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Abstract

This paper analyzes the e®ects of labor union in the steady state of an overlapping gen-

erations economy when a union and a ¯rm determine wage and employment through an

e±cient contract. We ¯nd that social welfare increases in the bargaining power of the

union because the increase in wage income and the decrease in pro¯ts lead to a higher

level of capital stock and an increase in output. We ¯nd that the competitive equilib-

rium steady state can be achieved by an e±cient contract even though the competitive

equilibrium is not optimal. The steady state of the e±cient contract may be the same

as the social optimum when the bargaining power of the union is maximal, implying zero

pro¯ts for ¯rms. In a two-sector model with a unionized sector and a non-unionized sector

we ¯nd that the wage and the welfare of the workers in the non-unionized sector become

higher with an increase in the bargaining power of a union in the other sector.
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1. Introduction

E®ects of labor union have been analyzed in partial equilibrium models (see, e.g., Mc-

Donald and Solow (1981), Oswald (1985, 1987), and Pencavel (1985)). Macroeconomic

implications also have been examined in these partial equilibrium models (see, e.g., Pen-

cavel (1985) and Blanchard and Fischer (1989), Chapter 9). In partial equilibrium models,

it is focused that the existence of labor union is able to produce smaller °uctuations in real

wages and larger °uctuations in employment in response of disturbances. The e±ciency

has been investigated in an environment where ¯rms and labor union bargain over wages

and employment. The right-to-manage contracts where the union and the ¯rm bargain

over wages and the ¯rm chooses employment has been shown ine±cient relative to the

case of a simultaneous bargaining over wages and employment in the form of e±cient

contracts. These models are not general equilibrium models since they do not consider

the macroeconomic consequences of the existence of labor union. This study analyzes

the macroeconomic e®ects of labor union in a general equilibrium model in which we can

examine the e®ects of the union on interest rates, capital, welfare of the representative

agent, etc.

Another missing feature of the previous labor union models is dynamic property. Es-

pinosa and Rhee (1989) present a dynamic model where repeated bargaining occurs and

¯nd that employment is likely set on the contract curve even in the right-to-manage

contract model due to reputation, implying the e±cient contract level of employment sus-

tainable. However, the feature of partial equilibrium analysis makes it hard to examine

the macroeconomic e®ects of labor union on the economy. This paper provides a sim-

ple overlapping generations model to analyze e®ects of labor union in a dynamic general

equilibrium framework. We think that capital which is missing in static models plays an

important role understanding the macroeconomic e®ect of labor union.

We ¯rst consider an economic environment where workers and ¯rms behave in a com-

petitive way. We ¯nd that the existence of pro¯ts creates ine±ciency comparing with

the social optimum because it reduces the wage income of the young and increases the

dividend income of the old and hence leads to suboptimal savings. Thus, the introduction

of the labor union can improve e±ciency by decreasing pro¯ts of the ¯rm. We show that

social welfare increases in the bargaining power of the union because the increase in wage

income and decrease in pro¯ts lead to more savings. We also ¯nd that when the bargain-

ing power of the union is minimal so that the wage is set at the competitive equilibrium

level, the steady state equilibrium through the e±cient contract may be the same as the
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steady state without labor union. When the bargaining power of the union is maximal,

the steady state equilibrium may be the same as the social optimum. Another interest-

ing issue is the e®ect of labor union on non-unionized sector, in particular, the e®ect on

wages and welfare of non-unionized sector. In a two-sector model with a unionized sector

and a non-unionized sector we ¯nd that the wage and the welfare of the workers in the

non-unionized sector become higher with an increase in the bargaining power of a union

in the unionized sector.

The rest of this paper is organized as follows. Section 2 introduces an overlapping

generations model with labor exogenously supplied and analyzes the social optimum and

the steady state equilibrium when labor market as well as goods market, capital market,

and stock market are competitive. In Section 3, we modify the model introduced in Section

2 to incorporate e±cient bargaining on the determination of wage between the union and

the ¯rm and examines the e®ect of labor union in the steady state analytically as well as

numerically. Section 4 gives an e±cient contract model with endogenous labor. In Section

5, we examine a two-sector model and analyze the e®ect of labor union on non-unionized

sectors. Section 6 concludes the paper.

