a

1                                                    2                                                    3

In mg / y. 0.10 0.07 -0.06

In Ym 0.28 0.02 0.14
In £7. 0.37 0.01 -0.07

The matrices a and   are not unique because one can write Po = aQQ-1BT for any non-
singular Q. Hence, restrictions can be imposed without effecting the likelihood value.

Taking linearcombinations of the  -vectors, one can imposejust-identifying restrictions
without affecting the likelihood value. These restrictions cannot be tested. More general
(over-identifying) restrictions of the form Po = aQ,(221'T without Q, = (22-' need to be
tested, however.

Tables 6.7 and 6.8 give the estimation results after imposing (over-identifying)
restrictions. We test conditionally on the maintained hypotheses of three co-integration
relations. So, the unrestricted log-likelihood value is ln L. = 600.4 (see Table 6.3, rank
r=3; r 5 2is rejected). After the imposition of eight (over-identifying) restrictions, the
likelihood becomes ln L, = 595.3, which gives a likelihood ratio test-value %2(8) = 10.3
and a probability value 0.24 that these restrictions hold.

Table 6.7 Restricted estimation of the long-run coefficients f  ' 
1                                                            2                                                           3

in mg ly„, 1.00            (-1                 1.00           (- j
ln ym -0.79 (0.02)
in (p-g / py™) 0.91 (0.04)

In q, 1.00                 C -)
Trend

"Between brackets standard errors. The table gives BTz = 0, which means that the sign for the coefficients
reverses to the usual notation.

The equation in the first column is the long-run import demand equation. This estimation
result points to a constant relative variety. This accords with the second co-integration
relation, which describes the relation between relative imports and domestic production,
as the variety effect is constant (column 2). The third column is the utilisation rate, which
is stationary, also according to the integration test.

Table 6.8 Restricted estimates of the adjustment speed matrix a a)

1                                                             2                                                           3

In mg / y- -0.56 (0.10) 0.00 (-) 0.00               (-)

ln ym -0.27 (0.07) 0.39 (0.12) -0.70 (0.21)

In qy 0.00                 (-) 0.00 (-) 1.22 (0.J7)

 Between brackets standard errors.
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After identifying the long-run error correction equations, we estimate a vector error
correction model without restrictions on the impact matrix a. The log-likelihood of the
latter model is ln Lecm = 597.1. Leaving out all insignificant variables resulted in the
model of Table 6.9. The log-likelihood of this vector error correction model is
ln Lr = 586.4. The likelihood ratio test does not reject the 22 over-identifying restrictions
%2(22) = 21.4 with a probability value of 0.50. We found no short-run relative price
effects on imports. Figure 6.3 presents the actual and fitted values of the changes of
relative imports.

Table 6.9 The vector error correction representationa)

Aln m, / y. Aln y. Aln q,
Aln (m, ly-)., 0.15 (3.9)

Aln ym., 0.39 ( 3.7)
Mn q,-2 0.20 (1.9)

cil., -0.58 ( 7.7) -0.18 (5.8)

ci2., 0.24 (3.8)

ci3.1 -0.65 (5.0) -1.14 (8.7)

ds74 0.04 (2.3) -0.04 (5.5)

a,79 0.09 (4.8) 0.04 (3.9) 0.01 (1.8)

dm -0.06 (3.8) 0.03 (4.0)

d„ -0.07 (3.0)

d,9 -0.09 (5.0)
- 0.04 (4.5)

46 0.08 (2.6) 0.03 (2.1)

constant -0.58 (7.1) 1.21 (2.3) -0.22 (8.7)

6 0.026 0.014 0.013

,)4 : the equation standard error; between brackets t-values

cil = Inmg-lnyM+0.911rl(p ,g/p-)
cil = Inmg- 1.791ny-
ci3 = Inqy

This estimation result suggests thatentry of new firms is not a good candidate formaking
long-run profits zero. The strategic production adaptation behaviour of existing firms
would seem to be a more adequate explanation, due to the impact effect of the second co-
integration relation on the production level.

Formulating a structural model by pre-multiplying system (6.11) with a matrix A , thus

A Ay,  =  aBT z,-1  +  AP,Azt  +  ABd,     and

Po   -   a BT   -  A  -1 tz liT, (6.13)

has appeared to result in an import equation with a large long-run income elasticity.
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Matrix A has to be identified. Note that the long-term relations BTz = 0 do not change by
the transition from the reduced form to the structural form. The results, presented in
Table 6.10, are obtained with the full information maximum likelihood procedure. The
log-likelihood of this model is ln L, = 582.1. The likelihood ratio test does not reject the
22 over-identifying restrictions %2(22) = 29.9 with a probability value of 0.12. The long-
run relations in the import equation together reveal the often found large income

elasticity and small relative price elasticity

-0.26cil -0.58ci2  -  -  0.26[lnmg-lnym+0.91(lnpmg-lnpym) 

- 0.58[lnmg-lnym-0.79lny„  =
(6.14)

=   -  0.84[lnmg-1.551ny™+0.28(lnpmg-lnpym) 

However, the interpretation of this model is more difficult than the model of Table 6.9.
It is not obvious in this system how both long-run equilibrium relations are realised,
because both provide feedback only on the relative imports. Moreover, we know that
there is no feedback towards the unobservable relative variety of goods because this
variable is constant. Moreover, the empirical performance of this model is worse.

a)Table 6.10 A structural model with a large long-run income elasticity
Aln mg ly„, Alny. Aln q,

Aln q, 0.64 (1.8)

Aln (m, ly,„ ) -0.19 (2.5)

Ain  (p„,g i   p   ,-)
1

-0.13 (1.9)

Aln Y, 1 0.57 ( 4.2) 0.55 (3.7)

Mn q'.1
Cil.3 -0.26 ( 5.4)

ci2.i -0.58 (4.7)

ci3.1 0.79 (2.0) -0.88 (5.2) -1.42 (7.0)

d                                                                                                                          - 0.04 (4.4) -0.02 (4.7)374

d 0.02 (2./)579

d,86 -0.04 (2.5) 0.03 (3.7) 0.03 (2.5)

d -0.07 (3.4)74

d„ -0.03 (2.2)

(46 0.05 (2.2)

constant -3.38 (5.3) -0.14 (4.0) -0.29 (6.9)

8 0.023 0.016 0.016
E

.) 8.: the equation standard error; between brackets t-values

cil  =  Inmg-Iny-+0.91 In(p */py-)
c,2    -    Inmg- 1.791ny-
c/3 - Inq,
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Figure 6.3 Actual and fitted development of the relative imports

-.025 Fitted - A ln mg / Ym

0

.025-

.05-

.075

1

.125

:05 -
1955 1960 1965 1970 1975 1980 1985 1990 1995

6.5 Conclusions

Using a new trade theoretical model, this chapter reveals that the share model for imports
may be unstable because it may consist of two different co-integration relations. In that
case, this model is afflicted with multicollinearity and is thus not appropriate.

Indeed, using aggregated data on Dutch goods imports, we identify both
equilibrium relations, which implies multicollinearity and thus parameter instability in
the share model. Using this parametrisation (that is, both co-integration relations in the
import equation), we find that the measured gross domestic production elasticity of
imports  is  1.55,  and the relative price elasticity  -0.28.  But,  the more appropriate
specification points to a gross domestic production elasticity of imports of 1.0, and a
relative price elasticity -0.91. The estimates suggests also that equilibrium on the goods
market is restored not by entry of new firms, but mainly by strategic production
adjustment of existing firms.
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Appendix 6.a Derivation of the theoretical model

Production offinal products
Firms produce finished goods vg with the use of n  home produced intermediary

products,  ym, , and nm import goods,  mg,, with prices pp. andpmg, respectively. They
minimise their total input costs CVg

min r  _          ""
Yi'' mg.    -Vg    -   fh' Y"''  PY=·    +   t.i'  mg,  Pig, ,

(a. 1)

subject to the production function

" 11
v,  =  A       ym e   +  's4   m   '1'.                                                                                                    (a.2)

bl     ,     M    g, ]

This yields demand curves for domestically produced intermediary goods of the form

1 p  \-0

'-  = A '-'v, 1 21     ·                                                                                            Ca.3)

with a the elasticity of substitution and analog equations for imports

I         \ -C

m    -  A °-'v    Pmg,g,           g                                                                                     (a.4)\ Pvg

The cost-price index, p,g, is given by

pig   -  /1  -1   I,    py"'.1 -0   +   jl   p      1 -0 lit
i.1           -''        J

.

(a.5)

Production  of domestic  intermediary  products
Intermediary goods are produced with resources 4„ which cost Pr, a unit. Assume that
the producer of intermediary products maximises his profits II,.,

max

yi n.,- Ympp,- rypry, (a.6)

subject to a production technology
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-1+al
ry. - 11,Ym, +61ny , (a.7)

and a conjecture of the price elasticity of demand

alnym
(a.8)

= -C .

alnpym,

The profit maximising price is

a
Pym, = -Q-1*Yip'Y .

(a.9)

Aggregation
The production technology assumption (i.e. y, and 6, equal for all i) makes all prices
equal, so we can define the aggregated price development as p-   = p-. Deflation of the
value oftotal demand fordomestically produced intermediaryproducts yields its volume

n

£'.6", A C    j -0
(a. 10)

Ym =             = fty-, = "/m. - n. A.-,v, 12JPyrn                                                                                                                                 Vg

The aggregated profits made by the producers of intermediary products are
n

 4.  = y.  i zly,pg  -  I y,y-  + 6'ny ']P„ . (a. 11)
/=1

Free entry into the market of intermediary products makes profits zero in equilibrium,
which yields

1          Y i  Ym T, (a.12)ny - La 1  8) 1

Another possible equilibrium mechanism may be strategic production adaptation
behaviour by existing suppliers. In that case the equilibrium is restored by production
adaptation instead of variety adjustments.

Production of import  goods
Imports are produced with resources that cost p- a unit. Assume that the producer of
import goods maximises his profits rim
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max
m  nm, = mgpmg, - rm,Pim , (a. 13)

g,

subject to a production technology

rm, - 72mg +62 nm-'   ,                                           (a.14).('2

and a conjecture of the price elasticity of demand

aln m
g' - -6 . (a. 15)

8\np,4

The profit maximising price is

G

Pmg.- ci-IY2Prm. (a.16)

Aggregation
The production technology assumption makes all prices equal, so we can define the

aggregated price development as p       =  p . Deflating the value oftotal import productsmg mg,

yields its volume

nm

li m'.Pmg,  -  9· m    -  n  m    =  n   '4 a- 'v   c PIA -0
.

(a. 17)
mg =   P      M g' m gl m g

mg C PIg)

The aggregated profits made by these producers are

4                                          fl-                                     (a. 18)I  114    -   mg   3.1 72Prm          I  72 mg    + 62 nm  'f im  '
1=1 G

Free entry into the market of import goods makes profits zero in equilibrium, which

yields

n   = 11 Y,m,It (a. 19)
- 10-1 62 1

The share model for imports
For the ratio of imports to domestic production follows from (a. 10) and (a. 17)
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/      1-0

5   -nm  '  pig 1
y.      ny \ p.1 (a.20)

The unobserved difference in development in the number of firms between home and
abroad can then be captured with equilibrium conditions (a. 12) and (a. 19), which
describe the relation between production and the number of firms

r             1 4 -a' r       1  1     [       1     iF        11    11              r        11-    14
..221 =     1  I aia:  71 IT 172  -il Ym lai   a,a:     Ay™ la: all,2 (a.21)n.  la-11   1 1  183  El  m   ' ulmgl vm

We make use of this equilibrium relation to replace the unobservable number of firms,
leading to

/   \ 1 020

_qM       -   3gp.g   .   0Tiya Li,I)      .gl    - * -1    .
1- M   Ym P (a.22)

ym                                       ym  

which is the share specification for the import share qM, widely used in empirical work.
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Appendix 6.b Data

Y.                   mi                   p-                   Pig                   qy
1950 113.408 19.582 0.177 0.387 0.847

1951 117.324 18.814 0.195 0.487 0.835

1952 120.574 16.760 0.198 0.482 0.812

1953 130.026 20.067 0.195 0.433 0.815

1954 141.896 24.983 0.200 0.423 0.827

1955 152.583 26.986 0.208 0.430 0.842

1956 158.729 30.537 0.217 0.446 0.829

1957 163.680 31.456 0.228 0.467 0.827

1958 162.064 29.756 0.233 0.439 0.809

1959 169.442 33.843 0.238 0.425 0.802

1960 185.547 39.567 0.243 0.425 0.863

1961 191.394 42.353 0.248 0.418 0.841

1962 199.417 44.748 0.257 0.414 0.833

1963 205.818 49.223 0.270 0.418 0.812

1964 223.986 56.814 0.292 0.429 0.845

1965 237.022 60.287 0.308 0.431 0.828

1966 243.755 63.970 0.326 0.435 0.806

1967 257.333 68.035 0.339 0.431 0.810

1968 275.029 76.609 0.351 0.419 0.825

1969 294.306 87.982 0.372 0.434 0.835

1970 311.230 101.811 0.395 0.462 0.847

1971 325.076 106.635 0.427 0.479 0.835

1972 335.158 113.546 0.466 0.477 0.823

1973 352.063 127.599 0.509 0.511 0.835

1974 366.325 126.446 0.555 0.692 0.841

1975 366.878 120.541 0.611 0.722 0.787

1976 384.355 132.632 0.665 0.767 0.793

1977 393.327 136.521 0.709 0.790 0.791

1978 402.616 144.527 0.747 0.771 0.803

1979 411.562 154.120 0.777 0.857 0.816

1980 416.522 153.190 0.820 0.986 0.806

1981 414.413 143.614 0.864 1.131 0.800

1982 409.590 142.507 0.911 1.157 0.789

1983 416.593 149.154 0.930 1.147 0.792

1984 430.293 157.295 0.943 1.218 0.817

1985 443.369 168.462 0.960 1.225 0.820

1986 455.579 174.598 0.961 1.004 0.826

1987 462.000 182.676 0.954 0.973 0.818

1988 474.083 197.255 0.965 0.967 0.827

1989 496.235 210.826 0.977 1.017 0.837

1990 516.548 220.742 1.000 1.00 0.840

1991 528.240 230.140 1.027 0.997 0.833

1992 538.948 233.301 1.050 0.978 0.827

1993 543.145 226.909 1.071 0.950 0.809

1994 560.644 245.198 1.096 0.948 0.825

1995 573.295 264.473 1.116 0.949 0.830

1996 591.189 280.500 1.132 0.956 0.828

1997 612.727 301.872 1.157 0.980 0.833
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Appendix 6.c Definitions

C, production costs
d74 dummy
d,74 dummy
d79 dummy
d,79 dummy
d86 dummy
d,86 dummy
mg total import intermediary goods
mg, imported intermediary goods variety i
n          number of intermediary goods
n,         number of products produced by the home economy
n.         number of products produced abroad

 mgi foreign good prices, variety i
PmE foreign good prices
Py,„     home-produced good prices
 ,m, home-produced good prices, variety i
qy the capacity utilisation rate
r the amount of resources used in production of y,Y1

rm, the amount of resources used in production of m,
qu the import share

vg total sales
y,„ total domestic production
7mi home produced intermediary product, variety i
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7 Consumption

7.1 Introduction

The ratio between voluntary savings and total income has declined over the last thirty
years in the Netherlands (Figure 7.1). Consequently, the ratio between nonhuman wealth
(defined as the sum of financial wealth and proprietary rights on owner-occupied houses)
and total income (Figure 7.2) has declined, too. Until now, the process of modelling
saving behaviourat CPB Netherlands Bureau forEconomic Policy Analysis (CPB, 1992)
has leaned heavily on the idea that this trend originates in the increasing share of transfer
income in total income (Figure 7.4). The argument is that the propensity to consume out
of transfer income is larger than that out of labour income and other income. Another
explanation comes to mind if one looks at the collective pension schemes (Figure 7.3).
The necessity to save voluntarily for old age has decreased through the increase in forced
savings through pension schemes in this period. Thus, the traditional explanation is one-
sided. A reconsideration seems desirable.

Two important motives for saving are saving for old age (life-cycle motive) and
saving for children (bequest motive). According to the theory of saving for old age,
income is not entirely spent during peak earning years, whereas one eats into one's
savings in years when income is low37 Hence the consumption pattern is smoother than
the income pattern.

The life-cycle model can be extended with the assumption that people want to
leave nonhuman wealth to the younger generations. Utility is derived from nonhuman
wealth at the end of life. Research for the US (Kotlikoff, 1989) has shown that the
bequest motive is more important than the life-cycle motive in explaining savings.

The life-cycle model38. outlined above, predicts large positive interest elasticities
and negative inflation elasticities of savings and nonhuman wealth. This is caused by the
assumption that people plan for a long period- namely their whole lifetime. With a long
planning period, the significance of the interest rate is large in the discounted value of
future incomes. However, empirical research on saving behaviour contradicts the exist-

37
Empirical studies have shown that the development of li fetime income has a parabolic pattern. See,

for instance, Fase (1971).

38
See Phlips (1974), King (1985), Deaton and Muellbauer (1986), Hall, (1989) and Abel (1990) for

a survey of the literature of life cycle models, Weddepohl (1990) for a general introduction to overlapping
generations models used to study the aggregate implications of the life cycle model, and Auerbach and
Kotlikoff (1987) and Broer and Westerhout (1992) for two empirical applications.
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ence of large interest elasticities. One potential explanation may be that permanent
interest changes are rare, so that empirical models are likely to measure short-term
instead of long-term elasticities. Alternatively, it might be that the above-mentioned
theories overlook a crucial element of saving behaviour and thereby overemphasise the

potential effects of interest rates on saving and nonhuman wealth (Blanchard and Fischer,
1989, p. 143).

Figure 7.1 Saving ratio Figure 7.2 Nonhuman wealth ratio
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Figure 7.3 Pension rights ratio Figure 7.4 Transfer income ratio
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This paper explores the idea that individuals might have a relatively short
planning period, rather than a long one. Since nobody knows his or her future income
pattern, people will be particularly guided by the income pattern in a reasonably
foreseeable planning period. Econometric research by Winder and Palm (1989) confirms
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that an intertemporal consumption model with a short, moving horizon is maintained for
the Netherlands, and that a common life-cycle modelis rejected. However, one drawback
of their theoretical model is that no desired nonhuman wealth is distinguished at the end
of the planning period. Furthermore, they don't take into account the influence of the
system of collective pensions. This chapter assumes that people obtain utility from
nonhuman wealth at the end of the planning period - not only because they desire to
leave bequests to future generations, but also to create financial securities for the period
after the planning period. Furthermore, we assume thatpeople obtain utility from pension
rights; in case of high rights the marginal utility of voluntarily saved nonhuman wealth
decreases.

39

The saving model is a structural model. A number of policy instruments are
explicitly modelled. The parameters of the model are independent of these instruments.
In this way, the model is less subject to the criticism of Lucas.

The contents of the paper are as follows. The saving model is formulated in
section 7.2 and estimated in section 7.3. Section 7.4 presents some simulation experi-
ments. The main findings are summarised in section 7.5.

7.2 The theoretical model

At time zero, the representative consumerplans for consumption in the period [O, TE]. The
plan is based upon his expected future financial situation, which is exogenously given.
The  relevant data  are as follows:40 before-tax labour and transfer income  ( lu');  the
nominal rate of return (r„) from nonhuman wealth ( pension rights ( disposable
transfer income (u,;); the size of the population (n,); the price level (pc) and the variables
describing the tax (social security and pension) system. Expectations are formed through
extrapolation of the base-year variables with constant (growth) rates.4I

The representative consumer makes his plans in such a way that utility ( ur'),
derived from consumption (c ') above the subsistence level ( 2 '), from nonhuman wealth

39 We will consider only voluntary savings. Pension contributions, payments and rights are
exogenous.

40 The model is defined in real terms; lower-case symbols indicate quantities; 2 denotes the rate of

growth ofx, i.e. (x,/x,.t- 1); a symbol with a line above it indicates an average; values are indicated with upper-
case symbols.

41 For the exogenous variables no econometric model has been formulated. Thus, model-consistent
(rational) expectations are not applicable for these variables. The assumption of extrapolative expectations is
based on the time series propriety of integration of the first- or second order that holds for most
macroeconomic time series.
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and from pension rights, is maximised. It is assumed that the utility of one unit of
nonhuman wealth can differ from the utility of one unit of pension rights. Total assets

c wl) are the weighted sum of voluntarily formed nonhuman wealth and pension rights.
The consumerderives utility from excess consumption (c' - 6' ) atevery moment ofthe
planning period, and from total assets at the end of the planning period. A fraction (a)
of disposable transfer income is used as proxy for the subsistence level. The influence
on the saving rate of the high marginal propensity to consume out of transfer income has
been modelled in this way. Assume that the utility function is adequately described by
a nested CES (Constant Elasticity ofSubstitution) function. The elasticity of substitution
(01) between excess consumption  at two arbitrary moments  in the planning period  is
constant, just as the elasticity of substitution (02) between the utility measure ( uc ') of
consumption over the whole planning period and total assets at the end of the planning
period. The constant and positive rate of time preference (0) expresses the fact that
people have a relative preference for current consumption. Family growth of the
representative consumer is taken into account by discounting future consumption and
total assets with the factors (D') of time preference, corrected for population growth.42

Utility of the representative consumer can then be written as43

/ 02-1 02-1    1 02

'tr, = 1 Uct:-F + B 1,02 wl'. 02 D:j.2 -1 ,
with:

(7.1)
R             01 -1 1-iL

UCO'   ='I (c,/   -   2,1)-Z- Do,  r_1   ,b,o

1+R )
D              sol  ,  21 - a ul,  wi = wT + (pwl .

1 +0)
Real nonhuman wealth of the representative consumer ( rises with the difference
between earnings and expenditures. Earnings consist of labour income, transfer income

(including pension payments) and income from nonhuman wealth. Real income from
nonhuman wealth is determined by the size of nonhuman wealth, the nominal rate of
return and the inflation rate in case there is no population growth. The rate of return for
the representative consumer decreases with the rate of population growth. Expenditures
consist of consumption and income taxes (including social premiums and pension
payments). Income from nonhuman wealth is partly exempted from taxes. The

42 This means that we apply the so-called Benthamite welfare function (see Blanchard and Fischer,
1989).

43 For notational convenience, we write real income variables and wealth variables in lower case. In
this aspect. the notation deviates from paragraph 9, where these real variables are written as the ratio of a
nominal variable and the consumption price index.
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exemption percentage is  1 - 11. Taxes on labour income, transfer income and the taxable
share of income from nonhuman wealth are determined through the marginal rate (T) and
a tax-free amount ( 4), so that

wl-R-iw:-,  +  (1   -  t')1 ,  -  c'   +  Ta;i  ,
with:

R-1  -   1  + (1  - Til)r„
(7.2)

(1 + Bc)(1 + Rs)
Forward solution of this equation gives the budget constraint over the whole planning

pedod:

wl,    .   Ro' wT,    +   W,4    -      (41   -   45   RJ    +   Re w    ,
i=0

with:

wA = [(1 - r)1,'o , T aBS- 26] s,0, (7.3)

s   -   [(1 +ORO]*.1  -  1
(1+71)Ro-1

It implies that in the base year the sum of the discounted value of nonhuman wealth from
the previous period and human wealth wb', the discounted value of future labour and
transfer income above subsistence level, has to be equal to the sum of the discounted
value of planned consumption above the subsistence level and the discounted value of
nonhuman wealth at the end of the planning period. The sum of the discounted value of
nonhuman wealth from the previous period and human wealth will be called

wealth ( wl)-
Equation (7.3) can only be considered as a budgetary restriction if the capital

market works perfectly, which means that people can borrow and lend against one
uniform capital market interest rate. This assumption becomes more realistic through the
assumption of a limited planning period, in which debts must be redeemed. The discount
rate (R- 1 - 1) is the effective rate against which people can borrow and lend on the capital
market. This effective rate is the after-tax real rate of return on nonhuman wealth per
head.

Human wealth is the discounted value of future after-tax labour and transfer
income above subsistence level. The representative consumer assumes that the tax-free
amount and the subsistence level advance with the growth rate of real labour and transfer
income. Hence, human wealth is proportional to after-tax labour and transfer income
above the subsistence level in the base year. The proportionality factor (St) depends on
the discount factor, the growth rate of gross labour and transfer income and the length
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of the planning period.
The utility function (7.1) is maximised subject to the budget constraint (7.3) with

respect to consumption in every period and nonhuman wealth at the end of the planning
period. The relation for the optimal consumption pattern can be derived from the first-
order conditions

'       -1         n -C| I al i / -1

(c,   -c,)   -  Ao       Do     (co   -co) . (7.4)

This is the Keynes-Ramsey rule: real excess consumption per head will grow compared
to the base year if the cumulated rate of return on financial capital exceeds the cumulated
rate of time preference.

Not only the Keynes-Ramsey rule, but also desired total assets at time T[ can be
derived from the first-order conditions of the maximisation problem

I /   1  -02/0 1

War•   I   P UCO (9'  -  6,  )02/01 . (7.5)

The ratio between total assets and excess consumption at the end of the planning period

is determined by the relative preference (13) only if the two elasticities of substitution are

equal (al = 02). Otherwise, consumption over the whole planning period is also relevant.

Substitution of (7.4) and (7.5) into budget equation (7.3) yields the equation for
the consumption of the representative consumer in the base year.

1 -1 1 /        /1
CO   =   CO   +  10 [Wg/,0   +   (PM'po],

with
01-02    1-1      [„(1-01)D°'2'1 - 1

X0  -   Rj' -'2)'D:2* S, 37:T-  +  s, 1   ,   S20 - po   o J
(7.6)

Roi -011) 1   -   1

' /X

wpo     =    Wx. R O

Consumption in the base year is equal to the sum of the subsistence level and a fraction
x of wealth and pension rights. This fraction is determined by the discount factor, the
factor of time preference and the relative weight of nonhuman wealth at the end of the
planning period. If the planning period A tends to infinity, this fraction44 equals

1 -R 1 -a'D 61, a weighted average of the rate of time preference corrected for population
growth and the marginal rate of return. Then, the influence of the rate of return on
consumption is maximal. With no forward-looking behaviour at all, the fraction is
entirely determined by the relative preference (1 ). In that case, the rate of return
influences consumption only through income from nonhuman wealth.

