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Abstract

In this paper we introduce a(macro-economic) model, which focuses on the
role of capital accumulation in a market economy, characterized by demand
uncertainty, wage rigidity and a limited possibility to substitute between
labour and capital. The supply side of the economy is described by a CES-
production function, mark-up pricing and a separate employment equation,
which embodies the possibility of labour hoarding. For describing the demand
side of the economy an appeal is made to the classical assumption on sa-
vings, according to which all labour income is consumed and all profit
income is assigned to private investment and public expènditure. Starting
from an arbitrary reference situation of steady growth, the model is used to
show how adverse demand shocks may induce a new path of steady growth with a
lower level of employment than in the reference situation. The paper con-
cludes with some numerical examples, demonstrating that time lags in the
accumulation of capital may lead to seemingly unavoidable under- and over-
shooting phenomena.

~` Comments by R. Berndsen, R. de Groof, E. Schaling, H. Swartjes and M. van
Tuijl are gratefully acknowledged. Discussions with Th. van de Klundert have
influenced the organization of the paper.
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Persistent Unemployment and Long Run Growth

1. Introduction

In the middle of the 1980s worldwide stagflation (Bruno and Sachs, 1985)
has been replaced by another situation, which is characterized by the joint
appearance of a normal utilization of capital, low rates of inflation and
persistent unemployment. In most OECD countries economic growth appears to
be uncertain and probably below its natural rate. The circumstance on the
macro-level that in the 1970s a set of institutional arrangements has been
established, which guarantees (minimum) incomes for excess supply of labour,
does not prevent this. Moreover in order to finance the resulting claims,
especially in European countries the upward pressures on tax rates and
budget deficits are compensated by cutting material expenditure and by de-
coupling the growth rates of transfer-income (including public salaries)
from the growth rates of real wages in enterprises. On the micro-level it is
observed that after the upswing of 1983-1984 entrepreneurs remain resistent
both in their decisions to install new capital and to enlarge employment.

In this paper we introduce a(macro-economic) model, which explores some
consequences of demand uncertainty within the context of an economy, where
the institutional arrangements mentioned above prevail. It is shown that
long run growth with persistent unemployment is both imaginable and attaina-
ble. Looking at firms behaviour, in the short run the stock of capital and
the production technique are given, so that entrepreneurs are aware of their
maximum production possibilities and the corresponding labour requirements.
But, if demand is depressed, potential output will be underutilized, so that
firms may try to reduce employment. For a market economy with cost-deter-
mined prices it can be reasoned that this happens in a more or less rigid
way, namely by the adjustment of the utilization of jobs to the utilization
of capacity. This may take time, but for the long run the adjustment is ex-
pected to be perfect, so that excess employment is eliminated. At the same
time the underutilization of capital will be reduced by lower investment. So
according to this line of reasoning unemployment of Keynesian origine may
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gradually change ín classical unemployment in the form of a shortage oF
jobs.

It will be clear that we imagine a market economy in which both the
labour market and the market for goods can be out of equilibrium for a con-
siderable time (Malinvaud, 197~ and Benassy, 1986). In this world profits
are maximized by employing that amount of labour, which equates the "actual"
in stead of the "potential" marginal product of labour to the prevailing
real wage. This marginal cost rule is applied in a production world, in
which the possibilities to substitute between labour and capital are limi-
ted. Next to this a separate employment function is introduced, which em-
bodies the possibility of labour hoarding, namely that in the short run
entrepreneurs employ more labour than necessary for actual production. For
the rest of the model we can do justice to the institutional arrangements
mentioned above, simply by making an appeal to the classical assumption on
savings, according to which all labour income is consumed and all profit in-
come is assigned to private investment and public expenditure. Private
consumption is explained by a Kaleckien demand system, which is charac-
terized by "public" labour hoarding (unemployment) as opposed to "private"
labour hoarding in enterprises. Moreover labour aupply is given and grows at
its natural rate. In this paper the resulting model is exposed for the
closed economy.

Starting from an arbitrary reference situation of steady growth, in
which the rate of growth equals the natural rate, the model is used to
demonstrate how adverse demand shocks may induce a new path of steady growth
with another level of unemployment than in the reference situation. Steady
growth with persistent unemployment appears to be attainable, merely by im-
plication of the assumption that in the long run the degree of utilization
of jobs fully adjusts to the rate of capacity utilization. The latter is
formalized here by means of a Koyck-lag structure in the employment equa-
tion. Next to this we consider one-period lags in price formation, invest-
ment and in the accumulation of capital. It is shown that under certain
assumptions the dynamic structure of the model is "nearly" static, so that
the (reduced form) elasticities are more likely to fit to the medium term
(2-3 years), in which short-term adaptation processes have run out, than to
the short run.
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It must be said in advance that we do not intend to study the effects of
changes in the natural rate of growth. We neither do take account of wage
pressures that may cause a permanent shift in the income share of labour.
Therefore it is justified to carry out the analysis with a linearized ver-
sion of the model, which simplifies the exposition to a considerable extent.

The plan of the paper is as follows. Section 2 describes the supply side
of the economy, whereas section 3 discusses the analytical solutions for the
short run. The long run solution of the model is exposed in section 4.
Section 5 concludes the paper. By means of some numerical examples it is
demonstrated how the (necessary) time lags in the accumulation of capital
may lead to seemingly unavoidable under- and overshooting phenomena, espe-
cially of the degree of utilization of capital. Appendices have been added
to show the derivations of the (semi-)reduced form equations.

Appendix A contains a survey of the complete model. The model has been
linearized by deriving logarithmic approximations of the functional forms at
the initial solution of the reference situation. Differentiation of the log-
linear version with respect to time gives the linear model in growth rates.
To distinguish between the growth rate of a variable and its absolute value,
we shall write the latter with an "accent circonflex". The growth rste of
real output for instance is: y-~ 1. For ease of exposition the time sub-

dt y
script t will be omitted.

2. Employment

Consider the neoclassical production function YY', which has been depic-
ted in Figure 1. Point A' describes the initial position, in which both
capacity and jobs are fully utilized. Just like the stock of capital, labour
supply is fixed and exceeds employment at point A.

Now suppose that by an unforeseen contractionary shock demand is depres-
sed and falls from AA' to CC'. Then firms are confronted with a new level of
output, for which they have to install a corresponding level of employment.
In this respect one can reason that prices are flexible, i.e. that for given
nominal wages the price level will be lowered, so that the real wage rate
rises and the new equilibrium position will be at point B'. Then again both
capacity and jobs are fully utilized, whereas unemployment has increased.
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Figure 1 The production function

Output

F fixed
labour
supply

Emplo~yment

It will be clear that point B' is the standard outcome of profit maximizing
behaviour in a world with perfect competition, malleable capital and flexi-
ble employment. Recently it is also reasoned that the workers who remain
employed ("insiders") are induced to raise (real) wages, so that the new
position is at point B' again. (An example of the latter is in: Gottfries
and Horn, 1987).