2. Competitive Equilibrium and Command Optimum

In this section, we introduce an overlapping generations economy and analyze the

steady state equilibrium and the socially optimal steady state of the economy. A rep-

resentative agent (or the ¯xed number of identical agents) is born each period and each

generation lives for two periods. The utility function of the representative agent who was

born in period t is u(c1t) + v(c2t), where c1t is his ¯rst period consumption, c2t is his

second period consumption, and the subscript t denotes the period when the agent was

born. We assume that the agent supplies a unit of labor exogenously in the ¯rst period

but cannot supply labor in the second period. We also assume that u( ) and v( ) are

di®erentiable, increasing and strictly concave.

There exists a representative ¯rm with production function y = F (n; k), where y,

n, and k denote output, labor input, and capital input, respectively. We assume that

F ( ) is di®erentiable, increasing, strictly concave, and satis¯es the Inada conditions,

limk#0 Fk(¹n; k) = 1, and limk!1 Fk(¹n; k) = 0. In addition, we also assume that the

production function exhibits decreasing returns to scale even though our results do not

change when the production function exhibits other types of returns to scale for small
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outputs.1 Capital depreciates at rate ±, and capital and consumption goods are identi-

cal. Shares of the ¯rm are traded in the stock market and shareholders receive pro¯ts as

dividends. We assume that all the markets are competitive.

The young agent supplies labor and receives labor income. He consumes goods and

decides savings in the form of purchasing capital and shares of the ¯rm. The old agent

receives returns from capital and dividends from shares and sells capital and shares. Let

· denote capital purchased by the young generation which will be used for next period

production, z denote stock holding, q denote stock price, w denote wage, r denote interest

rate, and ¼ denote pro¯ts of the ¯rm. The goods price is normalized to be 1. Then, the

agent born at t solves the following problem:

maxc1t;c2t;·t;zt u(c1t) + v(c2t), (P1)

subject to

c1t + ·t + qtzt = wt; (1)

c2t = (1 + rt+1)·t + (qt+1 + ¼t+1)zt: (2)

The ¯rm solves the following problem:

maxnt;kt F (nt; kt) ¡ wtnt ¡ (rt + ±)kt: (P2)

Then, the ¯rm's pro¯ts can be calculated as

¼t = F (nt; kt) ¡ wtnt ¡ (rt + ±)kt: (3)

The equilibrium conditions for goods market, labor market, capital market, and stock

market, respectively, are the followings:

c1t + c2t¡1 + ·t = F (nt; kt) + (1 ¡ ±)kt; (4)

nt = 1; (5)

kt+1 = ·t; (6)

zt = 1: (7)

We con¯ne our analysis to the steady state, dropping the time subscripts. From the

¯rst order conditions of the problem (P1), for the agent to hold capital and purchase

shares, we need

q =
¼

r
: (8)

1Some studies such as Basu and Fernald (1995) and Burnside et al. (1995) empirically estimate the

returns to scale in the U.S. industries and ¯nd that the assumption of decreasing returns to scale is not

implausible.
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The intertemporal ¯rst order condition is

u0(c1)
v0(c2)

= 1 + r: (9)

Since all the markets are competitive, the ¯rst order conditions for the problem (P2) are

the followings:

Fn(n; k) ¡ w = 0; (10)

Fk(n; k) ¡ (r + ±) = 0; (11)

where Fn and Fk denote @F
@n and @F

@k , respectively.

We have 10 variables, c1, c2, ·, z, n, k, w, r, q, and ¼, and 11 equations (1)¡(11).

However, due to the Walras' law, we can drop one of (4)¡(7). Assume that the simultane-

ous equation system yields unique values of the variables, and denote them by superscript

c, for example cc1. For the analysis in the following section, we assume that ¼c > 0.

Now, we consider the socially optimal steady state of the economy. Let f(k) ´ F (1; k).

Then, f 0(k) > 0 and f 00(k) < 0 from the properties of F ( ). The social optimum can be

calculated by the following problem:

max v(c2t¡1) +
P1
s=0

³
1
1+½

´s
[u(c1t+s) + v(c2t+s)], (P3)

subject to

c1s¡1 + c2s + ks+1 = f(ks) + (1 ¡ ±)ks; s = t; t + 1; : : : ;

where ½ denotes the social planner's discount rate for future generations.

In the steady state the solution of the problem (P3) satis¯es

u0(c1)
v0(c2)

= 1 + ½; (12)

f 0(k) ¡ ± = ½; (13)

c1 + c2 + k = f(k) + (1 ¡ ±)k: (14)

The equations (12)¡(14) determine consumptions c1 and c2, and capital input k. Assume

that the simultaneous equation system (12)¡(14) yields unique values of the variables,

and denote them by superscript o, for example co1.

