
Palokangas, Tapio

Working Paper

Capital Accumulation and Employment Cycles in a Model
of Creative Destruction

CESifo Working Paper, No. 855

Provided in Cooperation with:
Ifo Institute – Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Palokangas, Tapio (2003) : Capital Accumulation and Employment Cycles in a
Model of Creative Destruction, CESifo Working Paper, No. 855, Center for Economic Studies and ifo
Institute (CESifo), Munich

This Version is available at:
https://hdl.handle.net/10419/76448

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/76448
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


CAPITAL ACCUMULATION AND EMPLOYMENT

CYCLES IN A MODEL OF CREATIVE DESTRUCTION

TAPIO PALOKANGAS

CESIFO WORKING PAPER NO. 855
CATEGORY 5: FISCAL POLICY, MACROECONOMICS AND GROWTH

FEBRUARY 2003

An electronic version of the paper may be downloaded
• from the SSRN website: www.SSRN.com
• from the CESifo website: www.CESifo.de

http://www.ssrn.com/
http://www.cesifo.de/


CESifo Working Paper No. 855

CAPITAL ACCUMULATION AND EMPLOYMENT

CYCLES IN A MODEL OF CREATIVE DESTRUCTION

Abstract
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they fall sharply due to obsolescence of capital. When the labour market is
deregulated to weaken workers’ position in bargaining, the labour-capital ratio
increases but the average growth rate of the economy decreases. The growth cycle
can be socially optimal. An elasticity rule is given for when the labour market
should be regulated and when deregulated.

Keywords: growth, cycles, labour unions, creative destruction.

JEL Code: O41, E32.

Tapio Palokangas
Department of Economics

P.O. Box 54
FIN-00014 University of Helsinki

Finland
Tapio.Palokangas@helsinki.fi

The author thanks Klaus Wälde for constructive comments. Financial support
from The Yrjö Jahnsson Foundation is gratefully acknowledged. The author is
also grateful to Center for Economic Studies in Munich for hospitality during his
visit in July 2002. In that time, a major part of this paper was written.



1. Introduction

The purpose of this paper is to construct a model that would explain eco-

nomic growth with fluctuations in output and employment. The study is

therefore closely related to theories of endogenous growth and real business

cycles (RBC). Aghion and Howitt (1992) shows that the introduction of

jump processes into general equilibrium models leads to endogenous business

cycles. In their original model, however, there is a perfect labour market, no

real capital, and the households were risk neutral. Aghion and Howitt (1998)

incorporated capital accumulation and Wälde (1999) risk averse households

into this model. Despite of these generalizations, it is still typical for this the-

ory that the economy generates output and employment cycles only outside

the balanced-growth path. We construct a model which generates such cycles

on the balanced-growth path, but in which there are constant equilibrium

levels for the labour-capital ratio and the productivity-adjusted wages.

Introducing endogenous shocks into a RBC model, Wälde (2002) showed

that the ’laissez faire’ economy and the social planner generate different out-

comes. In his model, however, the economy is characterized by ’bang-bang’

development: because R&D is subject to constant returns to scale and the

same good is used in both R&D and capital accumulation, the firms either

do R&D or invest in real capital, but do not both. We assume that because

the firms also learn from each other, technological change in a single firm is

a function of R&D inputs of all firms in the economy. This means that firms

invest in R&D and real capital simultaneously and the economy holds on a

stationary state despite of endogenous technological shocks.

All papers mentioned above assume a perfectly competitive labour mar-

ket. To explain real business cycles, one should however focus on labour

market imperfections. This can be supported by the following stylized facts:

• The level of employment adjusts faster than real wages to a shock, not

vice versa as suggested by models with a perfect labour market.

• A shock that makes some of capital obsolete reduces the level of em-

ployment, rather than increases the labour-capital ratio to maintain

full employment as suggested by models with a perfect labour market.

• There is no trend for the rate of unemployment.
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Because at least in European countries wage bargaining is a major form

of labour market imperfection, we take it as a starting point. Following

Blanchard and Giavazzi (2001), we call any measures of public policy that

increase (decrease) the workers’ relative bargaining power as labour market

regulation (deregulation). In addition to the construction of a business cy-

cle model, we also explain why it may not be in the government’s interest

to eliminate unemployment by deregulation. The paper is organized as fol-

lows. The structure of the economy is specified in section 2, technological

change in 3 and production and capital accumulation in 4. Section 5 in-

troduces agents, section 6 wage bargaining and section 7 constructs general

equilibrium. Welfare evaluations are carried out in section 8.