However, to this way of reasoning stressing the role of rising real
wages as a consequence of an adverse demand shock several objections can be
made. In the first place in the short run firms cannot in general adjust
employment quickly and in precise proportion to changes in the rate of
capacity utilization without incurring appreciable costs of firing and
hiring labour. (For an extensive survey see: Emerson, 1988). This applies to
direct labour in particular. Moreover, indirect labour will not immediately
be adjusted to the rate of capacity utilization if changes in that rate are
only expected to be of a tempornry nature. In the second place it is hard to
imagine that in the short run entrepreneurs can and will choose a(complete-
ly) different technique, merely because the existing stock of capital threa-
tens to become underutilized. From empirical evidence (for instance OECD,
1985) it appears that when demand is depressed in the short run firms have
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to accept some underutilization of capital, because they have to take ac-
count of the existing technique and the given stock of capital. As a conse-
quence profits are maximized by employing that amount of labour, which for
given output equals the marginal product of labour to the given real wage,
as is the case here at point C'. The implications of this are set out as
follows.

Starting point is a CES-production function, for which technical pro-
gress is labour saving only:

6-1 0-1 a
YN - Ca(,~Nept) 6 .(1-a)k a~- 1-0

' -M
Here k denotes the stock of capital, y the amount of production capacity,
-N
.~ the number of available jobs (the labour requirements), p the rate of
technical progress and a the elasticity of substitution between labour and
capital. Taking logarithms on both sides of this equation and differentiat-
ing with respect to time we get (as shown for instance in Van de Klundert,
1962, 1982 and 1983 and Bruno and Sachs, 1985):

M N
Y - ~(~ tP) 4 Í1-~)k (1)

Here a stands for the production elasticity of labour. In the reference
situation of steady growth the production elasticities are constant. It
should be observed that because of constant returns to scale both elas-
ticities add up to one. For the reference situation the parameter a also
equals the income share of labour.

From the CES-function the marginal product of labour is derived as:

6-1 1

~ - aePt( Q ) ~ o
s;tN [ ,~N )

In the presence of labour hoarding however real wages (p~~p) need not equal
this marginal product. This can be worked out as follows.

In the long run it may be expected that the degree of utilization of
-N

jobs (~~~ ) is fully adjusted to ( a sustained level of) the rate of capacity
- -N

utilization (y~y ). In the short run this need not be the case. Therefore it
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may be assumed that the degree of utilization of capacity influences the de-
gree of utilization of jobs in the following way:

~N - L Y J a L~w ~~1

(In empirical research for the Netherlands this equation has been introduced
by Den Hartog and Tjan, 1980.) This equation explains actual employment, ~.
The parameter a denotes the short run elasticity between the rate of utili-
zation of jobs and the rate of capacity utilization, whereas ~ is the coef-
ficient of subsequent adjustment. The long run adjustment coefficient equals
a~(1-p). Assuming full adjustment in the long run, this implies that the
long run elasticity is unity. In this case it holds that a-1-p. If a is
smaller than one, there is labour hoarding, i.e. firms employ more labour
than necessary for actusl production.

The employment equation enables us to make a distinction between the
potential and the actual marginal product of labour. In the absence of
labour hoarding (a-1 and ~-0) the potentiel and the actuel marginal product
of labour do not differ from each other. In the presence of labour hoarding
however the actual marginal product is smaller than the potential marginal
product. This can be made explicite by multiplying the potentiel marginal
product with the ratio between the rate of capacity utilization and the rate
of utilization of jobs:

(a-1) r -. 1 - -.
aePt a ~ ~ 1 a (~~)

Equating real wages to the actuel marginal product of labour (after having
substituted the employment equation into it) the marginal cost rule comes
down to:

P~ - aePt(aal) ~ ~ ~ (1-a) ~ -P

P L~~ J L Y~ J L~ J-1
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(This marginal cost rule is mainly known from empirical research (for in-
stance Sandee, 19~6 and Van Schaik, 19~6). In Appendix B this rule has been
derived in terms of the scrappage condition of a vintage production func-
tion.) This equation can be linearized in order to get a suitable expression
for the rate of growth of potential employment (the labour requirements).
Taking logarithms and differentiating with respect to time the result is:

~w - Y~ - oL(P~-p) - (1-ac)(Y'Y~) 4 ~(~-~M)-1- P~ - P

The term between square brackets is the real wage, corrected by technical
progress and the influence of labour hoarding on the productivity of labour.
Using short-hand notation we can therefore write:

w r
~ -Y -6w~- p (2)

Here w~ denotes the rate of growth of the "corrected real wage", which will
be described by a separate equation:

~ ~
w~ - (P~P) - (1-a)ÍY-Y ) i ~(~-~ )-1 - P (3)

Equation (2) explains the rate of growth of potentiel employment. Actual
employment is described by the linearization of the employment equation men-
tioned above:

~ - ~~ ; a(Y-Y~) f AÍ~-.~~)-1

Observe that under the assumption that ~- 1-a in the long run this equation
M il

comes down to: .~-,l - y-y , so that .~ - y-~w~ - p.
The equations (1)-(4) form a sub-model with M~ ~ unknowns, i.e. y. Y,.l,

.L , k, p~-p and w~. From these output growth (y) will be explained by the
demand side of the model and capital growth by accumulation. Therefore what
remains here is the determination of real wages.

To explain real wages we shall give an amendment to the "normal cost
pricing" hypotheses of Bean, Layard and Nickell (1986). These authors have
introduced a model, which comprehends the possibility that prices are set as
a mark-up on normal cost, independent of demand. This is called normal cost
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pricing, as opposed to the other extreme of perfect competition, in which

the mark-up of prices on wages rises when output rises. Fixing unit capital

cost to unit labour cost, the following set of equations comprises a broad
variety of mark-up pricing models, including normal cost pricing:

P~ - vP ; (Y-~) ' p~ (5)
and

w
P- EP-1 a yCP~ -(Y-~)~ ` é(Y-Y )-1 ' P (6)

New are the behavioural parameters v, E, y and Y. These elasticities are
positive and in the ultimate case zero. The coefficient v denotes the elas-
ticity of wages with respect to prices and the coefficient y the elasticity
of prices with respect to unit labour cost. The ccefficient r expresses the
impact of (relative) changes in the one period-lagged rate of capacity
utilization on inflation. The coefficient e refers to the autoregressive
relationship between the present inflation rate (at time t) and the rate of
inflation in the past (at time t-1). The latter has been introduced here to
define the case of full cost-pricing.

The semi-reduced form equation for the rate of inflation can be obtained

by substituting the wage equation into the price equation:

M

p- 1-vy P-1 - 1~ (Y-Y )-1 ; 1-vy p~ ` 1-vy P (6s)

The LHS of this equation shows that - apart from the influence of the lagged
rate of capacity utilization - the dynamic behaviour of (the relative chan-
ges of) prices is convergent if the ratio E~(1-vy) is smaller than one. If
v-1 (full price compensation) this will be the case if there exists less
than full-cost pricing: EC(1-y). The other extreme is v-0 (no price compen-
sation), in which case it must hold that: Etl.

Substituting equation (6a) into the wage equation (5), the real wage
equation becomes (Appendix C):

~
p~-p - W t EP-1- Y(Y-Y )-1 t y-~

where
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É- 6 U-1 1-v ~ í-y I-L
1-vW . à~ - 1-~ and w- 1-vyr P~ - 1-vy E

Notice that this equation embodies the semi-reduced form of the income share
of labour, which in absolute terms is defined as: w-(p~~E)~(py). The growth
rate of this variable can be approximated by:

w - (P~-P)-(Y-~) (7)

Using the real wage equation in short we can write:

w
w - w } Ep-1- ó(Y-Y )-1 (7a)

This result shows that the distribution of income in general depends on both
demand shocks (transmitted by the rate of utilization of capital) and (real)
wage pressures.

