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ABSTRACT

Economic Integration, Market Power and Technological Change®

We examine a common market which expands by integrating new regions. Capitalists are
strategically interdependent through the goods market and they improve their productivity
through R&D. Production and R&D employ unionized workers. The purpose of integration is
to maximize a weighed average of workers’ and capitalists’ utilities. The main findings are as
follows. Integration benefits capitalists more than workers. If labour unions are strong
enough, then the common market can expand indefinitely. Otherwise, there is an upper limit
for integration. This is the higher, the higher producer market power or the stronger the
capitalists’ political influence.
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1 Introduction

In the European Union, strong labour unions and lack of competition have
be blamed for slow growth and the difficulty of adopting new members. The
reasoning goes as follows. High union wages and high mark-ups in the goods
market reduce the demand for output and discourages investment in R&D.
With a lower level of R&D, there will be less innovations and growth. The
expansion of the common market raises opposition, because it reduces unions’
and producers’ rents. The purpose of this study to examine these assertions.

Using a product-variety model with labour unions and non-competitive
firms Peretto (1998) showed that a fall in market power in the labour or
goods markets promotes R&D and growth through a higher profit margin.
He however assumed that labour is employed only in production, final goods
can be directly converted into R&D and labour unions completely ignore
the effect of their wages on productivity through R&D. In this study we,
on the contrary, assume that the same homogeneous labour is used both in
production and R&D and unions internalize the effects through R&D.

Dinopoulos and Zhao (2003) examines the interaction of union power and
globalization. They as well assume that labour unions ignore the effect of
their wages on productivity through R&D and postulated a union’s utility as
a geometric average of the wage and employment. They show that macroeco-
nomic effects of globalization depend decisively on the relative weight of the
wage in union preferences. In this study, we rather stick to microfoundations
and derive union preferences from workers’ preferences.

There are already many papers that suggest that expensive labour may
speed up economic growth. Cahuc and Michel (1996) (using an O LG model),
as well as Agell and Lommerud (1997) (using an extensive game framework)
show that a minimum wage may create an incentive for workers to accumulate
human capital. Meckl (2004) extends Aghion and Howitt’s (1998) Schum-

peterian growth model so that production employs skilled and unskilled, but



R&D only skilled labour. He shows that higher minimum wages for unskilled
labour raise employment of skilled labour and the growth rate.

The same results hold even if the minimum wages are endogenously de-
termined by collective bargaining. Palokangas (1996, 2000) introduces wage
bargaining into Romer’s (1990) product-variety model. He shows that if the
elasticity of substitution between skilled and unskilled labour is less than
one, then the increase in union bargaining power raises wages for unskilled
workers, reduces the demand for skilled workers in production, and thereby
lowers wages for skilled workers. This decreases costs in R&D and promotes
growth. Lingens (2003) reconstructs the same effect for Aghion and Howitt’s
(1998) Schumpeterian growth model. Using Wélde’s (1999) Schumpeterian
growth model, Palokangas (2005) considers the growth and welfare effects of
union power when research firms learn from each other. He shows that the
international coordination of labour market policy raises the workers’ wages
and promotes growth and welfare. In this study, we examine the effect of
unions’ and producers’ market power on economic integration.

Because it is difficult to measure union power, there is still very little em-
pirical evidence on the effects of union power on R&D and economic growth.?
Some papers explain R&D by the unionization rate, i.e. the ratio of union-

ized to all workers,? but this is a different issue.? It is not clear either whether

!Beitnes and Sgraas (2003) present some indirect support to a positive dependence of
R&D on union power. They show that the end of de-unionization in South Korea in 1987
increased sharply real wages, R&D and the accumulation of total factor productivity.

2Addison and Wagner (1994) found a positive cross-sectional correlation, but Menezes-
Filho et.al. (1998) only little correlation in a panel of firms, between R&D and the
unionization rate in the UK. Connolly et.al. (1986), Hirsch (1990; 1992), Bronars et.al.
(1994) in the USA, and Betts et.al. (2001) in Canada found a negative cross-sectional
correlation between these. Hence, the results have been highly institution-specific.