44 In case Ri-°'D°' < 1 and R"2D02 < 1
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The dynamic model consists of the consumption equation for the base year (7.6)
and the equations (7.4) and (7.5) for the plans in period [O, TE]. The behaviour of the
representative consumer is said to be dynamically consistent if his future plans do not

require revision as time goes by in case his expectations come true. Forexample, suppose
that in year t=O a plan was made for period [O, TI], given forecasts of future conditions.
Then, ifexpectations held at t=0 come true and future expectations remain based on the
same extrapolation factors, drawing up a new plan in t=lfor period [ 1,  +1]is
unnecessary, as its outcome would coincide for period [O, Tr] with that of the existing
plan. In a situation of balanced growth, consumption growth equals the growth rate of
labour and transfer income (C) according to equation (7.6) and to equation (7.2). This

is dynamically consistent with (7.4) when

1  +  7,  = R -CID°1 . (7.7)

If the growth rate of pension rights is equal to the growth rate of labour and transfer
income at the same time, it can be proved that equation (7.5) holds, as well.45 In general,
these restrictions will nothold. So, the behaviour of the representative consumer will not
necessarily be time-consistent in this type of model.

One arrives at the macro variables through multiplication of the variables for the
representative consumer by the size of the population. Defining the macro variables by
dropping the accents ' in the symbols for the representative consumer (for instance
c   = c'ns),the macro consumption equation for the base year reads  as

co    =    audo    +    rolwa,o    +    95'.1,
with

waho = Ro-1(1 + #30)wa_. + [(1 - T)1.0 + Tai,0 - audo] Sio .
(7.8)

It is assumed that the representative consumer makes new plans every year. This
base-year equation then describes consumption development over time. This long-run
consumption equation is one of the relations that replaces the expenditure relation (4.9)
of the small, theoretical model, which was presented in chapter 4.

Pensions ( lpi, consist of payments on account of the old-age pension law and
supplementary pensions in the Netherlands.46 The payments on account of the old-age

pension law form the base pension; In 1987, eighty-five percent of the supplementary
pension systems in the Netherlands guaranteed a fixed percentage of last-earned income,
independent of the payments on account of the old-age pension law. Therefore, the two
pension systems are treated as a whole and are modelled as a defined-benefit system. The

45 See Keyzer (1991) for an extensive discussion of time-consistency problems.

46 The variable /  represents payments per aged person
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pension build-up takes place during 40 years (from age 25 to 65). Every year contributes

equally to the pension rights. The age of the representative consumer (n,) determines his
cumulative built-up share. The pension rights are defined in terms of wealth, hence the
average pension period (Irp) is taken into account. Given these assumptions, the pension

rights of the representative consumer at the end of the planning period are

n, - 25
1 4

14.R,(1  +  r.7 .

(7.9)wi =   40

According to equation (7.9), ageing leads to more pension rights, through which the
propensity to consume increases. Equation (7.9) is a simplified discounted-value
calculation of the rights on future pension payments. An implicit assumption is that
beyond the planning period the growth rate of pension payments is equal to the discount
rate. Hence, pension benefits at the end of the planning period equal pension benefits at
the time of retirement. The latter consist of discounted pension benefits over the pension
period, which can be approximated as the annual pension benefit 4 times the length of
the pension period lip. 47

The saving model is closely related to the models of Keller (1977), Okker and den
Haan (1987) and Winder and Palm (1989). It approximates the saving part of the Keller
model in case the planning horizon (:r) goes to infinity and pension rights and the
subsistence level do not contribute to the explanation (9=a= 0). The model of Okker
and den Haan used in the FKSEC model (CPB, 1992) can be seen as a linear
approximation of the present model. However, the planning horizon can not be identified
in their model. Moreover, pension rights  have no influence  ( 9   -  0). The model  of
Winder and Palm is approximated in case of no influence ofnonhuman wealth at all and
without a subsistence level (9 - =a= 0).

7.3 Estimation results

The addition of a multiplicative error term to equation (7.8) yields a relation that can be
estimated by the method of nonlinear least squares. However, it is not possible (due to
multicollinearity) to determine all coefficients in this way. The value of the parameter
for the tax exemption of income from nonhuman wealth (n = -0.1) has been calculated
from  data in "Personal Income Distribution 1985" published  by  the  CBS  and  from

47 The pioneering work on the theory of social security and savings is by Feldstein (1974). Other
studies concerning savings and the role played by social security include a study by Kotlikoff from  1979,
included in Kotlikoff(1989), and Modigliani and Sterling ( 1983). Their studies concern generalised life cycle
models. A survey can be found in Kurz (1985).
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National Account data concerning income from nonhuman wealth. This figure is
negative, according to the data for 1985: interest payments on mortgages are deducted
completely, while interest receipts are underreported. Other values for n do not give
significantly different estimation results. This figure is also used for other years.

The age of the representative consumer (ni) is assumed to be equal to 35 over the
whole estimation period (so, n, = 35+1[) and the average pension period (Trp) is fixed at

13 years. This is in line with the data for 1985. Ageing is not very important in the
estimation period, and life expectancy has not increased substantially, so that these

simplifications seem justified. Furthermore, these assumptions are not very important for
the overall estimation results; they influence mainly the relative utility coefficient 9

Experiments showed that the rate of time preference cannot be estimated freely,
due to multicollinearity. We therefore assume that the behaviour of the representative
consumer is time consistent at average values of the income growth and the discount
factor. More precisely, it has been assumed that

D = (1 + DitaiR , (1 + OR  =  (1  +  70 . (7.10)

The estimation result is not sensitive to small variations in D.
Free estimation of the other parameters gives a low value for the marginal

propensity to consume out of transfer income (a = 0.3). This value is much too low,
since transfer income is given as support to ensure a minimum level of consumption so
that a propensity to consume close to unity is more realistic. This parameter has therefore
been fixed at a = 0.95, a value taken from Okker and den Haan (1987), who also fixed
it on estimation. Next, estimation of the other parameters shows that the two elasticities
of substitution are not significantly different. The estimated coefficients (t-values) are
01 = 0.83 (1.6) and 02 = 0.66 (2.5). Therefore, they are set equal to each other
(01 = 02 = a). Then, the results are48

zr - 4.6 ,11=7.4  ,9-0.44,c= 0.77 ,
(10.6) (42.0) (21.2) (16.5)

F -O.99, DW= 1.0,

DF-test:   AE -  - 0.53 2., , (7.11)
(3.1)

estimation period: 1961 - 1989 .

48
The pension payments per aged person ( lp) are lagged: 0.41;R

1 -0.6L) with L the lag operator.

For the first year of the estimation period the unlagged value is used. The t-values are given between brackets.
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The estimated planning period of the representative consumer is 4.6 years. This is rather

long, compared with the three quarters of a year found by Winder and Palm (1989), but
considerably shorter than the expected life time, as life-cycle theory assumes. The
intertemporal elasticity of substitution is estimated at 0.8. This is within the range of
values from the survey of the literature in Pallada (1991). The relative utility weight of
pension rights is 0.4. This is an indication that the representative consumer attaches less
value to pension rights than to his own nonhuman wealth. Both the difference in fiscal
treatment (pension rights are liable to income taxes in the future, while nonhuman wealth
is taxable according to wealth taxes) and shortsighted behaviour may explain this
finding. The estimated coefficients imply a ratio between total assets and consumption
of 7.4 at the end of the planning period.

The residuals of equation (7.11) are shown in 7.5. The test statistic of Dickey-
Fuller (DF) points to stationary residuals.49 The possibility of fewer co-integrated
variables has to be considered, since the equilibrium ratio between nonhuman wealth and
income can be derived. It turned out to be impossible to obtain reasonable estimation
results in that case. Furthermore, estimation of an equation without pension rights does
not give a co-integrated result. We conclude from this that estimation result (7.11) is
reliable. Elasticities calculated with long-term equation (7.8) and the coefficients (7.11)
will be given in the next section.

The estimation result can be further analysed by checking whether the theoretical
long-term relation (7.8) with coefficients (7.11) contributes to the explanation of the
short-term development of consumption. The estimation result is

Alnc = 0.71&1nlw - 0.40&21npc + 0.65&r - 0.342, + 0.007 ,a

(14.8) (3.9) (2.2) (2.3) (2.7)

F -0.89 ,  LM1 -0.1 ,  LM2 -0.1 ,
(7.12)

JB  =  0.4  ,     FARGH  =  0.7  ,      FIFH  =   1.3  ,      FE.   -  0.5  ,

estimation period: 1962 - 1990

in which z = ln(c/2) and 6 are calculated from equation (7.8) using the estimated

coefficients in (7.11) and 6 , the after-tax labour and transfer income.

49 A nonlineargeneralisation ofthe concept ofco-integration is given in Granger and Hal Iman (1991)
This idea is in the early stages of development. They show that the Dickey Fuller test can be used for testing

on co-integration.
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Figure 7.5 Residuals long-term relation
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Figure 7.6 Residuals short-term relation
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Deviations from the long-term relation contribute significantly to the explanation
of the short-term development of consumption. Income changes are most important for
the explanation of consumption changes. The acceleration of inflation has a negative
effect in the short-term relation. Apparently, consumers think that price increases are
relative price increases and search for alternatives. After some time they notice that the
prices of substitutes have risen, too. Hence, an acceleration of inflation gives rise to a
delay in consumption. In the short term, the income effect is greater than the substitution
effect of changes in the rate of return.

The residuals of the short-term relation are presented in 7.6. The right-hand side
variables of equation (7.12) explain 89 percent of the variance of the growth rate of
consumption. The Breusch-Godfrey Lagrange multiplier test on first-order (LMl)  and
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second-order (LM2) autocorrelation do not suggest autocorrelation. Normality of the
residuals and homoscedasticity are the maintained hypotheses after testing with the
Jarque-Bera statistic (JB) on normality, and with the ARCH statistic of Engle (,F RCH  on
homoscedasticity. Finally, the White statistic (Fw„) and Ramsey statistic (FRA) do not
point to specification errors.

7.4 Simulation experiments

The simulation model consists ofthe long-term equation (7.8), the parameters (7.11), and
the macro nonhuman wealth accumulation equation that follows from (7.2) after
multiplication with the size of the population. The short-term influences of equation
(7.12) are not taken into account, in order to clarify the working of the theoretical part
of the model. The model is still dynamic, because consumption influences nonhuman
wealth, and by this income from nonhuman wealth, and so consumption in the future.
For simulation purposes, we assume that the growth rates of labour and transfer income,
pension payments, disposable transfer income, the tax-free amount and population size
are given, just as the rate of inflation and the real before-tax rate of return. Total utility
follows from equation (7.1), after substitution of (7.4) and (7.5) using the aggregation
rule

01      a2    02
- - 61-1 02-1

X
|-62 (7.13)

Ur    =   (C    -   C) 32

in which x and S  are defined as in equation (7.6). The substitution effect of changes in
the marginal rate ofreturn can be calculated from equation (7.13). The substitution effect
is equal to the change in consumption caused by a change in an exogenous variable if the
change in utility is compensated by a change in income. This is indicated as dclb=o. The

difference between the substitution effect and the total effect is the income effect.

dc   =   del dir.0   +   dcl dink (7.14)

The substitution effect follows from equation (7.13)

El     = f.fM + (1 - 21  [ c2      al ]dS2 +  a2 dx Idur-0
c c  l   cj  [02-1 - 01 -1]S, 02-tx] (7.15)C

Hence, changes in the propensity to consume (x), the subsistence level (e) and the
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proportionality factor (S ) determine the substitution effect. The effect of changes in
exogenous variables need not be limited to the marginal rate of return, but can also
influence income directly, for instance if the marginal tax rate changes. Then the income
effect consists of an effect caused by changes in the marginal rate of return and a direct
income effect.

The properties of the saving model will be illustrated by some simulation
experiments. The base run has been calculated using the values from Table 7.1 for the
exogenous variables. Furthermore, the realisations for  1989 have been used as starting
values for labourand transfer income, pension payments, disposable income and the tax-
free amount. For the base run, time consistency is assumed over the simulation period.
Under the assumption that the system is in balanced growth, consumption and nonhuman
wealth have been calculated for the base run. The simulation experiments are presented
in Table 7.2 and 7.3 as deviations from the base run.50

Table 7.1 Values for the exogenous variables in the base run

percentage growth rate percentages

population 0.5 real rate of return 4.50

real incomesb 2.5 marginal tax rate 60.

prices                                                               1.5

b labour and transfer income, pension payments, disposable income and tax-free amount.

Table 7.2 displays (semi-) elasticities of consumption for two different values of
the tax exemption percentage forincome from nonhuman wealth. The low negative value
is relevant for the estimation period. The positive value seems more relevant for the
current situation through the intensified monitoring on the reporting of interest earnings.
A higher real rate of return51 gives rise to more income from nonhuman wealth. The
substitution effect is equal to the income effect, so that consumption does not rise in the
first year. Nonhuman wealth increases, causing a further rise in income. Consumption
increases from the second year on.

Higher inflation (note that the nominal rate of return increases, too; see footnote 51) has
no influence when the tax exemption percentage for income from nonhuman wealth is
below zero, and leads to a decrease in consumption, in case of the positive value for the

50 The simulation results depend on the base run because the model is nonlinear. Balanced growth
is assumed for the base run because otherwise the simulation results oscillate around the base run.

51 The nominal rate of return (r ) has been defined as r„ = r„,+A in the simulation model, with rc, the
real rate of return. So, the real rate of return and the inflation rate are the exogenous variables in the simulation
model.
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tax exemption percentage. Finally, an increase of after-tax labour and transfer income of
one percent leads to a one percent increase of consumption after a lagged adjustment of
nonhuman wealth.

Further simulation experiments in Table 7.3 are calculated with the nowadays
more relevant, positive value for the tax exemption percentage for income from
nonhuman wealth. The first simulation concerns ahighermarginal tax rate. This has little
influence on the after-tax real rate of return. The substitution effect is small in
comparison with the income effect. Initially, consumption decreases by 0.46 percentage
points, which is less than the fall in after-tax income. Hence, nonhuman wealth
decreases, and with that consumption. The fall in consumption is nearly  1 percent in the

long run.

Table 7.2 Elasticities of consumption for two different values of the tax exemption
percentage for income from wealth

year                          1          2          3          4         5        10        20        30         =
n = -o. i
real rate of return' 0.00 0.10 0.19 0.27 0.35 0.68 1.09 1.32 1.57

inflation' 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02

income' 0.91 0.91 0.92 0.93 0.93 0.95 0.98 0.99 1.00

n = 0.25
real rate of returna -0.01 0.05 0.12 0.18 0.23 0.45 0.72 0.84 0.96

inflation' 0.00 -0.01 - 0.02 - 0.04 - 0.05 -0.09 -0.14 -0.16 -0.18
incomeb 0.92 0.93 0.93 0.94 0.94 0.96 0.98 0.99 1.00

' semi elasticities, defined as the percentage change in consumption through one percentage point change in
the exogenous variable.
b elasticity, defined as the percentage change in consumption through one percentage point change in the

exogenous variable.

Less tax exemption for income from nonhuman wealth causes a drop in savings,
since the marginal rate of return on savings decreases. In spite of the fall in net income,
consumption increases a little bit in the first year. Subsequently, nonhuman wealth falls
(as well as income from nonhuman wealth), as does consumption.

A change in the tax-free amount causes no substitution effects. Consumption
increases smoothly by the income effect.

The pension simulation concerns a permanent reduction of pension rights and
pension payments  of 10 percent, combined  with 10 percent lower pension premiums.

Ten percent of the pension rights already built up according to the fully funded system
are paid out to the rightful claimants. This transfer of nonhuman wealth from pension
funds to consumers is taxed according to the marginal tax rate of consumers. The
consequences of these changes are a decrease of consumption, and owing to this an
increase of nonhuman wealth. The change in nonhuman wealth in the steady state is
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about 60 percent of the reduced pension rights. Generally, pension incomes are low.
Thus, most pensioners have a marginal tax rate according to the first tax bracket. To
offset completely the worsened pension rights in case of an average tax rate of roughly
20percent forpensions, achange in nonhuman wealth of about 80 percent of the reduced

Table 7.3 Simulation results of a higher marginal tax rate, higher tax exemption of
wealth income and higher tax-free amount.*

year 1 2 3 4102030-
1 point higher marginal tax rate

budget %  -0.80 -0.88 -0.96 -1.03 -1.36 -1.65 -1.78 -1.89

propensity to consume %  -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
consumption                                                   9       -0.46   -0.50   -0.55   -0.59   -0.77   -0.94   - 1.01    - 1.07
- substitution effect 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

-income effect -0.48 -0.53 -0.57 -0.61 -0.79 -0.96 -1.03 -1.10
consumption ratio D  -0.28 -0.31 -0.34 -0.37 -0.48 -0.58 -0.63 -0.67
nonhuman wealth ratio D  -0.36 -0.69 -1.00 -1.28 -2.59 -3.75 -4.28 -4.71

10 points less tax exemption of nonhuman wealth income
budget % 0.30 0.25 0.20 0.16 -0.04 -0.21 -0.28 -0.34

propensity to consume %  -0.28 -0.28 -0.28 -0.28 -0.28 -0.28 -0.28 -0.28
consumption               %   0.01 -0.02 -0.05 -0.07 -0.18 -0.27 -0.32 -0.35- substitution-effect 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53
- income-effect -0.52 -0.55 -0.57 -0.60 -0.71 -0.80 -0.84 -0.88
consumption ratio D        0.01   -0.01   -0.03  -0.04  -0.11   -0.17  -0.20  -0.22
nonhuman wealth ratio D  -0.22 -0.42 -0.60 -0.77 -1.54 -2.22 -2.51 -2.74

1 percent higher tax free amount
budget      % 0.28 0.31 0.33 0.36 0.47 0.57 0.61 0.65

propensity to consume % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

consumption % 0.16 0.17 0.19 0.20 0.26 0.32 0.34 0.36
- substitution-effect 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- income-effect 0.16 0.17 0.19 0.20 0.26 0.32 0.34 0.36

consumption ratio D 0.10 0.11 0.12 0.13 0.16 0.20 0.21 0.23

nonhuman wealth ratio D 0.12 0.23 0.34 0.43 0.87 1.26 1.44 1.58

10 percent less pensions
budget                   %  -2.20 -1.86 -1.56 -1.27 0.03 1.20 1.73 2.16

propensity to consume                              % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

consumption               %  -2.73 -2.55 -2.37 -2.21 -1.47 -0.82 -0.52 -0.27
- substitution effect -1.49 -1.49 -1.49 -1.49 -1.49 -1.49 -1.49 -1.49
- income-effect - 1.24   - 1.05   -0.88 -0.72 0.02 0.68 0.98 1.22

consumption ratio D      - 1.12   -1.00  -0.90   -0.79 -0.33 0.08 0.27 0.42
nonhuman wealth ratio D 6.94 8.28 9.51 10.65 15.88 20.56 22.68 24.41

pension nghts ratio D    -37.2  -37.2  -37.2  -37.2  -37.2 -37.2  -37.2  -37.2

a) D indicates an absolute change, and % a percentage change. The budget concerns wai,+ gwpo. the propensity
to consume is x. The ratio's are in percentages of nominal labour and transfer income. The symbol co gives the

steady state values for the consumption and nonhuman wealth ratio.
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pension rights would be necessary. On these grounds it can be concluded that the change
in nonhuman wealth offsets in purchasing-power terms only 75 percent of the change in
pension rights. This last result is insensitive to the rate according to which the transfer
of nonhuman wealth from pension funds to consumers is taxed.

7.5 Conclusion

Apart from the increasing share of transfer income in total income, the increase in
collective pension schemes contributes to the explanation of the decline of voluntary
savings that has occurred in the Netherlands over the last thirty years.

According to the estimated model, the representative consumer looks forward in
determining his or her savings (consumption level). The estimated planning period is
almost four and a half years. This is significantly shorter than the expected lifetime of the
representative consumer, as assumed by life-cycle theory. The estimated intertemporal

elasticity of substitution is 0.8.
An increase in the marginal tax rate has negative income effects. The substitution

effects are small. An increase in the tax-free amount has only positive income effects.
Policy instruments that influence intertemporal substitution significantly are tax
exemption of income from nonhuman wealth and instruments that influence pension
securities.

The estimation results indicate that the representative consumer is rather short-

sighted. In case pension rights decrease, he does not voluntarily accumulate the same
level of nonhuman wealth. This might be an indication that the forced pension schemes
are found to be too generous.
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Appendix 7.a Data

The change of nonhuman wealth is defined as

Alf/, -r a W a. , +L u-C-T z,
with

Wa=Wt + H,-Mh'

ra Wa., = ral Wf-, + (ra2 - /,) H,, - ra2 Mh_, + /h H,A + /3 W,-,

C-(- Ch +Dh + Cr,2 - Pt)H  , ,
Tx  =  r [rl  rq  Wa     +  Lu  -  Afil ,

(a. 1)
-1

71 ra Wa-1 - Tll ra, Wf-, - rai Mit-1 + 112 ra2 Hs_i ,

AHS - Ih - Dh + Ph H'',

Ph - 0.9 A-, + 0.1 Ah ,   Ph«1 - 0.04 ,

0,=0(+ V , W,=q, Wa .

New variables are: 52

C total consumption, according to the National Accounts
Ch        consumption of housing services from owner-occupied houses
Dh        depreciation of owner-occupied houses

H,         stock of owner-occupied houses
n 1,112 percentages of taxable income from respectively financial assets and ownership

of houses

4       investment in owner-occupied houses
Mh      mortgages on owner-occupied houses
i»        price of consumption, according to the National Accounts
ph        price of houses
pa        price of investment in houses

p, share price
q,         shares as fraction of total nonhuman wealth

ral, ral respectively, rate of return on financial assets and the interest rate on mortgages
W financial wealthf

52 See footnote 40 for notational conventions.
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W, shares
T, taxes

The value of financial wealth (Wf), 300 billion guilders for 1984, is based on calculations
given in Swank et al. (1989). The value for the total housing stock is 694 billion guilders
in 1984, according to the capital stock statistics of the CBS. The fraction of owner-
occupied houses is calculated as 52.5 percent for that year. According to this and the
value of mortgages on owner-occupied houses in 1984 of 123 billion guilders, the value
of nonhuman wealth is 541 billion guilders. For the other years, the values of nonhuman
wealth and the stock of owner-occupied houses have been calculated with the aid of
these starting values and the accumulation equations (a. 1). The calculated time series are
given in the data survey. Nonhuman wealth is more than 700 billion guilders in 1990.
This is in line with calculations for that year in Pen (1992, p. 44).