2. The sectors

The economy comprises of three sectors – two producing consumption and

investment goods from labour and capital, and a third sector doing R&D

by labour only. Firms of all sectors are subject to constant returns to scale.

A key feature of our model is the existence of two simultaneous forms of

technological change. First, the productivity of labour in the consumption-

good and investment-good sectors is a product of learning by investment at

the level of the whole economy. This eliminates the trend in the rate of

unemployment. Second, total factor productivity (TFP) in the consumption-

good sector is a random process in which a single firm can increase the

probability of change by its own R&D. This generates employment cycles.

There are two separate labour markets:1 one for the consumption-good

and investment-good sectors, and the other for R&D. In Wälde’s (2002)

model, the economy produces from labour and capital one good which is

used for consumption, for capital accumulation and as an input for R&D.

Resources can then be transferred between investment and R&D without

cost and the economy grows in a bang-bang manner, with savings being

allocated in either investment or R&D but not in both. Our study starts

from the assumption that R&D is less capital intensive than the production of

1Separate labour markets for the consumption-good and investment-good sectors would
not make any difference in the results.
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investment goods. We bring this specification to the extreme, for simplicity,

and ignore the use of capital in R&D.

Another key feature of our model is that each household must decide

ex ante in which market it is going to supply labour. This discrete choice

of occupation implies that in equilibrium the expected wage (i.e., the wage

times the probability of employment) must be uniform in the economy. Wage

bargaining is possible in the production of consumption or investment goods,

because the marginal product of labour is there falling for given capital stock.

In the R&D sector, the marginal product of labour is constant, there are no

profits, wages are competitively determined and there is no unemployment.

We assume that households hold shares only in those firms in which they

are not working.2 Given this, firms can be aggregated with their owners

into consumer-producer agents and the whole analysis can be carried out

in an extensive-game framework as follows. There is a fixed number n of

agents that consume, produce, do R&D, invest in real capital and supply

labour to the other agents, taking wages and all macroeconomic variables

as given. At stage I, agents choose the sector where they supply labour; at

stage II, union-employer bargaining determines wages for the production of

consumption and investment goods; and at stage III, agents make the rest

of their decisions. This game is solved by backward induction in sections 5-7.

3. Technology

The productivity of labour in R&D is unity. Because of learning by invest-

ment and the spillover of this knowledge, the productivity of labour in the

production of consumption and investment goods, a, increases in in propor-

tion to the expected accumulation of aggregate capital stock
∑

k Kk:
3

ȧ

a
= E

( n∑
k=1

dKk

/ n∑
k=1

Kk

)
= E

(dK

K

)
, (1)

2Alternatively, to obtain the same results, one could assume that there is a large number
of households which hold an equal but ignorable share of all firms.

3This assumption ensures that there is no trend for the rate of unemployment. The
economy would converge to full employment for ȧ/a < E(dK/K), and unemployment
would increase indefinitely for ȧ/a > E(dK/K). See section 7.
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where ȧ = da/dt, K = 1
n

∑
k Kk and E is the expectations operator. A single

agent takes the productivity of labour, a, as fixed.

We denote the expected wage for efficient labour in the production of

consumption and investment goods by v. Because the agents choose ex ante

the market in which they supply labour, in equilibrium the expected wage

for physical labour, av, is uniform for the whole economy. This means that

in the R&D sector where there is no unemployment, the wage for physical

labour is equal to av. Since one unit of R&D services is produced from one

labour unit, the price for these services, p, is equal to the wage,

p = av. (2)

In the investment-good sector total factor productivity (TFP ) is kept

constant, but in the consumption-good sector it is determined so that each

new technology increases the level of productivity by constant A > 1.4 In

other respects, the production function is the same for these two sectors.

This means that consumption and investment goods can be aggregated into

a single product so that with technology γ, TFP in the consumption-good

sector is given by Aγ but that in the investment-good sector is equal to unity.

We normalize the price of this product at unity.