3The unionization rate is not a proper proxy for union power in wage bargaining. In
many European countries it tells nothing about union power, because the contract made by
the representative union is extended to cover all employers and employees in the industry.
In some other countries (e.g. USA, Canada), unions can make agreements only for their
members and a unionized worker can be easily replaced by a non-unionized worker. This
imposes an additional constraint for the union in wage bargaining, but does not necessarily
affect the relative bargaining power of the parties.



unionization increases unemployment.?

The basic structure of our model is as follows. We examine a common
market with a large number of regions. Households consume the goods of
all regions, the workers supply labour but do not save, and the capitalists
earn profits and improve their productivity through R&D.> As a producer,
a capitalist takes wages as given and sets its output price. The producers
in the common market are strategically interdependent. In each region two
parties — a capitalist and workers’ union — bargain over wages.

The remainder of this study is organized as follows. Sections 3-5 consider
a closed economy with a given number J of regions. R&D is modelled in
section 2 and the goods market in section 3. Section 4 examines the capital-
ists’ behaviour and section 5 wage bargaining. Sections 6 and 7 extend the
closed-economy model for a common market with an endogenous number J

of regions and consider economic integration that increases J.

2 Technology and R&D

Consider a closed economy with a given number J of similar regions. Aggre-

gate consumption C' is determined by the CES function

AR (E
c:J(jzyj ) )

j:]. I
where y; is output in region j and v € (0,1) the inverse of the constant
elasticity of substitution. In each region j, there is one producer (hereafter

producer j) with technology

Yy; = Bjnja (2)

4Belot and van Ours (2001) show that the relationship between union density (= the
unionization rate) and the unemployment rate depends on the bargaining structure. When
there is decentralized bargaining, an increase in union density causes the unemployment
rate to increase. When there is industry level or centralized bargaining, there is no rela-
tionship between union density and unemployment.

5The households are divided into workers and capitalists, for tractability. It would be
difficult to model wage bargaining consistently, if workers owned shares in firms.




where n; is labour input and B; the productivity parameter. We define the

average productivity in the economy by the following CES index:
1 . 1/(1=7)
B=B(By,.., By = <323j ”) (3)
=1 :

Technology (1)-(3) has the property that with symmetry throughout the
regions, n; = n for all 7, aggregate consumption is in fixed proportion to the

size of the economy (= the number of regions) J:

AN (e
— nJ(j > Bj—”/) = nBJ. (4)
j=1

Hence, there are no scale effects on consumption.

C

nE=n

Technological change in region j is characterized by a Poisson process g;
as follows. During a short time interval df), there is an innovation dg; = 1
with probability A;df, and no innovation dg; = 0 with probability 1 — A;d#,
where A; is the arrival rate of innovations in the research process. The arrival

rate A; is in the fixed proportion A to employment in R&D, (5,

We denote the serial number of technology in region j by ¢; and vari-
ables depending on technology ¢; by superscript ¢;. The invention of a new

technology raises t; by one and the level of productivity B;j by € > 1. Hence,
t; .
Bj = Bje". (6)

Noting (3)-(6) and denoting the expectations operation by F, we obtain the

average growth rate of the average productivity B in the stationary state as®

g= Z E [log Btttk _ 1og Bits}

Jj=1

SFor this, see Aghion and Howitt (1998), p. 59.
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Because the dynamics of the model would be excessively complicated with

asymmetry among the regions, we focus on a stationary state in which at
some time ¢ = 0 the productivity is uniform in the whole economy, B} = B°
for all 7. There is then perfect symmetry throughout all regions j, n;, = n
and [; = [ for all j, so that the productivity parameters B;, the average
productivity in the economy, B, and aggregate consumption (4) grow on the

average at the same rate (7). In Appendix A, we approximate

E[(Bj/B)l_ﬂ L Bo—p 1 for all j, (8)

