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Abstract
The current Doctoral Thesis consists of four chapters that focus on the interesting
Industrial Organization fields of mode of competition, quality improvement and
collusion in unionized oligopolistic markets with differentiated products.
The first chapter “Welfare Improving Cartel Formation in a Union-Oligopoly Static
Framework” studies the role of unions regarding the possibility and the effects of
endogenous cartel formation, in a union-oligopoly static framework. Given that firms
independently adjust their own quantities, we show that, if union members are not
sufficiently risk-averse and firms’ products are sufficiently close substitutes, then
collusion among firms may emerge in equilibrium, and that − in contrast to
conventional wisdom − cartel formation proves to be a welfare improving market
arrangement. Quite remarkably, the latter gain in social welfare materializes at the cost
of union rents despite it is the union’s presence which effectively sustains collusion.
The second chapter “On the mode of Competition as a Collusive Perspective in
Unionized Oligopoly” endogenizes the mode of product market competition by
exploring its strategic role on firms’ incentives for collusion. It is shown that in a oneshot game setup, provided that union members are endowed with risk-neutral and
monopoly bargaining power during the negotiations, cartel formation is an
unavoidable equilibrium in the product market, hence industry’s outcomes and market
participants surpluses/rents equal to that of collusive play. The cartel is proved to be
welfare improving, if and only if products’ substitutability is sufficiently high under
Cournot competition. Moreover and given firms’ competition, we conclude that
among modes of competition, under Bertrand competition Social Welfare is higher
than Cournot, while under a Mix of Strategies it lies in-between. Consequently, it is
welfare improving to be a benevolent policy maker that deters cartel formation and
gives firms’ incentive for Bertrand competition.
The third chapter “Union-Oligopoly Bargaining and Vertical Differentiation: Do
Unions Affect Quality?” investigates unionized oligopolistic markets with
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differentiated products and quality improvement-R&D investments. In endogenous
union structures, we investigate the conditions under which firm-level unions may
strategically collude, or not, and the impact of their decisions upon the firms’
incentives to individually spend on R&D investments. We show that, separate firmlevel unions are sustained in the equilibrium, where product quality and the level of
R&D investments are relatively high. Moreover, we consider two instances of policy
maker’s intervention. In the first case, we assume that a benevolent policy maker
proceeds to quality improvement-R&D, as a common public good, by undertaking the
costs of those investments and providing for free the know-how to the industry. In the
second case he finances a percentage of the cost of firm-specific R&D investments. In
both cases he finances those costs by indirect taxation on market products. We
conclude that all market participant surpluses are higher (and consequently so is
Social Welfare), when the R&D – quality improvement is a public good, even if this
leads to indirect taxation on market products.
The forth chapter “Union-Oligopoly Bargaining and Vertical Differentiation: Do
Unions Affect Quality? Dynamic analysis.” proposes a dynamic version of the
research that first introduced in our previous chapter. In particular, it studies
oligopolistic markets with differentiated products, with endogenous union structures
and quality improvement-R&D investments. In the context of a dynamic gametheoretic analysis we investigate the conditions under which firm-level unions may
strategically collude, or not, and the impact of their decisions upon the firms’
incentives to individually spend on R&D investments. We show that, under
sufficiently high (low) discount rate and substitutability among the firms' products, an
industry-wide union emerges (separate firm-level unions sustain) in the equilibrium,
where product quality along with the level of R&D investments are relatively low
(high).f Moreover, we consider the instance where a benevolent policy maker
undertakes the costs of firm-specific R&D investments and finances these costs by
indirect taxation. We conclude that in such cases, higher surpluses emerge for the
market participants in the equilibrium.
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Κεφάλαιο 1

Chapter 1
“Welfare Improving Cartel Formation in a
Union-Oligopoly Static Framework”