Because there is externality in the R&D sector, agent j outcome in R&D

depends on both its own demand for R&D services, Zj, and the other agents’

demands, Zk for k 6= j. We specify this dependence in a CES form:5

G(Zj, Z−j)
.
= n

[ 1

n
Z

1−1/µ
j +

(
1− 1

n

)
Z

1−1/µ
−j

]µ/(µ−1)

,
µ > 0,

Z−j
.
=

[ 1

n− 1

∑
k 6=j

Z
1−1/µ
k

]µ/(µ−1)

,

∂G

∂Zj

=
( G

nZj

)1/µ

,
(3)

where n is the number of agents and µ the constant elasticity of substitution.

In a small period of time dt, the probability that R&D leads to develop-

ment of a new technology is given by G dt, while the probability that R&D

4This discontinuous technological progress mechanism and the R&D technology pre-
sented later are borrowed from Aghion and Howitt (1992). Our specification of the process
is to a large extent based on Wälde (2001).

5Given this specification, the marginal product of R&D input, ∂G/∂Zj , is independent
of the number of agents, n, in the symmetric equilibrium Zj = Z−j = G/n.
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remains without success is given by 1−G dt:

dq =

{
1 with probability G dt,
0 with probability 1−G dt,

(4)

where q is the Poisson process resulting from R&D and dq is the increment of

this process. From this property it follows that ln Aγ+1 − ln Aγ = (ln γ)χ(t),

where χ(t) is the number of innovations between γ and γ+1. Because variable

χ(t) is Poisson distributed with parameter G, the average growth rate of the

level of productivity Aγ in the stationary state is given by6

E[log Aγ+1 − log Aγ] = G log A, (5)

where E is the expectations operator.

The convenient feature of the model is that because the function (3) is

similar for all agents j = 1, ..., n, there is only one stochastic process. This

does not however mean that a single agent j would ignore the effect of its

R&D on the level of productivity. If the elasticity of substitution, µ, is

small enough, then agent j’s demand for R&D services, Zj, has a significant

impact on the probability of technological change, G, given the other agents’

demand for R&D services, Z−j, even when the number of firms, n, is large.

In a symmetric equilibrium Zj = Z−j = Z = nG, the demand for R&D

services, Z, can be used as a proxy of the growth rate (5).

4. Capital accumulation

Each agent possesses a fixed amount N of physical labour. Given TFP in

the consumption-good sector, Aγ, we obtain agent j’s budget constraint as:

A−γCj + Ij + pZj = Πj + vaN, (6)

where Cj consumption, Ij investment in capital, Zj the demand for R&D,

p the price for R&D, Πj profits from the production of consumption and

investment goods, va the expected wage for physical labour (which is uniform

for all sectors of the economy) and vaN expected labour income.

In the production of consumption and investment goods, agent j pays

the wage wj per effective labour input, the productivity of labour is equal

6For this, see Aghion and Howitt (1998), p. 59.
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to a, agents k = 1, ..., n supply a
∑

k(N − Zk) effective labour units, agent

j employs Lj effective labour units and the probability of being employed

by agent j is given by Lj

/
[a

∑
k(N − Zk)]. The expected wage per effective

labour input in these sectors, v, is then defined by the sum of the wages, wj,

weighed by the probabilities of being employed, Lj

/
[a

∑
k(N − Zk)]:

v
.
=

n∑
j=1

wjLj

a
∑n

k=1(N − Zk)
. (7)

We assume, for simplicity, that capital is a stock of goods that does not

depreciate. Investment per unit of time dt then equals deterministic capital

accumulation, Ijdt = dKd
j . Solving for Ij from (6) and noting (2), we obtain

dKd
j = Ijdt = [Πj + p(N − Zj)− A−γCj]dt. (8)

R&D is directed at developing new production units. We assume that

after a successful development of new technology, a certain share s of the pre-

vious vintage can be upgraded which therefore has the higher productivity.7

The remaining share 1 − s of capital stock becomes obsolete. The capital

stock after successfully finishing an R&D project, K̃j, is then given by the

current capital stock Kj as follows:

K̃j = sKj, 0 < s < 1. (9)

Given this definition, the entire capital stock belongs to the same vintage.