Noting this and (7), we obtain that on the average the growth rate of the
economy is in fixed proportion (log 5))\ to the average level of R&D, I:

(loge) l;
g Ip=1, B?:BO & Z

] 1

= (loge) . (9)

lp=Il, B9=RB0

3 Production

We denote the price for the consumption good by P and normalize aggregate

consumption expenditure PC' at unity:
P=1/C. (10)

Because in the households’ preferences the decisions on the distribution of
expenditures throughout all goods at each moment of time are separable from
the decisions on the distribution of expenditures over time, in equilibrium the
price p; must be equal to the marginal product P(9C/dy;) for each good j.
Noting (1) and (10), this condition takes the form

Jy;

,
= J 07y 11
ay] ) 7 % (1)



There is one capitalist in each region j (hereafter capitalist j) who owns
producer j. Because his decisions on production are separable from his de-
cisions on investment, which affect the productivity level B;, we can assume
that each producer j maximizes its profit by employment n; for given B;.

Each producer j behaves in Cournot manner, taking the others’ output
levels y;, (k # j) as given.” It estimates the elasticity of the demand for its
product in the vicinity of the equilibrium. With the assumption that at time
t = 0 the productivity is uniform in the economy, BY = B, in equilibrium
nr = n and [, = [ holds for all k. Noting this, (1), (2), (4), (8) and (11),
producer j approximates the inverse of the anticipated price elasticity of

demand for its output j as follows:

) dp; (Op; Op;OC
Pj OYj 1 py=n,1,=1, BO=BO DPj \OY;j Yi ) | ppmn. =1, BO=B0

Y; oC
—V+(1—7)[—_}
C 0Yj | o, tpmt, BO=p0

1-~[(B;\'"
)
J B =1, B)=B°

~vy+(1—7)/J with 0¢/0J <0 and 9¢/0v > 0. (12)

In this model, the inverse of the elasticity of substitution between any pair
of the goods, 7, characterizes the degree of competition in the goods market.
The smaller v, the higher the profits.

We denote the wage in region j by w;. Producer j maximizes its profit
7 = p;y; — w;n; by its input n;, given the production function (2) and the

anticipated elasticity (12). This and (11) yield the equilibrium conditions

w; = [p; + y;(dp;/dy;)| B; = (1 — ¢)p;B; = (1 — ¢)J "C"'n; " B; 7,
m; = pjy; — (1 — @)w;Byn; = ¢psy;, wyn;/m;=1/¢ — 1. (13)

"This is the simplest form of strategic interdependence between the producers. With
slight complication, the same results could be extended for the more general case in which
each producer j anticipates the reaction of the others k # j by dyi/dy; = @ yx/y; for
k # j, where ¢ < 1 is a constant.




Because here a producer receives the constant share ¢ of value added, we
use ¢ as a measure of producer market power. From (12) it follows that
increased competition (i.e. a smaller ) or a bigger size J of the economy

decrease producer market power ¢.

4 Capitalists

Capitalist j earns the profit 7;. His budget constraint is given by
Ty = PCJ -+ wjlj, (14)

where C; is consumption, P the consumption price and w;l; investment ex-
penditure (= saving). During a short time interval df, there is a change in
technology with probability A;df, and no change with probability 1 — A;d0,
where A; is given by (5). Capitalist j maximizes the present value of his con-
sumption flow subject to the budget constraint (14) and technological change
by his investment in R&D, [}, given the wage w; and the consumption price P
(or aggregate consumption C' = 1/P). With Ramsey preferences, the value
of capitalist j’s optimal program at time 7T is given by

sx@w%wﬁp):nme/“cgaﬂﬁfwe
] T

L

Wlth0<0<1,,0>0and C]:(Tfj—wjlj)/P, (15)

where 0 is time, F the expectation operator, p the rate of time preference
and 1/(1 — o) is the constant rate of relative risk aversion.