Most data are taken from FKSEC (CPB, 1992). The marginal tax rates are
calculated from data for the standard employee from Krapels and Van Ravestein (1987)
for the years 1960-1987, and are completed for later years with own calculations. The
data from Krapels and Van Ravenstein are combined into a single marginal tax rate. The
figures of employees with a:

- modal wage, unmarried, under 27 years old;
- modal wage, unmarried, above 27 yeas old;
- modal wage, married, without children;
- modal wage, married, with two children,

have been weighted together with weights of 0.4  0.2  0.2 0.2, respectively.
The consumption price (pe) concerns the CBS deflator for C. The annual

percentage change in the volume of consumption has been calculated from these data.
It is assumed that the percentage change in the volume of C is equal to the percentage
change in the volume of C. Then, the price change P, of C can be calculated. All value
series are deflated with Pc·

The fraction q, has been fixed at a value of 0.1.The difference in price increase
between shares and consumption (u) is fixed at 2 percent, the average difference over the
period 57-87. The revaluation of the housing stock is based on the development of prices
of new houses. Thus, the influence of speculative bubbles is not taken into account.
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obs                   C               CA               Dk                4               n,             n65

1960 25.97 0.68 0.20 NA 11417.3 1018.8

1961 27.98 0.72 0.21 0.94 11556.0 1050.6

1962 30.47 0.77 0.23 0.97 11721.4 1080.1

1963 33.84 0.87 0.26 0.97 11890.0 1107.5

1964 38.27 0.96 0.28 1.35 12042.0 1132.7

1965 42.77 1.05 0.31 1.44 12212.3 1162.5
1966 46.52 1.21 0.36 1.60 12377.2 1189.7

1967 50.51 1.39 0.41 1.87 12535.3 1218.8

1968 55.21 1.58 0.47 2.06 12661.1 1252.1

1969 63.18 1.82 0.54 2.50 12798.3 1281.0
1970 70.82 2.05 0.62 3.08 12957.6 1311.0

1971 78.94 2.45 0.73 3.74 13119.4 1339.7
1972 88.45 2.86 0.86 4.39 13269.6 1367.9
1973 99.83 3.37 0.97 5.28 13387.6 1395.3

1974 113.39 4.01 1.15 6.00 13491.0 1426.3
1975 128.95 4.77 1.33 6.47 13599.1 1459.4
1976 148.00 5.68 1.53 7.36 13733.6 1490.2
1977 164.31 6.48 1.78 10.35 13814.5 1514.3

1978 179.17 7.22 2.09 12.49 13897.9 1549.3

1979 192.43 8.22 2.44 13.51 13985.5 1580.9
1980 205.78 9.18 2.80 13.90 14091.0 1615.3
1981 213.23 10.30 3.12 9.94 14208.6 1642.0

1982 221.83 11.54 3.28 6.56 14285.8 1668.3
1983 229.86 12.85 3.32 7.36 14339.6 1688.1

1984 236.75 13.37 3.32 8.94 14394.6 1708.5
1985 247.72 13.85 3.31 10.05 14453.8 1729.7
1986 256.15 14.81 3.47 11.28 14529.4 1769.2
1987 263.93 15.72 3.65 13.10 14615.1 1804.0
1988 268.95 16.58 3.92 16.65 14714.9 1840.1

1989 281.18 17.72 4.10 17.51 14805.2 1877.0
1990 299.05 18.83 4.41 16.19 14892.6 1905.6
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obs  A. A r„2 Mk 4.n65.p:
1960 2.31 1.62 5.52 3.51 2.16

1961 2.13 3.02 5.32 4.38 2.38

1962 2.58 4.48 5.27 5.52 2.66

1963 3.75 5.78 5.27 6.85 3.12

1964 6.54 7.64 5.46 8.49 3.78

1965 3.64 6.38 5.81 9.92 4.82

1966 5.38 6.54 6.39 11.28 5.48

1967 2.89 3.32 6.85 12.37 6.10

1968 2.46 3.84 7.19 13.78 6.65

1969 6.21 8.70 7.69 15.63 7.73

1970 4.37 10.08 8.09 18.06 8.76

1971 7.90 12.03 8.39 20.29 10.34

1972 8.26 10.81 8.51 23.07 11.75

1973 8.53 10.91 8.58 26.92 13.83

1974 9.52 12.43 8.95 32.28 16.30

1975 10.09 10.11 9.23 36.59 19.15

1976 8.99 9.46 9.68 44.62 22.18

1977 6.15 9.40 9.72 58.01 24.59

1978 4.52 8.21 9.21 74.46 26.98

1979 4.30 8.49 9.23 90.64 29.06

1980 6.93 8.89 9.52 103.15 31.35

1981 6.29 6.86 10.41 109.73 33.29

1982 5.32 2.77 10.98 113.02 35.92

1983 2.78 0.25 10.90 117.71 37.29

1984 2.11 0.52 10.45 123.58 38.36

1985 2.22 0.55 9.40 131.36 40.46

1986 0.22 - 0.09 8.50 139.28 42.44

1987 -0.19 1.70 8.03 149.20 44.13

1988 0.93 2.80 7.53 161.90 46.12

1989 1.60 1.46 7.51 173.70 47.99

1990 2.39 2.86 8.16 183.60 54 61
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obs
r,1.Wi,          L,                r                  T,                 U,1                W,                11,

1960 7.08 30.71 0.30 9.37 4.72 145.65 41.70
1961 6.81 33.45 0.40 10.48 5.12 150.05 44.09
1962 6.75 36.86 0.29 11.32 5.79 154.63 46.62
1963 7.31 41.81 0.35 13.09 7.17 159.94 49.30
1964 8.72 49.36 0.34 15.97 8.38 167.64 52.61

1965 9.24 56.17 0.34 18.53 9.92 175.48 56.23

1966 8.43 63.71 0.35 21.76 11.68 183.68 60.24
1967 9.60 69.93 0.41 24.92 13.19 191.87 64.57
1968 9.90 77.54 0.43 27.60 14.96 200.66 69.17
1969 10.68 89.60 0.46 32.01 17.41 211.11 74.64
1970 9.81 102.30 0.47 36.58 20.13 221.45 81.25
1971 10.43 118.09 0.48 43.39 24.08 234.94 89.31

1972 11.66 134.14 0.49 50.45 28.55 250.37 98.82
1973 11.85 155.51 0.49 60.37 33.28 267.45 110.14
1974 10.41 181.52 0.52 71.08 39.67 286.77 123.40
1975 7.25 207.28 0.52 80.30 48.78 305.67 138.26
1976 9.54 234.83 0.53 90.59 56.54 326.57 155.21

1977 9.67 257.80 0.53 98.04 63.09 347.36 176.46
1978 11.35 280.62 0.54 107.47 70.15 369.01 201.29
1979 10.55 303.14 0.55 116.60 76.85 391.38 228.88
1980 11.31 324.58 0.56 126.03 83.43 415.74 258.93
1981 12.83 339.16 0.60 129.72 91.00 446.23 286.83
1982 18.26 355.99 0.60 137.03 99.66 483.50 311.91
1983 18.90 365.54 0.63 146.62 103.93 512.73 337.36
1984 21.96 367.52 0.65 145.57 105.08 541.00 364.00
1985 23.04 377.79 0.63 146.94 107.28 568.69 391.35
1986 22.52 390.04 0.62 148.92 109.64 597.27 419.07
1987 22.39 401.39 0.62 154.85 112.10 624.03 448.41
1988 24.62 412.23 0.62 162.43 116.30 652.92 481.55
1989 31.06 423.26 0.61 161.69 120.76 688.93 515.40
1990 35.26 453.70 0.60 170.31 126.74 733.96 548.35
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Appendix 7.b Derivations

From macro to micro

Equation (a. 1) can be written as

Wq  =  (1 +rq)'Fa-,   +  Lu  -  C  -Tx  =
(b.1)

-[1+(1-TTI)ra] Wa . + (1- T)Lu-C+T Aft ·

The variable definitions for the representative consumer are

W      L   ,_ C I -  BAw;, 3 -_a,. i i s -1M,c=-,an=- (b.2)
ns Pc ns Pc ns Pc ns Pc

The accumulation equation of real nonhuman wealth for the representative consumer
follows from equation (b. 1) after dividing by the population size (n,) and the price

level (p,.)

1 + (1 - Tq)ra
wL   =  R -'wi,   +   (1    -   T)IL   -c'   +   T  4     with     R -1

= . (b.3)
(1    +  Bc)(1    +   i)

Forward solution of this equation gives

R -1  w. , - w,;0  -  C 1 -T)(0  -  r.4,  +  e·4-
I 'tft -A

=wao  +  (co  -  20)  -  1(1 -t)40  + t.afto  - co]= (b.4)

X  r

=R'w'    +     (c,'   -   4')  R '   -   I 1( 1 -r)(   +   r a j i, -   4,1  R  '4 :6 ,=O

Expectations are formed through extrapolation of the base-year variables with constant
factors. Moreover, the representative consumer assumes that the tax-free amount and the
subsistence level grow with the growth rate of the real labour- and transfer income:

IL. = l:(1 + tLY ,  ah  = an,(1 + 23. .  e  - 211 + TLY
These assumptions give rise to

/               1

w:, "  f'(1-r),t  + rek.  - 4, R'=  (1 -·r)14  + raf,o - 4,1 E  (1 +4;)'R'i=0 L ; ,=0

(b.5)

[(1 + 7,;)R]'1.1 - 1
=  1(1   -  r)14   +  r 4,   -  6-j]  S,    with    Si   -

[(1 + 7')R] - 1
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Substitution of (b.5) into (b.4) gives the intertemporal budget equation

WL& - R-'wi-, + wro = f (ci - 29) R, + R*wi (b.6)
1=0

This equation is equal to equation (7.3) of the main text. The utility function, equation
(7.1) in the main text, is defined as

r 02-1 02 -1         LEL

urd   -    Uc'4-7-    +   B 1/02 Wt,   02    D':102 -1    ,
with

1
1/ al-1 1_EL

ug;  =  IE (c''  -  2,/)--Sr-D ,   " -1  , (b.7)

li=0

(1+R)
D=I , 1.  2' = a ud,  wt = wL + g wi

(1+0)

The maximisation problem
The utility function is maximised subject to the intertemporal budget constraint. This
problem can be summarised with the aid of the Lagrangian

,lmi, 1  L -1'4'1'. B,=w,1,35!-Dy<' +
i=0....A

(b.8)

.   k L";   -   f  (4   -   4')   R  '-R' wi        j  ·
j.0

with A denoting the shadow price of wealth. The first-order conditions are

aL aL BL---- = 0, - = 0,   (i - 0,1,.....,1[)
(b.9)ac; awL 81

The first-order conditions can be written as

/1/02 /  1/0 1  - 1/02
1. Uro UCO (c'' - 2/)-1/0'D, - A R'  -0      (i  -0,1,......10,

11. U4 ax, (b.10)
/1/02#1/02 w' -1/02Dx- AR* -0,

8L
111.-=0

ak



192 Chapter 7

The consumption equation
Dividing equation i for period i through the same equation for period o gives rise to
equation (7.4) of the main text

(c;  -  25  -  R -01 'D" '(c;  -  2-j) . (b. 11)

Substitution of equation  I for period  x into LE giVeS equation (7.5) of the main text

/               r.          /1 -'2/al
War  = PUCO (C  - ©02101 . (b. 12)

The utility measure uc' can be written as a function of the consumption level in the base
year, the discount factor and the time preference factor with the aid of equation (b. 11),

narnely

Cl -1 11!-/i , -     101 -1

uco  =  I (c; - 2,') " D'        -1,=o

1-2L                                                        O 1

I   ][ I(c,;  -  26')D "'R -"' fs--D ' "' -'   =  (c,;  -  4;)  s
cl-1 (b.13)

2

Li=o

with

CD°'R'-°']"l - 1S2 = r,Dia'Ric'-al) = 1
,=0 D c'R '-°1   -   1

Substitution of equation (b. 13) into equation (b. 12) gives
i /              i               A -62/0/

WM, - WI,   9 WI, -  

UCO
(CL - 6/)02'01 -

I       ,                                FT,    o l

cl  al 02

- B (co  - 20) S2" ] (c,' - 2,502/01 =
(b. 14)

01 -02 cl-02

-   (C  - C- )  "   SZ'| 1  (c·  - 2 L)'w'R - 'rot :'2/01  =
01-02

-    B   (co   -    20)   Sid.3.  D'm2 R   -Ad

Substitution of (b. 11) and (b. 14) into budget equation (b.6) gives
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wl,    r    R     'w' ,     +    w4     -       (4'    -    4')   R  '     +    R 'w i    -
i=0

1[

- E R (1 -01) 'Dc' '(C,1 - 2-j)  +
,=0

01 -c2

+   B   (C(;   -   2(; )   S2 a| -1  D =2R (1 -02)'1    -   9   1.Vt  RIE
=

(b.15)

[    c,02

-   (C:   -   2,5   11  Sf =TD 'a'R'('-02)   .S, -9  w,   R'   E

E   (co   -   25)   1-1    -   P   w   R. .
After some reordering

1 -1 r / /       1

4     -    4     +    x LW ho    +    (p w, R V (b. 16)
This is equation (7.6) in the main text.

The utility of the representative consumer
Substitution of (b. 13) and (b. 14) into the utility function gives

F F   01 lu-1         [ 01-02 132 -1         1   02
k-r-              1 02 -1

urt-(cj-(-:)'lf'.1-1 j '2  +B,1.2 Ill sy L)'"2R -"2   j "' D'j       -

01(02-1) (al -02)(02 -1) 1_EL
=

(CO'-60 S2dkN--i)
02(01-1)

+B S2
D 002R 0(1 -02 02 -1

(b. 17)
c 1          -_,2

F
01-02 1 a2

-  (9;-4;)  S,"'-1-"2-'ls,+P  s';01-1.D'02.R 't' -02)f Zi   =
at    62 (2

-   (C -20)   S2'11  -02-1 102

Balanced growth and dynamic consistency
Assume that the representative consumer makes new plans every year. Then, the
dynamic system consists of equation (b.16) and (b.3), thus

nt -25
c'  - 2'  + ZIR -'wt,  +  (1-,)1 +Ta,;··-2,}51 +9-:ir4'.1'p[(1 +4',)Rl,  ,

(b.18)

wl=   R-iwi,   +   O    -   •01%   -c'   +   Ta'fl.
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The balanced growth relations are derived for these equations. In balanced growth

4 -4=lid=4 holds; the growth rates, discount factor and the age of the
representative consumer are constant. Define

n -25

c'-E' 40 po p]I»,.1qc. ,
qx   E

(1 -r)1:+T  aj; -2, 0 -T)1: +T a}.-2
1

(b.19)

Wa

qa a
, 4  =   (1 +7 R  .

(1 -T)4; +T   aj -2 ,

The dynamic system can then be written as
qc - X &-1 qa-1 + x SI + X (p qx C , (b.20)

qa = 4-' qa_, +1-q c. (b.21)

Substitution of (b.20) into (b.21) gives

qa  =  4-1  (1 -10  qa-1   +  1   -  % St   -  x (p  qx C (b.22)

This equation has a balanced-growth solution in case < -'(1-,r) < 1, namely

qa =I l- 4-1(1 - )01-'  1 - X S, - X v q x d. (b.23)

Substitution into equation (b.20) gives

qc=%4-1 [1 -4-'(1 -x)]-'It -x Si -xgqx '1+
(b.24)

+X S +x g q x q.

Because the right-hand side of this equation is constant in a balanced-growth situation,
it follows that the growth rate of c 16'must be equal to YL, and thus 2  = C. Equation

(b.11) must also hold in case of dynamic consistency and balanced growth, thus

8'  =   C   =  D o'   R -01    -   1 . (b.25)

This is equation (7.7) in the main text. For dynamic consistency in a situation of balanced

growth, equation (b. 12) has to hold, too. After substituting (see (b. 13) and (b. 11))

01                                 61

ug;  =  (cj  -  20')  S;'-1    =  (c,   -  ©D -'r°tR 'ral   S2al -1, (b.26)

this time-consistency requirement is written as

al-02

Wt.  =  P(C':  -  4:)D'«02-01)R':(al -02)Sla,-1 (b.27)
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It can be proved that this holds in balanced growth, namely

wax  - qa + p qx =
c'-21        qc

It -4-'(1-x)]-' Ii-x S, -% 9 qx 71+Q qg
(b.28)x 4-1  [1 -4-1  (1 -x)]-'Il -x S, -% (p  qx  Cr)+% S1 +% cp  qx  C

11 -X Si-x 9  qx  4.1.(P  qx  Il-44(1 -%)]

% 4-'  Il -% S  -x  ,  q,  71+Ix S  +% 9  qg  ql I1 -4-'(1 -,Ol

= 4-'-s,1- 9 qd V-%-'(1-4-9-4-11 -
C  +  (P  qx  C(1 -4-1)

cl-c2

p S201-1 D*(02-al).R*(al -02)  -  (p  qX 4-' *  -  %-1(1  -  4-1)  -  4-1]

1   +  (P  qx  417(1-4-1)

at-02

p S201 -1 D*(02-01)RX(01 -02)[1 +  (p  qx  (1 -4-91   _
1   +  9  qx  (1-4-9

01-02

=  P  S201-' D *02 -01)R *01 -02).

The macro equations
The real macro variables are defined as

cac'ns,  wx a w n, ,  luat'ns,
cat#n 1 1

3 ,  wa E wa ns ,  afl - an ns , (b.29)
I t                                                             t

Wah E Wah n, ,  wh - Wh n, ,  ud E Ud n, .

The macro consumption follows from (b. 18) and (b.29)
t .1

c=au +
x 'wak  +  gn,  w, R -1

(b.30)

The macro equation for nonhuman wealth accumulation follows from (b.29) and (b. 18)

w a=R- ' (1  + 4 w-   + (1  - TK  -c +T a (b.31).i/ fl.
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Macro total wealth follows from (b.6) and (b.29)

W g h  =R- ' (1  + R,)wai  + w  · (b.32)

Macro human wealth follows from (b.5) and (b.29)

Wh   -   ((1    -   r) l. +
r an     -     a   14      S,

. (b.33)

Macro utility follows from (b.17) and (b.29)
Cl    02    02

ur   =   (c -2)  lall-a2-1%'i--02 (b.34)

The total differential of this equation is

ur [ al 02 lur 62  ur
dur =    -(dc - dO + 1- - , dS. + dx .

(b.35)
C-C [61-1   a2-1]S2  4   1-a2 x

The substitution effect follows by setting dur = 0

dc Eda C 8 11 .2 al       dSz               c,2      dx +.. (b.36)

7'd-=0 -cc-'11 -c,11['a2-1   01-1] S:    02-1 x

Equation (b.30) and (b.32) can be found under (7.8) in the main text; further, equation

(b.34) is (7.13) and (b.35) is (7.15).
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Appendix 7.c Definitions

Variabless3
a tax-free amount
fl

c consumption
c consumption above subsistence level
C total consumption, according to the National Accounts
Ch total consumption of housing services of owner-occupied houses

x          propensity to consume out of wealth and pension rights
D         factor of time preference corrected for population growth
dh total depreciation of owner-occupied houses

h, total stock of owner-occupied houses

4 total investment in owner-occupied houses

4 pension payments per aged person
4       labour- and transfer-income
6 after-tax labour and transfer income
mh total mortgages on owner-occupied houses

nt          age of the representative consumer
n,         size of population
n65        size of population above 65 years

Pc price consumption
pe price consumption, according to the national accounts
Ph        price of houses

p, price investment in houses

p, share price
qq nonhuman wealth ratio
qc consumption ratio
0 pension rights ratio
q,         shares as fraction of total nonhuman wealth
R discount factor
rd           the rate of return on nonhuman wealth
rc,        real rate of return (r,-pc)
ra,       rate of return on financial assets
rd       interest rate on mortgages
S,         sum of TE+1 terms of a geometric series with ratio (1«)R
S2         sum of TI+1 terms of a geometric series with ratio R'*°, D°1

53 See footnote 40 for notational conventions
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11 total taxes
UC utility measure of consumption in the whole planning period

u,t disposable transfer income
ur utility

wc nonhuman wealth
Wah total wealth
ww total assets

wf total financial assets

wh human wealth

w, total value of shares of households

wg pension rights



8 Wages, prices and factor demand

8.1 Introduction

The high level of unemployment in OECD Europe remains one of the puzzles of
empirical macroeconomics. In recent years the unemployment rate has shown a tendency
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 responsible for the high rate
of unemployment. This raises the question whether these policy reforms were simply
ineffective, or whether they can yet be expected 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 unemployment, or are other
factors at work that keep us from reaping the benefits of the reforms? This chapter
considers these questions in a structural empirical model of wage- and price setting and
employment dynamics for the Netherlands.

In the sixties and seventies the unemployment debate was dominated by the
properties 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 macro econometric model. Indeed, in virtually all
empirical models of that time the natural rate was determined by the constant term of the
Phillips curve. Within this framework the continuous increase in the rate of unem-
ployment in Western Europe in the seventies was both unexpected and inexplicable.

To cope with this problem, several approaches have been followed. One
possibility is to adopt an agnostic view of the natural rate and to use statistical procedures
such as time-varying parameters (Gordon, 1997) to capture the shifts in the natural rate.
Research along these lines is primarily useful in determining the current level of the
natural rate, and hence predicting 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 depends 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
unemployment by explicitly modelling labour market imperfections. The models that
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were formulated in the first half of the eighties may be subdivided into efficiency wage
models, union wage-bargaining models, and search models of unemployment. Katz
(1988) provides a nice overview. All these models predict that there is a relationship
between the levels of wages and unemployment, leading in effect to an upward sloping
labour supply curve, also called a wage curve (Layard, Nickell, and Jackman, 1991, and
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 level of wages and unemployment has been provided by Blanch flower 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 thus far been unable to explain the European unemployment
persistence of the nineties. Following the substantial cutbacks in social security in the
eighties, unemployment should have returned to its previous low levels within a few
years. But this has not happened.

In recent years, several authors have attempted to reconcile the empirical evidence
in favour of a wage curve with the observed unemployment persistence in Europe, by
adding elements that affect labour demand. In these studies the return on capital plays

an important role. Phelps (1994) and Phelps and Zoega (1998) point to the close

correspondence between the real rate of interest and unemployment in Europe since the

eighties. In Phelps (1994), the rate of interest is an important determinant of labour
demand. Hiring costs, costs ofinvestmentinjob-specific capital, and the costs ofcreating
stable customer markets 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
inward shift of the labour demand curve. Madsen (1998) also finds empirical support for
Phelps's model in a panel of OECD countries.

Caballero and Hammour (1996) also claim that the labour demand curve has
shifted inward. They maintain that this happened because the rise in bargaining power
of labour enabled it to appropriate a larger share of the rent. This has compelled firms to
adopt labour saving technologies. Due to the putty-clay nature of capital, this process
is slow in developing, 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 existence of a
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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
chapter 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 particular interest since it was one of the
countries hit hardest by the supply shocks of the seventies, when the term "Dutch
disease" was coined by The Economist 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 obviously 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, labour 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 concerning 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 ofunemployment. The importance of the user cost of
capital originates from the low estimated value of the elasticity of substitution. This
effect distinguishes our approach from the contributions made by Phelps (1994) and
Blanchard (1997), which also seek the main determinant of unemployment persistence
in the shifts of 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, which neutralised the beneficial effects of
the cutbacks in social security payments.

The remainder of the chapter is organised as follows. Section 8.2 discusses the
model. The data used in estimating the model are described in Section 8.3. Section 8.4
presents our estimation results,  as well as the estimate and decomposition of the natural
rate of unemployment. Section 8.5 offers some conclusions.
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8.2 The model

The wage bargain
The model we estimate consists of three equations, determining wages, employment 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 that the
union and the firm bargain about the total wage bill as follows: 54

\a

argmax(p,f):     pi;,f - tfp/    pi,(1 +S )-'(1  - 3,)(1  - Td)  - F |   ,            (8.1)
pc             Pc

where pj.  enotes the value-added price deflator, pc the consumer price deflator, yff total
output, pi the wage rate, if employment, s, the rate of employers' social security
contributions and other labour costs (such as pension costs),st the premium rate for the
social security contributions paid by labour,  rd the rate of direct taxes paid by labour, F
the fallback position of a worker, and a a measure of relative bargaining power.

In order to derive a simple expression for the first-order condition, we define some
additional elements. Let p  denote the real product wage, defined as p,y = P{IP&.Let
pk denote the real consumption wage, defined as pte   p/(1 +se)-1(1-st)(1-9/Pc. Let
A denote the wedge, defined as 55  A =ph'ple Define j'a s j' - Fl Pk. So, j ' is the ratio
of the utilities of unemployed 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:

f
p'          a- =          h,                                          (8.2)
P f    1 -j' + a

where    (h = y llf) denotes labour productivity. This equation indicates that if
productivity h and the coefficient a are exogenous, the product wage depends only on

54 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 compatible with general
equilibrium, a level such that the firms' operating profits are high enough to cover the fixed costs.

55 Note that the ratio ofpc over p  equals l plus the indirect tax rate. Actually, it also includes terms-
of-trade effects. Ifthe 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.
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j: So. if the wedge affects labour costs, it does so only indirectly, by altering j r, 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 pif once we include j '. 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 j' . We will elaborate on
this now.

The fallback position and the informal market
We may find an independent effect of the wedge next to a measure of the replacement
rate if we include the informal sector or household production in the analysis. For
instance, suppose that negotiations break down, and the worker becomes unemployed
and tries to find work again.56 If he succeeds, he gets a wage that we assume to be equal
to the wage he would have earned if the first negotiations had resulted in an agreement,
namely Pif. If he cannot find another job, he gets unemployment benefits equal to the
replacement rate 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 are simply not subject to taxation, such as household production, or
because taxes are evaded (black market activities). In either case, we think of the worker
selling his labour directly to himself or to another consumer. The (implicit) wage is a
fraction y of the going total cost of his labour, including all direct and indirect taxes and
premium costs.

Letting P denote the probability of finding another job,  and j the official replacement
rate, the formula for the fallback position of the worker is as follows

F = P Pic + 0-15 Ij Pic + 7 piyl .

(8.3)

It makes sense that the probability of finding another job, P, depends negatively on the
unemployment rate, u,. If we assume that P  =   1 -u , we get (after some arithmetic)57

j' -1-u (1 -1 - yA). (8.4)

Substituting this expression into (8.2), 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 version of the wage

56 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.

57
Note that i f we had used the consumer price with the terms-of-trade effect taken out, as suggested

in  footnote 55, the terms of trade would also disappear from this equation. A should then be interpreted as the
wedge with the terms-of-trade effect removed.
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equation directly. To facilitate the more complicated system estimation in this chapter,
we linearise the wage equation

Inp,f = Inpy  + Inh + xilnA + X21nj - 1(jur + 1(0 (8.5)

In the wage equation, the wedge enters as a single variable (all sub-components 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 must then be

absorbed by the employers in the short run, while unexpected shocks to employee taxes

and social security payments must be borne by workers. Many empirical studies have
found that employer social security payments do indeed have a stronger effect on wage
costs than do employee taxes and social security payments. So this may well be an
additional effect for the short run. Note, that this wage equation corresponds with the
wage relation 4.10 of the small, theoretical model, which was presented in chapter 4.

The wage equation can also be seen as an equation determining the labour income
share, denoted lis and defined as 1nlis = 1npif-lnp -lnh. The labour income 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

In lis    =   )(I ln A    +   %21nj    -   1(3 ur    +   1(0 . (8.6)

Labour demand and price setting
The equations for the value-added price and employment are derived from a model of
firm optimisation. A vexing problem facing applied economists in estimating factor-
demand relations is to find a functional form that is flexible, uses only a few parameters
and satisfies the theoretical restrictions implied by economic theory. We assume that the
production structure can be characterised by a CES unit-cost function,58 with labour

augmenting technological progress and possible non-constant returns to scale, written as

58 In chapter 3 we have applied a functional form suggested by Diewert and Wales (1987.1995),the
so-called Symmetric Generalized Mcfadden (SGM) cost function. 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).
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C   -  "  L.fri  -                                 I  Ie <,fw-•
i f.-4i-33Y -  P Yf I Nk Clk te /           +   (1 -0)   tpkj       J

f
pt=       p,

Pti h, els" 11'2
(8.7)

p,f   -   1:       1    -    (1  -6)(1  +Pf') 1                                          f             f    1   -3  -  TbiaPie =P,
PkO 1 + (1 -Tz)r, il 1-tb

Total costs Cv depend on the output level yf, the efficiency corrected price of labourpt,
and the user cost of capital pl. (see the data appendix b for a formal derivation of the
user-costdefinition). Theefficiency corrected price of labourequals the annual wage cost
Pif, divided by the effective working time h, and the degree of labour augmenting
technological progress, which is modelled by a quadratic time trend. This quadratic time
trend is meant to capture locally the actual technological progress. Following Jorgenson
(1986), the user cost of capital, pf, is a function of the effective investment price, pl.
the depreciation rate 6 and the real after-tax interest rate. The latter depends on the
nominal interest rate r„ the overall income tax rate Tg and expected inflation.59 The
effective investment price is the investment price corrected for tax facilities. The
correction factor is determined by the corporate tax rate Tb, the investment tax credit, s,
and the present value ofthe depreciationrights ofone guilderof investmentexpenditures
4. To turn p,fand pl' into indices, we divide their expressions by their values in the base
year Pmf and P{9.