Noting (15), capital accumulation for agent j is given by

dKj = Ijdt + (K̃j −Kj)dq =
[
Πj + p(N − Zj)− A−γCj

]
dt + (K̃j −Kj)dq.

(10)

This is a stochastic differential equation where uncertainty results from a

Poisson process q. During a small period of time dt, the capital stock of

vintage γ increases deterministically by investment in capital accumulation.

With a successful R&D project, dq = 1, capital stock jumps by K̃j − Kj

and the level of productivity rises by A. When no investment in R&D takes

place or when R&D fails, the increment dq is zero, the level of productivity

does not change and there is no jump in capital stock Kj.

7This idea is from Wälde (2002).
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5. Agents

Agent j employs Lj units of effective labour at wage wj from the other agents

k 6= j and produces output Yj from input Lj and capital Kj through a twice-

differentiable production function Yj = F (Kj, Lj) with constant returns to

scale. Agent j’s profit Πj is equal to output Yj minus labour costs wjLj:

Πj = Yj − wjLj = F (Kj, Lj)− wjLj. (11)

Agent j maximizes its expected utility over time by choosing its streams

of consumption, R&D and labour input, {Cj(τ), Zj(τ), Lj(τ)}, subject to

the accumulation of capital (10) and the stochastic process (4), given the

wage for its workers, wj, and the price for R&D services p. We denote the

constant rate of time preference by ρ > 0, the constant rate of risk aversion

by 1/(1− σ), and define the value of the optimal program at time t as:

Γ(Kj, wj, p, γ) = max
Cj , Zj , Lj

E

∫ ∞

t

e−ρ(τ−t)Cσ
j dτ s.t. (15) and (10). (12)

Because the agent is a risk averter, 0 < σ < 1 holds. Let K̃j, w̃j and

Γ̃ = Γ(K̃j, w̃j, p, γ + 1) be the values of Kj, wj and Γ after successfully

finishing an R&D project. Denoting ΓK
.
= ∂Γ/∂Kj and noting (4), (10) and

(11), the Bellman equation of the optimal program of agent j obtains8

ρΓ(Kj, wj, p, γ) = max
Cj , Zj , Lj

Φ(Cj, Zj, Lj, Kj, wj, p, γ), (13)

where

Φ(Cj, Zj, Lj, Kj, wj, p, γ)
.
= Cσ

j + G[Γ̃− Γ] + ΓKIj

= Cσ
j + G(Zj, Z−j)[Γ(K̃j, w̃j, p̃, γ + 1)− Γ(Kj, wj, p, γ)]

+
[
F (Kj, Lj)− wjLj + p(N − Zj)− A−γCj

]
ΓK(Kj, wj, p, γ). (14)

Maximizing (14) by labour input Lj is equivalent to maximizing profits

Πj = Yj − wjLj by Lj. Given this, duality and the properties of the pro-

duction function Yj = F (Kj, Lj), profit, output and labour input become

functions of capital Kj and the wage wj as:

Πj = max
Lj

[Yj − wjLj] = max
Lj

[F (Kj, Lj)− wjLj] = π(wj)Kj, π′ < 0,

π′′ > 0, Lj = −π′(wj)Kj, Yj/Kj = y(wj)
.
= π(wj)− wjπ

′(wj). (15)

8Cf. Dixit and Pindyck (1994).
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Maximizing (14) by consumption Cj yields

σCσ−1
j = A−γΓK . (16)

We try the solution that consumption expenditure A−γCj is a share cj ∈ (0, 1)

of income net of R&D, π(wj)Kj + p(N −Zj), and the value function is given

by Γ = Cσ
j /(cjrj), where cj and rj are constants. This and (16) imply

Cj = cjA
γ[π(wj)Kj + p(N − Zj)], ∂Cj/∂Kj = cjA

γπ(wj), Γ = Cσ
j /(cjrj),

ΓK =
1

cjrj

∂Cσ
j

∂Kj

=
σCσ−1

j

cjrj

∂Cj

∂Kj

=
A−γΓK

cjrj

∂Cj

∂Kj

=
ΓK

rj

π, rj = π(wj). (17)