The effects of changes in the distribution of income on the development
of employment can be made explicite by first considering the semi-reduced
form of the equation for the corrected real wage, which can be derived from
the equations (1)-(7) (Appendix D):

r
(1-a)w~ -(1-á)(Y-Y ) t w. where óc - atp.

As (throughout the paper) it is assumed that the degree of utilization of
jobs in the long run fully adjusts to the rate of capacity utilization, i.e.
at~-1, so that á-1, this equation becomes:

1
w~ - 1-v w (3a)

Thus it appears that a change of the corrected real wage (which induces sub-
stitution between labour and capital) only depends on a change of the
distribution of income.

It can now be remarked that in the case of full (a one hundred percent)
price compensation (v-1, so that é-~r-0) real wages are rigid to a great
extent. In this case the distribution of income and consequently the cor-
rected real wage only depend on nominal wage pressures:
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w- p~, so that w~ - llc ~
P

This result tells us that the combination of the conditions that á-1 and v-1
implies that demand shocks do not influence the corrected real wage. In this
case substitution between labour and capital is ultimately forced by nominal
wage pressures. In our opinion this is the logical long run growth interp-
retation of what is called real wage rigidity: changes of the corrected real
wage, which induce enterpreneurs to substitute between labour and capital,
only depend on wage shocka. Next to this there is the possibility that the
share of labour and consequently the corrected real wage depend on the rate
of capacity utilization (Y)0 and vCl), so that demand shocks will affect the
choice of a technique. This can be called nominal wage rigidity, because
nominal wages as such do not react on changes in the rate of utilization of
capital, whereas real wages do, provided that there is less than full price
compensation. (Notice that the autoregressive relationship between present
and past inflation has no specific meaning in making this distinction.)

We shall now summarize the supply side of the model by means of the
employment equation. Substituting (3s) into (2), we find:

11 M
y-~ - P t l~o w (2a)

The semi-reduced form of the employment equation can be obtained by sub-
stituting (3a) into (1) and (2) and the result into (4) (Appendix D):

~ - ay . ( 1-a)k - á(1-aa)w ' P(,l-,~r)-1 - P. where ~ - 1~~ 11~ (4s)

If a-1 and consequently g-0 this equation reduces to the foregoing one, be-
cause in the absence of labour hoarding there is no difference between the
rate of utilization of jobs and the rate of capacity utilization. Moreover,
if in addition v-1 (real wage rigidity) productivity growth can only diverge
from technical progress by means of nominal wage pressures.

3. The short run

Equation (4a) summarizes the supply side. Now the model will be com-

pleted by a simple demand system. As a special characteristic, meant to do
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justice to empirical evidence from the 198os, we introduce ublic labour
hoarding as opposed to private labour hoarding in enterprises. This can be
done on the ground of the classical assumption that "workers spend all they
receive as wages or doles (for unemployment, disability, etc.) and, thus,
that only capitalists (entrepreneurs and rentiers) save" (Kalecki, 19~1, p.
35). ln present-day terminology "workers" could be replaced by "persons"
(with a claim on labour income) and "capitalists" by "institutions" (with a
claim on profit income). This assumption is inherent to the following ex-
planation of real aggregate demand:

Private consumption: c- y~ -~. c; n (g)

rPrivate investment:
i- yr ` 3(y-y )-1 } i (9)

Public expenditure: g- y 4~ (10)r

Notice that all the variables are rates of growth. The meaning of these
equations is understood first by noting that - linearized around the na-
tional accounts of the reference situation (Appendix A) - real output
(growth) is described in two ways:

Y - Y~ } Yr ~

and

so that: y- ay~ t(1-a)yr (11)

Y- c t i; g, so that: y- Ycc t rii f~rgg (12)

Here ~ symbolizes the income share of labour, ~rc the share of (private) con-
sumption in output, ~ri the share of (private) investment in output and y

Bthe share of public expenditure in output (all in the reference situation),
whereas yr denotes real profit income and y~ real labour income. The latter
is defined as:

Y~ - P~~~P, so that: y~ - p~-p .~ (13)

Using this linearization of the growth rate of real labour income, the con-
sumption equation is alternatively specified as: c- p~-p . c t n, from
which it follows that consumption walks in step with real wages, provided
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that both consumption shocks (denoted by c) and population growth (denoted
by rr) are absent. This is explained as follows.

The savings assumption mentioned above implies that all taxes paid by
workers in the market sector exactly equal (net) income transmitted to per-
sons by government and that real income per unit of time (equivalent to a
working hour) is coupled with real wages per hour in the market sector. So
if employment grows and real wages are constant, consumption also will
remain unchanged, because transfer-income of unemployed is replaced by
labour income in the same emount. As a consequence an adverse consumption
shock can be interpreted as a(temporary) de-coupling of real transfer-
income from real wages in enterprises. However, the most important cause of
consumption growth not induced by real wages is population growth, i.e. the
increase per unit of time of the number of hours of labour supply, receiving
an income.

Another implication of the classical assumption on savings and consump-
tion is that both private investment and public expenditure can be related
to real profits. (Notice that in the reference situation all profit income
is assigned to private investment and public expenditure.) Real profits are
found by rewriting equation (11) in the following way: yr - y- 1~~ (y.t-y)'
Here y~-y is the share of labour in output, which according to the equations
(7) and (13) can be approximated by the difference between real wages and
labour productivity: w- y~-y -(p~-p)-(y-~). Consequently it can easily be
seen that real profits keep in step with real output, if the share of labour
does not change.

After having substituted equation (11) into equation (9), the investment
function shows that the share of investment in output (i~y) does not only
depend on changes in the income share of labour, but also on the workings of.
the accelerator-mechanism, symbolized by ;(y-y )-1. That is why the rate of
capacity utilization also appears in the reduced form of the demand side of
the model. This can be seen as follows.

As by definition ít holds that the shares in output of aggregate demand
add up to one (~ct~ityg - 1), the equations (8)-(13) are taken together by:

Y- Y t ic~~ (Y~-Y) t D~i3(Y-Y~)-1- Yc~ . x [x -~c(c.n) t ëii '~B"`
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As in the reference situation it holds that all labour income is consumed,
the consumption-output ratio equals the share of labour in output (~r -a), socthat employment is determined by:

1 ~i ~~ - ~ x t ~ 3(Y-Y )-1 (12a)

This result shows that apart from the workings of the accelerator-mechanism
wage shocks - transmitted by changes in the distribution of income - do not
change employment. Evidently in the short run the supply effect on employ-
ment of a wage shock is exactly compensated by the demand effect on employ-
ment of a wage shock, independent of the degree of labour hoarding.

Thus it can be seen that in the short run employment is explained in a
pronounced Keynesian way, namely exclusively by demand pressures. In absence
of such pressures (c-i-g-0) employment growth equals population growth
(,~-rt). It also appears that in the short run unemployment will increase if
the bias of demand pressures is negative (x-artCO).