Social optimality requires that u0(c1)
v0(c2)

which is the intergenerational marginal rate of

substitution between c1 and c2 be 1 + ½, which, in turn, equals the marginal rate of trans-

formation 1 + f 0(k) ¡ ±. In the competitive equilibrium, the marginal rate of substitution

equals to the intertemporal relative price of c1 to c2 which is 1 + r. Social optimality

also requires that the corresponding concept of interest rates f 0(k) ¡ ± equal the social

planner's discount rate ½.
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Now, we know that the ine±ciencies of the competitive equilibrium might take place

if the interest rate r is not equal to the social planner's intergenerational discount rate ½.

The young agent has two ways of savings. One is purchasing (accumulating) capital, and

the other is purchasing shares of the ¯rm. He receives returns (interest) from capital and

dividends from the stocks. In an equilibrium with both assets valued, if interest rate in

the steady state equilibrium is greater than the social planner's discount rate, there is a

possibility of ine±ciency and may be reduced by capital accumulation. If the interest rate

is lower than the planner's discount rate, we improve the representative agent's welfare by

decumulation of capital. Since there is no a priori value for the social planner's discount

rate, we assume the planner's discount rate to be zero hereafter. In this case, there is

always a room to improve e±ciency with positive interest rate and positive pro¯ts. In the

next two sections, we will examine whether the ine±ciency decreases as pro¯ts decrease

due to the bargaining between labor union and the ¯rm.

3. E±cient Contract between Labor Union and Firm

In this section, we modify the model introduced above to incorporate an e±cient

contract on wage determination between the labor union and the ¯rm. The representative

agent solves the following problem:

maxc1;c2;·;z u(c1) + v(c2); (P4)

subject to

c1 + · + qz = w; (15)

c2 = (1 + r)· + (q + ¼)z: (16)

For the agent to purchase both capital and shares, we need

q =
¼

r
: (17)

Then, the ¯rst order condition for the problem (P4) is summarized as

u0(c1)
v0(c2)

= 1 + r: (18)

The ¯rm solves the following problem:

maxk F (n; k) ¡ wn ¡ (r + ±)k: (P5)

The ¯rst order condition for the problem (P5) is given by:

Fk(n; k) ¡ r ¡ ± = 0: (19)
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Now, the agent (who is also a labor union) and the ¯rm set wage and input level

(zero or one). Though there are competing models for collective bargaining, we adopt the

e±cient contract model. The agent and the ¯rm agree on a wage-employment pair which

is Pareto optimal to the two parties. Then, in our model, labor input becomes 1 whatever

wage they agree on. Let w0 denote the wage set in the bargaining.2 Then, the bargaining

outcome consists of

n = 1; (20)

w = w0: (21)

Equilibrium conditions for goods market, capital market, and stock market are the fol-

lowings:

c1 + c2 + ±k = F (n; k); (22)

k = ·; (23)

z = 1: (24)

Finally, the pro¯ts are given by

¼ = F (n; k) ¡ wn ¡ (r + ±)k: (25)

We have 10 variables, c1, c2, ·, z, n, k, w, r, q, ¼ and 11 equations (15)¡(25). But

due to the Walras' law, we can drop one of (22)¡(24). Assume that the simultaneous

equation system yields unique values of the variables, and denote them by superscript u,

for example cu1 .

Now, we analyze the impact of labor union. Theorem 1 will show that when the wage is

set at the level in a competitive equilibrium so that w0 = wc, the steady state equilibrium

with union is the same as that without union.

Theorem 1. If w0 = wc, then cu1 = cc1, cu2 = cc2, ·u = ·c, zu = zc, nu = nc, ku = kc,

wu = wc, ru = rc, qu = qc, and ¼u = ¼c.