Noting (3), (16) and (17), maximizing (14) by Zj yields

∂Φ

∂Zj

= (Γ̃− Γ)
∂G

∂Zj

− pΓK = (Γ̃− Γ)
( G

nZj

)1/µ

− pΓK

= ΓK

{( Γ̃

Γ
− 1

)( G

nZj

)1/µ Γ

ΓK

− p
}

= ΓK

{( Γ̃

Γ
− 1

)( G

nZj

)1/µ Γ

σCσ−1
j Aγ

− p
}

= ΓK

{( Γ̃

Γ
− 1

)( G

nZj

)1/µ Cj

Aγσcjrj

− p
}

= 0. (18)

6. Wage bargaining

In a bargain over the wage wj, the workers employed by agent j are organized

in a union which attempts to maximize their total wages Wj
.
= wjLj, while

the management representing agent j attempts to maximize profits Πj. We

assume, for simplicity, that both parties in bargaining take capital stock

Kj as given.9 The Generalized Nash product of an asymmetric bargaining is

then given by Λj
.
= W α

j Π1−α
j , where constant α ∈ (0, 1) is the union’s relative

bargaining power. Given (15), this product takes the form

Λj(wj, Kj, α)
.
= Wα

j Π1−α
j = wα

j [−π′(wj)]
απ(wj)

1−αKj, . (19)

The outcome of bargaining is obtained through maximizing the product (19),

given capital stock Kj. We specify the production function so that there

9If these parties took also the effect of the wage wj through capital accumulation
into account, then the union’s (management’s) target would be the expected value of
the stream of wages (profits). Because in our model capital stock follows a cycle, the
mathematic solutions for such expected values would be very difficult to obtain.
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exists a wage rate w which maximizes total wages wjLj, given capital stock

Kj.
10 Otherwise, unions would have no incentive to raise wages above the

level that corresponds to full employment. This implies:

w = arg max
wj

[wjLj] = arg max
wj

[−wjπ
′(wj)] = arg min

wj

[wjπ
′(wj)] > 0,

π′(wj) + wjπ
′′(wj) =

∂[wjπ
′(wj)]

∂wj

{
> 0 for wj > w,
< 0 for wj < w.

(20)

Maximizing (19) by wj is equivalent to maximizing (1/α) log Λj by wj.

This produces first-order and second-order conditions:

1

αKj

∂ log Λj

∂wj

=
π′(wj) + wjπ

′′(wj)

wjπ′(wj)
+

( 1

α
− 1

)π′(wj)

π(wj)
= 0,

∂2 log Λj

∂w2
j

< 0.

Differentiating the first-order condition totally and noting (15), (20) and

the second-order condition, we obtain that wages are uniform and that they

increase with the unions’ relative bargaining power:

wj = w(α) ∈ (0, w) with
dw

dα
.
=

[ 1

αKj

∂2 log Λj

∂w2
j

]−1 π′

α2π
> 0. (21)

7. General equilibrium

Given symmetry across agents j = 1, ..., n and equations (2), (3), (7), (9),

(15) and (17), we obtain

Kj = K, K̃j = K̃ = sK, Lj = L = −π′(w)K, Zj = Z−j = Z = G/n,

wi = w, p = av = wL/(N − Z) = wπ′(w)K/(Z −N), rj = r = π(w),

cj = c, πK + p(N − Z) = (π − wπ′)K = y(w)K = Y,

Cj = C = cAγ[πK + p(N − Z)] = cAγ(π − wπ′)K = cy(w)AγK,

C̃

C
= A

K̃

K
, p =

(Γ̃/Γ− 1)C

Aγσcr
=

( Γ̃

Γ
− 1

)y(w)K

σπ(w)
. (22)

10A good example of such technology is that the elasticity of substitution is one between
labour and capital, but raw materials (produced by other firms) are used in fixed propor-
tion b to labour. This defines the production function F (Kj , Lj)

.= χK1−β
j Lβ

j −bLj , where
χ > 0, 0 < β < 1 and b > 0 are parameters. Then w = b/β > 0 obtains. For an ordinary
Cobb-Douglas function with b = 0, w = 0 obtains.
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Noting this, (9) and (17), we obtain

Γ̃/Γ = (C̃/C)σ = (AK̃/K)σ = (sA)σ. (23)

We assume that a technological change leads to the increase in welfare, Γ̃ > Γ,

since otherwise, there would be no incentive to do R&D. Given this and (23),

we can define a constant

θ
.
= Γ̃/Γ− 1 = (sA)σ − 1 > 0. (24)

Noting (15), (22) and (24), we obtain

wπ′

Z −N
=

p

K
=

( Γ̃

Γ
− 1

) y

σπ
=

θ

σ

y

π
=

θ

σ

(
1− wπ′

π

)
.