Κεφάλαιο 1 .
1. a

1| Chapter

1.1. Introduction
One of the ever interesting fields of Industrial Organization is whether and when
firms may choose collusion, e.g., to informally engage to cartel formation, over
competition. The conventional conclusion is that in static (one-shot) games collusion
is not feasible, while on dynamic games (of infinite or finite time span) it may emerge
in equilibrium if and only if a sufficiently high discount factor exists.
Yet, and despite the fact that modern industrial sectors are heavily unionized, what
has not been investigated in depth is the interaction that may arise among firms and
their workers’ unions over firms’ decisions for collusive play, and which might be the
outcome and the welfare implications of such interaction. To our best knowledge, the
relevant literature mainly focuses on the interpretation of market conditions which
may strengthen collusion − including the presence of workers and their unions. Being
the first to incorporate the latter factor into analysis, McDonald and Solow (1981),
Clark (1984), Karier (1985), and Mishel (1986), suggest that product market
imperfections allow the generation of economic rents over which unions and firms
may bargain, while later on Dowrick (1989), focusing on the interaction between
oligopolistic price setting and union-firm bargaining, suggests that the unionoligopoly wage contract is an increasing function of the degree of collusion among
firms. Taking another path, Compte (1998), and Kandori and Matsushima (1998),
argue that the existence of private information imposes an additional barrier to
collusion and, therefore, communication-enhancing devices, such as trade unions,
may promote collusion by transferring private information and setting it as public.
More recently, and like us in an upstream (union) – downstream (oligopoly) static
framework, Symeonidis (2008) suggests that if unions are risk neutral, the firms’
products are close substitutes, and union bargaining power is sufficiently high, then
2|Page

Chapter|1
social welfare may be higher under an ad-hoc scheme of joint profit maximization
than under competition. Unlike us, however, the above author does not examine
whether and how a joint profit maximization/collusion scheme may endogenously
emerge in a static equilibrium. Yet, as it will become evident later on, his major
finding is confirmed by our research thus strengthening our results.
In the present chapter we consider a simple union-oligopoly model where in the
product market two technologically identical firms producing differentiated goods
may compete, or collude, by independently adjusting their own quantities. We further
argue that either of these decisions is taken cooperatively inside each firm/union unit
(yet non-cooperatively across the different firm/union units) in a firm-specific bargain
where the firm decides on its output and the union decides on the firm-specific wage.1
In this context, a (two-stage) static game arises, with the following envisaged events:
At the first stage, firms independently decide to proceed to competitive or to collusive
play (e.g. to cartel formation) in the continuation of the game, and unions
independently choose the (firm-specific) wage to set in either instance. At the second
stage, firms independently adjust their own quantities in the product market, in order
either to maximize their own profits or to maximize joint profits, according to the
decisions taken, inside each firm/union unit, at the first stage.
Solving this game, our findings suggest that, if union members are not sufficiently
risk-averse, and the firms’ products are sufficiently close substitutes, then collusion
among firms may quite interestingly emerge in the (static) equilibrium and that − in
contrast to conventional wisdom – cartel formation may prove to be a welfare
improving market arrangement compared to competition. Remarkably, moreover,

1

Effectively, therefore, we postulate a special version of “Efficient Bargains” [see, e.g., McDonald
and Solow (1981), Petrakis and Vlassis (2000)], where for simplicity assume that the union (the firm)
possesses all the power over the wage (the output/employment) bargain.
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such a gain in social welfare materializes at the cost of union rents; despite it is the
union’s presence that effectively sustains collusion.
The rest of chapter is organized as follows. Section 1.2 analytically presents our
union-duopoly model, while in Section 1.3 we demonstrate the conditions under
which one or more Nash equilibria may arise. Hence, the effects of critical structural
parameters on wages and employment/output are consistently predicted and
interpreted, in Section 1.4. By these means we subsequently proceed to welfare
analysis, in Section 1.5. Our findings are conclusively evaluated in Section 1.6.

1.2. The Model
Assume a sectoral product market where two technologically identical firms,
denoted by

, producing differentiated goods, may compete or collude by

independently adjusting their own quantities. Each firm faces an inverse linear
demand function2 which is given by:
( 1.1)
Where,

,

respectively are the price and output of firm

, and

denotes the degree of substitutability among the goods

As

the

firms’ products become more close substitutes.
For simplicity, we assume that the production technology exhibits constant returns
to scale, and labor productivity equals to one for both firms, namely one unit of labor
is needed to produce one unit of output:3
(1.2)

2

Like in Dixit (1979), this function is derived by maximizing (w.r.t.

the quadratic and strictly

concave utility function
, where m is the
competitive numeraire sector. For simplicity, we assumed that both and are equal to one.
3
Hence, (2) implies a specific version of a two-factor Leontief technology in which the (minimum
cost) capacity - labour ratio is equal to one.
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Where

and

respectively are the employment and the quantity of firm

.4
The firm’s unit transformation cost of labor into product equals the wage rate, denoted
by

. Hence, the profit function of firm is defined by:
(1.3)
The sectoral labor market is unionized: Workers are organized into two separate

firm-specific unions, and firm-union bargaining is decentralized. Hence, each firm
enters into (any) negotiation(s) exclusively with the firm’s union of workers. The
union ’s objective is to maximize the sum of its members’ rents, given by the
following equation:
(1.4)
Where,

is firm ’s wage rate,

is the workers’ outside option5, and

reflects the representative unions member’s relative rate of risk aversion, or
alternatively the representative union member’s elasticity of substitution between
wages and employment, provided that union membership is fixed and all members are
(or the union leadership treats them as being) identical [see, e.g. Oswald (1982),
Pencavel (1991), Booth, (1995)]: As

union members become less risk-averse.