In Appendix B, we show that capitalist j’s optimization leads to the
following two results. First, capitalist j’s propensity to consume, c;, is neg-
atively associated with his investment in R&D, [;:

PC; (¢; — 1)ejp/l;
f—y P l / fy J J J
j ¢ =clly) e p+[1— 5(1—7)0])\[].

<0, p+[1—eM7\; > 0.
(16)



When the capitalist consumes more, he saves less and invests less in R&D.

Second, employment in production is determined by

(fo-1l,  (/o—1i . on
1— cj o 1— C(lj) - n(lj7 ¢)7 — < 0. (17)

1

Hence, for given R&D [;, higher producer market power ¢ increases the out-
put price p; and decreases employment in production, n;. If the propensity
to consume, c¢;, is kept constant, then income, saving and real investment in
R&D, [, are in fixed proportion to the scale n; of production. On the other
hand, employment in R&D, [;, crowds out employment in production, n;,
through higher wages. Because of these two opposing effects, the employ-

ment in production n; and in R&D [; are ambiguously associated.

5 Wage bargaining

All workers in region j belong to the same union labelled j. In order to derive
the union’s preferences from workers’ preferences, we make the following two

assumptions, for tractability:

(a) Although the workers do not save, they (or the union leaders) have the
same rate of time preference p > 0 and the same rate of risk aversion

1/(1 — o) as the capitalists.
(b) The workers have access to perfect unemployment insurance.

Assumption (a) ensures that workers’ and capitalists’ utilities grow at the
same rate. Otherwise, there would be no stationary state in the model. Given
assumption (b), all workers in the same region behave as if there were only one
worker. The violation of (b) through taxation or a more complex system of
unemployment insurance would affect income distribution among the working
class. In the present study, such distributional aspects would excessively

complicate the analysis and therefore they are left for future investigation.



Union j and capitalist j bargain over the wage w;. From assumptions (a)
and (b) above it follows that the union’s expected utility at time 7" can be
expressed by the representative workers’ utility

Uj(l;, ¢) = / oo[(nj +1;)w;/ P)7e "= qp, (18)

T

where (n; + [;)w;/P is the representative worker’s consumption (= real in-

come). The capitalist’s expected utility at time 7" is given by

Filpo) = [ CgentDas (19)
T

The union and the capitalist, which operate within a single region, take the
consumption price P and aggregate consumption C' = 1/P as given. Noting
(13), we obtain that both (n; + [;)w;/P and C; = ¢;m;/P grow at the same
rate as le»ﬂ. The parties’ targets (18) and (19) can then be transformed

into the following form:®

1—7)o 0,0
U;(lj, ¢) = Bi<T) "y )] ,
V0 p+ (1= e0=M7)N]
(T)(l 'ya 0' a
L6 20
U 0) = B+ ( 1—5 7)) (20)

Union j (capitalist j) maximizes its expected utility U; (F;) for given P
and C. Because there is one-to-one correspondence from w; to [; through
(13) and (17), in this maximization w; can be replaced by [; as the control
variable. The outcome of bargaining is then obtained through maximizing
by l; the Generalized Nash Product L{;’}"}_“, where the constant a € (0,1)
is relative union bargaining power. Through this maximization, we obtain
in Appendix C that both relative union bargaining power a and producer

market power ¢ promote R&D:

=1, ¢), Ol/oa >0, 0l/dp> 0. (21)

8For this, see e.g. Aghion and Howitt (1998), p. 61.



With higher union power «, wages increase. With higher producer market
power ¢, capitalists can escape from a greater proportion of wage increases
through price increases. It is then easier for them to accept unions’ wage
claims and wages increase even further. With higher wages, capitalists have
every incentive to increase the productivity of labour through R&D. With

more R&D, there will be more innovations and a higher growth rate.