Proof. It is straightforward to show that all the ¯rst order conditions in the competitive

equilibrium described by equations (1) through (11) are identical to the conditions (15)

through (25) in the e±cient contract model as long as the wage set in the e±cient contract

in the equation (21) is the same as the competitive equilibrium wage level in the equation

(10) which is assumed in the theorem.2

2The wage level set in the contract (w0) depends on the bargaining power of the labor union. To be

more precise, the contract ¯nds the wage and employment to maximize (U ¡U)Á(¼¡¼)1¡Á where U and
¼ are utility level and pro¯ts achieved without the contract, and Á re°ects the bargaining power.
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The e®ect of a change in the bargaining power of the labor union on the economy

can be analyzed as follows. The ¯rst order conditions of the e±cient contract model are

summarized in the following equation.

u0(w0¡k¡f(k) ¡ w0 ¡ f 0(k)k

f 0(k) ¡ ±
) = (1+f 0(k)¡±)v0(

(1 + f 0(k) ¡ ±)(f(k) ¡ w0 ¡ ±k)

f 0(k) ¡ ±
): (26)

Total di®erentiation of (26) with respect to k and w0 gives

u00(
f 00(k)(k + q)

r
¡ 1)dk +

u00(c1)
r

dw0

= (f 00(k)v0(c2) + (1 + r)v00(c2)(1 + r ¡ f 00(k)(k + q)

r
))dk ¡ (1 + r)2v00(c2)

r
dw0: (27)

Equation (27) shows that dk
dw0

> 0 in the steady state equilibrium. Theorem 2 shows that

an increase in the bargaining power of the labor union may improve the representative

agent's welfare by decreasing the pro¯ts of the ¯rm.

Theorem 2. As the wage set in the e±cient contract increases, capital increases, inter-

est rate declines, and utility of the representative agent increases in the new steady state

as long as the interest rate is positive.

Proof. From the total di®erentiation of the ¯rst order conditions, it is straightforward

to get the following relation:

dk

dw0
=

r(1 + r)u00 + r(1 + r)2v00

r2f 00v0 + r2(1 + r)2v00 ¡ (1 + r)(f ¡ ±k ¡ w0)f 00v00 + (r2 ¡ (f ¡ ±k ¡ w0)f 00)u00
> 0;

as long as r > 0. We also get the following expressions:

dr

dw0
= f 00

dk

dw0
< 0;

dc1
dw0

=
r2(1 + r)2v00 + r2f 00v0

r2f 00v0 + r2(1 + r)2v00 ¡ (1 + r)(f ¡ ±k ¡ w0)f 00v00 + (r2 ¡ (f ¡ ±k ¡ w0)f 00)u00
> 0;

dc2
dw0

=
r(1 + r)(¡f 00v0 + ru00)

r2f 00v0 + r2(1 + r)2v00 ¡ (1 + r)(f ¡ ±k ¡ w0)f 00v00 + (r2 ¡ (f ¡ ±k ¡ w0)f 00)u00
;

dU

dw0
=

r2(1 + r)[(1 + r)2v00v0 + f 00(v0)2 + v0u00]
r2f 00v0 + r2(1 + r)2v00 ¡ (1 + r)(f ¡ ±k ¡ w0)f 00v00 + (r2 ¡ (f ¡ ±k ¡ w0)f 00)u00

> 0:2

An increase in the wage in the e±cient contract squeezes the pro¯ts of the ¯rm, which

results in a fall in the return from purchasing shares. Then, there is an excess demand

for capital at the previous equilibrium interest rate, which, in turn, gives an incentive

to accumulate capital. In a new equilibrium steady state, capital is higher, the interest
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rate is lower, and the utility of the representative agent is higher due to improvement of

e±ciency with the lower pro¯ts. The lower interest rate tends to increase consumption

when young with the positive wealth e®ect. However, the e®ect on consumption when

old is ambiguous since the wealth e®ect and the substitution e®ect work in an opposite

direction to each other.

The following theorem examines how the social optimum can be reached by raising

the bargaining power of the union in terms of a higher wage rate. It shows that if co2 ¸
ko, then the steady state equilibrium with union is socially optimal (if the social planner's

discount rate for future generations is zero) when the bargaining power of the union is

maximal so that ¼ = 0.

Theorem 3. Assume that co2 ¸ ko. Then, the social optimum can be reached by

setting the wage through the e±cient contract between the union and the ¯rm such that

¼0 = 0 and by pricing the share as q = co2 ¡ ko with no return.