Shephard's lemma implies that the demand for labour equals

In l f = ln 11 + 1110 +  - lnyff - a lnl   1 - ing h, - y, t - Yi t 2 .          (8.8 )
< Cik 

This equation corresponds with the employment relation 4.7 of the small, theoretical
model, which was presented in chapter 4.

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

59
The expected in flation rate, #,<, is computed from an optimal MA(2) forecast of investment prices.
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ln• f = InM +  Inf ffy.j
ryf 1, (8.9)\ Byi)

where M denotes the mark-up. The mark-up depends on the price elasticity of demand,
which under homothetic utility60 depends on the own price p.  and the foreign competitor
price Pbc· After linearisation, the expression for the value-added price becomes

hlp f =
in po   +   ( 1  - B , <ln 13    +   1n c,k   -   in 4    +   -1-E<  Inyj    +   1 1, Inpbc

. (8.10)

The term between square brackets equals marginal cost. Ifpt is zero (foreign competitor
prices do not matter in the long run), po equals the mark-up. This equation corresponds
with the price relation 4.2 of the small, theoretical model presented in chapter 4.

The firms' price-setting and labour demand equations imply another relationship for the
labour income share, denoted lis

f)  1 -C
Pk I  I

Inlis = In4 - InM + tn 1 - (1-0) -I     (8.11)
Clk             J

The labour income share resulting from profit maximisation 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

f \-0

u;   -  1 %,inA   +  %21nj  +  1(0  +  inM  -  ln4  -  in   1   -  (1 -0) -1      1    ,        (8.12)
Pk    \

%3 -                                                                                                                              Cm

where a star denotes equilibrium unemployment. This expression shows four
determinants 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

60
See Nieuwenhuis, 1986 and the export chapter of this thesis.

61
Note, technological progress has no influence on the equilibrium rate of unemployment, because

two conditions hold. First, they do not affect the labour income share resulting form 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 augmenting.
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the replacement rate push up wage demands and, ceteris 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 increase in the mark-up and tile relative user cost of capital reduces
the labour income share consistent with firm price and employment setting. So, the
bargaining labour income share must also fall. To bring this about, the unemployment
rate must rise.

Note that the degree to which the relative capital costs affects equilibrium
unemployment depends on the elasticity of substitution c. A rise in the relative cost of
capital always reduces the real wage the firm can pay and still maintain its level of
profitability (as measured by the mark-up). This follows directly from the factor-price
frontier.62 The issue is how the unions will be induced to accept this wage cut. Without
substitution, we get the standard mechanism of layoffs and unemployment. If there is
scope for substitution, firms will also respond by reducing the capital-labour ratio, which
reduces labour productivity. Since lower productivity directly reduces union wage
demands, there is less need for unemployment to rise in this case. With Cobb Douglas
technology (a = 1), 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, leaving no need at all for increased unemployment.

An important difference with other recent labour market theories is that we do not
presuppose a substitution elasticity of 1, as do, 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
chapter confirm these findings. Blanchard (1997) estimates the elasticity ofcomplemen-
tarity (the inverse of the substitution elasticity). This yields an upwardly biassed estimate
of the elasticity of substitution (see Hamermesh, 1993). The next section will provide
some rough empirical evidence that these supply-side models are not able to explain the
developments in the nineties, as opposed to our model, which combines the supply side
with a standard labour demand model.

8.3 Data

Figure 8.1 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 60's and early

62 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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70's. Its steady increase up to 2.1 percent in 1973 was hardly alarming. The first oil price
shock attheend of 1973 brought aboutajumpof 1.5 percentage points, up to 3.5 percent
in 1976, while the second oil price shock in 1979 pushed unemployment even further up
to a peak of 9.7 percent in 1983. The unemployment rate remained high, while the
relative energy price was back to its pre-oil price value after 1986. In 1997,6.6 percent
of labour supply was still involuntarily out of work. The other graphs may reveal some
insight into the possible causes.

Figure 8.1 Unemployment and some key variables
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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 percent. This indicates a substitution elasticity between
labour and capital of considerably less than one. This opens up the possibility of an effect
of the real interest rate on unemployment.

63

A look at the other graphs reveals that none can solely explain unemployment's
development. Until 1975, the rising wedge and replacement rate could explain the rise
in unemployment. However, the time lags have to be considerable, unless the decreasing

f.real capital costs (pkfj exerts some mitigating influence. 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
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 unemploymentpersisted at its high level. Here, the
real capital costs come again to the fore. Indeed, in 1990 the real capital 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 8.1 show that the
development of real capital costs has been dominated by movements in the real interest
rate.64

8.4 Estimation

All data used in our estimations are given in the data appendix 8.b. Before estimation,
we extend the set of equations given above. First, we introduce the import price of
energy (pm,) 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   in the cost function. We implement this by replacing 1  by
13+(610,7+620,A)lnpme/Inpj. in the cost function, and thus also in the price and labour
demand equations. Note (if p  is zero) that this relative import price does not affect the

63
See equations 8.12 and 8.7.

64 The relation between the real interest rate (1 -rg)r, -r  and the nominal rate can at times be remote.
The link is provided by expected in flation. See the data appendix for details about the construction of in flation
expectations.
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labour income share resulting from profit maximisation, 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 dynamics.
For this we use the error correction (ECM) formulation. We impose the requirement that
the equilibrium derived in the previous section will eventually be reached.

The dynamic wage equation we estimate is:

Alnpi' = a„Ainp< + (1 -a„)Alnpf  + 1,(inpr - Inph-,

+ I Budix,1  + E YIJ(Axil  - Axij) ,
(8.13)

Inpf' = 1np  + Inh + xi InA + X21nj - 16ur + Xo i

X 1 6 { l n p , 111 h, 111 A, I nj, u,   ,

where a star (*) denotes the long run, and Axu the average value of Ax,j . Note that 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 5 for their average values. This particular formulation
ensures, on a steady-state growth path, that Inplf will equal 1npf.. The dynamic labour
demand equation is written in the same way as

Alnlf  =  ail Aln/1  +  (1-021)Alnlf.  +  A,(ln/f'  -  ln/f)-1

+ I #*Alx2  +  I ·12 (Axi  - Axii)  ,

( pli
1nlf'  =lrt| 11+(6:0,/+62,„,A)Inf '1   +  inG  +  11nyf - aln -ilPyf)                         cm             (8.14)

-     ln,pjh,     -     y,t      -     72  t 2     ,

(pf)
X2,  €' ln   ,  Inyff,  1,11 -1,  Inh,   · ·

pg l  Clk '11

This formulation ensures, on a steady-state growth path, that lnlf will equal 1nl r. Note
that the oil price variable has been implemented in the long-run labour demand equation.
The addition of the oil-price variable in the short-run equation makes it possible to

65 We investigated the time series properties of the individual series, and found that all variables are
stationary after first differencing. Therefore its is sufficient to correct only the first differenced variables.
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measure potentially asymmetric effects on productivity and prices. The time trend is not
included in the short-run equation because its coefficient can hardly be identified. The
dynamic price equation is

Aln,4 - a31 Alnpil + 052&1np  + (1-aj,-(132)Alnpmg

+ 13(Inpyi - inpJ )-1 +   B31&261 +   73/(Ax]j - AE),

Inpjf = ln,to + (1-Iii) In B+(6,0,/+620,111)'nfl  + 1ncm - In4
PyfJ                        (8.15)

+ -l lnyj  + 51,1.'t  ,

x:f   E   l   Infli   ,   In c"   ,   1«  ,   Inpbc. 1    py'

The short-run dynamics have been implemented in a similar way. So it ensures, in a
steady state, that Inpff will equal 1npf 

Thus, in a steady state with constant growth rates it will hold that
Inpi' - 1npf' ,  1nlf = Int/' ,   1np  - Inp,5 (8.16)

Our dynamic specification thus encompasses the non-accelerating inflation rate of
unemployment (NAIRU) hypotheses. Moreover, our model provides 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.
Due to the non-linear character of our model, we needed a good starting point in order
to get convergence. For this purpose, we started with the Engle Granger two-step
procedure. This amounts to estimating first the static long-run equations, simultaneously
applying the proper cross-equation restrictions, 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.66 Then, we tested restrictions against this general model,67 using the Gallant

We used as instruments the constant term, Iny/, , intl ·In /4 , in(p, /P,f)_1 . in PA . ln Pbei ,

In,P,<1 . ln,P,fl. Ps-l Inp,12,((1 +0;)/(1.(1 -T,)r,))., .t,In(p, /p ) 1 , u,t, u..2, In(1-5,- rd).t . ln(1+s,)., , Inj.,,

dum ,  dum:'-1,  dumU 2, In( p'"•  '  Pwh   , \nt P.*/1 )-2 • In m.„  in pM,. 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 both competitor prices and the import price of energy. Exogeneity was accepted for the
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Jorgenson statistic, corrected for degrees of freedom (see appendix c). These estimates
were obtained without adjustment of the first differenced variables for their mean value
(That is, the Ar-'s were not included. See, for instance, equation 8.13). This correction
is necessary to get good estimates for the long-run equations. We did not estimate in one
step because some ofthose variables are calculated during estimation ( Alnp /c,k,  AlncIk)
So, we can only use an iterative procedure to calculate their mean. Therefore, the last
estimation result (with adjustment of the first differenced variables for their mean value)
was obtained conditional on the second-to-last estimation results.

Tables 8.1, 8.2 and 8.3 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 standard 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 distribution 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 standard distribution.

The estimation result '3' is obtained from the unrestricted equations '2' after
imposing 22 parameter restrictions. The Gallant Jorgenson statistic is X2 distributed with
22 degrees of freedom, if these restrictions hold. Its value %2(22) = 28.2 gives an upper
tail area of 17 percent, which is not significant. The restrictions are therefore not rejected
using a standard significance level. For all equations we find a good fit. The LM test
statistics point to negative autocorrelation in the price equation.

The end-result  '4'  does not deviate68 very much from  '3'. We will now 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 - thus
confirming the existence of the wage curve. The point estimates indicate that 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.

67
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

applicablethat allow identification. However, in practice, equations likeour wageequation 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.

68 We did not test this formally because both models are not nested,
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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 contained therein).

The labour demand and price equations indicate that the substitution elasticity a
is approximately 0.35, significantly different from unity.69 We may thus expect that the
relative cost of capital will play a role in determining equilibrium unemployment. The
variable for the oil shocks ln pmelpti turns out to have the expected sign in the long run.
An increase of the relative oil prices reduces overall productivity. 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 Pt is around
zero. We find, therefore, that the mark-up of prices over costs is constant in the long run,
at about 20%, as po 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, we estimate  the
model for the extended period, adding dummy variables for both years in all equations.
The Gallant Jorgenson (1979) test was used to test the hypotheses that the coefficients
of the dummy variables are insignificantly different from zero. The test statistic was
constructed with the application of the Anderson correction factor fordegrees of freedom
(Kiviet, 1986). This is a straightforward extension of the Chow prediction test in the
classical linear regression model to the nonlinear simultaneous regression model
estimated with three-stage least squares (see appendix c for details). The test statistic is
not significant. Thus, our model passes the extended sample test.

Substituting the estimation results in the last estimation round into equation (8.12),  we
find the following relationship for the equilibrium rate of unemployment:

C      \ 066)
1 Pk 1   1

u;  -  0.161nA + 0.161nj -
0.57 ln <   1   -  0.25  - 

I -0.20 . (8.17)
Cik             )

With this equation we have constructed Figure 8.2, using a confidence interval of two
standard errors around the point estimate. The standard errors have been calculated with

69 Empirical research fortheNetherlands points in general to low substitution possibilities. Estimating
the long-term relationship for potential demand for labour,  Fase et all ( 1992) find a substitution elasticity of
0.068 for the MORKMON model. The CESAM and IBS-CCSO modellers (Kuipers et al, 1990) have obtained
a valueO.25 ina putty-clay setting. Lever(1993) finds 0.65 when he estimates the equilibrium unemployment
rate. The operational CPB (1997) macro model JADE contains a values 0.15 for the exposed sector and 0 for
the sheltered sector.
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the TSP 'analysis' command and are conditional on the values for the exogenous
variables in each period. The two standard errors interval does not correspond to a
standard 95% confidence interval because the distribution of some of the estimates 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 high,
determined by the largest (real part of the) eigenvalues, which are 0.51,0.58 and 0.60.70
This implies that a (static) change in equilibrium is absorbed for more than 90 percent
in a period of five years. The longstanding deviations between the actual and equilibrium
rates have to be attributed to structural changes and are not due to slow adjustment. The
relatively fast adjustment speed also implies that our results do not favour hysteresis as
an explanation for the unemployment persistence.

It appears from Figure 8.2 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 exogenous variables such as 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.71 One important
conclusion that arises from this study is therefore that the old concept of the equilibrium
rate of unemployment as a stable or slowly moving characteristic of the labour market
of an 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,
which 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.

70
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 pr,/f. and pf
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 equilibrium employment if. Indeed,
a proper analysis of the overall adjustment speed would require a fully determined macro model. This is the
subject of next chapter.

71
Of course, the actual rate of unemployment is also affected by business cycle indicators, like

fluctuations in demand, which play no role in the determination of the equilibrium rate.
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Figure 8.2 Actual unemployment rate and estimated equilibrium unemployment rate
(in %)
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Figure 8.3 and tables 8.4 and 8.5 give a decomposition of the equilibrium rate for the
years 1966-1995. The period 1966-1975 shows some increase of the equilibrium rate.
The wedge and the replacement rate are rising, but the fall in the user costs of capital
compensate largely for this rise. 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 the high level it reached in the last period in our sample
1984-1995. The wedge remains on its peak 1984 level, but the replacementrate 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.
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Figure 8.3 Decomposition of the change in the equilibrium rate of unemployment
(in 9b)
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Table 8.5 gives a further decomposition of the influence of the user costs of capital and
of the wedge. The fluctuations in the user cost of capital are driven mostly by the real
interest rate. The increase in the wedge is due mainly 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 development of unemployment in the eighties.

8.5 Conclusions

This chapter shows that the development of unemployment in the Netherlands over the

period 1966-95 can be explained by a structural model of wage bargaining, labour
demand and price setting. Care has been taken to impose homogeneity 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 of 0.35, a significant
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influence of the oil price shock through its effect on productivity and a strong feedback
of unemployment on wage formation. 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 influence of the increasing
wedge between the real product wage and the real consumption wage and replacement
rate is cancelled out by a fall in the capital costs. The sharp increase in the second half
of the seventies and early eighties can be attributed to increasing capital costs, while the
wedge and replacement rate remained sizable. 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
unemployment 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 substitution as the main
parameter that regulates the importance of this effect. A desirable future extension of our
work would be to repeat this analysis in a panel of countries, to see whether the
difference in unemployment performance between countries could be related to
differences in the capital-labour substitution. A second important extension would be to
include a description of capital formation in the model, both to provide a more complete
description of the dynamics of employment, and to be able to integrate the dynamic
arguments of Phelps (1994) and Caballero and Hammour (1996) into the analysis.
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Table 8.1 Dynamic wage equation a)

Alnpif = (1-a„)Alnpf. + a„AlnP/(1 + ki(lnp  - tnph i

+  yl 'Alnpj  +  7,2Alnh   +  713AlnA  +  714blnj  +  y,sau,

+ Bl Allnp f
+ Bl 21nh + B13A21nA + Bl4&21nj + Bisdiu,

1npf = Inp  + inh + x, ln A + Xilnj - %3 ur + Xo

1
pill

alnpi   Alnplf 1   111-71      Alnp,;  Alnh       AlnA      Alnj       Au,  82/nP';    821nh   AilnA      AillyPt ) -\
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 0.22 0. j j O. j6 0.14 0.10 0.32 O. j5 0.24 O. jO 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

3:' 0.48 0.52 0.52
0.07 0.07  0.12

4.', 0.54 0.46 OA4
0.09 0.09 0.14

82"                        Xi                  X.                     %3                    Xo                   R 2 se LMl LM2
1. 0.59 0.23 0.38 1.43 -0.39 0.97 0.01

0.45 0.05 0.04 0.19 0.03
2. 0.04 0.00 0.28 0.97 -0.30 0.98 0.01

0.51 0.21 0.07 0.58 011
3.'j 0.22 0.30 1.69 -0.40 0.96 0.01 0.50 -0.6

0.07 0.06 0.27 0.05

4.c, 0.28 0.29 1.76 -0.43 0.94 0.01 0.80 -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 8.13). This correction has been applied only in equation 4. Estimation sample period: 1966 - 1995.
WepresenttheLagrange Multipliertests againstautocorrelation as t-values: LMI tests against significant first-
order autocorrelation; LM2 against significant second-order autocorrelation.
b)Gallant Jorgenson restriction test statistic:  X2(22) = 28.2 (P-value 0.17), post sample test for  1996-1997
X2(6) = 5.2 (P-value 0.52).
C)Post sample test for 1996-1997: %2(6) = 5.2 (P-value 0.52).
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Table 8.2 Dynamic labour demand equationa)

Alnlf -  (1-ail)Alnlf'  +  ai, Alnlt  +  1,(lnl» -lnlj)_1
f

p k
+  72,8 tnf3   +  722Alnyj  +  723&1n-   +  72481nhi

p)f                                                                      
      4

+ 1121&21nf3 + 1122521nyfi + fi23&21nf  + 1124&21nh,
Pyi                                                                    Clk

P,„,1                                      Ple I
t A

ln/f·  =  ln  11+(610„+620„A)ln--71   +  ln0  +  - lny,/ - aln  - -:11   -  1npifh,
Pyfl

- Yit _ 7212

(lf·\                                                               f
Alnlf.      Alnlf.1 In- 1        Ainf2      diny          Alnf      Alnh/  Allnf 3     112lny,f      Zlilnf       Azinh

'\        1,   )   -,                  p;i                                                   ck                                          pyf                                                   c

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 0.03 011 0.05 0.18

3." 0.49 0.51 0.32 0.49 0.02

0.05 0.05 0.05 0.15 0.01

4:1 0.52 0.48 0.28 0.51 0.04
0.05 0.05 0.05 0.15 0.01

P O E O Y,Y:R 2 s e LMl LM2
1. 0.92 0.69 1.00 0.44 0.01 -0.001 0.85 0.01

0.03 0.02          ( -) 0.07 0.00 0.00

2. 0.88 0.71 1.23 0.29 0.02 -0.001 0.94 0.00

0.04 0.02 0.23 0.18 0.00 0.00

3.b, 0.84 0.75 1.00 0.39 0.01 -0.001 0.89 0.01 -0.5 0.40

0.02 0.02         ( -) 0.07 0.00 0.00
4.c, 0.82 0.75 1.00 0.34 0.01 -0.001 0.88 0.01 -1.5 -0.5

0.03 0.03          ( -) 0.08 0.00 0.00

' For notational convenience we do not present the first differenced variables relative to their mean (see
equation 8.14). 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
b)See note b in table 8.1.
' See note c in table 8.1.
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Table 8.3 Dynamic price equationa)

Alnpy  = ai,Alnpy5  + a32&1npmg  + (1--a31-an)Alnpil  + X.3(/npjf -InpJA-1

+  1'3 161rl    +  1,32Alnclk   +  'y,JA 111 jf  +  1,34& 111Pbc

P M

+   B3 , Azlnfm   +   B32A2 lnctk   +   113382 1nyf  +   43482 lilpbc
pu

Ing; = Inpo + (1-Ki) ln 11+(6,o„+620'IA)lnfl '  + ln C/k - ln4pd)

1 -4       A
+   T Inyf j   +    Itilnp,

f  »1

Alnp      Alnp,„g  Aln - t    Inf5 1   Aln         Ainc,k       Alny      dinpk Ailn 9     821nclk     Al ny,    Aqnpb,py, -\  pyi                           pw
1. 0.38 0.27 0.35 0.29 0.00 0.01 0.09 -0.08 -0.01 0.09 0.00 0.05

O. j 3 0.07 0.13 0.11 0.02 011 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 0.03 011 0. 11 0.05

3.b, 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

4.c, 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

110 f B Pt 6kd 6
2oil

R  se LMI LM2

1. 1.11 1.00 0.92 0.05 -0.05 0.93 0.01

0.03          ( -) 0.03 0.01 0.01
2. 1.50 1.23 0.88 -0.15 0.03 - 0.07 0.96 0.01

0.33 0.23 0.04 O.N O.Oj 0.05

3.,) 1.26 1.00 0.84 0.04 -0.07 0.96 0.01 -5.0 -2.9

0.03          ( -) 0.02 O.Oj 0.02
4.') 1.21 1.00 0.82 0.04 -0.09 0.94 0.01 -4.1 -2.8

0.04             ( -) 0.03 0.01 0.02

'*or notational convenience we do not present the first differenced variables relative to their mean (see

equation 8.15). This correction has been applied only in equation 4. Estimation sample period:  1966 - 1995
b)See note b in table 8.1.
' See note c in table 8.1.
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Table 8.4 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 -1.4                   1.8                  0.8
-wedge                                                       3.1 4.8 4.8 4.5

-replacement rate 1.9 0.9 -1.6 - 1.3

- mark-up 0.0 0.0 0.0 0.0

Table 8.5 Decomposition of the cumulative change in the equilibrium rate of
unemployment from 1966; the contribution ofthe relative capital costs and
the wedge (in %)

1975 1984 1995 1997

relative capital costs -4.3 -1.4 1.8 0.8

- real  interest rate -2.4 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 3.4 4.9 4.2 3.9
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Appendix 8.a Capital demand and investments

Modelling investments, we will use the standard literature on investment behaviour. This
literature is based on a general neo-classical model. Three different investment relations
can be obtained from this model. The first uses the prediction that the capital stock will

grow if the marginal product of capital is larger than the user costs of capital (the capital
costs approach). The second uses the prediction that the capital stock will grow if the
marginal value of capital increases relatively to the cost price of capital (the 'Q'
approach). The third uses the prediction that the capital stock will growth when the

marginal returns on investments are positive (Euler equation approach). The three

approaches are the same in a standard neo-classical model of the firm with adjustment
costs. The accelerator-model for investments is a borderline case, which can be derived
from the neo-classical model in the absence of price effects. Then, investments depend

only on (lagged) production changes.
The neo-classical model has one big drawback. The theoretical prediction that

prices are relevant does not find strong empirical support if one estimate investment

equations. However, estimates with labour demand equations point to price influences.
The relevant empiricalliterature on investments is well summarized with the next quote:

"Most theories founded on microeconomic arguments suggest a strong
relationship between the cost of capital and investment. With few
exceptions, the empirical evidence has typically indicated the opposite.
After an extensive review of academic and non-academic research and
discussions, Shapiro calls this finding "an embarrassment of neoclassical

theory."
And Blanchard writes "it is well known that to get the user cost of

capital to appear at all in the investment equation, one has to display more
than the usual amount ofeconometric ingenuity, resorting mostof the time
to choosing a specification that simply forces the effect to be there."

(Caballero, 1994).

The main reason for the poor empirical support seems measurement problems and mis-
specification in the capital demand equation. The relevant variables (the capital stock,
the user costs of capital, the 'Q'-variable and the marginal return on investment) are not
directly observed. So we have to construct indicators, which leads to mis-specification
problems. The labour demand equation is not affected by this sort of difficulties.

Modelling factor demand, we have in first instance estimated labour- and capital-
demand simultaneously. This resulted in a Leontief production technology without any
substitution possibility between labour and capital. This is consistent with the obtained
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substitution elasticity in chapter 3. However, we found support for some substitution
between labour and capital as reported in the main text of this paragraph. We prefer to
estimate capital demand conditional on the substitution elasticity of this chapter in view
of the international literature.

Our capital demand equation is of the capital cost variety of the general neo-
classical model. The long term capital demand follows from Shephard's lemma and the
minimal cost function (8.7). However, omitting the energy-price variable, we obtained
a slightly better adjustment process. So, our long-run capital demand equation becomes:

Ink/·  =  Inp  +  in(1 -0)  + . lnyff - cln   31  -  1np/,                                       (a.1)
ik )

The estimation results presented in the main text are:
B.0.82,0=0.75,4=1,0-0.34.
The capital stock indicator is obtained using the capital accumulation equation

kf  =  (1 -6) kt   +  if,    4 = 666.3 ,6= 0.07 . (a.2)

The starting value (k4) and the scrap parameter (6) are calculated using information of
the "kapitaalgoederenstatistiek" of statistics Netherlands (CBS). The scrap parameter is
the same as in the capital cost definition. We estimated as a reaction equation a partial
adjustment relation for the investment ratio with an additional integral control term. The
actual capital stock and the long-term capital demand are both corrected for their average
value (indicated with an overline). We have two reasons for this correction. First, the
coefficients 13 and 0 may be biassed, because they have been estimated without capital
stock information. Second, our proxy for the capital stock may be ill measured. The
estimation result with 1961-1995 data is:

2121nkf =   0.24 Azlnk»  +   0.09   (Alnkf' -Alnk/)_1  +   0.06  ((Inkf· _

1nk»)
(0.05) (0.05) (0.02)

(a.3)-A\  - 0.015 A(lnpm,- (lnkf_lnk')/- 1
- Inp,b -  0.003 46 .

(0.007) (0.002)

DW = 2.5  ,  Ce - 0.009 .