Taking the equations (1)-(13) together it can be concluded that in the
short run employment is determined by the demand system (12a) and output by
the supply system (4a), provided that a~0. However, combining the equations
(12a) and (4a) it follows that output is related to both demand and supply
shocks:

1 1-~ 1-a~ -~ ~ ri ~Y- a~ - a k~~ ~ w a(~-~ )-1 { oc~ T(Y-Y )-1} o: (4b)

From this equation it can be seen that output and consequently productivity
growth crucislly depend on the value of the behavioural parameter oc. When
output falls, the existence of labour hoarding causes a slowdown of produc-
tivity growth, so that real wages are decreased. The smaller the value of a,
the greater the decrease of labour productivity, which is due to the demand
effect of real wages on output.

The solution of the model is illustrated by Table 1, which gives two
numerical examples for the short run, defined by: k-0, (.L-,~r)-1-0,(y-y~)-1-0
and p-1-0. The results are to be read as additional rates of growth with
respect to the reference situation. Table 1 clearly shows that (in the short
run) demand shocks do not influence the corrected real wage. A negative
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demand shock (in the Table a fiscal contraction) causes a fall of output,
which induces an equal decrease of the rate of capacity utilization. This
raises the corrected real wage with the fraction 1-a. In the mean time the
fall of output causes a decrease of labour productivity and therefore of
real wages with the same fraction, which decreases the corrected real wage.
On balance the corrected real wage does not change. With the aid of Figure 1
it can be said that employment is reduced from A to C, independent of the
degree of labour hoarding. The latter underlines the medium-term character
of the model. Actual output is reduced from level AA' to somewhere between
CC'. In the absence of labour hoarding (a-1) the new position will be at
point C', because both labour productivity and consequently real wages do
not change. If in addition the accelerator-mechanism is absent all the vari-
ables - except capacity and jobs - immediately take their long run
positions. (The latter has been illustrated by Table 2.)

An important by-product of the Kaleckian assumption embodied in the
model is that (changes) in a sector's excess savings only depend on invest-
ment pressures. This can be checked by means of the following equations,
defining (by linear approximation) changes of the savings surplusses in per-
centage points of market sector's income from the reference situation. (A
description of the sub-model lying behind these equations ís given by Schou-
ten, 1985.)

Government's budget surplus: eSg - ~(,i-c-n) - ~rg~

Private sector savings surplus:
' Mesp ~ ri(yr-i) --~iL~(Y-Y )-1 ~ i]

The first equation, which is a semi-reduced form, shows that employment
growth raises the budget surplus, which is explained by the fact that the
number of persons paid by government decreases. But it is only (additional)
employment induced by investment pressures (including the workings of the
accelerator-mechanism), which is effective in this way, as can be seen after
substituting (12a) into this equation. As a consequence the public sector is
always (including balanced budget policies) confronted with an invariable
budget surplus, except for the case in which output changes are induced by
such investment pressures.
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4. The long run

In the reference situation of steady growth capital depreciates at the
constant rate ó. The stock of capital is therefore defined by:

k- k-1 t i-1 - bk-1

In order to complete the model, this equation must be transformed in growth
rates. As in the reference situation it holds that: k-k-1 -(rr}p)k-1, the
result is (Appendix E):

k-(1-rr)k-1 . ni-1, where n- i}ntbP (14)

Notice that the term (i-i-k-i) is a measure for the growth rate of net in-
vestment (see Van de Klundert, 1982). The model now altogether consists of
14 equations and 14 unknowns, namely

r M
Y.~. w~. ~. P~. P, w. c. i . g. Yr. Y. Y~ and k.

The analytical solution of the complete model shall be studied by consider-
ing several relevant cases separately. In this section the attention is
fixed on the steady state properties of the model. Assuming real wage rigi-
dity (v-1) and no accelerator-mechanism ( ;-0) the final equation of ac-
cumulation comes down to (Appendix E):

k t[n laa -(1-ir)) k-1- R laa k-2 - a~ X-1- á(1-a) ~ X-2 ' ni-i

f trp - [n 1~~ - á 6(1-a~)) P~ - á( 1-a) ~ P~--1 --2
(14a)

This is e second order difference equation. The dynamic pattern of capital
growth is determined by the eigenvalues of matrix B in r- Br-i:

k -al -a2
r - B -

k-1 1 0
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where,

1-a ~ 1-aal -~n a -(1-n)] and s2 -- n a

(Vectors and matrices are denoted by bold letters.) It is reasonable to as-
sume that 1~ a~ ir ~ 0, because (with fixed capital) the value of n is
relatively small, in any case smaller than one. This means that the composi-
tion of matrix B lies somewhere between the border-csaes where a-n and a-1.
In the first case a1-0 and e2-n-1 and in the second case a1-n-1 and e2-0, so
that matrix B is a semipositive square matrix. The maximum eigenvalue of
such a matrix is real and nonnegative (Berman and Plemmons, 1979) and smal-
ler than one, if the conditions of Hawkins and Simon are satisfied, i.e. if:
ltal ) 0 and lfalta2 ~ 0. It can easily be seen that the juat mentioned as-
sumption guarantees this. Thus we can state that - except for the border-
case where a-ri where both roots have the same absolute value - the dynamic
pattern of (cumulated) capital growth is monotonic and convergent. (Notice
that the other border-case where a-1 is interesting in its own, because then
equation (14a) reduces to a first order specification.)

The long run characteristics of the model are found by choosing steady
growth as a particular solution of equation (14a). This requires that the
growth rates of the exogenous variables are held constant over time and that
in addition the endogenous variables also exhibit a constant rate of growth.
Inserting these assumptions into equation (14a), the particular solution
becomes:

k-~ x t i. p- (1~~ - l~o)P~ (14b)

Observe that the coefficient a does not appear in this result. Of course
this is due to the assumption that in the long run the degree of utilization
of jobs fully adjusts to the rate of capacity utilization. Thus it can be
stated that the long run solution of the model is described by equation
(14b), supplemented by (Appendix E):

Y-~ X t P 4 l~d p~, 4Sg - áil' Y-~ 3 p} 166 P,i
and

Y'YM - 1~A Í1 r 1~Q)P~ - i
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From this it is seen (again) that in the long run demand shocks do not af-
fect productivity growth. With the exception of investment shocks the snmr
holds for the impact of demand pressures on capacity utilization. Moreover,
as by definition x-~rc(c.n);lriit~rgg and by assumption Yc-~, in the absence of
wage and demand shocks the equations mentioned above come down to: k- rr.p,
~-n, y- n.p, nSg - 0, y-.i - p and y-y~ - 0, which shows that steady
growth is imaginable.

It should be remarked that the results just obtained only refer to
(yearly) rates of growth. The levels of the variables are observed by cumu-
lating these growth rates. Then it is seen that a once-and-for-all decrease
of the level of autonomous demand induces a lower level of employment and
output as compared with the growth path on which such a shock does not
occur. This is due to the monotonic kind of movement of capital accumula-
tion, which is characteristic for the dynamics of the model with rigid real
wages and no accelerator-mechanism. In terms of Figure 1 we can say that be-
cause of depressed demand the economy adjusts to a new production function,
which lies below the original one (for instance from YY' tot YY "). Thus the
new path of steady growth is characterized by an (additional) shortage of
jobs, whereas capital is normally utilized.

The results just obtained also show that the model presented above un-
doubtedly has Kaleckian features. In this respect it should be remarked that
in Keynesian literature it is often stated that demand shocks are of per-
sistent nature, whereas wage shocks - changing the income share of labour -
are not. In this respect Kalecki (1971, p. 173-174) points at long-lasting
autonomous investment pressures (i~0):

"An important element of how the new investment 'is doing' is the rise in
productivity due to technical progress, which causes a transfer of profits
from old to new equipment. But there is still another effect of innovations.