Proof. We will show that if ¼0 = 0, then the interest rate is zero and the ¯rst order

conditions in the e±cient contract model can support the social optimum. With ¼0 = 0

and q = co2 ¡ ko, from the goods market clearing condition (22), the equilibrium interest

rate is given by zero. Then, it is easy to verify that the social optimum described by the

¯rst order conditions (12)¡(14) can be supported by the equations (18), (19), and (22).2

The above theorem shows that the social optimum can be achieved if it is the case

that the social optimum level of consumption when old is greater than capital stock. This

implies that we need a way of cost-free storage since the social optimum is described as zero

interest rate (if the social planner's discount rate for future generations is zero). If there is

no market for shares (implying q = 0) when the pro¯ts are zero with a maximal bargaining

power of the labor union, the interest rate would be negative. If there exist shares in the

market with zero return, then the shares play a role of cost-free storage of value. The other

case is that the social optimum consumption level when old is less than capital stock (co2 <

ko). To achieve the social optimum in a bargaining environment with a maximal level of

the bargaining power of the labor union requires a way of cost-free borrowing. If there is

no share market when the pro¯ts are zero, the interest rate would be positive, implying

that the e±cient contract equilibrium cannot achieve the social optimum unless there is a

device such as government transfer from old generations to young generation. If co2 = ko,

the social optimum can be reached when ¼0 = 0 with r = 0 and q = 0:

We can examine the above results quantitatively with a numerical example with the
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following functions.

u(c1) + v(c2) =
c1¡¾1 ¡ 1

1 ¡ ¾
+ ¯

c1¡¾2

1 ¡ ¾
; (28)

F (n; k) = An®k° : (29)

We have seven parameters to determine, ¾, ¯, A, ®, °, ±, and ½. A is set to be 1 a priori,

which is a scale parameter. ¾ is chosen to be 2, and ± an annual rate of ten percent

as conventionally used in the literature. The social planner's discount rate for the social

optimum is selected as zero. The other three parameters are chosen such that the steady

state relations, such as the labor income share of output, interest rates, and capital-output

ratio. One period lasts 20 years. The labor share of output which we use 0.64 ties down

®. We use four percent annual interest rate which determines ¯. Finally ° is determined

by the capital-labor ratio (1/8 when we use 20 years as one period) combined with the

annual depreciation rate of ten percent.

Figures 1 and 2 show how the variables of interest behave as the wage set in the

e±cient contract increases. The horizontal axis stands for how much wage is increased

relative to the competitive level of wage (w0=wc). The starting point denoted as one in

the horizontal axis is equal to the competitive equilibrium as shown in Theorem 1. The

¯nal point indicates the wage level which makes the pro¯ts of the ¯rm zero.

As the wage in the contract increases above the competitive equilibrium level of wages,

the steady state level of capital increases. The intuition behind this is as follows. The

increase in the wage squeezes pro¯ts of the ¯rm, implying a lower price of the share,

which in turn switches purchasing shares to buying capital for savings for the young

generation. This decreases rate of returns (or interest rates) on capital. As the interest

rate declines, there is a switch from the consumption in old period to young period. The

increase in capital increases output and the total utility of the representative agent since

the decrease in the ¯rm's pro¯ts reduces ine±ciency arising from the decreasing returns

to scale production technology. If the interest rate falls faster than the pro¯ts with higher

wages as shown in the numerical example in Figures 1 and 2, it is possible to have a higher

price of shares for some level of bargaining power than that of the competitive equilibrium.

As we have shown in the previous section, it can be seen that there is a wage level

which generates zero pro¯ts and zero interest rate, implying the social optimum. It is

con¯rmed that the social optimum could be reached by some level of bargaining power of

the union as described in Theorem 3. At the wage level which makes interest rate zero

also corresponds to zero pro¯ts for ¯rms, implying that shares do not produce any return

and are assumed to be accepted in the future even though there is no fundamental value
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in shares. As long as shares are purchased at the price of co2 ¡ ko, the social optimum is

obtained. However, it is found that the social optimum may not be reached even though

the wage level is high enough to result in zero pro¯ts for the ¯rm. If the pro¯ts of the ¯rm

and the price of shares approach to the value of zero together with a positive interest rate,

there would be only capital as an asset, which is a sustainable equilibrium where nobody

holds shares and the consumption of old generation equals (1 + r)k.3

In a more general case with positive discount rate for future generation of the social

planner, it is not the case that the social optimum is reached just by raising the bargaining

power of the labor union. In that case, it is important to compare the interest rates and

the social planner's discount rate. If the interest rate is higher than the social planner's

discount rate, the representative agent's welfare can increase by increasing the bargaining

power of the labor union until the interest rate equals the discount rate. If the interest rate

is lower than the social planner's discount rate, the welfare of the representative agent can

be higher with the higher bargaining power of the ¯rm implying lower wage rate. None

the less, it is true that there is a way of improving the utility level of the representative

agent with the e±cient contract relative to the competitive equilibrium.