Solving for Z yields the demand for R&D as a function of the wage:

Z(w) = N − σ

θ

[ 1

π(w)
− 1

wπ′(w)

]−1

.
(25)

We denote the ratio of wages to profits by δ and the elasticity of employment

with respect to the wage in production, when capital K is held constant, by

ε. Given (15), we then obtain

δ(w)
.
=

wL

Π
= −wπ′(w)

π(w)
, ε(w)

.
=

∣∣∣w
L

dL

dw

∣∣∣ = −wπ′′(w)

π′(w)
> 0. (26)

Equations (15), (25) and (26) produce

dZ

dw
=

σ

θ

wππ′

π − wπ′

[ 1

w
+

π′

π
+

π′′

π′
+

wπ′′

π − wπ′

]
=

σ

θ

π′

1 + δ

[
1− δ − ε

1 + δ

]
> 0 ⇔ δ + ε/(1 + δ) > 1. (27)

Because in modern industries wages usually exceed profits, wL > Π and

δ > 1, it is plausible to assume δ + ε/(1 + δ) > 1. The result then writes:

Proposition 1 Labour market regulation (deregulation), i.e., the increase

(decrease) in union power α, increases (decreases) the wage w and speeds up

(slows down) R&D and economic growth, Z(w) with Z ′ > 0.
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Inserting (14), (17), (22), (24), (25) into (13) yields

ρ = Cσ/Γ + (Γ̃/Γ− 1)G + [Y − wL + p(N − Z)− A−γC]ΓK/Γ

= Cσ/Γ + θG + (Y − A−γC)ΓK/Γ = cr + θG + (1/cj − 1)A−γCΓK/Γ

= cr + θG + (1/c− 1)σCσ/Γ = cr + θG + (1/c− 1)σcr

= cr + θG + (1− c)σr = (1− σ)cπ(w) + θnZ(w) + σπ(w). (28)

We assume that the propensity to consume c is less than one. Given propo-

sition 1, equation (28) defines c as a function of the wage:

c(w) =
1

1− σ

[ρ− θnZ(w)

π(w)
− σ

]
∈ (0, 1). (29)

From (22) and (29) it follows that consumption C is a function of the wage

w, capital K and vintage γ:

C(w,K, γ) = cy(w)KAγ =
KAγ

1− σ

[ρ− θnZ(w)

π(w)
− σ

]
y(w). (30)

The wage elasticity of consumption, when capital stock K and the number

of technology γ are kept constant, is given by

ε(w)
.
=

w

C

∂C

∂w
. (31)

The sign of this elasticity is ambiguous.

Given (10), (15), (22), (29) and (30), we obtain capital accumulation

dK = [Π + p(N − Z)− A−γC]dt + (K̃ −K)dq

= [Y − wL + p(N − Z)− A−γC]dt + (K̃ −K)dq

= (Y − A−γC)dt + (K̃ −K)dq

= [y(w)K − A−γC(w, K, γ)]dt + (K̃ −K)dq

= [1− c(w)]y(w)K dt− (1− s)K dq. (32)

This shows that because between moments of technological change the wage

w(α) is kept constant, capital stock grows at as fixed rate. At the occurrence

of a technological change, total factor productivity TFP in the consumption-

good sector rises from Aγ to Aγ+1, capital stock falls from K to K̃ = sK,

and also employment falls in proportion to the decrease in capital K.
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The full employment constraint of the economy is given by N ≥ Z + L/a,

where N is the supply of physical labour, Z the demand for physical labour

in R&D and L/a, the demand for physical labour in the production of con-

sumption and investment goods. Noting (22), this implies

N − Z(w) ≥ L/a = −π′(w)K/a. (33)

Noting (4), (22) and (32), the expected rate of capital accumulation reads:

E(dK/K) = (1− c)y(w)dt− (1− s)E(dq) = (1− c)y(w)dt− (1− s)G dt

=
{
[1− c(w)]y(w)− (1− s)nZ(w)

}
dt.