In the year considered new inventions come within the compass of the
entrepreneurs. Thus they expect to do better out of their investment than
those whose investment materialised in the year considered. In fact, this
will not prove true for the investing entrepreneurs as a body: if the in-
crease in productivity is not accelerated the investment materialising in
the next year will not be more profitable on the average than that in the
present one. Nevertheless, those entrepreneurs who are first to avail them-
selves of the technical novelties will do better than the average.

To account for this additional stimulus to investment which is the
direct outcome of innovations we shall add to the right-hand side of the
formula for investment decisions a slowly changing magnitude depending -
similarly to the stable part of capitalists' consumption - on past economic,
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social and technological developments. This semi-autonomous variable may be
considered, at least at the present stage, a slowly changing function of
time."

Using the long run solution of the model it can be concluded that such an
additional stimulus to investment raisea employment and output growth,
whereas capacity utilization is depressed. The latter raises the need for
the development of a supplementary theory, which explains long-lasting in-
vestment pressures in relationship with countervailing real wage pressures.

Another example of long-lasting demand pressures can be traced back to
empirical evidence. As said in the Introduction, in the 1980s we observe a
de-coupling of the growth rates of transfer-income (including public sala-
ries) from the growth rates of real wages in enterprises. This can be inter-
preted as a long-lasting downward autonomous consumption pressure (cC0).
According to the results for the long run such a pressure causes a permanent
slowdown of both employment and output growth as long as the institutional
conditions preserving the classical assumption on savings are valid.

5. Dynamics

We shall now illustrate both the dynamics and the long run solution of
the model by means of some numerical examples. All these refer to the ef-
fects of an adverse demand shock in period 1.

The numerical examples in Table 2 are based on the same assumptions as
mentioned in the previous section, i.e. real wage rigidity and no accelera-
tor-mechanism. In the Table a distinction has been made between two cases:
with (I) and without (II) labour hoarding. The short run effects, which have
been reported in the first column, are already known from Table 1. The last
column depicts the long run results. A negative demand shock lowers output
and employment growth. In the absence of labour hoarding cumulated output
growth - denoted by ïy - immediately reaches its long run level, because
productivity growth does not change. Nevertheless the stock of capital has
to adjust to its new equilibrium position. This takes time, so that the un-
derutilization of capital only slowly disappears, as can be seen from the
differences between cumulated output growth at the one hand and cumulated
capital growth at the other hand.
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The new path of employment growth is already reached in the first peri-
od. In the both cases this is caused by a decrease of the rate of capacity
utilization. From period 1 onwards employment does not change any longer. In
the absence of labour hoarding this is brought about by an increase of the
utilization of jobs which exactly follows the increase of the rate of capa-
city utilization, because both capacity and jobs decrease by the de-ac-
cumulation of capital wheras output growth remains unchanged.

In the case with labour hoarding there is a productivity slowdown in the
first period, which is followed by a more than equal increase of produc-
tivity growth in period 2. This can be traced back to additional changes of
aggregate demand, induced by the changes in productivity growth. As a conse-
quence in period 2 cumulated productivity growth (consumption) is positive
and from then on converges to its zero long run value. In the case with
labour hoarding employment growth also is zero from period 1 onwards, but
the decomposition shows that the sign of the determinants is changing. In
period 2 the influence of capacity utilization is positive, but is weakened
by the influence of the decrease of the utilization of jobs in the first
period, whereas for period 3 the reverse holds. From period 3 onwards both
factors work in the same direction, i.e. an increase of the utilization of
jobs. Thus it can be concluded that apart from the over- and undershooting
phenomena in the first periods there is no fundamental difference with the
dynamics in the case without labour hoarding.

As appears from Table 2, cumulated capital moves to its new equilibrium
position in s monotonic way. This is not in accordance wíth the cyclical
character of observed economic time series. In order to do justice to such
phenomena we shall introduce an endogenous cycle into the model, without
changing the long run properties discussed above. As shown in Van Schaik and
Mulder (1987) the (US) degree of capacity utilization exhibits such a recur-
rent cycle, which appropriately can be replicated by a difference equation
with one or two pairs of undamped complex roots. An example of (the homoge-
nous part of) such an equation is: y- 1,433y-1-y-2. This equation, which
describes s recurrent cycle of about 8 periods, has been found by putting
;-2.4 in the accelerator-term of the investment function of the model (Ap-
pendix F). Table 3 depicts the resulting dynamic pattern. It is assumed that
there is no labour hoarding, so that this Table can be compared with the
second case of Table 2.



Comparing the last columns of the Tables 2 and 3 with each other it can
be seen that the long run solution of the model has not changed. However,
the interpretation of the long run is quite different. In the case of a
recurrent cycle the long run can be recognized from the average value over
the cycle and not as before from the steady state to which the economy
converges. Thus Table 3 provides us with an example of a"world" with demand
uncertainty, where the (necessary) time lags in the accumulation of capital
must be held responsible for a permanent sequence of over- and undershooting
of the utilization of capital. By implication of the lower long run position
of the stock of capital it can be seen that both cumulated output and cumu-
lated capital remain negative during the cycle. Additional insights are
obtained by looking at the turning points. It appears that the degree of
capacity utilization is the first indicator that points at the approach of a
turning point. The other indicators lag one period behind. In period 3 for
instance the rate of capacity utilization increases, whereas the government
is still confronted with a raising budget deficit. In period 4 the upswing
also becomes visible in output and employment growth. But notwithstanding
this the de-accumulation of capital carries on during the upswing. Only as
early as at the upper turning point the accumulation of capital becomes
positive and remains so until the lower turning point has been reached.

We shall now compare the effects of a fiscal contraction under real wage
rigidity with those under nominal wage rigidity. The latter have been repor-
ted in Table 4. The main difference with the foregoing Table is that v-0 in
stead of v-1. From numerical experiments it appears that the parameter-set
(~-2.4, v-0, ~-1 and e-5~9) always yields a recurrent cycle for sufficient
low values of ~(smaller than about 3.43), including the ultimate case that
~-0, which is also is described by Table 3. However, from the economic point
of view relatively high values of r are not very interesting, because in
that case the fluctuations become extremely violent. Therefore we have
chosen ~-0.5, which yields a recurrent cycle of about 6 periods.

Table 4 shows that under nominal wage rigidity entrepreneurs are induced
to substitute between labour and capital. The fiscal contraction in period 1
ís followed by rising corrected real wages, so that both capacity and jobs
decrease much quicker than under real wage rigidity. Consequently the dura-
tion of the cycle is shorter. But apart from this there is no fundamental
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difference between the effects of an adverse demand shock under rigid or
nominal wage rigidity.