In the above context, our envisaged two-stage game unfolds as follows:


At the 1st stage, both firms simultaneously and independently decide whether to
collude or to compete in quantities, and each firm’s union (independently from
the rival firm’s union) dictates the firm-specific wage in either instance.

4

We are aware of the limitations of our analysis in assuming specific functional forms and constant
returns to scale. However, the use of more general forms would jeopardize the clarity of our findings,
without significantly changing their qualitative character.
5
As it is generally accepted in the trade unions literature,
represents a weighted average of the
competitive wage and the unemployment benefits, the weights respectively being the probability of a
worker to find a job or not in the competitive sector.
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At the 2nd stage, if (at the first stage) one or both firms have independently



decided to play collusively, they simultaneously and independently adjust their
output (hence employment) levels so that each, either on its part maximize the
monopoly (cartel’s) profits, or maximize its own profits. If, however, both firms
have (at the first stage) independently decided to play competitively they both
adjust their own capacities and quantities in order each one to maximize its own
profits.
Note that, unlike in matrix-type games, in our static context of analysis the decisions
taken within each firm/union pair, at stage one, are not observable by the rival pair
before product market competition is in place. Hence, the above sequence of events
effectively comprises a one shot-game which is conceptually arranged on two
sequential sub-stages −all of which materialize without delay in- between.6

1.3.

Equilibrium Analysis

Like in standard game-theoretic analysis, backwards inducting, we propose a
candidate equilibrium and subsequently validate (or reject) it by checking for all
possible unilateral deviations, on the part of any involved agent− considering such a
deviation. In our model three such candidate equilibria arise: In Section 3.1 the
candidate equilibrium is the one where a cartel is effectively formed (e.g., firms
independently collude in quantities) and the possible deviation, on the part of any
firm, is to adjust its own quantity in order to maximize its own profits given that the
other firm sticks to collusive play. In Section 3.2, the candidate equilibrium is
Cournot competition and the possible deviation, on the part of any firm, is to adjust its
own quantity in order to maximize the cartel’s profits, given that the other firm still
6

A matrix-type approach should rather be employed in a dynamic (super-game) version of our
present model.
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behaves as a Cournot competitor. In Section 3.3, the candidate equilibrium is the one
where one firm acts collusively, while its rival firm acts competitively, and the
possible deviations arise by unilaterally switching each firm’s strategy to its rival’s
one. Recall that, in any of the above configurations, wages are consistently adjusted
within each firm/union pair so as to maximize the firm-specific union rents,
independently from, and not being observable (until the product market outcome
unfolds) by, the rival firm/union pair.

1.3.1.

Collusive Play(c)

Assume that, at the last stage of the game, both firms independently adjust their
quantities (thus their own employment levels) in order to maximize joint profits.
Hence, according to (1.3), the firm’s ’s objective is:
(1.5)
The first order condition (f.o.c.) of (1.5) provides the reaction function of firm :
(1.6)
Taking the reaction functions of both firms and solving the system of equations we
then get the optimal output/employment rules in the candidate equilibrium:
(1.7)

Taking in to consideration (1.7) union chooses

so as to maximize:
(1.8)

From the f.o.cs of (1.8) we subsequently derive the union ’s wage reaction function:
(1.9)
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Note that

, hence, wages are strategic

complements on the part of unions. Solving the system of (1.9) we get the (candidate)
equilibrium wages:
(1.10)

Observe that

, i.e. the less risk-

averse are union members, the higher is the wage set by the union. To grasp this,
notice that if unions abominate any risk (hence
the workers’ outside option (

), the wage (

) will be equal to

).

The firms’ output /employment levels in the candidate equilibrium are then derived by
substituting (1.10) into (1.7):
(1.11)

Moreover, we get that:
(1.12)
Where,

is the sum of the firms’ outputs in the candidate equilibrium.