If the rate E[dK/K] were greater than the growth rate of the productivity

of labour, ȧ/a = (1/a)(da/dt), then both K/a and the right-hand side in

inequality (33) would increase and the economy would sooner or later end

up with full employment N − Z(w) = −π′(w)K/a. If E[dK/K] < ȧ/a,

then K/a and the right-hand side in (33) would decrease and unemployment

N − Z(w) + π′(w)K/a would increase indefinitely. An equilibrium rate of

unemployment exists only when equation (1) holds.

We assume, for convenience, that parameter s is close enough to one to

prevent the economy from attaining full employment.11 This means that at

the occurrence of a new technology γ, capital stock K falls so much that the

growth of capital before the occurrence of the next technology γ + 1 cannot

increase K to the level K = (Z − N)/π′(w). Given (22), he wage w(α),

the labour-capital ratio L/K = −π′(w), the output-capital ratio Y/K =

π − wπ′(w) and the level of R&D, Z(w), are then always constants. These

results can be summarized as follows:

Proposition 2 The economy is subject to a business cycle where output,

capital stock and the level of employment increase in fixed proportions until

a new technology is introduced, at which moment they sharply fall in propor-

tion to the share of capital stock that becomes obsolete. The average rate of

unemployment and the growth rate of the economy are kept constant.

11Otherwise, there would be switching between two regimes, one with unemployment
and the other with full employment, which would vastly complicate the model.
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8. Social welfare

The government can determine the wage w(α) by regulating union power α.

Given (22) and (30), total income is determined by Y = y(w)K, aggregate

consumption by C(w, K, γ). The social planner maximizes the representative

agent’s expected utility over time by choosing w subject to capital accumu-

lation (32) and the stochastic process (4). The value of the planner’s optimal

program at time t can be defined as

Ω(K, γ) = max
w s.t. (32)

E

∫ ∞

t

e−ρ(τ−t)Cσdτ. (34)

Defining ΩK
.
= ∂Ω/∂K and noting G = nZ(w) from (22) and proposition 1,

the Bellman equation for the social planner’s program is given by12

ρΩ(K, γ) = max
w s.t. (32)

Ψ(w, K, γ), (35)

where

Ψ(w, K, γ)
.
= C(w, K, γ)σ + nZ(w)[Ω(K̃, γ + 1)− Ω(K, γ)]

+ ΩK(K, γ)
[
y(w)K − A−γC(w, K, γ)]. (36)

Denoting Ω̃
.
= Ω(K̃, γ + 1), we obtain the first-order condition

∂Ψ/∂w = [σCσ−1 − ΩKA−γ]∂C/∂w + ΩKKy′ + (Ω̃− Ω)nZ ′. (37)

Noting (30), we try the solution

Ω(K, γ) = Cσ/m = cσyσKσAγσ/m, (38)

where m is a constant. Equations (22), (24) and (38) produce

ΩK = σΩ/K, Ω̃/Ω = (AK̃/K)σ = (sA)σ = θ + 1. (39)

Inserting (39) into the Bellman equation (35) and (36), and noting (22), (29),

(38) and (39) yield

ρ = Cσ/Ω + nZ[Ω̃/Ω− 1] + [yK − A−γC]ΩK/Ω

= Cσ/Ω + nZ[Ω̃/Ω− 1] + (1− c)yKΩK/Ω = m + θnZ + (1− c)σy.

12Cf. Dixit and Pindyck (1994).

14



Solving for m and noting (25) and (29), we obtain

m(w)
.
= ρ− θnZ(w)− [1− c(w)]σy(w). (40)

Inserting (38), (39) and (40) into equation (37) and noting (15), (22),

(28), (30) and (31), we obtain

1

σπ′Ω

∂Ψ

∂w
=

1

π′

{[Cσ−1

Ω
− ΩK

σΩ
A−γ

]∂C

∂w
+

ΩKK

σΩ
y′ + (Ω̃/Ω− 1)nZ ′/σ

}
=

1

π′

{[Cσ−1

Ω
− cy

C

]∂C

∂w
+ y′ +

θ

σ
nZ ′

}
=

1

π′

{
m− cy

C

∂C

∂w
+ y′ +

θ

σ
nZ ′

}
=

1

π′

{{
ρ− θnZ − [(1− σ)c + σ]y

} 1

C

∂C

∂w
+ y′ +

θ

σ
nZ ′

}
=

1

π′

{
[(1− σ)c + σ]