6 A common market

Let the economy under consideration be a common market which can ex-
pand smoothly by accepting new regions as its members. We assume that
the new members have access to the same technology and must adopt the
same institutions as the old members, so that economic integration can be
characterized by the increase in the size J of the common market. In such a
case, the government of the common market can use J as a policy instrument.

We define the government’s target as the weighed average of the workers’

average utility (1/J) > . U; and capitalists’ average utility (1/.J) >, F;:
1 §
W:jgj:uj+jzj:ﬂ’ (22)

where the constant £ € [0, 00) characterizes the capitalists’ political influence.
There is a pure ‘labour’ government in the common market for £ = 0 and a
pure ‘capitalist’ government for & — oo.
On the assumption that the number of regions, J, is large, we transform in
Appendix D the government’s welfare function (22) into the following form:
2 2
g—; <0, aibgg <0, aazaxg

In order to examine optimal integration, we assume that the government

W = / 7' (1, ¢, €)e P01 dp, <0. (23)
T

maximizes its target (23) by the size J of the common market. Given (12),
the government can equivalently maximize (23) by ¢. In order to examine

the effect of relative union bargaining power, we assume that also « is the

10



government’s policy instrument. Denoting the value of the state of technology
t for the government by Y (¢, «, ¢), noting (5), (21) and (23), we obtain the

Bellman equation for the government’s maximization as follows:

pY(t) = rgax Q(t, ¢, ), where
Qt, ¢, . &) = R(t, (v, 9), ,€) = 7" x (1, 6,€) + N[T(t +1) = T(t)]. (24)

Assume that, for some unspecified reason, the government can optimally
determine relative union bargaining power a. Noting (21), the government
can then fully control the level of R&D, [, by a. The first-order condition for
« corresponding to the Bellman equation (24) takes then the form OR/0l =
ey /Ol + M\[Y(t + 1) — T(¢)] = 0. This equation defines [ as a function
of ¢ and . Differentiating it totally, and noting (23) and the second-order
condition 9*R/01* = e7'9%x /dI? < 0, we obtain 9*x/dl*> < 0 and

ooy o
0& alog | 0ol?

< 0. (25)

Because 01/0a > 0 by (21), R &D can be promoted (hampered) by increasing
(decreasing) a. This and (25) yield the following sub-result:

Proposition 1 If the government can optimally set relative union bargaining
power «, then the optimal level of R&D for the government of the common
market is given by I*(¢,&) = argmax; R(t,1,¢,£). The government should
discourage (encourage) R& D I through decreasing (increasing) relative union
bargaining power a for | > 1* (I < I*). The stronger the capitalists’ political
influence (i.e. the higher &), the lower the optimal level of R& D, 0l* /0¢ < 0.

Technological change due to R&D increases wages and profits in the same
proportion. Because R&D means wages for workers but costs for capitalists,

the capitalists prefer a lower level of R&D than the workers, dl* /O¢ < 0.

11



7 Economic integration

In this section, we assume that relative union bargaining power « is exoge-
nously given. Consider first the case where union power is optimal 0Q /Ja =
(OR/01)0l/0ac = 0 or excessive 0Q /0o = (OR/0l)0l/0ac < 0 for the gov-
ernment’s viewpoint. Noting this, (23), (24) and proposition (1), we obtain
0l/0a > 0, 0l/0¢p >0, OR/Ol < 0, | > I* = argmax; R(t,l,¢,£) and
00 _0R 0ROl _OR _ 0
dp  0¢p Ol 0p — 0¢ ()

This means that the government of the common market increases the size J

< 0.

of the common market to decrease ¢ [Cf. (12)]. We conclude:

Proposition 2 If relative union bargaining power « 1is high enough for

[ >1*(¢,&) to hold, then the common market accepts new members.

When high union power generates excessive economic growth [ > [* all
growth-hampering measures are welfare enhancing. By taking in new mem-
bers, the government increases the number of producers, decreases producer
market power ¢ and thereby slows down economic growth.