6. Epilogue

In this paper we have introduced a model, which stresses the importance
of demand as a factor determining employment and growth. Starting from an
arbitrary reference situation of steady growth it is shown that adverse
demand shocks may induce a new path of steady growth with a lower level of
employment than in the reference situation. The being of such shocks can be
traced back to empirical evidence, but further empirical inveatigations are
needed to test the theory which predicts the resulting deaccumulation of
capital.
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Table 1

Production capacity:

Labour requirements:

Corrected real wages:

Private employment:

Real wages:

Share of labour:

Real profits:

Real output:

Fiscal contraction (short run)

N

y - -o.5w~

r
.~ - -o.75w,~

.

w
w~ - (P~-P) - (1-a)~Y-Y )

r r
~ - ~ t a(Y-Y )

p~-p - y-~

w - (P~-P) - (Y-~)

Y--Y -2w

Y- 3 c t 6 i t 6 B

a - ~.5 a - 1

0 0

0 0

0

-1

-1

0

-2

-2

0

-1

0

0

-1

-1

~ Demand shock: g(1)- -4. Parameter values: ~-~rc- 3' cs - C'25 and ~rg- 6
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Table 2 Fiscal contraction (rigid real wages without accelerator)
M

Time: t-1 t-2 t-~ t-4 ~ t-6 ~ t-8 t~-- t-10 t-a
I: a-0.5 -
w~ and 4Sg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A Nk - y - ,t o.00 -0.33 -0.06 -0.09 -0.07 -0.06 -0.05 -0.05 -0.04 -0.03 0.00

.~ -i.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo

y - yr - i -2.00 1.33 -0.28 0.04 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 0.00

c -1.00 1.33 -0.28 0.04 -0.02 -0.01 -0.01 -o.ol -o.oi -o.oi o.oo

Ey -2.00 -0.67 -0.94 -0.91 -0.93 -0.94 -0.95 -0.95 -0.96 -0.97 -1.00

Fk 0.00 -0.33 -0.39 -0.48 -0.55 -0.62 -0.69 -0.72 -0.75 -0.79 -1.00

II: a-1
w~ and 4Sg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

M Ak - y - ~ o.oo -0.17 -0.14 -o.i2 -0.10 -0.08 -0.07 -0.06 -0.05 -0.04 0.00

.t -i.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo

y- yr - i-1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

c 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

iy -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

Fk o.00 -o.i7 -0.31 -0.42 -0.52 -0.60 -0.67 -0.72 -0.77 -0.81 -i.oo

A Demand shock: g(i~ --4. Parameter values: ~-rc- 3, ~rg-n-6, v-1 and ~-0.
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Table 3 Fiscal contraction (rigid real wages and accelerator)
w

Time: t-1 t-2 ~ t-4 ~ t-6 ~ t-8 t-Q t-10 t-a

w~ - c 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

w rk- y-,~ 0.0 -0.17 -0.64 -0.75 -0.43 0.13 0.62 0.76 0.47 -0.08 0.0

~ - y - yr - 1.0 -0.60 -0.26 0.23 0.59 0.61 0.29 -0.19 -0.57 -0.62 0.0

i -i.o -3.00 -i.3o 1.i4 2.93 3.06 i.46 -0.97 -2.85 -3.i1 0.0

My-y -1.0 -0.43 0.38 0.98 1.02 0.49 -0.32 -0.95 -1.04 -0.54 0.0
NE(y-y ) -1.0 -1.43 -1.05 -0.08 0.94 1.43 1.11 0.16 -0.88 -1.42 0.0

Fy -1.0 -1.60 -1.86 -1.63 -1.05 -0.43 -0.14 -0.34 -0.91 -1.53 -i.0

Fk o.o -0.17 -0.81 -1.55 -1.99 -1.86 -1.25 -0.49 -0.02 -o.i1 -1.0

~asg o.o -0.40 -0.57 -0.42 -0.03 0.38 0.57 0.44 0.06 -0.35 0.0

~ Demand shock: g(i)--4. Parameter values: ~-2.4, a-1, ~-r~-3, rg-n-6, v-1.
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Table 4 Fiscal contraction ( rigid nominal wages and accelerator)
.

Time: t-1 t-2 ~ t-4 t-~ t-6 ~ t-8 t~-- t-10 t-a

w~ 0.0 0.67 0.33 -0.53 -0.91 -0.37 0.53 0.85 0.26 -0.62 0.0
M

y 0.0 -0.50 -0.94 -0.42 0.53 0.90 0.30 -0.62 -0.88 -o.2i o.o
M

~ o.o -0.67 -1.02 -0.29 0.75 0.99 O.i7 -0.83 -0.95 -0.06 0.0

~ -1.0 -0.60 0.04 0.64 0.55 -O.i2 -0.67 -0.50 0.20 0.69 0.0

P~ 0.0 0.16 0.08 -0.13 -0.23 -0.09 0.13 0.21 0.06 -o.i5 0.0

p o.o -0.50 -0.24 0.40 0.68 0.28 -0.40 -0.64 -o.i9 0.47 0.0

c o.0 0.67 0.33 -0.53 -0.91 -0.37 0.53 0.85 0.26 -0.62 0.0

i -i.o -3.83 -0.21 3.85 3.91 -o.i3 -4.00 -3.58 0.67 4.21 0.0

g -5.0 -1.43 -0.37 i.3o 1.69 0.35 -1.33 -1.57 -0.12 i.46 0.0

yr -1.0 -1.43 -0.37 1.30 1.69 0.35 -i.33 -i.57 -0.12 1.46 0.0

y -i.o -0.43 0.12 0.51 0.33 -0.21 -0.53 -0.29 0.26 0.53 0.0

k 0.0 -0.16 -0.78 -0.68 0.07 0.71 0.57 -0.19 -0.76 -0.52 0.0

sg o.o -0.40 0.03 0.42 0.37 -0.08 -0.44 -0.34 O.i3 0.46 0.0
.

y-y -1.0 0.07 1.06 0.92 -0.20 -1.11 -0.84 0.33 1.14 0.74 0.0

~ Demand shock: g~l)--4. Parameter values: ;-2.4, a-1, ~-rc-3. ~g-n"6'
ó-0.50. E-519 and v-0.
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Appendix A The model

The model consists of 14 equations, which determine the 14 unlagged en-
dogenous variables, mentioned in the left hand side of the separate equa-
tions. The exogenous variables are underlined.

Production capacity:

Labour requirements:

Corrected real wage:

Private employment:

Nominal wages:

Prices:

Share of labour:

Real private consumption:

Real private investment:

Real public expenditure:

Real profits:

Real output:

Real labour income:

r r
Y - ~(~ ;P) t (1-~)k

r r
~ -Y -~w~-p

(1)

(2)

M r
w~ - (P~-p) - (1-oc)(Y-Y ) ; P(~-~ )-1 - P (3)

,Z - ~r r ac(Y-Yr) ' ~(~-.Zr)-1

P~ - vp t (Y-~) t P,~

.
P- EP-1 f W~P~ -(Y-,L)~ t X(Y-Y )-1 ~ P

w - (P~-P)-(Y-~)

c - Y~ - ~ ~ c . rr

M
i- Yr f T(Y-Y )-1} i

B - Yr ; g

Yr - Y - 1~~ (Y~-Y)

Y- Xcc t Yii ~ 7gB

Y~ - P~-P ' ~

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(12)

(13)
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Capital stock:

Definitions

k - (1-n)k-1 a rri-1

w
.~-.~ - degree of utilization of jobs;

Y-Y
r

- degree of utilization of capacity;

y-~ - actual productivity of labour;

r r
y-~ - potential productivity of labour;

p~-p - real wage;

y~-y -(p~-p)-(y-~) - w- share of labour in income.

Composite symbols: É- E v-1
1-vy '

1-va~ - r 1-~,.