The explanatory power of the equation is low, but the coefficients have the expected
sign. The coefficient (0.06) of the integral term is very small but larger values, up to
0.10, lie in the 95 per cent confidence interval. We fix this coefficient at a value 0.10 to
improve the dynamic properties of this investment equation. Moreover, we fix the ratio
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between the impact multiplier and the error-correction term at 0.7 for the same reason,
after which the estimation result read as

Azlnkf   -     0.26  Ailnk»    +      0· 18     (Alnkf' -Alnkf) ,    +   0.10   ((lnk/.    -    lnF)    +
(0.06) (0.04)                              (-)

-  (lnk/-1112))_1 -   0.015 A(lnp-e  -  1np   -   0.004 s
86 '

(a.4)

(0.007) (0.002)

DW-1.7 , a = 0.010 .
E

This equation will be used in next chapter.

Appendix 8.b Data72

Definitions  and data source  ( in-between  bracketil)
ht the contractual working time in hours (fte) of employees working in enterprises

(CBS)
V employment enterprises (CBS)
s            investment tax credits (CPB)
id present value of depreciation deductions over the lifetime of the assets (CPB)
Pbc price of foreign competitors on the foreign market (CPB)
pf The price of total investments of enterprises (CBS)

pm import prices (CBS)
Pjf price value-added enterprises (CBS)
rt long-term interest rate paid on government loans (CPB)
j       replacement rate, weighted average of welfare-, unemployment and disability

benefits (CPB)
Tb       tax rate assessed on corporate profits (CPB)

Tg overall income tax rate (CPB)

u,f      unemployment rate (CPB)
p, the average earnings (fte) of employees working in enterprises (CBS)
A wedge between the real product wage and the real consumption wage (CPB)

yff value-added enterprises (CBS)

72
For convenience, this appendix contains both original data and data calculated during estimation

such as the cost variable ct*. The parameters used to calculate these variables are the ones estimated in the third

joint dynamic estimation round, labelled '3' in tables 8.1,8.2 and 8.3. The source for the original data is CPB.

73 CBS: Statistics Netherlands; CPB: Netherlands Bureau for Economic Policy Analysis.



Wages,  prices and factor demand 225

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 percentage of the
total labour force, with the restriction that only people with a working week of at least
12 hours are taken into account. Starting point is employment in full-time equivalents
according to the "Nationale Rekeningen" of CBS. Using the ratio between persons and
full-time equivalents from the "arbeidsrekeningen" of CBS, we have calculated the
labour force in persons. Together with the number of persons out of work from CBS's
"Enquete BeroepsBevolking, EBB", the total labour force and unemployment rate
results. This unemployment rate deviates from the rate that can be derived with only
EBB data. Moreover, the OECD's published unemployment rate figures deviate due to
a broader labour force definition: 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 optimisation problem

max  Fo  -  E ICI -r')IF(k f,t -ts>,flkf ,»0 (b.1)

- [1-3-rbi„)][kf-kt(1-6)]p, (1 +(1-tg)r)-' ,
with V the value of the firm and 2 the capital stock. The user costs definition follows
from the marginal productivity condition of capital, which must hold in the optimum

F 'Pli = P,i 1- Pk' (b.2)1 -3 -rbia  1     (1 -6)(1 +A'5 
1-Tb        -    1 +(1 -Tg)r,   1

with 11 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
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value one for a certain base year. The effective price of investment goods is calculated
as a weighted average. Figure 8.4 shows the development of the user costs of capital.

Figure 8.4 User costs of capital
1.2 -
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Expected injlation
The expected inflation determines also the user costs of capital. Assuming an ARIMA-

(0,1,2) process for inflation, thus A#f- & +0 1  E-1 +0 2 £ 2wegetwith 1950- 1997 data

a relation that can be used to forecast inflation. We used a ten-period-ahead forecast of

inflation as a proxy of the expected (long-term) inflation pi.
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year
1 -S-Tbia          T                                           A

1 f
pt       ht       p,                 g       r

1-Tb

1960 5.864 2156 0.275 1.146 0.292 0.044 1.458

1961 6.280 2126 0.278 1.165 0.304 0.041 1.476

1962 6.641 2123 0.282 1.165 0.300 0.043 1.465

1963 7.240 2105 0.295 1.162 0.309 0.043 1.478

1964 8.329 2097 0.312 1.233 0.314 0.051 1.521

1965 9.247 2086 0.327 1.243 0.328 0.055 1.521

1966 10.258 2077 0.343 1.274 0.345 0.066 1.566

1967 11.185 2042 0.347 1.263 0.358 0.062 1.580

1968 12.191 2045 0.350 1.216 0.366 0.065 1.607

1969 13.805 2015 0.364 1.287 0.370 0.075 1.618

1970 15.587 2004 0.393 1.307 0.379 0.080 1.624

1971 17.730 1965 0.431 1.310 0.396 0.076 1.703

1972 19.984 1938 0.461 1.307 0.407 0.074 1.738

1973 23.207 1902 0.479 1.322 0.419 0.079 1.837

1974 26.868 1859 0.532 1.253 0.424 0.098 1.902

1975 30.421 1881 0.593 1.214 0.436 0.088 1.910

1976 33.734 1871 0.644 1.205 0.435 0.090 1.951

1977 36.750 1847 0.680 1.174 0.444 0.081 1.959

1978 39.329 1835 0.711 1.166 0.451 0.077 1.962

1979 41.571 1835 0.746 1.109 0.456 0.088 2.012

1980 44.024 1833 0.793 1.115 0.460 0.101 2.027

1981 45.819 1836 0.852 1.103 0.455 0.115 2.050

1982 48.814 1826 0.893 1.143 0.461 0.099 2.048

1983 50.569 1811 0.909 1.141 0.472 0.082 2.170

1984 50.918 1760 0.920 1.094 0.456 0.081 2.129

1985 51.799 1740 0.937 1.089 0.453 0.073 2.106

1986 53.092 1741 0.934 1.075 0.454 0.064 2.047

1987 53.884 1741 0.950 1.096 0.479 0.064 2.083

1988 54.488 1745 0.964 1.218 0.481 0.064 2.067

1989 54.906 1732 0.983 1.216 0.453 0.072 2.013

1990 56.637 1725 1.000 1.221 0.450 0.089 1.973

1991 59.143 1722 1.018 1.228 0.476 0.087 2.029

1992 61.592 1736 1.031 1.233 0.472 0.081 2.125

1993 63.558 1735 1.043 1.232 0.480 0.064 2.131

1994 65.305 1734 1.048 1.224 0.456 0.069 2.148

1995 66.136 1727 1.050 1.221 0.448 0.069 2.132

1996 67.470 1725 1.061 1.218 OA45 0.062 2.093

1997 68.842 1707 1.077 1.217 0.451 0.056 2.095



228 Chapter 8

year j u, y  p  11 Pb, Pme        i          la
1960 0.654 0.008 146.386 0.258 3.805 0.415 0.276 26.68 189.39

1961 0.670 0.005 150.791 0.262 3.861 0.404 0.259 28.29 204.43

1962 0.700 0.005 157.159 0.269 3.940 0.407 0.258 29.92 220.03

1963 0.713 0.006 162.248 0.281 3.997 0.415 0.261 31.99 236.62

1964 0.712 0.005 178.313 0.299 4.073 0.423 0.248 44.35 264.40

1965 0.744 0.006 187.131 0.316 4.108 0.431 0.244 43.28 289.17

1966 0.750 0.009 193.123 0.330 4.132 0.449 0.233 46.52 315.45

1967 0.721 0.018 202.242 0.344 4.108 0.451 0.242 49.05 342.41

1968 0.740 0.016 215.700 0.356 4.144 0.447 0.247 48.30 366.75

1969 0.784 0.011 228.728 0.384 4.208 0.473 0.233 43.07 384.14

1970 0.761 0.010 244.037 0.402 4.258 0.500 0.250 48.92 406.17

1971 0.776 0.013 254.300 0.429 4.267 0.503 0.313 47.76 425.50

1972 0.767 0.021 262.573 0.466 4.204 0.511 0.273 43.66 439.38

1973 0.783 0.021 278.006 0.508 4.202 0.570 0.292 46.74 455.36

1974 0.831 0.024 289.939 0.552 4.195 0.682 0.768 47.94 471.43

1975 0.843 0.033 289.829 0.602 4.150 0.689 0.791 45.07 483.50

1976 0.843 0.035 303.122 0.658 4.133 0.723 0.903 42.05 491.70

1977 0.835 0.034 310.967 0.694 4.127 0.742 0.862 47.18 504.47

1978 0.839 0.034 318.541 0.731 4.152 0.737 0.777 48.77 517.92

1979 0.834 0.032 327.303 0.757 4.213 0.788 1.035 49.61 531.28

1980 0.812 0.036 331.601 0.803 4.236 0.868 1.553 48.27 542.36

1981 0.808 0.056 329.161 0.854 4.156 0.987 2.114 42.34 546.74

1982 0.794 0.080 322.818 0.908 4.023 0.989 2.105 41.01 549.48

1983 0.807 0.097 328.928 0.932 3.938 1.019 2.017 43.53 554.55

1984 0.790 0.097 341.829 0.946 3.946 1.104 2.139 46.58 562.31

1985 0.751 0.087 354.731 0.962 4.025 1.131 2.222 52.81 575.75

1986 0.744 0.084 362.997 0.964 4.120 0.999 0.995 58.21 593.66

1987 0.733 0.084 370.601 0.950 4.197 0.937 0.901 58.76 610.86

1988 0.725 0.084 380.548 0.963 4.281 0.983 0.759 59.11 627.22

1989 0.698 0.077 399.416 0.980 4.379 1.045 0.948 63.40 646.71

1990 0.680 0.070 416.980 1.000 4.501 1.000 1.000 64.99 666.43

1991 0.680 0.066 428.598 1.025 4.579 1.008 0.936 67.17 686.95

1992 0.679 0.066 436.334 1.043 4.640 0.976 0.825 65.47 704.34

1993 0.681 0.077 438.025 1.061 4.637 0.952 0.753 61.99 717.03

1994 0.677 0.087 453.388 1.085 4.627 0.970 0.706 61.19 728.02

1995 0.682 0.083 464.814 1.092 4.715 0.952 0.697 65.73 742.79

1996 0.687 0.076 478.643 1.111 4.827 0.977 0.841 70.43 761.23

1997 0.696 0.066 497.053 1.135 4.971 1.040 0.883 76.28 784.230
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'i                     Pl                      pl                     C „ C R         U,
1966 0 279 0.369 0.345 54.433 0.040 0.026

1967 0.304 0.385 0.364 59.526 0.029 0.025

1968 0.301 0.396 0.371 64.684 0.029 0.029

1969 0.340 0.430 0.406 75.605 0.032 0.043

1970 0.333 0.462 0.428 83.592 0.045 0.031

1971 0.309 0.509 0.455 92.029 0.054 0.028

1972 0.318 0.553 0.489 105.347 0.054 0.026

1973 0.368 0.623 0.554 123.421 0.050 0.040

1974 0.334 0.705 0.602 132.348 0.071 0.040

1975 0.307 0.755 0.629 153.114 0.073 0.033

1976 0.322 0.806 0.670 169.151 0.076 0.036

1977 0.344 0.855 0.711 186.011 0.068 0.035

1978 0.360 0.886 0.738 197.431 0.065 0.037

1979 0.416 0.903 0.768 204.601 0.062 0.047

1980 0.477 0.925 0.802 218.184 0.064 0.052

1981 0.551 0.930 0.828 228.829 0.066 0.062

1982 0.579 0.967 0.862 240.801 0.059 0.060

1983 0.583 0.981 0.874 247.931 0.050 0.071

1984 0.627 0.990 0.893 260.760 0.042 0.069

1985 0.636 0.994 0.899 273.191 0.038 0.060

1986 0.673 0.996 0.910 296.251 0.027 0.058

1987 0.662 0.990 0.903 277.271 0.030 0.057

1988 0.805 0.981 0.935 295.241 0.024 0.071

1989 0.859 0.980 0.949 304.276 0.026 0.066
1990 1.000 1.000 1.000 341.904 0.022 0.071

1991 0.987 1.033 1.021 362.160 0.023 0.071

1992 1.008 1.056 1.044 376.097 0.019 0.078
1993 0.932 1.081 1.043 373.599 0.018 0.070
1994 1.011 1.104 1.080 397.944 0.015 0.075

1995 1.038 1.118 1.097 410.897 0.013 0.077

1996 1.002 1.139 1.104 420.361 0.013 0.070

1997 0.976 1.173 1.122 451.761 0.014 0.067

Appendix 8.c 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 statistics for 3SLS is used.74 We present in the
main text the statistics (64) with correction for the degrees of freedom. The statistics

74 See Hall, B.H. (1995) for the way the test can be implemented.
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without degrees of freedom correction are denoted as (Gl). The correction factor is of
the Anderson variety, as discussed in Kiviet (1986). The test statistics are

GJ = (T+m)(Qo-Qi)   ,   G./c  = ( T+m-k-1  (Qo-Qi) ,1 2/
Q = e'(S-'®Z(Z'Z)-lzlt ,

with Qo and Q, the value of the minimum distance function for, respectively, the null

hypotheses and the maintained hypotheses, S a consistent estimate of the variance-
covariance matrix of the residuals, Z the matrix of instruments, T 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, and l the number of equations. The test statistics are

%2 distributed with degrees of freedom equal to the product ml, which is the number of
restrictions.75 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

(kr)
GJ= 7'(Qo-QA  , G.4 = (T-7+21-1 (Qo-QI),

with Qo and Q, the value of the minimum distance function for, respectively, the null

hypotheses and the maintained hypotheses, T the number of observations in the original
sample, r the number of restrictions, k the number of coefficients in the original model,
and l the number of equations. The test statistics are X2 distributed, with degrees of
freedom equal to the number of restrictions r.

Appendix 8.d Definitions

Ctk      CES weighted average of pl and pl

C  minimum production costs

dum  dummy variable
F workers' fallback position
h labour productivity
h, effective working time
6 present value of depreciation rights of one guilder of investment

expenditures

75 The set of instruments is also extended with the dummy variables
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V employment
lis labour income share

M mark-up
P           probability of finding another job
Pbc competitor price

Pc consumer price index

p,f investment price
 e expected inflation ratef
pk        User cost of capitalf
p,      annual wage costs

Pic real consumption wagef
Ple efficiency corrected price of labour

pty real product wage
p7 import price of goods

pyf value-added price deflator
rt        interest rate
j'           ratio of the utilities of unemployed and employed workers; ie. replacement

rate indicator
j official replacement rate
s investment premiums
s,      rate of employers' social security contributions and other labour costs

(such as pension costs)
st        premium rate for the social security contributions paid by labour
Th      corporate tax rate

Tg overall income tax rate
Td         rate of direct taxes paid by labour
u,        unemployment rate
u; equilibrium unemployment rate
A wedgef
Yf total output



9   The equilibrium unemployment rate in a small
econometric model

9.1 Introduction

This chapter presents a small, econometric, macro model. This model, with the same
theoretical structure as the core model of chapter four, explains unemployment and its
persistency. Moreover, because it is an empirical model, it can give us the sign and size
of the influences of the explanatory variables. The empirical foundation is formed by the
preparatory empirical studies of chapters 5 through 8.

Let' s first summarise the starting points that were presented in chapter 4. Firms set prices
on the basis of their production costs using a mark-up for their normal profits. They
produce with labour, capital and imported goods. Factordemand is determined by firms'
total sales and the relative factorprices. Firms' total sales consist of exports and domestic
expenditures. The relative export performance is determined by competitiveness, and the
domestic expenditures are determined by the saving rate and the national product. Wages
are the outcome of a bargaining process between firms and unions. Real wages increase
with labour's productivity, but also with the wedge between labour costs of firms and
disposable income of households and with the relative benefits for people out of work.
Real wages will fall at larger unemployment rates.

The equilibrium rate of unemployment is explained in this model by a reduced-
form supply and demand schedule. The Stlpply schedule is a positive relation between
employment and real wages. It states that effective labour supply increases i f real wages
rise. This supply schedule may shift up or down according to the behaviour of five
exogenous factors. If the wedge or the replacement rate increases, effective labour supply
decreases at a given wage rate. If the labour force or interest rate increases, the effective
labour supply increases. The influence of mark-up changes can not be determined on a
priori grounds. The demand schedule is a negative relation between employment and
real wages. If real wages rise, domestic prices increase relative to foreign prices, eroding
competitiveness, which leads to fewer sales and a drop in employment. This demand
schedule will shift up or down according to three exogenous factors. A rise in the interest
rate and a decline in world trade decrease effective labour demand at a given wage rate.
The influence of mark-up changes can not be determined on a priori grounds.

In chapters 5 through 7 we focussed on the determinants of the effective demand
schedule, while in chapter eight we examined the effective supply schedule. We now
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move beyond the simplicity of chapter 4. The model has become more complicated in
order to yield more stable relations.

More stable relations are obtained by disaggregation. A major drawback of
disaggregation is a loss of overview. The explanation of unemployment becomes more

complicated. This chapter aims to integrate the partial studies to get a better explanation
of unemployment.

In section 9.2 we will describe the econometric model; its dynamic properties will
be covered in 9.3. Because the model is not analytically tractable, section 9.4 will use
simulation methods to evaluate its economic characteristics. Section 9.5 derives the
equilibrium rate of unemployment. Section 9.6 concludes.

9.2   A small econometric model for the Dutch economy

This section describes the small econometric model, which integrates the empirical
results of chapters 5 through 8.The whole model is presented in appendix 9.a. Appendix
9.b gives the definitions of the variables and their values in the year 1990.76 Table 9.1
reviews the relation between the model equations and the preparatory econometric
studies of chapters 5 through 8.

The model explains the development of the economy at the aggregation level of
the total account, table 9.2.77 It is a disaggregated version of the total account table 4.1.
It reveals that we have implicitly distinguished more agents (columns) and markets
(rows) in chapters 5 through 8. We distinguish the following as agents: households
(labour), capital, the government sector (services and taxes), the government production,
firms, and two categories of foreign agents.78 The first category of foreign agents is
explicitly modelled, contrary to the second one. The table shows that the labour and
capital market are explicitly distinguished now, just as transfers from the government are.

The first column of table 9.2 sheds light on the budget constraint of households,
which is relevant for the consumption decision. The marginal propensity to consume out-

76 We used the Malgrange (1989) method to construct an equilibrium growth path calibrated on the
1990 data set. This growth path has been used as base run for the simulations. Appendix a explains the
calibration method in more detail.

77 The total account is given in symbols at the end of appendix a (table 9.12).

78 In table 4.1 the agents are: factors (the aggregate of households, capital and the government sector),
firms (the sum of the government branch and firms in table 9.2) and foreign agents. The government sector
has been defined according to the sector accounts; the government branch according to the make and use
tables of the system of national accounts
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of-transfer income differs from out-of-wealth income (a.3).79 The marginal propensity
to consume out of wealth (a. 12) is determined by the discount factor (a. 10), the factor of
time preference (a. 11) and the relative utility weight of nonhuman wealth at the end of
the planning period. Wealth (a.5) consists ofhuman wealth and nonhuman wealth (a.17).
Human wealth (a.6) is equal to the discounted value of future after-tax labour and
transfer income (a.8) above the subsistence level.

Table 9.1 Investigated model equations
equation main text appendix a
Households
consumption, short run 7.12 a.2

consumption, long run 7.8 coefficients 7.11 a.3

total wealth 7.8 a.5

human wealth 7.3 a.6

nonhuman wealth 7.2 a. 17

marginal propensity to consume 7.6 a. 12

capital
gross investments firms appendix 8b a.21

firms

price value added, short term table 8.3 a.59; a.60

wage costs in efficiency units 8.7 a.62

user cost of capital 8.7 a.63

labour demand table 8.2 a.68; a.69

capital demand appendix 8b a.72; a.73
Foreign sector
exports table5.9 a.78; a.79

imports table 6.9 a.82; a.83

labour market
wages table 8.1 a.95; a.96

wedge a.98page 202

Deviations from the long-term relation (a.3) contribute to the explanation of the
short-term development of consumption (a.2). Income changes (that is, changes in the
after-tax labour and transfer income, (a.7)) exert a smaller effect in the short term than
they do in the long term. Accelerating inflation and changes in the rate of return are also
significant in the short term. Inflation has a negative effect on consumption in the short
term, while the interest effect is positive.

The consumption price changes (a.4) are set equal to the price changes of firms'
total sales. The change of the wedge on the imputed income of the self-employed (a. 14)
and on transfer income (a. 16) is approximated by the change of the employed's wedge
(a. 13).

79 The numbers refer to the equations in appendix a.
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The second column of total account table 9.2 gives data on capital formation.
Government investment and investments in housing are exogenous components in the

aggregation equation (a. 19). So, only investments by firms are endogenous. Firms' gross
investments (a.21) are determined by investment forreplacement and by netenlargement
of the capital stock, which will be explained later on. The change of the investment
prices (a.20), is set equal to the price change of firms' total sales.

Total consumption of the government sector,w (third column of total account table 9.2),
is split up into material government consumption and the government's wage bill (a.22).

Table 9.2 Total accounts for the Dutch economy in the year1990 a)

government production foreign

house- capital services taxes govern- firms total endo- exo- row

holds ment genous genous total

goods
-domestic -303.1 -114.4 -75.1 48.0 724.3 -208.9 -70.8 0.0

-foreign -255.8 220.7 35.1 0.0

value added 51.6 416.9 -468.5 0.0

-wages 140.8 126.9 -47.8 -219.9 0.0

-income self-employed 21.8 13.2 -35.0 0.0

-other income 141.2 24.6 -3.8 -162.0 0.0

- idem, disposable 51.3
transfer income 134.2 -163.5 29.3 0.0

change financial assets -134.9 114.4 -3.4 0.0 0.0 0.0 -11.8 35.7 0.0

-idem, disposable -45.0

column total 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a) The total account is given in symbols at the end of appendix 9.a (table 9.12).

The material government consumption is the product of the exogenous volume and

endogenous price of government's consumption (a.23). The price change of material
government consumption is set equal to the price change of firms' total sales (a.24). The
development of the governmental sectors' total wage bill is set equal to that of
government branch (a.25).

Total transfers are split up into unemployment benefits and other transfers (a.26).
The value of the unemployment benefits is determined by the unemployment level and
the benefit rate (a.27).

The taxes paid to the governmental sector concern direct and indirect taxes (fourth
column of total account table 9.2). The model includes definitions for the direct wage-
and transfer income taxes (a.30, a.31, a.35). The following assumptions are made for the

80 The sector is defined in the same way as in the national accounts, while the branch is defined as
in the input-output tables of Statistics Netherlands
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tax bases. Firms' total sales are used for the indirect taxes (a.29). To get a better
approximation for the tax base of other income, taxes are split up into corporate taxes
(a.34) and taxes on non-wage income of households (a.33).

The next setofequations are aggregation definitions (column seven of total account table
9.2). The volume of total sales (a.42) is the sum of consumption, material government
consumption, investments and exports. Its value is determined by the value of imports
and domestic production (a.37 and a.41). The value, volume and price of total sales,
including government wages, are defined at factor costs and at market prices. The value-
added (at factor costs) percentage change (a.48) results from total sales and imports. The
three last definitions concern the total wage bill (a.49) and the total employment - in
full-time equivalents (a.50) and in persons (a.51).

Making the value ofgovernmenml production (a.52) endogenous, assume that it changes
with the government's wage bill, and that production volume fluctuates with the
employment change (a.53) (column five of the total account table 9.2).

In the short term, cost price changes (of value added) are only partly passed on to prices
(a.59) by.Arms (column six of total account table 9.2). Import prices are significant, too,
just as are deviations from the long-term price. In the long-run, price developments are
determined mainly by the development of the average costs (a.60), which are determined
by the wage costs in efficiency units (a.62) and the user cost of capital (a.63).
Employment may deviate in the short term (a.68) from its long-term optimal value
(a.69). This holds also for the capital stock (a.72, a.73). A main determinant of labour
and capital demand is the demand for firms' products, which is given by the volume
(a.57) of value added. The capacity utilisation rate is defined in (a.75). The fraction of
self-employed (a.70) in total employment is assumed to be constant.

Exports of goods (a.78) toforeign countries (column eight of total account table 9.2) are
modelled using the Armington approach for the long term (a.79). In the short term, home
pressure of demand effects are important, too (a.78). The short-term import equation
(a.82) is nearly the same as the long-term equation. However, the short-term price effect
is smaller. In the long-term, imports (a.83) are driven by domestic production and by the
relative import prices. The export price changes (a.80) are set equal to the changes of the
firm's total sales prices. Exports of services are linked to exports of goods, exclusive of
energy (equation a.89).

For the labour  market, the wage negotiation equation (a.96) links the real wage to
productivity (a.97), to the wedge (a.98), to the exogenous replacement rate and to the
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unemployment rate (a. 100). The development of government wages (a.94) equals that
of the market sector.

The model is completed with a set of equations concerning the Change  of financial
assets (a.101-a. 103).

The next section presents the dynamic characteristics of this model, after which we will
return to the main topic of the chapter: unemployment and its main determinants.

9.3 Dynamic properties

The traditional testing methods for macroeconomic models seem to fall short. The
accepted approach consists of estimation with historical data (mostly equation by
equation) and checking the overall plausibility using policy and historical simulations.
In spite of it, Broersma et al. (1997,  1999) seem to have sound criticism regarding the
dynamic properties of macro models. Is their criticism also relevant for the model

presented in this chapter?
Broersma et al. criticised the dynamic properties of the FKSEC model (CPB,

1992). In that model, a 1 percent increase in the labour supply results in a rise in
employment of 0.3% to 0.4% after ten years. This clashes with figure 9.1, which depicts
the development of labour supply and employment in persons. This figure does not
suggest slow adjustment processes. Employment increases roughly in line with the
labour supply.