Next, consider the remaining case where union power is sub-optimal,
0Q/0a = (OR/01)0l/0a > 0 and OR/Ol > 0. The first-order and second-
order conditions for ¢ corresponding to (24) is then given by

2

From this equation we can solve for the optimal level ¢* of producer market

0. (26

power ¢ and consequently, for the optimal size J* of the common market.

Noting (12), (23), (24) and (26), we obtain the following functions:

’Q  ,, Px , 0x 0l . oo 0*Q /9°Q
900~ g0e T as =" T @8 e = "500e/ B
) oI 96 06 0 96 |00

J(aag”Y)u 65’ = 65 E]> , (9’7 = 8§ 8J>0

The last function can be rephrased as follows:

<0,

12



Proposition 3 If relative union bargaining power « is low enough for
I < I*(¢,&) to hold, then there is an upper limit J*(a,v,§) to the size J
of the common market. The limit J* is the higher, the less there is competi-
tion in the goods market (i.e. the bigger ), 0J*/0y > 0, or the stronger the
capitalists’ political influence (i.e. the bigger &), 0J*/0& > 0.

Proposition 3 can be explained as follows. Assume that union power is not
so high that it would generate excessive growth, [ < [*. Economic integration
increases the number of producers and decreases producer market power .
This lowers prices and raises employment, current real income and welfare.
On the other hand, with weaker market power capitalists cannot as easily
escape from wage increases through price increases and union-capitalist bar-
gaining results in lower wages. With lower wages, the capitalists have less
incentives to invest in R&D, the growth rate falls and welfare decreases.
The common market integrates new regions as long as the current-income
effect outweighs the growth effect. Because competition in the goods market
and economic integration are strategic substitutes, the decrease in the former
should increase the latter at the optimum. Technological change due to R&D
increases wages and profits in the same proportion, but R&D incudes income
for workers but costs for capitalists. Hence, which stronger political influ-
ence by capitalists, the government cares less about the welfare-diminishing
growth effect of integration and accepts more regions in the common market.

From propositions 2 and 3 it follows that workers (or the ‘labour’ govern-
ment with £ = 0) are willing to extend the common market only if I < I*(¢,0)
and J < J*(«,7,0) hold, but the government is willing to do so only if
I <1*(¢p,€) and J < J*(«,7,&) hold. This yields the following corollary:

Proposition 4 FEconomic integration benefits capitalists more than workers.
If the common market grows at a “medium” rate, | € [I*(¢,€),1*(¢,0)), and
if it is of “medium” size J € (J*(a,’y,O),J*(a,'y,ﬁ)}, then it takes mew

members, although this harms workers.

13



At low growth rates, nobody is willing to slow down growth even further
though integration. At high growth rates, even workers are willing to substi-
tute current income for growth though integration. Hence, at the ‘medium’

rates of growth, the capitalists are but the workers aren’t willing to integrate.

8 Conclusions

This paper examines a common market with a large number of regions, each
producing a different good. The market expands by integrating new regions.
Capitalists can improve their productivity through investment in R&D. Prof-
its are the higher, the smaller is the elasticity of substitution between any
pair of the goods. Production and R&D employ workers who are unionized.
Both workers and capitalists can influence the government which decides on
new members for the common market. The main findings are the following.

Both relative union bargaining power and producer market power pro-
mote R&D and economic growth. With stronger unions, wages increase.
With higher producer market power, capitalists can escape from a greater
proportion of wage increases through price increases. Hence, it is easier for
them to accept unions’ wage claims and wages increase even further. With
higher wages, capitalists have every incentive to improve the productivity of
labour through R&D. Increased R&D promotes economic growth.

When high union power generates excessive economic growth, all growth-
hampering measures are welfare enhancing. By taking in new members, the
government increases the number of producers, decreases producer market
power which slows down economic growth. Otherwise, there is an upper limit
to the size of the common market. This limit is the higher, the less there is
competition in the goods market or the stronger the capitalists’ influence on
the government. This can be explained as follows.