(14)

ntptb a 1
rt- 14rttp' 6- 1-6 1-~'

x- yc(cfn) t yii t~r and w-~ 1-v
gB 1-vy, p,L - 1-vy, P

Parsmeters: a, g, ~r, É and ~(behavioural), rt, p, b and v(technical), ~,c
~ri, ~rg and ~(fixed ratios derived from the reference situation). The para-
meters and ratios are described in the text.

Assumptions: rc-~ and afg-1 (throughout the paper).

Semi-reduced form eguations:

The semi-reduced form equation for the rate of inflstion can be obtained by
substituting the wage equation (5) into the price equation (6):

~
p- 1-vW p-1 - 1~ (Y-Y )-1 4 1-vy p~C ~ 1-vy P (6a)

The share of labour in income follows from the equations (5)-(~):
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w - W ; Ep-1 - á~(Y-Y )-1

The supply side of the model follows from the equations (1)-(7):

~- aY t(1-a)k - v(1-aJ~)w t P(~-,LN)-1- P

The demand side of the model follows from the equations (8)-(13):

1 ri ~
~ - ~ x 4 ~ 3(Y-Y )-1

Combining the equations (12a) and (4s) it follows that:

(7a)

(4s)

(12a)

Y - á~ x- laa k t 6 1-á~ w-~(,~-~~)-1 ~ a~ T (Y-yw)-it á (4b)
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The national accounts in the reference situation (used in the numerical
examples)

Enterprises

Labour income: 200 Private consumption: 200
Capital income: 100 Private investment: 50

- Public expenditure: ~
Value added: 300 Final demand: 300

Private sector

Private consumption: 200 Labour income: 200
Taxes on personal income: 200 Transfer income: 200
Taxes on institutional income: 50 Capital income 100
Private investment: ~ Savings deficit 0

5~ 5~

Public sector

Transfer income: 200 Taxes on personal income: 200
Public expenditure: 50 Taxes on institutional income: 50
Budget surplus: 0

250 250
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Appendix B The scrappage condition

Consider the standard clay-clay vintage production function. Technical
progress is labour snvíng only. In this world the production capecity of
vintage T(the year of installation), observed in year t, is described by:
-N
yt~~. Denoting the constant rate of technical progress by p, the labour re-
quirements of vintage T at time t are given as:

-x
~N - ~~n` 1 -N

t'T Y"lv~ (1{P)i yt,T
(0)

.~ .x
Here the ratio ~(C)~y(C) symbolizes the (potentisl) labour coefficient of
some arbitrary reference vintage (t - 0).

The total number of available jobs (labour requirements) depends on the
capital goods still in use and the year of their installation, t-9t. (The
economic life span of capital goods equals 8t.) Applying the alternative
marginal cost rule entrepreneurs operate vintages of capital equipment as
long as the (actual) quasi-rents on them are non-negative. This means that
the value added on operated vintages exceeds the wage payments:Ptyt,t-9t ~

p~ ~t,t-8 ~ where pt is the product price and p~ is the nominal wage rate.
t t t

From this it follows that at the scrappage point, where value added equals
the wage sum, the real wage rate equals the labour productivity of the mar-
ginal vintage:

p~t yt,t-8t

pt - ~t,t-8t
(B1)

This formulation of the scrappage condition - in which actual as opposed to
potential labour productivity prevails - implies that the economic life span
does not only depend on real wages, but also on the degree of capacity-w
utilization of the marginal vintage (Yt,t-8 ~yt,t-8 )' This can be seen as

t t
follows. In the long run it may be expected that the degree of utilization-w
of jobs (~t,t-8t,~t,t-8t) is fully adjusted to (a sustained level of) the
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rate of capacity utilization. But as argued in the text in the short run
this need not be the case. Therefore it may be assumed that the degree of
utilization of capacity influences the degree of utilization of jobs in the
following way:

~ ~
~t,t-8t yt,t-8t ~t,t-8t
r - -r r

~t,t-8t yt,t-8t ~t,t-8t t-i

or

r " -oc -P
~t,t-8t yt,t-8t ~t,t-8t

- -r r
~t,t-et yt,t-8t ~t,t-8t t-i

(B2)

This equation explains employment. ( In the long run it holds that a-1-p.)- -r
After mNltiplyiMg (both sides of) this equation by

Yt,t-8t~~t,t-8t ~d the

~ bY yt,t-8 ,Yt,t-8 ~ the result is:
t t

Y Yr Y
(1-oc ) ~ -~

t,t-8t t,t-9t t,t-9t t,t-8t
~ - ir -M r
t,t-8t .4t,t-8t yt,t-St ~t,t-9t t-1

The potential labour productivity of the marginal vintage is:

-M -rYt,t-et y o t-8r - ~Z (1tP) t
~t.t-8t ~(0)

(B3)

(B4)

After substituting ( B4) into (B3) and the result into ( B1) the scrappage
condition reads as:
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P ' ~ ~ ,~ -P
~t Y 0 t-g yt,t-8t t,t-9

- -~-~ (1'P) t ~N N t
pt ~(o) yt,t-8t ~t,t-8t t-1

-~
~t,t-Btl~t,t-8t

This is the final expression for the scrappage condition, which embodies the
assumption of full adjustment in the long run of the rate of utilization of
jobs to the degree of utilization of capacity: (1-a) - g.

Now we shall linearize the scrappage condition. Following empirical re-
search (Den Hartog and Tjan, 1980) it is assumed that for every vintage the
degree of capacity utilization and the ratio between actual employment and
the number of jobs are the same. (This assumption also is made by Moene,
1987: "However, when prices lose their ellocative function in a market
economy production efficiency easily vanishes. Firstly, all production units
earning positive quasi-rents want to sell as much as they can within capa-
city constraints. Secondly, customers have no reason to buy from the most
efficient units when all charge the same price. An equslly reasonable and
simple assumption is that all production units have
ty utilization.) Therefore
- -~
Yt,t-StlYt,t-8t by
further be omitted.

- -M
ytlYt'

(A5)

the same rate of capaci-
can be

For ease of exposition

Taking logarithms on both sides

the

replaced by .Ctl.~t and

time subscript t will

of the equation
tion mentioned above, after rearranging terms we get:

of the

Pln(YIY~) - Aln(~I~~)-1 ' ln(Yí0)I~(o)) - ln(P~IP)
g - ln(14P)

scrappage condi-

. t

Further differentiating with respect to time and indicating growth rates by
letters without an "accent circonflexe", the scrappage condition can be
written as:

~ r
P~9 - ~(Y-Y ) - AÍ~-.Z )-1 - (P~-P) ' P

Notice that in the text the analogous equation which explains the "correc-
ted" real wage has been based on the CFS-production function.
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Appendix C The real wage equation

The wage- and price-equations are given in Appendix A. The semi-reduced form
equation of inflation is obtained by substituting the wage equation (5) into
the price equation (6):

E r
P- 1-~ p-1 ; ~(Y-Y )-l; 1~ P~ } 1-y,r P

Substituting this into the wage equation, the result is:

UE ~ ~ y
p~ - 1-yW p-1 } 1-~

ÍY-Y
)-1 4 1-~W p~i

f

or

P ~ Y-~ t p~
y

1-yy~

yE 1 y y .
p~ - 1-yY p-1 } 1-yw p.i } 1-yw P ' 1~ (Y-Y )-1 t y-~i

Subtracting (C1) from (C2), the result is the real wage equation:
r

p,t-p ' x' t EP-1- ó(Y-Y )-1 f y-.Z

where

É- E L-1 ~- 1-U
8nd W-~ I-L

1-vW 1-yW 1-~ p.~ - i-y,r P

Appendix D The reduced form of the employment equation

(C1)