The view that employment
increases   in   line with labour supply is Figure  9.1 Labour supply  and

submitted to a simple empirical test on employment in persons
the adjustment speed on the labour 65

market.
Broersma et al. do not use a large      6.0-

macro model to deal with their research Labour supply /
5.5-question, as they find big models

unreliable because they cannot be 50

estimated according to the rules of D Employment

econometric science. In their view, big   4.5-  
models are useful only in obtaining an

h

integrated vision of the economy. They 60   65    70   75    80    85    90
40-

find small models more useful for
obtaining empirically reliable answers.
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Two studies serve as an example for Broersma et al.: namely, Blanchard and Katz
(1992) for adjustments on the regionallabour markets in the US, and Decressin and Fatds

(1995), who investigate the dynamics of regional labour markets in Europe. Estimating
small Vector Auto-Regressive (VAR) models, these authors investigate the dynamics on
the labour market.

Broersma et al. also estimate such a VAR model. Using this model, they
investigate the adjustment speed on the labour market. They obtain as a result that an
increase in the labour supply of 1 percent was absorbed by 94 percent after ten years,
which is much faster than in FKSEC. They maintain that the analyses with VAR models
give better insights into the labour market dynamics than the analyses with the big model
FKSEC.

The model of this chapter is developed in rather the same way as FKSEC. The model is
investigated equation by equation.  So, the criticism of Broersma et al. could be relevant
as well for this model.

Investigating the relevance of their criticism, we calculate the eigenvalues of the
model (table 9.3) to determine the dynamic properties (See: Chow, 1975 and
Schoonbeek, 1989).

Table 9.3 Eigenvalues of the macro econometric modela)
real part imaginary part magnitude cycle time hal f time

1 0.68 0.62 0.92                              8                              9

2 0.85 0.31 0.90                            18                              7

3 0.87 0.00 0.87                                                              5

4 0.76 0.00 0.76                                                              3
5 0.52 0.32 0.61                          11                            1
6 0.49 0.20 0.53                            16                              1

7 0.46 0.00 0.46                                                              1

8 -0.11 0.14 0.17                              3                              0
9 0.07 0.00 0.07                                                              0

*rhe cycle time gives the sinusoid length for complex roots. The half time of an eigenvalue  is the period in
which the results of a shock halve if that eigenvalue should have been the largest of the system. Or more
precisely:  the root to the power of the value of the half time is about a hal f.

For this purpose, the model has been linearly approximated by a first-order Taylor series

expansion. Then, we can write it in reduced form as x, = Ax, ,.The eigenvalues are
calculated by solving the characteristic equation  1 1/  -  A 1   -0, with l a unit matrix.

Several eigenvalues have an imaginary component, which brings about cyclical
movements. Only the imaginary component of the first eigenvalue will present us with
a clear business cycle, because it is associated with a large eigenvalue and a short cycle
time (eight years). It can be completely attributed to the short-term wage equation (a.95).
This can be illustrated by setting two coefficients in the short-term wage equation at
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another value: the coefficient of the lagged wage change at zero and the coefficient of
the long-term wage change at one. The results are shown in table (9.4), which
demonstrates that the large cyclical movements disappear. So, overshooting seems

particularly characteristic for wage formation. This result suggests that wage changes

will, to a large extent, be the same as in the previous period. The overshooting effects
will be illustrated in the next section with simulation experiments.

Table 9.4 Eigenvalues of the model with adjusted wage equationa)

real part imaginary part magnitude cycle time half time
1 0.86 0.31 0.91                             18                             7
2 0.87 0.00 0.87                                                             5

3 0.76 0.00 0.76                                                             3
4 0.56 0.47 0.73                              9                             2
5 0.56 0.00 0.56                                                             1
6 0.52 0.21 0.56                            16                             1
7 0.46 0.00 0.46                                                             1
8 -0.18 0.24 0.30                              3                             1
9 0.04 0.00 0.04                                    0

'*I'he cycle time gives the sinusoid length for complex roots; the root to the power of the value of the half time

is about a half (see also note Table 9.3).

The remaining two largest eigenvalues are mainly associated with stock adjustment
processes. This can be established by calculating the elasticities of magnitude of the
eigenvalues with respect to the magnitude of the model coefficients. The two largest

eigenvalues are determined mainly by the coefficients of the net investment equation and
by the accumulation equation of nonhuman wealth. The feedback from those stock
variables to the labour market is, however, quite small. Therefore, the slow adjustment
on the capital market and in consumption behaviour will have little influence on the

adjustment processes on the labour market.
To summarise: With eigenvalue analysis it is easy to establish the cause of slow

adjustments in macro models. It is then easy to adjust the model to align it with new
empirical evidence for instance from estimated VAR models. Concerning the present
model, we found rapid adjustments on the labour market with eigenvalue analysis and
overshooting. Our estimation results suggests that the business cycle can be attributed
to negotiating a wage rise that (as much as possible) equals that of the previous year,
with less attention for the fundamentals.

9.4 Simulations

This section presents five different simulations. The consequences of a change in the
replacement rate, the wedge, the interest rate, labour supply and world trade are
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calculated. These exogenous variables are main determinants of the equilibrium
unemployment rate, according to our theoretical model.

Replacement rate simulation
Table 9.5 gives the cumulative effects of a permanent decrease in the replacement rate
of 1 percent.

The new equilibrium is characterised by a decrease of the unemployment rate of
0.15 percent points. This is nearly the same semi-elasticity that we found in chaptereight
(see equation 8.17). The equilibrium unemployment rate declines because the firms'
ability to pay does not change, while the union's wage claim should fall, unless
unemployment declines.

The short-term dynamics are characterised by a negative wage-price spiral, which
improves competitiveness, but not the purchasing power of consumers. Therefore, the
economic upswing is driven mainly by foreign demand and by private investments,
which are necessary to align production capacity with demand.

The simulation exercise confirms that the adjustments on the labour market are
rather fast and are characterised by cyclical movements.

Table 9.5 Cumulative effects of a decrease of the replacement rate of 1 percent
12345678=

prices
wage rate enterprises % -0.20 -0.38 -0.43 -0.35 -0.20 -0.07 -0.03 -0.08 -0.23
gross value added, enterprises % -0.09 -0.20 -0.28 -0.29 -0.24 -0.16 -0.10 -0.08 -0.19

quantities
private consumption % -0.04 -0.06 -0.05 -0.02 0.00 0.00  -0.03  -0.05  -0.02
private investment, excl. dwellings % -0.13 -0.01 0.25 0.54 0.73 0.75 0.60 0.35 0.14

exports of goods, excl. energy % 0.08 0.22 0.33 0.37 0.34 0.25 0.18 0.16 0.29
imports of goods % 0.00 0.01 0.01 0.01 -0.01 -0.02 -0.02 -0.02 -0.03

net national income % -0.04 -0.01 0.05 0.12 0.16 0.15 0.11 0.05 0.07

gross value added, enterprises % 0.00 0.07 0.17 0.25 0.27 0.24 0.17 0.11 0.16

employment enterprises (fte) % 0.01 0.05 0.14 0.23 0.30 0.31 0.26 0.18 0.18
unemployment persons (x 1000) D 0 -3 -7 -11 -14 -15 -12   -9   -9

ratios

capacity utilisation rate enterprises       D    -0.02     0.02     0.08     0.12     0.10     0.04  -0.04  -0.11     0.00
current account BOP (% NNI) D 0.01 0.03 0.05 0.06 0.06 0.06 0.05 0.05 0.08

labour income share enterprises D -0.06 -0.12 -0.11 -0.04 0.04 0.10 0.09 0.04 -0.01

unemployment rate D  -0.01  -0.04 -0.11  -0.19 -0.24 -0.25 -0.21  -0.15 -0.15
wedge D 0.07 0.15 0.20 0.21 0.17 0.11 0.06 0.05 0.13

Wedge simulation
Table 9.6 gives the cumulated effects of a decrease of the tax part of the wedge of 1
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percent.

The new equilibrium is characterised by a decrease of the unemployment rate of
0.18 percentage points. This is nearly the same semi-elasticity as the one we found in
chapter eight (equation 8.17). The equilibrium unemployment rate decreases because the
ability to pay does not change by a decrease of the wedge, while the union's wage claim
should fall, unless the unemployment rate declines.

The dynamic effects and the ultimate welfare consequences are quite different
from the replacement rate simulation. The decrease in the wedge leads to a larger

disposable income, and thus to more consumption. The economic upswing is now driven
by domestic demand instead of foreign demand, leading to a deterioration of the current
account.

Note that the model generates inflation, which may be implausible. The
unemployment decreases lead rather rapidly to a higher wage demand, while the
influence of the wedge is rather modest according to our estimation results. We did not
adjust this short-term dynamics, because our main interest concerns the long-run

developments.
In summary: the new equilibrium is achieved through an increase in consumption,

while the current account shows a deficit. This is the main difference with the
replacement rate simulation.

Table 9.6 Cumulative effects of a decrease of the wedge of 1 percent
12345678=

prices
wage rate enterprises % 0.18 0.33 0.41 0.38 0.26 0.11 0.01 -0.01 0.25

gross value added, enterprises % 0.02 0.11 0.23 0.28 0.26 0.18 0.10 0.05 0.21

quantities
private consumption % 0.79 0.76 0.70 0.66 0.63 0.63 0.66 0.70 0.91

private investment, excl. dwellings   %   1.58    1.12    1.10    0.83    0.49    0.22    0.09    0.08    0.27
exports of goods, excl. energy % -0.02 -0.19 -0.32 -0.38 -0.35 -0.26 -0.16 -0.08 -0.32
imports of goods % 0.43 0.35 0.32 0.32 0.33 0.34 0.34 0.34 0.41

net national income % 0.48 0.38 0.33 0.25 0.19 0.16 0.18 0.22 0.30
gross value added, enterprises % 0.49 0.37 0.27 0.18 0.13 0.13 0.17 0.24 0.24

employment enterprises (fte) % 0.25 0.36 0.36 0.28 0.19 0.12 0.12 0.16 0.22

unemployment persons (x 1000) D -12 -17 -17 -14 -9   -6 -6 -8  -11

ratios
capacity utilisation rate, enterprises    D    0.35     0.15     0.00   -0.12   -0.18   -0.17   -0.12   -0.04     0.00
current account BOP (% NNI) D -0.24 -0.24 -0.25 -0.25 -0.25 -0.23 -0.21 -0.20 -0.29
labour income share, enterprises D -0.05 0.13 0.17 0.12 0.04  -0.05  -0.09 -0.08 0.01

unemployment rate D -0.20 -0.29 -0.29 -0.23 -0.15 -0.10 -0.09 -0.13 -0.18
wedge D -1.99 -2.05 -2.13 -2.17 -2.15 -2.10 -2.04 -2.00 -2.12
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Interest rate simulation
A general statement about the long-run results of an interest rate increase was not
possible with the theoretical model of chapter four. Substitution effects on the supply
side could outbalance the negative demand-sideeffects. However, the analysis ofchapter
eight revealed that the substitution possibilities are rather limited. With these results, the
partial equilibrium rate analysis of chapter eight already showed a rising unemployment
rate after an interest rate increase. However, such a partial analysis gives an overly
optimistic view, due to an exogenous terms-of-trade variable. Because the terms of trade
are endogenous now, we get here a more complete picture of the unemployment effects
of an increase in the interest rate.

Table 9.7 gives the cumulated effects of an increase in the nominal interest rate
of 1 percent. The interest rate increase causes a decline in the firms' ability to pay the
wage bill, due to limited substitution possibilities between labour and capital, while the
union's claim only diminishes after a rise in unemployment. The new equilibrium
unemployment rate is higher, at a 0.56 percentage-point level. A striking long-run result
is that the increase in interest rates mainly affects international competitiveness, while
consumption stays nearly at the same level.

Table 9.7 Cumulative effects of an increase in the nominal interest rate of 1  percent
1 2 3 45 6 7 8-

prices
wage rate enterprises % -0.20 -0.44 -0.91 -1.41 -1.72 -1.70 -1.35 -0.80 -0.54
gross value added, enterprises % 0.87 0.97 0.92 0.69 0.42 0.25 0.29 0.52 1.06

quantities
private consumption 9   -0.04  -0.11   -0.36  -0.47  -0.45  -0.37  -0.27  -0.20  -0.27
private investment, excl. dwellings 9   -7.42  -7.12  -9.56 - 10.21  -9.74  -8.28  -6.25  -4.17  -2.81
exports of goods, excl. energy % -0.76 -0.76 -0.77 -0.63 -0.45 -0.40 -0.57 -0.94 -1.56
imports of goods % -0.91 -0.64 -0.82 -0.85 -0.83 -0.78 -0.73 -0.66 -0.28

net national income %    -0.62   -0.64   -0.99   - 1.06   -0.94   -0.68   -0.40  -0.19   -0.45
gross value added enterprises % -1.03 -1.15 -1.57 -1.64 -1.49 -1.23 -0.99 -0.87 -1.20

employment enterprises (fte) %    -0.27   -0.52   -0.88   -1.11   - 1.12   -0.93   -0.64   -0.40   -0.69
unemployment persons (x 1000)    D         13       25       42       53       54       45       31        19       33

ratios

capacity utilisation rate, enterprisesD     - 1.47   - 1.18   - 1.03   - 0.55     0.08     0.67      1.08      1.22     0.00
current account BOP (% NNI) D 0.38 0.31 0.40 0.42 0.39 0.33 0.21 0.07 -0.18
labour income share, enterprises     D     -0.19   -0.47   -0.68   -0.95   -1.08   - 1.01    -0.79   -0.52   -0.66
unemployment rate D 0.22 0.42 0.70 0.89 0.90 0.75 0.52 0.32 0.56
wedge D -0.66 -0.72 -0.68 -0.51 -0.31 -0.20 -0.23 -0.39 -0.77

The short-term effects are different. Investments decline sharply after the interest
rate decrease, while the export performance stays fair-sized, in spite of the deterioration
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of the terms of trade due to diminishing home pressure ofdemand effects (Zijlstra effect).
The interest rate increase makes saving lucrative, so that the consumption out of wealth
will increase. The goods market shoots up nearly immediately to its new equilibrium
level. Labour demand follows more smoothly, due to labour-hoarding effects.

In conclusion: the long-run effects of an interest rate increase could not be
determined on the grounds of theoretical reasoning. Empirical evidence suggests that
substitution effects between labour demand and capital are limited. This, as well as the
negative terms-of-trade effect, results in large negative effects of an interest rate increase

on unemployment.

litbour supply simulation
Table 9.8 presents the cumulative effects of an increase in the labour supply of 1  percent
(about 60,000 persons). The new equilibrium is characterised by an increase in the

unemployment rate of 0.09 percent. After eight years one-seventh of the increase in the
labour supply is still out of work. So, our macro econometric model has nearly the same
dynamic labour market properties as the VAR model of Broersma et al., which we have
discussed in paragraph 9.3.

Table 9.8 Cumulative effects of an increase in labour supply of 1 percent
1 2          3         4          5          6         7         8          .0

prices
wage rate enterpnses % -0.88 -1.61 -1.76 -1.36 -0.69 -0.17 -0.05 -0.37 -0.94
gross value added, enterprises % -0.45 -0.91 - 1.21 - 1.21 -0.94 -0.58 -0.32 -0.29 -0.79

quantities
private consumption                      % 0.30 0.26 0.33 0.46 0.53 0.52 0.43 0.32 0.51

private investment, excl. dwellings % 0.36 0.80 2.11 3.38 4.11 3.97 3.05 1.74 0.86

exports of goods, excl. energy          % 0.40 0.94 1.39 1.53 1.33 0.96 0.68 0.64 1.21

imports of goods                              % 0.27 0.28 0.31 0.30 0.25 0.20 0.17 0.16 0.13

net national income                       % 0.13 0.23 0.53 0.83 0.97 0.90 0.66 0.40 0.55

gross value added, enterprises        % 0.30 0.60 1.05 1.38 1.45 1.26 0.95 0.68 0.97

employment enterprises (fte)          % 0.19 0.51 0.95 1.39 1.64 1.61 1.34 0.98 1.05

unemployment persons (x  1000)      D          51         36         14         -7 -1 9 -18 -5    12    9

ratios

capacity utilisation rate, enterprises D 0.12 0.22 0.43 0.53 0.39 0.06 -0.33 -0.59 0.00

current account BOP (% NNI) D  -0.10 -0.02 0.05 0.09 0.09 0.07 0.06 0.07 0.17

labour income share, enterprises D -0.34 -0.49 -0.40 -0.09 0.27 0.46 0.40 0.14 -0.04

unemployment rate D 0.77 0.52 0.16 -0.18 -0.38 -0.36 -0.15 0.14 0.09

wedge D 0.33 0.67 0.87 0.87 0.67 0.40 0.22 0.20 0.56

The short-term dynamics are characterised by a negative wage-price spiral, a
better competitive position and higher exports. Consumption does not fall, due to the
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lower real wages, because the increases in unemployment benefits outweigh the effect
of lower real wages. Production rises throughout the simulation period. Net national
income rises less because of terms-of-trade effects.

In conclusion: in the long run, more labour supply is largely absorbed.

World trade simulation
Table 9.9 gives the cumulative effects of an increase in world trade of 1 percent.

The new equilibrium is characterised by a small decrease in the unemployment
rate of 0.04 percent. Increasing real wages cause the effective labour supply to rise. The
almost constant consumption level is striking. Indeed, labour income increases, while
transfer income declines. The marginal consumption rate out of labour income is much
smaller than out of transfer income, leading to wealth accumulation by households.

The impact effect of an increase in world trade is a proportional increase in the
exports of goods. This generates a cyclical upturn, with higher production, investments,
employment, labour productivity, capacity utilisation rate, real wages and prices. Over
time, the capacity utilisation rate returns to its normal level. The increase in prices causes
a real appreciation, which partially offsets the growth in exports.

It can be concluded that an increase in world trade has important employment
effects in the short term. In the long term it has only modest effects.

Table 9.9 Cumulative effects of an increase in world trade of 1 percent
1 2 345 6 7 8          -

prices
wage rate, enterprises % 0.41 0.77 0.92 0.81 0.51 0.19 0.01 0.03 0.40

gross value added, enterprises % 0.12 0.33 0.55 0.62 0.55 0.37 0.20 0.11 0.34

quantities
private consumption                                   % 0.10 0.11 0.03  -0.05  -0.11   -0.13  -0.10  -0.04  -0.01
private investment excl. dwellings % 1.89 1.30 0.99 0.38 -0.24 -0.60 -0.62 -0.37 0.12

exports of goods excl. energy % 0.89 0.56 0.29 0.18 0.24 0.43 0.64 0.77 0.49

imports of goods % 0.48 0.39 0.35 0.36 0.37 0.39 0.39 0.38 0.38

net national income % 0.58 0.45 0.32 0.16 0.03 0.00 0.06 0.17 0.20

gross value added, enterprises % 0.54 0.35 0.14 -0.05 -0.15 -0.12 -0.01 0.13 0.08

employment, enterprises (fte) % 0.27 0.35 0.26    0.07  -0.11   -0.20  -0.16 -0.03 0.04

unemployment persons (x 1000) D -13 -17 -13   -4    5    9    8    2   -2

ratios

capacity utilisation rate, enterprises D 0.41 0.16 -0.08 -0.26 -0.32 -0.25 -0.10 0.06 0.00

current account BOP (% NNI) D 0.20 0.17 0.14 0.13 0.14 0.17 0.20 0.22 0.16

labour income share, enterprises D 0.01 0.27 0.30 0.19 0.00 -0.16 -0.21 -0.15 0.02

unemployment rate D -0.21 -0.28 -0.21 -0.06 0.09 0.16 0.13 0.03   - 0.04
wedge D  -0.09  -0.24  -0.39  -0.44  -0.39  -0.26  -0.14  -0.07  -0.24
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9.5 The equilibrium rate of unemployment

The long-term results of the simulations of the previous section have been summarised
in table 9.10. This table gives among other things, elasticities of the long-term
(equilibrium) rate of unemployment ( u  ). So we have founds' a long-term influence of
the wedge (A,), the replacement rate (j), the interest rate (r,)82, the labour supply (4) and
world trade (b,).

a)Table 9.10 Long-term results of exogenous shocks
replacement wedge interest labour world

rate rate Supply trade

-0.Olj -0.01A, +0.01 r, +0.014 +0.014
prices
wage rate, enterprises                        % -0.23 0.25 -0.54 - 0.94 0.40

gross value added, enterprises                % -0.19 0.21 1.06 -0.79 0.34

quantities
private consumption                                       %                     - 0.02 0.91 -0.27 0.51 -0.01

private investment excl. dwellings % 0.14 0.27 -2.81 0.86 0.12

exports of goods excl. energy % 0.29 -0.32 -1.56 1.21 0.49

imports of goods                                               %                     - 0.03 0.41 -0.28 0.13 0.38

net national income                      % 0.07 0.30 -0.45 0.55 0.20

gross value added, enterprises % 0.16 0.24 - 1.20 0.97 0.08

employment, enterprises (fte)         % 0.18 0.22 -0.69 1.05 0.04

unemployment persons (x  1000)        D                     -9                - 11                     33                   9                   -2

ratios

capacity utilisation rate, enterprises D 0.00 0.00 0.00 0.00 0.00
current account BOP (% NNI) D 0.08 -0.29 -0.18 0.17 0.16

labour income share, enterprises D -0.01 0.01 -0.66 - 0.04 0.02

unemployment rate                      D -0.15 -0.18 0.56 0.09 - 0.04
wedge                                          D 0.13 -2.12 -0.77 0.56 -0.24
a) See last columns of table 9.5 up to 9.9

However, the econometric model contains more exogenous variables than does the
theoretical model of chapter 4. Table 9.11 summarises the long-term influences of most
of the other exogenous variables. The table presents the long-term influences of the
following:

8I The relevant (semi) elasticities can be read from the second row from the bottom in table 9.10

82 It is assumed that the change of the rate of return on nonhuman wealth (r«) equals the change of

the long-term interest rate
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•  one percent more civil servants (lx);
•  one percent more material government consumption (gm);
•  one percent more investment by the government (ix);
•  one percent less indirect taxes (Tts);

1-s-T. i
•   an increase of the investment facilities by one percent ( D a ).

J ,

1-Tb

•   a decrease of the labour time of one percent (ht);
•   a decrease of the import prices of one percent W.gd);
•   an increase of the competitor prices of one percent (pbc)

Table 9.11 Long-term results of other exogenous shocks
other government instruments labour import compe-

Civil government's indirect invest- time prices titor

servants consump- invest- taxes ment prices

tion ment facilities -0.Ol x  +0.Ol x
+0.011' +0.Olg„,+0.Oli'-0.Olt„ -0.Olh1

piRd

Pb:
a)

prices
wage rate enterprises                                  % 0.11 0.04 0.02 0.14 0.16 -0.17 0.18 0.95

gross value added enterprises        % 0.09 0.04 0.02 0.09 -0.15 0.70 -0.01 0.80

quantities
private consumption % 0.01 0.00 0.00 0.08 0.17 -0.51 0.44      - 0.02

private investment excl. dwellings  % -0.12 0.01 0.01 0.09 0.56 -0.73 0.37 0.30

exports of goods excl. energy         % -0.14 -0.05 -0.03 0.03 0.21 -1.04 0.86 1.15

imports of goods % 0.07 0.04 0.02 0.05 0.11 -0.20 1. 11 0.90

net national income % 0.04 0.02 0.01 0.04 0.11 -0.48 0.59 0.47

gross value added enterprises % -0.13 0.01 0.00 0.06 0.24 -0.83 0.23 0.19

employment enterprises (fte) % -0.14 0.00 0.00 0.04 0.14 0.10 0.13 0.11

unemployment persons (x 1000)    D        -1              0          0         -2         -7        -5       -6        -5

ratios

capacity utilization rate enterprises D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

current account BOP (% NNI) D -0.07 -0.03 -0.02 - 0.02 -0.01 -0.11 0.19 0.38
labour income share enterprises     D 0.01 0.00 0.00 0.02 0.13 0.04 0.06 0.04

unemployment rate D -0.01 0.00 0.00 -0.03 -0.11 -0.08 -0.11 -0.09

wedge D -0.06 -0.03 -0.01 -0.21 0.11 -0.51 -0.70 -0.56

a)               1 -8 -rb ie-0.01
1-Th
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Combining the results of both tables brings about a log-linear relation for the equilibrium
(long-run) rate of unemployment

u; = 0.181nAi + 0.15!nj + 0.56rt - 1.02  + 0.091nls
-

0.041nbc

1-s-t. i
-  O.Ollnl     +0.03  In·[,s   +   0.11 In D a -

0.081nht (9.1)
1- Tb

+ 0.1 llnp„,gd - 0.091npbc .

The only extension concerns the influence of the expected price increase of investment

goods (Ke), which is also exogenous in the base run. The elasticity of this expected price

rise has also been determined by simulation.
We need an indicator for the expected price increase of investment goods before

we can calculate the equilibrium unemployment rate with this equation (9.1). The
information of tables 9.10 and 9.11  can be used for this purpose. It reveals the following
long-term relation for the enterprises' price of gross value added

Inp  = - 0.2 IlnA, + 0.191nj + 1.06r, - 0.791nl + 0.341nbc

1 -S-Thia
(9.2)+  0.091nl x  +  0.041ng   +  0.021ni z  -  0.091nt,  +  0.151n

1-Tb

- 0.701nht + 0·Ollnpmgd + 0.801npbc

Figure 9.2 Actual and calculated price gross value added

enterprises (ln pef,
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Using this reduced-form, long-term relation, we calculated the price change of gross
value added of enterprises. The results are depicted in figure 9.2. This figure reveals that
the model tracks the decelerating inflation in the second half of the period rather well.
Together with the import prices, this figure gives a proxy for the price of investment
goods.83 Actual prices will react more sluggishly than this calculated price when facing
exogenous shocks. So, we used an ARIMA (0,1,2) process, together with this calculated
investment price series, to construct the expected price increase of investment goods. 84

We used a ten-period forecast of inflation as a proxy of the expected price increase.