Because economic integration increases the number of producers, it weak-

ens a single producer’s market power. This decreases prices and increases

14



employment, current real income and welfare. On the other hand, with
lower producer market power capitalists cannot as easily escape from wage
increases through price increases and union-capitalist bargaining results in
lower wages. With lower wages, the capitalists have less incentives to invest
in R&D, the growth rate falls and welfare decreases. The common market
accepts new members as long as the welfare-enhancing current-income effect
dominates over the welfare-diminishing growth effect. Because product mar-
ket competition and economic integration both diminish producer market
power, the decrease in the former increases the latter at the optimum.

Economic integration benefits capitalists more than workers. Because
technological change due to R&D increases wages and profits in the same
proportion, but R&D as such means wages for workers but costs for capital-
ists, the growth-diminishing effect of integration harms capitalists less than
workers. Hence, when the capitalists have stronger political influence, the
government cares less about the growth-diminishing effect of integration and
accepts more regions in the common market.

If a common market of “medium” size grows at a “medium” rate, then
it takes new members, although this harms workers. At low growth rates,
nobody is willing to slow down growth even further though integration. At
high growth rates, even workers are willing to substitute current income for
growth though integration. Hence, at the ‘medium’ rates of growth, the

capitalists are willing but the workers are unwilling to integrate.

Appendix

A. The equation (8)

Noting (3) and (5)-(7), we obtain the average growth rate of the term
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(Bj/B)'™" in the stationary state with [; = [ for all j as follows:”

T T
N E {10g|:<B')}tk+1’{tZ#k} —log“%)]m}}

k=1

=(1- 7){E[log B;jﬂ — log B;j] —

= (1 —7)A(loge) { ZlkEKB{:})l—v”
=(1-— ’y)/\(loge)l{l - %;ER;%’;})H] } =0,

where E is the expectation operator. This shows that the term (B;/B)'~
has no trend. Noting this and B) = B°, we obtain (8).

B

B log B+ t1) — log B4 | }

B
Il
—

wm—

B. The functions (16) and (17)

From (6) and (13) it follows that

aymy = By BY) T = (27)

J J

The Bellman equation corresponding to (15) is given by!?
PQ(tj, w;) = ml?lX{Cf + A; [Qt; + 1wy, 75, P) — Q(t;, wy, 75, P)) }v (28)

where A; = A; and C; = (m; — w;l;)/P. The first order condition for

investment [; is given by

AQUt; + 1wy, 75, P) — Qtj, wj, 75, P)] = %Oj‘l. (29)

We try the solution Q = C7/r; = (c;m;)7 /r;, in which capitalist j’s propen-

sity to consume, ¢; = PC;/m; € [0,1], and subjective discount factor r; > 0

9For this, see Aghion and Howitt (1998), p. 59.
10Cf. Dixit and Pindyck (1994), Wilde (1999).
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are independent of income ;. Given (27), we obtain

QiQ(tj+1awja7Tj7P) (CJ ;Jfl) /’I"] 1 ’Y)U<C7T ) /TJ
= 5(1_7)UQ(tj>wj>7Tj7P)'

Inserting this and £ = C7 /r; into (28) yield

p=CoQ+N;Q/Q — 1] =7; + [ — 1]\,
ri=p+[1—"7]\; > 0. (30)

From PC; = ¢;m; and (14) it follows that
w]-lj = (1 — Cj)ﬂ'j = (1/Cj — 1)PC] (31)

Inserting Q = c1-77Q, O = C7/r;, (30) and (31) into (29), we obtain

-t =a(G - 1) = e = = o2 ()

- a{lﬁ; + 1070} (l -1).