(C2)

In Appendix A the supply side of the model is described by the equations
(1)-(7). Substituting equation ( 2) into equation (1):

~ w w
Y - aY - ~cw~ - ~P . ~P . (1-a)k or Y - k - o ~ w (D1)1-~ ,L

Inserting (D1) into (2):

~N - k- cs 11~ w~ - P (DZ)
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Upon substituting (2) into (4):

~- Y~ - 6w~ - p t oc(Y-YM) t~(~-,ir)-1 (D3)

Substituting the real wage equation ( Appendix C) into ( 3), noting that p-
1-a:

w~ - w t EP-1 - ó(Y-Y~)-1 - ~(Y-YM) ~ ~(~-~M)-1 t (Y-~) - p

or, using equation (~):

M 11
w~ - w t (1-P)Y ' ~Y t R(~-,L )-1 - p - ~ (D4)

In this equation ~ is replaced by the RHS of (D3):

M
w~ - 6w~ f(1-a-~3 ) Y- (1-ac-p ) Y t w

The result mentioned in the text is:

M
(1-6)w~ -(1-á)(Y-Y ) t w. in which á- 0:.~8 (D5)

If it is assumed that the degree of utilization of jobs in the long run
fully adjusts to the rate of capacity utilization, i.e. if act~6-1, so that
óc-1, this equation is simplified to:

1
w~ - 1-o w

Substituting (3a) into (D1) and (D2) and the result into (4) yields:

~- aY t(1-a)k -~(1-a~)w t P(~-,iw)-1- P

where

(3a)

(4a)

v 1
o - 1-6 1-~
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Appendix E The final equation of capital accumulation

In this appendix we assume:

- real wage rigidity (v - 1);
- no accelerator (; - 0).

The stock of capital is defined as:

k- k-1 t i-1 - bk-1

In relative differences:

k- k-2 k-1 } k-2 1-1 - b k-2 k-1
-1 -1 -1

As in the steady state it holds that: k-(l.rttp)k-1 and i-(n~ptb)k, we
csn write:

k- 1-b k t rttptb i
ltntp -1 ltntp -1

or
k - (1-rr)k-1 t ni-1 (14)

where

Rt .b
rt - 1tntP

In the absence of the accelerator-mechanism (j-0) the investment function
(9) reads as:

or
i- y- 1~~ w t i
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The real wage equation ( Appendix C) also describes the growth rate of the
share of labour in income:

~
w - (P~-P)-(Y-~) - w . éP-1 - ó(Y-Y )-1

Assuming real wage rigidity (v-1) the investment function is written as:

~
1- y- 1-a p~ t i

Substituting this into equation (14), capital accumulation comes down to:

k-(1-n)k-1 4 nY-1 - rt 1~~ P,~ t ni-1--1

From which it follows:

1 1-rt ~
y-1 - ~ k- R k-1 } 1-A p~-1 - i-1

Noting that p-1-a by assumption, the employment equation ( 4a} reads as:

N

~-1 - ay-1 } ( 1-a)k-1 - ~(1-ac~)p~ t (1-a) (~i-,~ )-2 - P
--1

The equations (1) and (2) are:

~ . ~ w
Y- a(~ tP) t (1-~)k and ~t - y - aw~ - P

The corrected real wage is determined by (3s):

1
1-a p~

Altogether we find:

(E1)

(F-~)

r
~ - k - 6P~ - P (E3)
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Employment is determined by the demand side of the model, namely by equation
(12a):

~-~ x, in which x- Yc(c}tr) t ~ii f Y Q (E4)

Substituting (E1), (E3) and (E4) into (E2):

1 x - a k- a ~ ~~ -1 ... ,- (1-n)k-1 ; a 1-~ p.C - a i-1 t(1-a)k-1- P
n R -1

- 6(1-a~)p~ t (1-a)~ x-2 - ( 1-a)k-2 t (1-a)6P~ } (1-a)P
--1 --2

Rearranging terms:

~ X-1- (1-a) ~ x-2 ' a i-1 t ap -[al~~ - 6(1-a~)]p~
-1

-(1-a)6p - a k t C(1-a) - a(1-n)]k-1- (1-a)k-2~-2 rr n

Multiplying by n~a the result is:

k t Cn laa - (1-n)]k-1- a laa k-2 - a~-1- ~ (1-a)~x-2 ' ni-1

t nP - CR1~~ - á o(1-a~)]P~ - á(1-a)Qp,L
-1 -2

(14a)

For the long run - in which k-k-1-k-2 and so on - equation (13a) is written
as:

k ; Cn laa - (1-rr)]k - n laa k - a ~x - ~ (1-a)~x ~ iri

t nP - Cnl~~ - á a(1-a~)]P~ - á(1-a) v P~

which reduces to
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k - [oc~ - loca ~X } i 4 p - [1~~ - ~ (1-ac~) t á (1-a) ~P~

or

k-~ x~ i t p-[1~~ - 6(1-a)~P~

As á- 1a6 il~ we also can write:

k-~ x t i t p- (1~~ - 1~~)P~

From (E1) the long run solution of output growth follows as:

~
Y- k t 1-~ p.~ - i

(14b)

w r
Substituting (E3) into the production function y-~(,~ tp) .(1-~)k, we
find:

~
Y -k-6~P,~

Thus it appears that in the long run the degree of capacity utilization only
depends on wage- and investment-shocks:

Y-y~ -(1~~ t lad 1~~)P~ - i
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Appendix F The final equation of output with an accelerator

In this appendix we assume:

- real wage rigidity (v - 1);
- no labour hoarding (oc - 1).

In the case of real wage rigidity and no labour hoarding the semi-reduced
form equation of output growth reads as:

ë .
Y-~ x t 16o P~ ~~i 3(Y-Y )-1 t P

Taking account of ( endogenous) investment pressures only, this equation
comes down to:

~i ~
Y - ~ ~(Y'Y )-1

M
As in the absence of wage pressures y-k, this equation becomes:

~
Y - ~ ~i (Y-k)-1 (F1)

In the absence of wage pressures the distribution of income does not change,
so that the investment function can be written as:

i - Y 4 3(Y-k)-1

The accumulation of capital is described by:

k - (1-n)k-1 . ni-1

Rewriting (F1) as:

~k-1 - y-1 - Yl; y

(F2)

(F3)

(F4)
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and substituting this into (F2) gives:

~ ~rif~
i- Y t TY-1 -TY-1 t~ Y~ so that i- r y

i i

Now substituting (F4) and (F5) into (F3):

y t~
Y - yi~ Ytil -( 1-n) y-1 - (1-rt) ~i~ Y t n( i~i ) Y-1

and rearranging of terms yields:

ói3 ëiT ari.~
Y - [~ f (1-n)JY-1 - ~ [(1-n) t rr ( r )]Y-2i

(F5)

The numerical examples given in the text are based on: ~-3 and ~ri-rr -6, so
that:

y - (4~ ; 6)Y-1 - 24~y-2

By putting ~-2.4, this equation becomes:

Y - 1.433Y-1 - y-2

The solution of this second order difference equation shows a recurrent
cycle of about 8 periods:

cos-1(1'--~3) - 44.23'.
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