We are now ready to analyse the equilibrium unemployment rate. For this purpose, we
split equation (9.1) into two parts, namely:

u;  = 0.181nA,  + 0.151nj  + 0.56,·, - 1.02 + 0.1 lln 1 -s-rb ia  ,                 (9.3)
1 -Tb

u;  -  0.091nl, -

0.041nbc
-

O.Ollnt    +  0.03  Inr,  -  0.08lnh,  +
(9.4)

+   0.11 lnpmgd   -    0.09lnpbc   '

and  ui  -  u,'   +  u4 .

How does this relate to the equilibrium unemployment rate relation 8.12 of the previous
chapter? After substitution of the definition of the wedge and capital costs, that equation
reads as

u;    =   -1.   %, In A,    +   x, In    +   )(21nj   +   xo    +   InM  -   In4

XA    P>f
\

In l - 1 -0  Pif 1 -5-thi")11 -(1 -6)(1+p, )  
-fe.   1\  1 -a

(9.5)
<           p,i lp;       1 -T,     1        1.(1 -9,/ 1

1 '.

1 p.
p,1         1  -s -Thi„)  ,  t#,f,,   r 1   .

I U.'Al. 2, f' 21'   1-T,
Note  that the weighted labour and capital costs  in  the  last  term of equation  8.12  have

83 More precisely we calculated Inp,f = 0.351np-$ + 0.651n,B,; with *  the calculated price of gross

value added.

84 See appendix 8b, where we use the same method.



250 Chapter 9

Figure 9.3 The influence of the wedge, replacement rate, real
interest rate and tax facilities on the equilibrium
unemployment rate
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Figure 9.4 Results of the equilibrium unemployment rate analyses of
chapter eight
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been replaced by the value-added price.85 A first-order Taylor series expansion of
equation (9.5) reveals that the ui' equation (9.3) is the linear approximation of the
equilibrium unemployment rate equation without the relative price effects
'plp,tt' pif/pj.). Therefore, equation (9.4) corresponds with the relative price effects. We
come to this conclusion because both equation (9.1) and (9.5) are relations for the
equilibrium rate of unemployment. Equation (9.1) is the reduced-form, linear-
approximation of the equilibrium unemployment rate, which relates the equilibrium
unemployment rate to real exogenous variables. Equation (9.5) is the structural relation
for the equilibrium unemployment rate, which explanatory variables contain also
endogenous variables, namely the relative price variables. Equation (9.4) gives thus the
reduced form explanation of the relative price effects.

The linear approximation of the development of the equilibrium unemployment rate,
apart from the relative price effects (terms of trade effects), is presented in figure 9.3.
This figure shows the influence of the wedge, the replacement rate, the capital costs (the
last three terms of equation 9.3) and their simultaneous effect. Figure 9.3 can be
compared with figure 9.4, which is a copy of figure 8.3, the result of the partial analyses
of chapter 8. These two figures reveal that the influence of the relative prices (terms-of-
trade effect) is rather modest. This can be concluded because the first graph does not
contain terms-of-trade effects, as opposed to the second graph, while the calculated
increase of the equilibrium rate is roughly the same, apart from the beginning. We came
to the same conclusion in chapter 8 (table 8.5). There, we calculated a contribution of the
relative prices (terms of trade) to the change of the equilibrium unemployment rate from
1966:  until  the year  1975 of - 1 percent; until the year  1984 of -0.1 percent; until the
year 1995 of -0.3; and until the year 1997 of -0.2. We already arrived at the conclusion

85 This holds because the estimation results point to a constant mark-up, apart from an energy price
effect.
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Figure 9.5 Calculated relative price effect on the equilibrium
rate of unemployment
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that the model tracks roughly the long-term development of the enterprises price of value
added. However, the model has more difficulties with the influence of the relative price
development on the equilibrium unemployment rate. This can be concluded from figure
9.5. The model generates a terms-of-trade effect up to 1984 that is roughly in line with
empirical evidence. Apart from a constant term, the same holds for the period 1985 up
to 1997.86

9.6 Conclusions

This chapter evaluated the empirical relevance of the theoretical model of chapter 4,
which explains unemployment and its persistency. The preparatory, empirical studies of

chapters five through eight have been integrated into one model for this purpose.
The dynamic properties have been analysed with both eigenvalue analysis and

dynamic simulations. The dynamics on the labour market are characterised by
overshooting. This suggests anticipation: labour market changes, as wage rate changes,
are in general not isolated cases. So, they are expected to repeat. The labour market

86 Theempirical evidence already pointedtochanges in theconstant terms of theestimatedequations.
See for instance the step dummies in the import equation. These adjustments are not taken into account in our
simulation model, which may explain the simulation result presented in Figure 9.5.
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variables adjust rather rapidly to their new equilibrium level, aside from these cyclical,
overshooting effects.

The model reveals that the wedge, the replacement rate, the real interest rate and
the tax facilities for investments have been the main long-term (equilibrium)
determinants of the development of the unemployment rate. We derived with simulation
a linear approximation of the equilibrium unemployment rate:

•    the wedge semi-elasticity of the equilibrium unemployment rate ( au;/alnA, ) is
0.18;

• the replacement rate semi-elasticity of the equilibrium unemployment rate
(au//alnj) is 0.15;

•   the derivative of the equilibrium unemployment rate with respect to the nominal
interest rate (au /ar/) is 0.56 ;

•  the derivative of the equilibrium unemployment rate with respect to expected
inflation (au;/ap )  is -1.02;

• the tax-facility semi-elasticity of the equilibrium unemployment rate

(au:/Bin  1  -S -th '' )  is  O.1 1.
1 -rb

The main instrument of the government's unemployment policy has been the
replacement rate. This has been used mainly to offset the negative influence of the
government's wedge increases, which were necessary to finance other collective policy
objectives.

Otherexogenous variables may also have influenced the equilibrium unemploymentrate,
due to their influence on the terms of trade. However, these effects roughly cancelled
each other out, resulting in rather constant terms-of-trade indicators for the period  1966
through 1997.
The semi-elasticities of the equilibrium unemployment rate for the variables are:

• labour supply: 0.09;
• world trade: -0.04;
• civil servants: -0.01;
• indirect taxes: 0.03;
•  labour time: -0.08;
• import prices: 0.011;
• competitor prices on the export market: -0.09.

We are thus able to conclude that labour supply is absorbed by more than 90 percent in
the long run. This means that the growth rate of the Dutch economy is driven mainly by
the labour supply development (apart from technological progress). Although the Dutch
economy is a small open economy, its long-term activity level is not dominated by world
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trade, import prices or competitor prices. Labour time reductions have little influence on
the equilibrium unemployment rate. Labour time reductions result mainly in income
losses, and with that a decline in material consumption possibilities.

This chapter aims to integrate the partial studies to get a better explanation of
unemployment. The results reveal that the supply side approach of chapter eight give a
good picture of the development of the equilibrium unemployment rate. However, the
supply side model does not reveal how this equilibrium is established. Therefore, a
complete macro model is necessary. This gives insight into the dynamic adjustments of
wages, prices and demand on supply side changes. This means that understanding the
actual unemployment rate development needs a complete macroeconomic model.
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Appendix 9.a The econometric model

Growth rates:
p labour-augmenting technological progress (0.015)
Tr       inflation (0.025)
v population growth (0.005)
y real variablesy = (1+P)(1+v)-1
p nominal variables  p  =  (1 +y)(1 +,r)-1
w               wages  e    =   (1  +p)(1  +lr)-1

9 weight pension rights (calibrated value: 0.26)
n percentage taxable income from wealth (calibrated value: 1.08)

Households
C=cpc

(a. 1)

Alnc   =  0.71   AlnLud  / pc  -  0.40  &21npc     +  0.65  Ar„   -  0.34  (Inc-Inc')-,           (a.2)

c' = 0.95 Ud f pc + 1(wa + 9 WplpA (a.3)

Alnpe - Alnp
(a.4)

Wah -  RA' fliv) Wa.1 + WhiPc (a.5)
1+Y

1    1..       -1

\ 5.56

1 +(1 -11  rm)r„,1
Wh = [(1  - T,") Lu  + r. aft Pc  - 0.95 Ud] (a.6)

    1.
1,1 +(1 -n  T„,)ra  -1

Lud = Ld- + L. + U. (a.7)

L =LJ+LZ+U
(a.8)U

1                                   T,w   +   T +   T,+   Tu

afl = n r. w..1 - + L.. 1 Pc -

(a.9)"

1+li rm Pc

(1 +v)(1+K)Rh-                                                                                   (a. 10)1+(1-11rm)ra

1+vDh=- (a. 11)1+0
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x-  7.43(D  77  R: 23)456

+ (a. 12)(D: 77  R:.23) 556   -   1 1-1

D,077  Rh023   -   1      ,|

AlnLA  - AlnLw  - AlnA I (a. 13)

AlnLd: - AlnL: - AlnAi (a. 14)

Zd = ZK + Zf- T- (a. 15)

AlnUd - AlnU - AlnA1 (a. 16)

11+Vwa = wa_,Rh -1    + 0-TA L„ 1 pc  + Tm afl - c (a. 17)
1+7

Capital
In = in Pm (a. 18)

i   =if +ih+i +n (a. 19)n

AlnP,n   - AlnP. (a.20)

if =  kf -  kf,     1
-0.07

(a.21)
1+Y

Government sector; producer of services

G = Gm + Gl (a.22)
Gm = gm Pgm (a.23)

Alnpgm = Alnp (a.24)

AlnG, = AlnL  (a.25)

U = 4 + Uo (a.26)

Ul = 111 pul (a.27)

alnput = Alnp/+ Alnj (a.28)

Government sector: taxes

T, - 5, 5 (a.29)

T.=     L w -Ldw (a.30)

Th    =     La     - Ld: (a.31)

Tz= T,+Tv (a.32)
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   11   r.   w. -1   Pc   i  -A
-'1 (a.33)

1+11          j.)
T,   =   r b  gf -AJ  (a.34)

71=U-Ud (a.35)

Firms, total

5 = r.-T, (a.36)

F„, =Mgd + 5 + T. (a.37)

1 +fm
Va = Vm-| (a.38)

1+Y

P™ = 11" / vm (a.39)

(a.40)
F_1 (v (1 +7)/v_1) + G,-1 Qi (1+Y)/gi-1) - 1

F.1  +  G,-1

F-F m-G t (a.41)
v =C+gm+in+bf+bd3 (a.42)
p,-Vlv (a.43)
mgd = mg + md (a.44)

Mgd = mgdpmgd (a.45)

1 +4

Y.f  =  Yf-1   -1+7
(a.46)

Yf- Yfx + Yff (a.47)

·4 -                                                                 (a.48)
Fm- 1 (V (1 +7) / vm-,)

- Mgd.1 (mgd (1 +7)  /  mgd-1)   -   1

p;„.1 - Mgd-1

L  = Lx + Lf (a.49)W

l=lg +F (a.50)
lo  =  1  lo-l  i  ig (a.51)

Government production

AlnYf = AlnL   (a.52)
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Alnyf = Alnl  (a.53)

LS - igpl (a.54)

Zz = Yz - L  (a.55)

Other branches

Yff = 4 Plf (a.56)

-1 -  i  1+ji
(a.57)

Yf    -   »1    -1-+7

0 = (5-1 df (1 +7)  1 yf-1)  -  Y  1 Of (1 +7)  /  yfg')    -
1 (a.58)

5.1    -   4 1

Alnp  = 0.89 Alnp ' + 0.11&1np„  + 0.42(lnp  - inpj)-1

0.39&1nctk - 0.2OAlnyf
(a.59)

p me
+ 0·05 In--1 + 0.08&21nclk + 0.08Ailnyf

pw

p  -  1+1.21(0.04-0.098)lnf3 Ic,k (a.60)
pM)

Clk  =  10.75  (Pli '66   +  0.25  {p:j' 6611/0
66

(a.61)

A -plfl (56.651 ht) (a.62)

f pf 1-s-tbia< 1-(1-0.07)(1 +2),1 (a.63)
Pk  -   6.124       1 -rb    l           1 +(1 -rb r4  1

Alnpf - Alnp (a.64)

Lf . lf M (a.65)

Lf =eM (a.66)

Lyf, = Vi M (a.67)

Alnlf = 0.48 Alnlf, + 0.52 Alnlf' + 0.28(lnlf' - Inlf)_,

+  0.51Alnht  +  0.04:A2111  f:M                                                          (a.68)
Py/J
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i (   f   C   f )-0.34
lf.   =  0.013    0.82 +  (0.04 - 0.09 A)lnf- 11  22- 1

1& (a.69)f l l h l l  f'l
P)f )\   1,\ P,f  )

If

E = 1  _i-
if,

(a.70)

11 - V- 1: (a.71)

Ailnkf - 0.26&21nk» + 0.18 (Alnk» - Alnkf)-1
+ 0.10 (lnk» - 1nkf)_1 - 0.015 A(lnpm - Inp,f) (a.72)

<     f \ -0.34
r I  Pk |kf. = 1.835 4 1-1 (a.73)J \   f. 1
\ Pyf  )

ZJ -yff- Lf (a.74)

C If 1 (  kf     )1 -1
qy= 1   +  qi..  1  - -1      +  (1   -q,) 1- -1 1 (a.75)

v < lf. (kf. )
/f'  /

qi. = (a.76)li' pt + ki. Pt

Foreign sector

B rbf  P bf (a.77)
Alnbf = 1.0 Alnbc - 1.42 5(ln(p  - 1npb )

- 0.52 (lnbf-lnb ) , - 0.24 1nqy_, (a.78)

<      -2.37

b;  -  208.9  b   I Pbf| (a.79)
C C Pk,

MnP bl   = Alnp, (a.80)
Mg = mg pmg (a.81)

Alnmg  =  1.0 Alnym  -  0.58  (lning -  1nmi) i (a.82)
i         j -0.91

m;  = 0.427 y. 1 f=,1
(a.83)

 ym

Ym=Yf + T (a.84)
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1 +Sf
Ym = Ym-1

- (a.85)
1+Y

P F=    Ym   | ym (a.86)

B dl   =   bd3  Pbd3 (a.87)

bal=bd+b (a.88)3

bd   = 1.926 bfo
6

(a.89)

Md - md Pmd (a.90)

md = mde + mdb (a.91)

mde   0043 c (a.92)

mdb = 0.043 ym (a.93)

Labour market
Alrip,z = Alnpf (a.94)

Alnpf   =   0.46  Alnpt,    +   0.54  Alnp/'   +   0.44  (lnp/'    -   1np,f)-
t (a.95)

Inpf = inpff + Inh + 0.28 lnA + 0.29 1nj -1.76 u, - 0.442 (a.96)

h = y  1 11 (a.97)
i   ,  fl.A = \Pc ' Pyfl A, (a.98)

ul   =   (,1 ,  - l,) (a.99)

U, - Us - 10)   1 (a. 100)

Change financial assets
Sg - (G+U) - (T, + 7&„+Tt:+T+T.) (a. 101)

Sb = Bb - Mg + Bd3 - Md (a.102)

Sh= Ldw + Ld:+Zd + Ud- C =
=I.+ Sg+ Sb (a. 103)

Calibration
•             The year 1990 is used as a base year. For that year, all indices are set equal to one.

Assume the economy is in equilibrium that year.
•             The constant terms of the long-run relations are adapted to make them consistent

with the equilibrium assumption for 1990. The long-run consumption equation
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(7.8) does not have a constant term. It reads as

c'   =  0.95  Ud/Pc  +  1Ir'4  +  9  Wpl  pA (a. 104)

So, we used (p, the weight of the pension rights. Moreover, nonhuman wealth
(a. 17)

w.  . w.-111 +Cl,-A)..1

-1

+    0 -T„)   Lul    pc       +   T,„   afi    -    C , (a. 105)

was calibrated on its 1990 level as being in equilibrium, using n, the percentage
taxable income from wealth.87

•           The estimated equations have been adjusted to make equilibrium growth possible.
Consider, for instance, the estimated consumption equation (7.12), which we
repeat here for convenience:

Alnc = 0.71  AlnLd, / P,· - 0.40 &2lnp  + 0.65 Ar
(a. 106)- 0.34 (Inc-Inc')-r  + 0.007.

In equilibrium growth the following holds: a zero error correction term; constant
inflation (821npc= 0) and rate of return (Ar, = 0); constant and equal growth rates

of consumption  and  income  ( Alnc =
AlnLd,   t    Pc

- ln(1 +y)). This holds true
only if the constant term equals 0.29 times the equilibrium growth rate.
Malgrange (1989) suggested this type of adjustment to make the model suitable
for equilibrium growth. Thus, the constant term of the consumption equation has
to be replaced by 0.29 times the equilibrium growth rate

Ainc = 0.71 AlnLd, / pc - 0.40 Azlnpc + 0.65 Ar
(a. 107)

-  0.34  (lnc-lnc ').1   +  0.29  In(1 +Y)  .

•       Moreover, the model has been made stationary by scaling all variables by their
equilibrium growth path (for instance, the variable x is made stationary through
the transformation x  =  x(1 +gx)-', with g.the equilibrium growth rate ofx). After
this transformation, the consumption equation reads as

AlnE - 0.71 Alnidi / P c- 0.40 Ailn, ( + 0.65 Ar°                          (a. 108)-  0.34  (lnc-inc-'),
This is the consumption equation (a.2) of our simulation model. This equation
equals (7.12) except for the constant term. In this appendix we have used the
symbols of the original variables, without indicating that they have been

87 Calibrating the percentage of taxable income from wealth leads to a significantly other value than
the one used by estimation. This is caused by the interdependence with the tax-free amount.
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transformed to prevent cumbersome notation. Because all variables are
transformed, confusion is not possible.

Table 9.12 Total accounts for the Dutch economy in symbols

government branches foreign

households capital services taxes govern- firms total endo- exo- row
ment genous genous total

goods
-domestic -C -1„ -G T, VI    -8    -Bd,  0

-foreign -Md M,  M, 0
value added Y'    Y     -Yf                  0
-wages        L./..       73. -L' -L:       0
-income self-employed              L TI .Z, .Z'      O

T                     -L=                                       0
-other income                               Z 

-idem, disposable r,W,(-1)
transfer income                          Ud                    -U        T.                                                   0
change financial assets 4 /  S  0 0 0 4 0I g

idem, disposable AW.
column total 0 0 0 0 0 0 0 0 0

Appendix 9.b Definitions and data

Notation
Upper cases (X) are values, while volume components (x) are indicated in lower case and

prices as (pg). Level variables get no further indication, as opposed to annual percentage
changes, which are indicated with a o above the symbol. An annual level change is
indicated as (Ar = x-x 1).If a variable refers to more than one agent, superscripts will
point to a particular agent (f firms; g, government, h housing administrator). Subscripts
are used to further describe a variable.

Data
The data are given for the year 1990. All price indices are set equal to one for that year,
just as the level of the utilisation rate.

A tax-free amount 220.825
fl

Ap tax-free amount 37.106

An tax-free amount 112.286

bc competitive exports 1.000
bd        exports of services 47.500
b,u       exports of energy and services 70.900
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b3         exports of energy 23.400

bi        exports of goods, exclusive energy 208.900
c consumption 303.100
X        propensity to consume out of wealth and pension rights 0.072
Dh       factor of time preference, corrected for population growth 1.020
G government consumption 75.076
Gt wages government sector 50.035
g,„ material government consumption 25.041
h labour productivity 92.583
ht the effective working time 1.000

4 present value of depreciation rights of one guilder of investment expenditures
(data: see investment facilities)

4 investment, inclusive stock formation 114.441
if investment, firms 67.644
F investment, government sector 13.258
1       investment in houses 27.039
j         the replacement rate 0.680
F capital stock, firms 765.072
L total wages 267.854
l total employment, (fte) 5.205
Ld.    disposable wage income 140.800
Ld: imputed disposable income self-employed 21.800

4 total employment, persons 5.576
4 labour supply, persons 5.995
L„ labour-and transfer income 466.421
Lid after-tax labour and transfer income 296.800
4      imputed wage bill self-employed 35.067
4       self-employed, (fte) 0.619
F total employment, firms (fte) 4.503
4      wage bill, firms 220.034
l  employment, firms, wage earners, (fte) 3.884
Lz       wage bill, government 47.820
Iz total employment, government, (fte) 0.702
md       import of services 35.102
ma intermediary imports of services 22.202
md. imports of travel services 12.900

mg goods import 220.723

mgd import of goods and services 255.825
n stock formation 6.500
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g expected price increase investment goods 0.022
g      wage rate firms 56.651
pt the efficiency corrected price of labour 1.000

pl      wage rate, government 68.120
p., unemployment benefits 28.919
qt, weight labour in the utilisation rate equation 0.250
q, capacity utilisation rate 1.000

r, the rate of return on nonhuman wealth 0.065

Rh discount factor 1.007

rt the interest rate 0.089
s        investment tax credits (data: see investment facilities)
Sh change financial assets foreign countries 23.975

Sg change financial assets government 3.593

Sh change financial assets households 134.785

Tb the corporate tax rate 0.350
4 marginal income tax 0.600
5,       indirect tax rate 0.062
1 tw wage income taxes 127.054

liz imputed taxes, income self-employed 13.267

T, taxes, other income households 7.200
T, indirect taxes 47.999
T, corporate taxes 17.349

T. transfer income taxes 29.300

71 other income taxes 24.549
U total transfers 163.500

Ud disposable transfer income 134.200

Ut unemployment benefits 12.117

Ut unemployment persons 0.419
Ue transfers exclusive of unemployment benefits 151.383

u,       unemployment rate 0.070
v total sales, market prices, exclusive wages government sector 722.382

vf total sales, factor costs 724.380
v,„ total sales, market prices 772.400
A wedge 1.973

4      tax part wedge 1.973

W  nonhuman wealth 734.000
Wah total wealth 1839.343
Wh human wealth 1121.306

Wp pension rights 2231.286
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& total domestic production, factor prices 468.555
y. total domestic production, market prices 516.553
1 value added firms, factor costs 416.900
f valued added government sector, factor costs 51.600
Zd disposable other income 141.085
1 other income, firms 161.853
Zx other income, government sector 3.780

1 -s -·rb ia investment facilities 1.221
1-Tb
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Naar een econometrisch model voor Nederland, dat de werkloosheid
verklaart (summary in Dutch)

Nederland kende de afgelopen vijfentwintig jaar een grote werkloosheid. Het aantal
mensen dat door werkloosheid is getroffen, is veel groter dan het jaarlijkse, gemiddelde
totaalcijfer suggereert. Dit komt doordat het werkloosheidsbestand voortdurend wijzigt
door in- en uitstroom. Werkloosheid betekent welvaarts- en welzijnsverliezen. Deze
verliezen zijn natuurlijk het grootst voor de werklozen zelf. Zo compenseert een
werkloosheidsuitkering het arbeidsinkomen slechts gedeeltelijk. De werkloosheidsuitke-

ringen worden opgebracht door de werkenden. Zij brengen de fondsen voor de sociale
zekerheid bijeen, waardoor ook zij in zekere mate de welvaartsverliezen voelen. Dit is een

belangrijke reden, waarom werkloosheid als een maatschappelijk probleem wordt
ervaren. Dit maatschappelijk probleem is het onderwerp van dit proefschrift. Vanwege
de   complexiteit  van het probleem worden   niet alle aspecten ervan behandeld.   Het

proefschrift beperkt zich daarom tot de macro-economische achtergronden. Alvorens dit
nader in te vullen, volgt eerst een korte schets van de historische ontwikkeling.

Na een periode van praktisch volledige werkgelegenheid begon in de jaren zestig de
werkloosheid langzaam te stijgen. Deze geleidelijke toename van de werkloosheid (van
slechts een 0,5 procent van het arbeidsaanbod in 1961 tot 2,1 procent in 1973) was

nauwelijks alarmerend. De eerste olieprijsschok, eind 1973, zorgde voor een plotselinge
toename. Anderhalf procent van het arbeidsaanbod kwam additioneel zonder werk,
waardoor de werkloosheid in 1976 3,5 procent van het arbeidsaanbod bedroeg. Economen
wisten niet onmiddellijk wat te doen. Enerzijds lag vraagstimulering, een traditioneel
instrument bij oplopende werkloosheid, niet voor de hand vanwege de snel toenemende
inflatie. Anderzijds zag men op tegen loonmatiging. Op korte termijn leidt loonmatiging
weliswaar tot meer export en minder import, maar ook tot minder consumptieve

bestedingen, waardoor per saldo de vraag naar de producten van arbeid kan afnemen en
de werkloosheid stijgen. De complexiteit van de situatie resulteerde in tegenstrijdige
opvattingen. Het macro-economisch beleid genereerde uiteindelijk een toename van het
overheidstekort, wat een indicatie is voor vraagstimulering. Het effect hiervan op de
werkloosheid bleek evenwel beperkt. De tweede olieprijs-schok in 1979 kon daardoor de
officiele werkloosheid zelfs opstuwen naar een absoluut hoogtepunt, 9,7 procent van het
arbeidsaanbod, in 1983.

Deze ontwikkeling was voor laaggeschoolden zelfs nog slechter. In de jaren
zeventig was de werkloosheid onder laaggeschoolden al twee keer zo hoog als onder

hooggeschoolden.  Zo was de werkloosheid  in 1978 onder laaggeschoolden ongeveer 4
procent tegen 2 procent onder hooggeschoolden. De stijging van de werkloosheid onder
laaggeschoolden in de jaren tachtig was ook twee keer zo groot. Acht procent van hen
werd toen extra werkloos tegen slechts 4 procent van de hooggeschoolden. De
werkloosheid trof de laaggeschoolden dan ook extra hard.
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Loonmatiging, als een mogelijke remedie tegen werkloosheid van laag- en
hooggeschoolden, werd in het begin van de jaren tachtig meer algemeen aanvaard door
economen en politici. Er werd substantieel gesneden in de sociale zekerheid, wat tot
loonmatiging zou leiden. Desondanks bleef de werkloosheid hoog. Het niveau van 6,6
procent in  1997  was nog steeds onbevredigend  en  wees op onverwachte hardnekkigheid
van het probleem. Sindsdien is de 'officiele' werkloosheid sterk afgenomen, maar de
verborgen werkloosheid, zoals de werkloosheidscomponent van het arbeidsongeschikt-
heidsbestand, is nog steeds groot.