4. Labor Union with Endogenous Labor

We may be interested in the e®ect of labor union on labor hour decision of the represen-

tative agent in a model with endogenous labor. The e®ect can be particularly interesting

because the partial equilibrium models ignore the determination of labor hours and the

¯xed labor in the previous section may be a reason for the socially suboptimal equilibrium.

Possible e®ects of the labor union on labor hours can be summarized intuitively as the

wealth e®ect due to an increase in output and utility of the representative agent and the

substitution e®ect caused by an increase in capital stock.

Now we examine the e®ect of labor union on the variables of interest, in particular,

the e®ect on labor choice by introducing labor decision with an overlapping generations

model with endogenous labor. The utility function of the representative agent includes

labor as an argument shown as the following problem:

max
c1;c2;n;·;z

u(c1; c2; 1 ¡ n);

c1 + · + qz = wn; (30)

3We exclude the case of negative pro¯ts since the ¯rm with negative pro¯ts cannot exist in the long-run

steady state.
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c2 = (1 + r)· + (q + ¼)z; (31)

where the total available labor is normalized as one, denoting leisure as 1 ¡ n. The same

¯rst order conditions as in Section 3 can be applied except the labor choice.

Let V (w;n; q; r; ¼) be the indirect utility function which gives the maximized value of

u(c1; c2; 1 ¡ n) in the above problem as a function of the parameters considered given.

Then, by the envelop theorem, we have

@V (w; n; q; r; ¼)

@w
= ¹1n; (32)

@V (w;n; q; r; ¼)

@n
= ¡u3(c1; c2; 1 ¡ n) + ¹1w; (33)

where ¹1 denotes the Lagrangian multiplier of the constraint (31). The ¯rm solves the

following problem:

max
k

F (n; k) ¡ wn ¡ (r + ±)k:

Let ¦(w;n; r) be the pro¯t function which gives the maximized value of the ¯rm's problem

as a function of the parameters. Then, by the envelop theorem, we have

@¦(w;n; r)

@w
= ¡n; (34)

@¦(w;n; r)

@n
= Fn(n; k) ¡ w: (35)

The e±cient contract between the ¯rm and the labor union can be described as the

agent (who is also the labor union) and the ¯rm solve the following problem:

max
w;n

V (w;n; q; r; ¼0)

subject to

¦(w;n; r) = ¼0; (36)

where the pro¯t level ¼0 depends on the bargaining powers of the union and the ¯rm. We

assume that 0 · ¼0 · ¼c where ¼c indicates the competitive equilibrium pro¯t level. Let

' denote the Lagrangian multiplier for the constraint (36). Then, ¯rst order conditions

for the Lagrangian of the problem (36) are the followings:

@V (w;n; q; r; ¼)

@w
+ '

@¦(w;n; r)

@w
= 0; (37)

@V (w;n; q; r; ¼)

@n
+ '

@¦(w;n; r)

@n
= 0; (38)

F (n; k) ¡ wn ¡ (r + ±)k = ¼0: (39)
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Combining the equations (32), (33), (34), (35), (37), and (38), we get the following equa-

tion in the e±cient contract.

u3(c1; c2; 1 ¡ n)

u1(c1; c2; 1 ¡ n)
= Fn(n; k): (40)

With this additional condition for labor choice in the e±cient bargaining contract

problem we solve the simultaneous equation system in a similar way to the previous

section without labor choice. Now a change in the bargaining power of the labor union is

described by a decrease in the pro¯ts of the ¯rm in the e±cient contract between the labor

union and the ¯rm. It can be easily veri¯ed that Theorem 1 and Theorem 3 hold true

in this case. Theorem 1 states in a slightly di®erent manner as in the following since the

bargaining power is re°ected in the level of the pro¯ts of the ¯rm in this model. It states

that when the bargaining power of the union is minimal so that ¼0 = ¼c, the steady state

equilibrium with union is the same as that without union. Theorem 3 can be also veri¯ed

in a similar way that if co2 ¸ ko, then the steady state equilibrium with union is socially

optimal when the bargaining power of the union is maximal so that ¼0 = 0. However,

due to the nonlinearity of the simultaneous equation system we examine numerically the

e®ects of labor union on the variables. The utility function used for numerical analysis is a

simple Cobb-Douglas form as u(c1; c2; 1¡n) = c¯1c
1¡¯
2 (1¡n)». The parameters are chosen

such that the steady state labor be 1
3 (implying » = 2), with the steady state conditions

in the previous section satis¯ed.