π − y

C

∂C

∂w
+ y′ +

θ

σ
nZ ′

}
=

1

π′

{
[(1− σ)c + σ]

wπ′

C

∂C

∂w
− wπ′′ +

θ

σ
nZ ′

}
= [(1− σ)c + σ]ε + ε +

1

1 + δ

[
1− δ − ε

1 + δ

]
. (41)

Given π′ < 0 and proposition 1, α and w(α) should be increased (i.e.,

∂Ψ/∂w > 0) if and only if (41) is negative. This result can be rephrased as:

Proposition 3 The labour market should be regulated (deregulated), if

[(1− σ)c(w) + σ]ε(w) +
{

1− 1

[1 + δ(w)]2

}
ε(w) +

1− δ(w)

1 + δ(w)
< 0 (> 0).

Given the propensity of consume, c(w), and the ratio of wages to profits in

the production of consumption and investment goods, δ(w)
.
= wL/Π, the

labour market should be regulated (deregulated) the more likely, the lower

(higher) the wage elasticity of consumption, ε(w)
.
= (w/C)∂C/∂w, or the

lower (higher) the wage elasticity of employment, ε(w)
.
= |(w/L)∂L/∂w|.

This proposition is explained in the final section. It shows that given the

propensity to consume, the wage elasticities of consumption and employment

as well as the labour share of income, the existence of regulation causing

involuntary unemployment may be optimal policy.
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9. Conclusions

This paper examines growth and business cycles in an economy with im-

perfect labour markets. The theory of creative destruction, in which a new

technology renders an old technology obsolete, is taken as a starting point.

In other respects, the particular features of the model are the following:

• There exist separate labour markets for R&D and the rest of the econ-

omy. Labour suppliers choose between these two markets ex ante.

• In the production of consumption and investment goods, there is union-

employer bargaining over wages. The government can regulate or dereg-

ulate the labour market to increase (decrease) union power.

• The firms can increase the probability of a technological change in the

consumption-goods sector by R&D.

• Learning-by-investment increases the productivity of labour in the pro-

duction of consumption investment goods in proportion to the expected

accumulation of capital. This ’razor-edge’ condition ensures that there

is no trend for the rate of unemployment.

It is assumed, for simplicity, that there is perfect symmetry over the firms.

The main results and their interpretations are as follows.

Labour market deregulation decreases the rate of unemployment in the

consumption-good and investment-good sectors. This increases the expected

wage rate in these sectors and encourages the agents to shift their labour

supply from R&D to these sectors. Consequently, the level of R&D, the

number of innovations and the average growth rate of the economy will fall.

Vice versa with labour market regulation.

Capital stock swings up and down due to endogenous technological shocks.

Because wages are set by bargaining, the labour-capital ratio in production

is fixed and output and employment swing in proportion to capital stock. A

typical cycle of the economy is as follows. Starting with some level of real

capital, new capital will be accumulated through savings in the economy and

some of the labour force will be allocated to R&D. At some point of time, a

new technology will be found, total factor productivity in the consumption-

good sector will rise but some of the outstanding capital stock will become
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obsolete. Capital stock (as measured in terms of the newest technology) will

fall sharply and start accumulating again.

Labour market regulation has two opposite effects on welfare. First, it de-

creases employment and the expected wage in the production of consumption

and investment goods, which makes people to supply more labour to R&D.

With larger R&D, there will be faster economic growth. On the other hand,

regulation decreases output and the level of current consumption the more,

the higher the wage elasticities of consumption and employment are. If these

elasticities are low enough, then the latter effect will be weak enough to

be outweighed by the former and the labour market should be regulated.

Otherwise, the labour market should be deregulated.

While a great deal of caution should be exercised when a highly stylized

mathematical model is used to draw conclusions about growth and business

cycles, the following judgement nevertheless seems to be justified. With

labour market regulation, a stationary state equilibrium with involuntary

unemployment, employment cycles and stable real wages can be possible. If

growth and income effects of regulation are properly taken into account, such

an equilibrium may even be socially optimal.
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