Kijken we terug over de laatste dertig jaar dan valt een aantal zaken op. Ten eerste,
de onzekerheid over de te voeren economische politiek in het begin. Ten tweede, de
relatief hoge werkloosheid onder laaggeschoolden en ten derde, de hardnekkigheid van
de werkloosheid aan het eind van de periode.

Dit leidt ons tot de drie belangrijkste vragen van dit proefschrift, namelijk:
1. Welke macro-economische politiek  is het meest effectief om de werkloosheid  op

korte termijn terug te dringen?
2.  Waarom trof de werkloosheid laaggeschoolden het hardst?
3.  Wat verklaart de hardnekkigheid van het werkloosheidsprobleem?

Deze drie vragen worden achtereenvolgens behandeld in deel I, II en III van dit
proefschrift. Hier volgt een korte uiteenzetting van de argumentatie.

Deel I Welke macro-economische  politiek is  het meest  effectief om de werkloos-
heid op korte termijn terug te dringen?

Lonen en prijzen zijn op korte termijn moeilijk te beYnvloeden. Op korte termijn is
vraagstimulering dan ook over het algemeen het meest effectief om de werkloosheid te
bestrijden. We dienen dan wel te weten of de productiecapaciteit ook na een periode van
stimulering voldoende is om de toegenomen vraag op te vangen. Anders ontstaat er
slechts inflatoire druk zonder een werkgelegenheidstoename. Onvoldoende vraag leidt
tot een lage bezettingsgraad van de productiecapaciteit. Dus, data over de bezettingsgraad
van de productiecapaciteit geven een eerste indicatie. Deze geven echter geen uitsluitsel
over hoe snel vraagstimulering tot capaciteitstekorten leidt. Verder geeft het niveau van
de bezettingsgraad ook geen kwantitatieve indicatie voor de werkgelegenheidsconsequen-
ties van zo'n politiek van vraagstimulering.

Met een structuurmodel kan meer grip op deze problematiek worden verkregen. Door de
vraag- en aanbodkant te beschrijven van zowel de goederenmarkt als de arbeidsmarkt
geeft het model een, voor de probleemstelling, adequate beschrijving van de economie.
Het uitgangspunt hierbij is dat onevenwichtigheden op de goederenmarkt en arbeidsmarkt
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worden veroorzaakt door onvoldoende, korte-termijn prijsgevoeligheid van zowel de
vraag als het aanbod. Voor het gemak veronderstellen we volledige prijsstarheid in iedere
beschouwde deelperiode. Er zijn dan voor de individuele onderneming vier mogelijke
marktsituaties, hier aangeduid als regimes. In het "inflatie" regime ondervindt een
onderneming een vraagoverschot en een tekort aan arbeidsaanbod (vanwege de
veronderstelde korte-termijn prijsstarheid spreekt men wel van het "onderdrukte inflatie"
regime). In het "klassieke werkloosheid" regime heeft de onderneming een tekort aan
productiecapaciteit maar wel voldoende arbeidsaanbod. Een tekort aan goederenvraag
samen met voldoende arbeidsaanbod wordt het "keynesiaanse werkloosheid" regime
genoemd. Het "onder-consumptie regime" wordt gekenmerkt door onvoldoende

goederenvraag en onvoldoende arbeidsaanbod. Het macro-economisch niet-evenwichts-
model beschouwt alle micro-markten tezamen. Alle vier regimes zijn relevant in dit
macro-model. Dit model kan statistisch worden geschat.

Dit niet-evenwichtsmodel is geent op de economische literatuur. Deze tak van onderzoek

begint met het werk van Barro en Grossman (1971,1976) en Malinvaud (1977). Kooiman
en Kloek (1979,1985) waren 66n van de eersten die empirisch onderzoek publiceerden
op het terrein van de toegepaste niet-evenwichtsmodellering. Een enigszins vereenvoudig-
de versie van dat model is geschat voor een aantal landen van de Europese Economische

Gemeenschap. Deze studies zijn verzameld in Drdze and Bean (1990a, 199Ob). Het hier
gepresenteerde onderzoek sluit aan bij de laatste studie.

We komen tot een aantal belangrijke inzichten voor Nederland. Klassieke werkloosheid

lijkt sinds  1974,  ruwweg gesproken,  even belangrijk als keynesiaanse werkloosheid.Er
is dus onvoldoende vraag naar de producten van arbeid, maar er zijn ook onvoldoende

kapitaalgoederen (en dus productiecapaciteit) om volledige werkgelegenheid te krijgen.
Verlaging van de belastingdruk zou dan een voor de hand liggende, politieke maatregel
zijn. Echter, sommige jaren worden hoofdzakelijk door den regime gekenmerkt. De
schattingsresultaten duiden op een overheersend keynesiaans werkloosheid regime in de
jaren 1975,1979-1986 en 1993, terwijl klassieke werkloosheid vooral karakteristiek is
voor 1978,1989 en 1997. Het schattingsresultaat duidt erop dat de economie tendeert
naar onderdrukte inflatie in 1997. Alhoewel alle regimes voorkomen, is het regime dat
op de meeste markten geldt dominant voor het macro-beeld. Simulaties met het model
duiden erop, dat vraagstimulering na het bereiken van volledige bezetting van de
productie-capaciteit hoogst onproductief is. Dat wil zeggen dat verdere stimulering niet
tot meer werkgelegenheid leidt.

Samenvattend: teneinde een antwoord te krijgen op de onderzoeksvraag - welke
maatregelen zijn op korte termijn het meest effectief tegen werkloosheid - is een niet-
evenwichtsmodel geconstrueerd waarmee de conjuncturele situatie kan worden
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beoordeeld. Alhoewel keynesiaanse als klassieke werkloosheid beide op het macro-
niveau voorkomen, kunnen we concluderen dat de economische politiek gericht moet zijn
op het meest voorkomende regime. De resultaten duiden er echter ook op dat na een
periode van vraagstimulering een goederen-vraagtekort tamelijk snel omslaat in een
aanbodtekort, waardoor een politiek, gericht op versterking van zowel vraag als aanbod,
het meest effectief wordt.

Deel II Waarom trof de werkloosheid laaggeschoolden het hardst?
Het opleidingsniveau van de werkende bevolking is dramatisch veranderd in Nederland.

De arbeidsvraag is verschoven van laaggeschoolde naar hooggeschoolde arbeid. De
oorzaken voor deze verschuiving zijn in deel II van dit proefschrift onderzocht. We
richten ons op de rol van technologische vooruitgang en de consequenties van loon-
starheid aan de onderkant van de inkomensverdeling veroorzaakt door institutionele facto-
ren (zoals het wettelijk minimum loon, de bijstandsuitkeringen, etc.).

Bij het onderzoek gebruiken we een flexibele functionele vorm voor de
productiefunctie, voorgesteld door Diewert and Wales (1987). Deze functie wordt geschat
zowel voor de met het buitenland concurrerende sector als voor de afgeschermde sector

(de bedrijfstakken die geen directe concurrentie van het buitenland ondervinden).

De resultaten duiden op arbeidsbesparende technologische verar.deringen als een
verklaring voor de uitstoot van laaggeschoolde werkers. De berekende elasticiteiten
suggereren dat de substitutie tussen arbeid in zijn totaliteit en kapitaal gering is. Dat wil
zeggen dat een verandering in de relatieve beloningsverhouding van arbeid en kapitaal
weinig invloed heeft op hun relatieve inzet. De substitutie tussen laag- en hooggeschoolde
arbeid is evenwel relatief sterk, met name in de afgeschermde sector. Dit betekent dat een

verandering in de relatieve beloningsverhouding van hoog- en laaggeschoolde arbeid veel
invloed heeft op hun relatieve inzet.

De resultaten van dit deel kunnen als volgt worden samengevat. Het onderzoek
identificeert twee oorzaken voor de uitstoot van laaggeschoolde arbeid: een relatieve

loonstijging van laaggeschoolde arbeid en technologische vooruitgang die niet gelijk
uitwerkt voor laag- en hooggeschoolde arbeid. Deze asymmetrische uitwerking van
technologische vooruitgang duidt erop dat hooggeschoolde arbeid relatief goedkoper is

geworden. Deze resultaten impliceren dat een uitbreiding van de werkgelegenheid voor
laaggeschoolde arbeid kan worden verkregen door relatieve loonmatiging ten opzichte
van hooggeschoolde arbeid. De verkregen hoge substitutie-elasticiteiten tussen laag- en
hooggeschoolde arbeid suggereren dat de relatieve loonmatiging beperkt kan blijven.
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Deel III Wat verklaart de hardnekkigheid van het werkloosheidsprobleem?
Sinds het begin van de jaren tachtig wordt loonmatiging vrij algemeen beschouwd als een
goede remedie tegen werkloosheid. Aanzienlijke versoberingen werden aangebracht in
de sociale zekerheid. Deze zouden een matigend effect hebben op de lonen, waardoor
volledige werkgelegenheid zich zou herstellen. Maar in 1997 was de werkloosheid nog
steeds hoog. Waarom verdween de werkloosheid niet?

Om deze vraag te beantwoorden, is een macro-econometrisch structuurmodel het meest
geeigend. Hiervoor zijn twee voor de hand liggende argumenten te geven. In de eerste

plaats is er de laatste 25 jaar een groot aantal verschillende verklaringen voor de
werkloosheid gegeven. Werkloosheid werd in verband gebracht met een tekort aan vraag,
onvoldoende productie-capaciteit, een te hoge olieprijs, een stijging van de belastingdruk
en te genereuze werkloosheidsvoorzieningen. Geen van deze factoren bleek de
werkloosheid volledig te kunnen verklaren. Een macro-model is een instrument waarmee
met al deze mogelijke oorzaken gelijktijdig rekening kan worden gehouden. In de tweede
plaats zullen de genoemde factoren niet direct tot een toename van de werkloosheid
leiden. Meer gecompliceerde, economische mechanismen zullen de relatie bepalen. Een
macro-economisch structuurmodel is dan het meest geeigend om inzicht te krijgen.

We geven nu een ruwe schets van het model. De vraagzijde ervan is gebaseerd op het
keynesiaanse multiplier model voor een open economie. De aanbodkant op een neo-
klassiek model van de onderneming. De lonen worden bepaald via een onderhandelings-
proces tussen vakbonden en ondernemers. Meer specifiek ziet het model er als volgt uit.
Ondernemers kunnen de afzetprijzen bepalen. Ze zetten een winstmarge op de
productiekosten. Ze produceren met arbeid, kapitaal en gamporteerde goederen. De vraag
naar deze productiefactoren wordt bepaald door de productie-omvang en de relatieve
factorprijzen. De totale afzet van ondernemingen bestaat uit uitvoer en binnenlandse
afzet. De uitvoerprestatie wordt bepaald door de concurrentiekracht. Een gedeelte van het
nationaal product wordt in het binnenland besteed. De reele lonen zullen toenemen met

de arbeidsproductiviteit, maar ook met de wig (de reele arbeidskosten van een onderne-
ming gedeeld door het reele netto loon van een werknemer) en de relatieve uitkerings-
hoogte (de verhouding tussen een netto uitkering en het netto loon). De reale lonen zullen
lager zijn naarmate het werkloosheidspercentage hoger is.

De werkloosheidsvoet (in procenten van het arbeidsaanbod) wordt in dit model verklaard
uit een herleide vorm vraag- en aanbodrelatie. De aanbodrelatie beschrijft een positief
verband tussen de werkgelegenheid en de reele arbeidskosten. De achtergrond van deze
relatie is dat het effectieve arbeidsaanbod toeneemt als de lonen en dus de reele
arbeidskosten stijgen. De ligging van de aanbodrelatie wordt mede bepaald door vijf, niet
binnen het model bepaalde factoren. Als de wig (exclusief endogene ruilvoeteffecten) of
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de relatieve uitkeringshoogte stijgt, neemt het effectieve arbeidsaanbod af bij gegeven
reele arbeidskosten. Als de rente toeneemt, neemt het effectieve arbeidsaanbod toe.'  Het
spreekt voor zich dat ook een autonome arbeidsaanbodtoename tot een toename van het
effectieve arbeidsaanbod leidt. De invloed van de winstmarge kan niet op a priori gronden
worden bepaald.

De vraagrelatie beschrijft een negatief verband tussen de werkgelegenheid en de
reele arbeidskosten. Als de lonen stijgen, volgen de prijzen waardoor de concurrentieposi-
tie verslechtert, wat leidt tot minder verkopen en minder werkgelegenheid. De ligging van
de vraagrelatie is mede afhankelijke van drie buiten het model om bepaalde factoren. Een
stijging van de rentevoet en een afname van de wereldhandel leiden tot een dating van de
effectieve arbeidsvraag bij gegeven loonkosten. De invloed van de winstmarge kan niet
op a priori gronden worden bepaald. Een gedesaggregeerde versie van dit kleine model
is geschat.

De belangrijkste resultaten kunnen als volgt worden samengevat.
Ean, het blijkt mogelijk te zijn om de lange-termijn ontwikkeling te verklaren met

het hiervoor beschreven, theoretisch model. Het ontwikkelde econometrische model heeft
dan ook een lange-termijn evenwichtsoplossing voor de werkloosheidsvoet met de
hiervoor beschreven eigenschappen. Dat wil zeggen dat de belangrijkste determinanten
van de evenwichtswerkloosheid zijn de wig (exclusie ruilvoeteffecten), de relatieve
uitkering en de reele rente. De invloed van de reele rente kan weer gesplitst worden in
de invloed van de nominale rente en van de verwachte inflatie. De econometrische
analyse leert ons dat de werkloosheid met ongeveer 0,16 procent van het arbeidsaanbod
stijgt als de wig (exclusief ruilvoeteffecten) of relatieve uitkeringshoogte met  1 procent
toeneemt. Een stijging van de nominale rente met 1 procentpunt leidt tot een stijging van
de werkloosheid met 0,56 procent van het arbeidsaanbod, terwijl een stijging van de
verwachte inflatie met 1 procentpunt tot een daling van de werkloosheid leidt met 1
procent van het arbeidsaanbod. De winstmarge blijkt op lange termijn nagenoeg constant
geweest te zijn in het verleden. Deze variabele draagt daarom niet bij aan de verklaring
van de werkloosheidsontwikkeling.

Twee, de structurele vorm van het model maakt een decompositie mogelijk van de
ontwikkeling van de evenwichtswerkloosheidsvoet. De stijging van de werkloosheid in
het begin van de jaren zeventig blijkt een aanpassing aan een al eerder bereikte hogere
evenwichtswerkloosheidsvoet. De invloed van de stijgende wig tussen de loonkosten en
het netto-besteedbaar inkomen en van de oplopende, relatieve uitkeringshoogte wordt
teniet gedaan door de daling van de reele rente. De scherpe stijging van de werkloosheid

  Indien de buitenlandse prijzen exogeen zijn, leidt een rente-stijging tot een ruilvoetverbetering.
Ruilvoetverbetering leidt tot een vergroting van het effectieve arbeidsaanbod bij gegeven reele arbeidskosten.
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in de tweede helft van de jaren zeventig en begin jaren tachtig kan worden toegerekend
aan de toename van de reale rente, terwijl de wig en de relatieve uitkeringen hoog bleven.
De hardnekkigheid van de hoge werkloosheid in de tweede helft van de jaren tachtig en
in de jaren negentig ondanks de daling van de relatieve uitkering, blijkt te kunnen worden
toegeschreven aan een stijgende reele rentevoet. Aan het eind van de periode daalde de
reele rente enigszins, maar dit ging gepaard met een enigszins oplopende wig. De analyse
toont aan dat de invloed van de reele rente (en andere onderdelen van de kapitaalkosten)
op de werkloosheid voortvloeit uit de geringe substitutie-mogelijkheden tussen arbeid en

kapitaal. Zou bij een relatieve kostenstijging met 1 procent de relatieve inzet van de
productiefactoren met  1 procent veranderen (een substitutie-elasticiteit van  1), dan zou
er in het geheel geen lange-termijn invloed zijn van de kosten van kapitaal op de
werkloosheid in ons model.

Dne, andere exogene factoren kunnen eveneens invloed hebben op de evenwichts-
werkloosheid, bijvoorbeeld: het arbeidsaanbod, de arbeidstijd, de wereldhandel, de
import- en exportprijzen. Deze factoren hadden echter per saldo weinig invloed over de
periode 1966 tot 1997. We komen tot de conclusie dat een additionele stijging van het
arbeidsaanbod op lange termijn voor meer dan 90 procent wordt opgenomen. Dit betekent
dat de groeivoet van de Nederlandse economie vooral gedreven wordt door de
arbeidsaanbodontwikkeling (naast technologische vooruitgang). Alhoewel de Nederland-
se economie een kleine open economie is, wordt het productieniveau op lange termijn dus
niet bepaald door de wereldhandel, de importprijzen of door de concurrentenprijzen.
Arbeidstijdverkorting heeft weinig invloed op de evenwichtswerkloosheid. Arbeidstijd-
verkorting resulteert in meer vrije tijd in ruil voor minder inkomen.

Vier, we vinden aanwijzingen voor invloed van de energieprijzen op de
productiviteit. Dit productiviteitseffect heeft, evenals productiviteitsschokken van arbeid,
evenwel op lange termijn geen invloed op de werkloosheid.

Enige belangrijke mechanismen zijn niet opgenomen. In de eerste plaats wijzen
aanhangers van het jaargangenmodel op de snelle afstoot van niet-rendabele productieca-
paciteit bij een bovenmatige, reele arbeidskostenstijging. Een daling van de reele
arbeidskosten hoeft echter niet met dezelfde snelheid tot een herstel van de productiecapa-
citeit te leiden. In de tweede plaats kan technologische vooruitgang die niet gelijk
uitwerkt op laag- en hooggeschoolde arbeid tot hardnekkige werkloosheid leiden. De
redenering is dat deze niet-symmetrische technologische vooruitgang tot een toename van
de werkloosheid onder laaggeschoolden heeft geleid en tot algehele werkloosheid door
de starheid van de lonen aan de onderkant van de inkomensverdeling. Deze starheid aan
de onderkant wordt veroorzaakt door institutionele regelingen, zoals een minimale
uitkeringshoogte.

Samenvattend: een klein macro-econometrisch model verklaart de hardnekkigheid van
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de werkloosheid. De wig (exclusief ruilvoeteffecten), de relatieve uitkeringshoogte en
de reele rentevoet zijn de belangrijkste determinanten van de evenwichtswerkloosheid.
De daling van de reele rente in het begin van de jaren zeventig vergrootte de betaalcapaci-
teit van ondernemingen. Hierdoor bleven de consequenties van de reele loonkostenstij-
ging (veroorzaakt door een toename in de wig en de relatieve uitkeringshoogte) lang
verborgen. De tweede olieprijsschok bracht de problemen aan het licht. De relatieve
uitkeringshoogte daalde in de tachtigerjaren. De stijging van de reele rente had negatieve
gevolgen voor de betaalcapaciteit van ondernemingen. Dit leidde tot een langzame daling
van de evenwichtswerkloosheid. Het model verklaart de hardnekkigheid van de
werkloosheid, ondanks de daling  van de relatieve uitkeringshoogte, vanaf  1979 uit  de
stijging van de reele rentevoet

Voorbereidende studies
Deel III van dit proefschrift bevat verschillende empirische studies. In het laatste
hoofdstuk wordt een model gepresenteerd dat mechanismen bevat, die aan deze
verschillende studies zijn ontleend. Dit model wordt gebruikt om een antwoord te krijgen
op de belangrijkste probleemstelling van dit deel 'de verklaring van de hardnekkigheid
van de werkloosheid'. Deze afzonderlijke studies zijn evenwel op zichzelf interessant en
geven verschillende, additionele, belangwekkende inzichten. Ze doen verslag van
onderzoek naar de uitvoer, invoer, consumptie, loonvorming, prijszetting en factorvraag.
Deze studies waren van oorsprong onafhankelijke, losse studies, die hier samengebracht
zijn rond 66n topic. Teneinde recht te doen aan hun oorspronkelijke intentie zullen we ze
hier ieder kort samenvatten.

Door gebruik te maken van nieuwe schattingsmethodes voor dynamische systemen,
hebben we nieuwe inzichten gekregen in de werking van de exportmarkt. Ten eerste, we
vinden een hoge prijselasticiteit van de vraag, in tegenstelling tot de meeste Nederlandse
uitvoerstudies. Ten tweede, het schattingsresultaat duidt op prijszettingsgedrag. Het
suggereert dat kostprijsveranderingen volledig worden doorgerekend in de prijs. Dit is een
duidelijk ander resultaat dan de traditionele inzichten. Ten derde, we vinden een
significante invloed voor de bezettingsgraad van de productiecapaciteit (Zijlstra-effect).
Onderbezetting leidt tot een toename van de uitvoer zonder dat prijsconcessies nodig zijn.
Capaciteitseffecten zijn dus van belang voor de uitvoerprestatie.

De meeste traditionele studies verklaren invoerpenetratie (een sterkere stijging van de
invoer dan de binnenlandse productie) niet uit de werking van het prijsmechanisme, maar
zien het als een trendmatige ontwikkeling die samenhangt met het niveau van de
economische activiteit. De micro-economische verklaring voor deze samenhang is
evenwel onbevredigend. Het invoer-hoofdstuk laat zien dat invoerpenetratie ook
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verklaard kan worden via de werking van het prijsmechanisme. De studie contrasteert met
traditionele studies door de aanzienlijk lagere productie-elasticiteit en hogere prijselastici-
teit van de invoer. Ook in dit hoofdstuk wordt gebruik gemaakt van nieuwe schattings-
methodes voor dynamische systemen.

Het consumptie-hoofdstuk laat zien dat de individuele spaarquote de laatste dertig jaar in
Nederland gedaald is. We kunnen deze ontwikkeling verklaren uit enerzijds het gestegen
aandeel van het overdrachtsinkomen, waarvan de consumptiequote hoog is en anderzijds
de toename van de collectieve pensioenvoorzieningen: Verder is de invloed van de
belastingen op de consumptie gemodelleerd. De planninghorizon blijkt kort te zijn
(ongeveer 4,5 jaar) vergeleken met de levensverwachting, wat een geringe rente-
gevoeligheid impliceert. Het schattingsresultaat duidt erop dat een verlaging van de
verplichte pensioenvoorzieningen voor 75 procent gecompenseerd zou worden door extra
vrijwillige besparingen. De werking van het model wordt geYllustreerd met simulatie-
experimenten.

Het hoofdstuk over lonen,  prijzen en factorvraag geeft de verklaring voor de evenwichts-
werkloosheid vanuit de aanbodkant. Het tracht de klaarblijkelijke verandering in de
evenwichtswerkloosheid te verklaren uit de interactie tussen de lonen, prijzen en
arbeidsvraag. We vinden in dit partieel evenwichtsmodel drie belangrijke determinanten
voor de evenwichtswerkloosheid: de wig, de relatieve uitkeringshoogte en de reele rente.

De stijging van de werkloosheid in de jaren zeventig en tachtig hing voornamelijk met
de stijging van de eerste twee factoren samen. Dat de evenwichtswerkloosheid hoog bleef
toen de belastingtarieven en relatieve uitkeringshoogte daalden in de jaren tachtig en

begin jaren negentig kwam door de stijging van de reele rente. Het particle karakter van
deze studie kan worden bekritiseerd. Een volledig macro model is nodig om inzicht te
krijgen in de echte exogene krachten die de economie drijven en in de dynamische
aanpassingsprocessen. Door deze particle studies te integreren in het macro-model van
deel III wordt deze kritiek ondervangen.

Synopsis
Dit proefschrift beoogt een bijdrage te leveren aan een beter begrip van de economische

achtergrond van werkloosheid en in het verlengde daarvan, aan een betere bestrijding
ervan. Drie topics zijn onderzocht.

In het eerste deel van het proefschrift is nagegaan welke macro-economische
politiek het meest effectief is om de werkloosheid op korte termijn terug te dringen. Het
algemene beeld is dat er slechts weinig jaren zijn waarin sprake is van duidelijke vraag-

2 Meer recent is de spaarquote scherp gedaald vanwege vermogenseffecten, zoals koersstijgingen op
de beurs en de prijsstijging op de woningmarkt.
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of aanbodtekorten, terwijl tevens bleek dat een economische politiek gericht op Ecin zijde
van de markt tamelijk snel onproductief is. Een macro-economische politiek gericht op
versterking van zowel vraag als aanbod is daarom het meest effectief.

De grote werkloosheid onder laaggeschoolden is het aandachtsgebied van het
tweede deel van dit proefschrift. Een belangrijke implicatie van de gevonden resultaten
is, dat bij een matiging van de relatieve beloning van laaggeschoolden de werkloosheid
tamelijk snel meer gelijkmatig verdeeld zal zijn. In een aantrekkende economie zal eerst

hooggeschoolde arbeid worden ingezet, die relatief goedkoop is vanwege een hoog
productiviteitsniveau. Naarmate de arbeidsmarkt van hooggeschoolden verkrapt, zal de
relatieve beloning van hooggeschoolden gaan stijgen, waardoor een substitutieproces naar
laaggeschoolden op gang komt. Dit betekent dat de economische politiek gericht op
werkloosheidsbestrijding vooral macro-economisch georienteerd kan zijn.

De hardnekkigheid van het werkloosheidsprobleem is in deel drie onderzocht. Was
bekend dat de ontwikkeling van de wig en van de relatieve uitkeringshoogte de
werkloosheidsontwikkeling beYnvloeden, de resultaten van dit deel duiden tevens op een
belangrijke invloed van de kapitaalkosten. Met name de reele rente-ontwikkeling lijkt van
cruciale betekenis voor de werkloosheidsontwikkeling. Dit duidt erop dat men bij de
loonvorming, maar eveneens bij de bepaling de macro-economische politiek meer
aandacht zou moeten hebben voor de reele rente-ontwikkeling
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