Figures 3 and 4 show the e®ects of labor union at di®erent levels of bargaining power

of the labor union described by the level of the pro¯ts of the ¯rm. The horizontal axis

measures how much percentage of pro¯ts is reduced in the bargaining contract relative to

the competitive equilibrium level pro¯ts. The last point indicated as one at the horizontal

axis implies zero pro¯ts for the ¯rm. Most of the results in the previous section are

reproduced in this model with endogenous labor. As the bargaining power increases

implying a lower level of pro¯ts, interest rate falls and capital increases, implying higher

output, which reduces the ine±ciency caused by the decreasing returns to scale production

technology. With higher output the representative agent has a higher level of utility. The

lower interest rate induces a switch from consuming when old to consuming when young.

There are two notable points di®erent from the model without labor choice. The ¯rst

one is about the e®ect on labor choice. The higher level of bargaining power has two

e®ects on labor choice. One is the wealth e®ect due to a higher level of output with higher

capital stock, and the other the substitution e®ect arising from an increase in wages due

to a higher capital stock. It turns out that the wealth e®ect dominates the substitution
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e®ect resulting in lower labor. Another notable point is that this economy does not reach

the social optimum. The condition of the social optimum includes zero interest rate when

the social planner's discount rate for future generations is zero. In this economy the pro¯ts

of the ¯rm approaches zero together with zero share price as the bargaining power of the

labor union increases and it reaches zero before the interest rate falls to a social optimum

level (zero). Then, as discussed earlier, the economy may not reach the social optimum.

The share price becomes zero together with zero pro¯ts.

5. E®ects of Labor Union in a Two-Sector Model

In the real economy there are some sectors with strong unions and other sectors with

relatively moderate unions or even no union. It would be interesting to examine the

e®ects of labor union on non-unionized sectors. It is often argued that the wage increase

in unionized sectors lowers labor demand in the unionized sector and hence decreases real

wages in non-unionized sectors due to an increase in the supply of labor. This argument

is commonly based on a static partial equilibrium two-sector framework which can be

found in Anand and Joshi (1979), Minford (1983), Oswald (1982), and Sampson (1983).

In contrast to this conventional belief, we will show that real wages in non-unionized

sectors would be higher as the wage in unionized sectors increases. The squeezed pro¯ts

in the unionized sector induce lower returns on shares, which in turn lowers return on

capital since capital market is not segregated, implying higher a level of capital stock.

The increase in capital stock contributes to an increase in the wage in the non-unionized

sector in the form of an increase in the marginal product of labor. We also ¯nd that there

is an welfare improvement of the workers in the non-unionized sector.

Suppose that there are two ¯rms in the economy which produce the same good. The

only di®erence is the way in which the wage is determined. One ¯rm has a labor union

and the wage is determined in the e±cient contract. The other ¯rm does not have a

labor union and the wage is determined as in the competitive equilibrium. To get the

implication of the e®ect of labor union on the non-unionized ¯rm we assume that there

is no movement of labor across ¯rms. We also assume that there are two types of agents

(workers); one works in a unionized ¯rm and the other in a non-unionized ¯rm. The labor

choice is abstract as zero or one (or exogenously supplied). The maximization problem of

the workers is given as

max
ci1;c

i
2;·;zi

u(ci1) + v(ci2);
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subject to

ci1 + ·i + qnz
i
n + quz

i
u = wi;

ci2 = (1 + r)·i + zin(qn + ¼n) + ziu(qu + ¼u); i = n; u:

In this section, the superscripts or the subscripts, n and u denotes the variables relevant

for the agent in the non-unionized ¯rm or in the unionized ¯rm, respectively. zij is the

asset share of the agent i of ¯rm j and without loss of generality, we can assume that

zin = ziu, and thus we simply denote zn and zu for the asset shares of the agent in each

sector.

The ¯rms solves the following problem:

max
ni;ki

¼i = F (ni; ki) ¡ wini ¡ (r + ±)ki; i = n; u:

One unit of labor is supplied for each ¯rm in equilibrium regardless of whether the ¯rm is

unionized or non-unionized (nn = nu = 1). The unionized ¯rm determines labor based on

the e±cient contract between the ¯rm and the worker in that ¯rm as described in Section

3, while the non-unionized ¯rm determines wage equal to the marginal product of labor.