€
This equation defines the function

PC; r_ (1 —¢j)eip/l;

- =c;=c(ly), = P FSEE =T <0. (32)
Noting (13), (31) and (32), we obtain
1 Nm_(fe=D, (o=, . . on
”j_(a_l)w_;_ 1—¢; "= 1—c(lj)J_n(l”¢)’ a¢<0'

C. The function (21)

Given (13), (16), (17) and (20), the outcome of bargaining is obtained
through maximizing by [/; the following increasing transformation of the Gen-

eralized Nash product Z/{]‘?‘fjl’a:

Li(l,C,a)=(1/0) log[blo‘fl O‘] = (1/o0)[alog U; + (1 — ) log Fj]
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= alog[(n; +)w;B] '] + (1 — a) log[e;m; B} ']
— (1/o)log{p+[1 - 5(1_7)”])\1]} +A
= alog(1+1;/n;) + alog [wjnjB}_l} + (1 — «)log [cjwjnjB}_l}
—(1/0)log{p+[1 — s(I_V)U]Alj} +A
— O_/log(l + lj/nj) —+ (1 — a) log Cj + log [wjnjB]_l}
—(1/o)log{p+[1 — 5(1_7)"])\13} +A
= alog(1+1;/n;) + (1 —a)loge; + (1 — ) logn;
— (1/o)log{p+[1 - 5(1’7)”])\#} +A
1 ;
1/¢c£ 1)} + (1 —a)loge(ly) + (1 — fy){log l; — log[l — C(lj)}}
— (1/o)log{p+] [1—et )\l}+A
with p+ [1 — =D)AL > 0, (33)

= alog[l—i—

where A denotes terms that are independent of [;. Noting (33), we obtain

the first-order condition

ar; (1) ad (1) 1 (1)
il A 1 —« )/ J + 1 _ ,.y — 4+ J
(9lj ( ) C(lj) 1/¢ — C(lj) ( ) lj 1-— C(lj)
[et=7 — 1\ _0
p+[1—el=n7)\; ’
which defines the function [; = I(«, ¢, b). Noting
o°T; ¢ >0, O, _ ac -0,

oo ¢ 1/p—c ol;0¢ (1 —¢c)?

and the second-order condition 9°T';/9I < 0, we obtain

a oy /am ol o°r; /0T

Y o J J
9o~ ooa) a2 " as " aLoe) o2
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D. The results (23)

Noting ny = n, (1), (2), (3), (8), (10) and (13), we obtain

1 J 1/(1—7) 1 J 1/(1—7)
C=1J (7 > y,i”) =® J(j don VB;7>

ol

~ (1 —¢)°n? if J is large, (34)

(%)U = (% U% i(lj;g)(jn” ~ ¢’n? if J is large.  (35)

By choosing B(0) = 1, we obtain B = &' by (6). From B = &', (10), (16),
(17), (18), (19), (22), (34) and (35) it follows that

W = ;%uj + % ;;fj = /TOO e x(1, ¢, €)e "0 df with
1 (1w o ¢ B}
X(l,¢7f)=§{32[3(na‘+la‘)} +jZCj}
=1 j=1
1 1J l]l’wjnja Ufj ’/TJO'
:ﬁ{jg”n—]) (=) “7;(?)]

(
— o J .M .\ O
- (H 1/1¢—C1) %;(%) +CU§

o {(1 + 1/1¢—_01>U(1 —$) +Ca§¢a}

Q
3
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— n° [(W — 0)0(1 — )7 + écagb"] =n7[(1 = ¢e)” +&c(l)7¢7]

16— 1
=¢%@¢Y{%—wﬂﬂa+&ﬂf}
e gb)”c(l)”{ [d)%(l) 1"+ g}
- 2] a0} (36)

Given (16) and (36), we obtain

ox _ ox [(1-aN ] oy
96 = aa‘[l/co }”’

0%y (9)( (910 8)( (9)( d +1 _g@_x cl 41
gloc  acal 2oae oc l—c 1] 10 (1—-c)c
—_—
_za_x{_ p 1_0(%( [1- “”w ~0
1 o¢ p+[1— =17\ 108 p+[1—el- ])\l '
N—— —~
+ +
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