Note that there is no movement of labor across ¯rms implying that wages are di®erent

across ¯rms. However, the assets are freely traded across ¯rms implying that the same

interest rate is applied to both of the ¯rms.

The ¯rst order conditions are summarized as follows.

u0(ci1) = (1 + r)v0(ci2); i = n; u;

cn1 = F1(nn; kn) ¡ zn(kn + ku + qn + qu);

cn2 = (1 + r)zn(kn + ku + qn + qu);

cu1 = wu ¡ zu(kn + ku + qn + qu);

cu1 = (1 + r)zu(kn + ku + qn + qu);

¼n = F (nn; kn) ¡ F1(nn; kn)nn ¡ (r + ±)kn;

¼u = F (nu; ku) ¡ wunu ¡ (r + ±)ku;

qi =
¼i
r

; i = n; u:

The equilibrium conditions for goods market, labor market, capital market, and stock

market, respectively, are the followings:

c1 + c2 + kn + ku = F (nn; kn) + F (nu; ku) + (1 ¡ ±)(kn + ku);
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nn = nu = 1;

zn + zu = 1;

·n + ·u = kn + ku:

It is obvious that if the unionized ¯rm sets the wage equal to the marginal product

of labor, the equilibrium is back to the competitive equilibrium described in Section 2.

Figures 5¡7 show quantitative analysis with the two sector model. For simplicity it is

assumed that the two ¯rms are equal except the way of wage determination and the two

workers are the same except that one is in the unionized ¯rm and the other not. Thus,

the numerical analysis is an extension of the model in Section 3.

The horizontal axis of the ¯gures indicates a higher wage in the unionized ¯rm over

the competitive equilibrium wage level (wu=wc). As the bargaining power increase in the

unionized ¯rm, capital increase due to the lower return on shares arising from squeezed

pro¯ts in the unionized ¯rm. The increase in capital is distributed evenly to both of

the ¯rms since the asset market is freely traded across ¯rms. The higher level of capital

stock decreases interest rates and results in a higher wage in the non-unionized ¯rm due

to an increase in the marginal product of labor. The higher wage over the competitive

equilibrium wage reduces the pro¯ts in the unionized ¯rm and the price of share of the

¯rm. The agent in the non-unionized ¯rm bene¯ts from the higher level of capital with a

higher level of wage. However, the increase in the utility of the agent in the non-unionized

¯rm is relatively small. Most of the bene¯t from the increase in the bargaining power

belongs to the unionized worker as shown in the Figure 6.

The increase in the bargaining power of the unionized worker reduces the pro¯ts of

the unionized ¯rm. However, the pro¯ts of the non-unionized ¯rm increase slightly due

to a lower interest rate. The asset share of the non-unionized worker decreases. With a

decline in the interest rate there is a switch from consumption when young to consumption

when old. This example also shows that the social optimum described by zero interest

rate cannot be reached by raising the bargaining power of the union in the partial set of

the ¯rms.

6. Conclusion

We have analyzed the e®ects of labor union in a general equilibrium e±cient contract

model. In our model the existence of pro¯t creates ine±ciency comparing with the social

optimum, it reduces the wage income of the young and increases the dividend income

16



of the old and hence leads to suboptimal saving. Thus, the labor union can increase

e±ciency by decreasing pro¯t of the ¯rm. We ¯nd that the welfare of the representative

agent increases in the bargaining power of the union because the increase in wage income

and the decrease in pro¯ts lead to more saving. We also ¯nd that the steady state of the

e±cient contract may be the same as the social optimum when the bargaining power of the

union is maximal, implying zero pro¯ts for ¯rms. In a two-sector model with a unionized

sector and a non-unionized sector we ¯nd that the wage and the welfare of the workers

in the non-unionized sector become higher with an increase in the bargaining power of a

union in the other sector.
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Figure 1: E®ects of Labor Union with Fixed Labor
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Figure 2: E®ects of Labor Union with Fixed Labor (continued)
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Figure 3: E®ects of Labor Union with Endogenous Labor
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Figure 4: E®ects of Labor Union with Endogenous Labor (continued)
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Figure 5: E®ects of Labor Union in a Two-Sector Model
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Figure 6: E®ects of Labor Union in a Two-Sector Model (continued)
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Figure 7: E®ects of Labor Union in a Two-Sector Model (continued)
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