Collusion is the equilibrium configuration only if no firm has incentive to
unilaterally deviate, by independently adjusting its own quantity so that to maximize
its own profits − while its rival on its part sticks to collusive output. In the standard
oligopoly literature the deviant firm would then achieve higher own profits. However,
in our model, where the labor market is unionized, the deviant firm, by increasing its
output level and therefore labor demand, would also create an extra unit cost− in
terms of a higher wage set by its union of workers. Moreover, this increment in unit
(labor) cost would be higher the less risk-averse union members are (e.g., the higher is
φ). Consequently, the gains from deviation from collusive play would be lower than

8|Page
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those in the case of fixed wages, and the deviant firm may lose more due to the extra
unit cost than gain from business-stealing against its rival firm. Hence, the firm’s
dominant strategy would be to stick on its share of the collusive output.
Summing up the above, a deviation from collusive play causes two opposing
effects on the deviant firm’s profits: A positive one, from increasing its market share,
and a negative one, due to the higher wage − whose magnitude depends on the
representative unions’ member’s relative rate of risk aversion ( ). The following
proposition encapsulates both effects, suggesting that if

is sufficiently high, firms

would be deterred to deviate from collusive play.

Proposition 1.1:
If union members are not enough risk-averse:

>

then collusion among firms is a subgame perfect equilibrium configuration in
the product market.
[Proof: See Appendix (A.1)]

In Figure 1 below, notice that

. Hence, as their products become more

close substitutes collusion among firms becomes more unstable. The reason is that the
higher is γ, the stronger business-stealing becomes on the part of the deviant firm. It is
then needed a high enough φ so that the ensuing higher wage to deter deviation from
collusive play.
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Relative rate of risk aversion (φ)

1
0,8

Subgame
Perfect
Equilibrium

0,6
0,4
0,2

φ1(γ)

Deviation

0

0

0,2

0,4
0,6
0,8
Degree of product substitutability (γ)

1

Figure 1: The φ(γ) conditions under which Cartel formation/Collusion emerges in
equilibrium

1.3.2.

Competitive Play (m)

Assume next that at the last stage of the game each firm aims to maximize its own
profits by independently adjusting its own quantity (hence, its employment level).
According to (1.1) and (1.3), the firm ’s objective is then as follows:
(1.13)
The f.o.cs of (1.13) deliver the following system of reaction functions of firms

:

(1.14)
Solving this system we subsequently get the optimal output/employment rules in the
candidate equilibrium:
(1.15)

Therefore, each union chooses the firm-specific wage

in order to maximize its

rents [given by (1.8)], taking as given the outcomes of the production game [given by
(1.15)]. From the f.o.cs of that maximization we may then derive the unions’
, wage reaction functions which are as follows:
10 | P a g e
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(1.16)

Observe that, like in 1.3.1, wages are strategic complements for the unions,
since:
Solving system (1.16) we get the wage outcome (s) in the candidate equilibrium:
(1.17)

Consequently [by virtue of (1.15)], the firms’

, output/employment levels

in the candidate equilibrium are:
(1.18)

And, from Cournot’s lemma, we have that:
(1.19)
To check whether the above version of Cournot competition can be sustained as an
equilibrium configuration in the product market, assume that firm

unilaterally

deviates by adjusting its quantity in order to maximize joint profits, while firm sticks
to the competitive output. It turns out that if union members are sufficiently riskaverse, e.g., if

is sufficiently low, then firm i would have no incentive to deviate

from competition. Proposition 1.2 summarizes.

Proposition 1.2: If union members are sufficiently risk-averse:
then Cournot competition is a subgame perfect
equilibrium configuration in the product market.
Where,

(see Figure 2)
[Proof: See Appendix (A.2)]

P a g e | 11

1| Chapter

Relative rate of risk aversion (φ)

1
0,8

Deviation

φ2(γ)

0,6
0,4

Subgame
Perfect
Equilibrium

0,2
0

0

0,2

0,4
0,6
0,8
Degree of product substitutability (γ)

1

Figure 2: The φ(γ) conditions under which Cournot competition emerges in equilibrium

The economic intuition behind the above finding is of the same pattern with that of
the previous section; by simply inversing reasoning one may easily interpret why
firms might unilaterally deviate from competition to collusion.

1.3.3.

Mix of Strategies (mos)

The candidate equilibrium here is the one where one firm (let firm ) adjusts its
own output competitively, while its rival’s (let firm’s i’s) strategy is to adjust its own
output in order to maximize joint profits. The possible deviation on the part of each
firm then is to unilaterally switch its own strategy to its rival’s one.
According to this Mix of Strategies configuration, at the last stage we must
consider the f.o.cs of the pair (1.5) and (1.13) separately. Thus, respectively
considering the firm-specific reaction functions (1.6) and (1.14), and solving that
system, we get the following optimal output/employment rules in the candidate
equilibrium:

12 | P a g e

Chapter|1

(1.20)

(1.21)
Subsequently substituting (1.20) and (1.21) into (1.8), from the latter expressions’
f.o.cs w.r.t.

,

, we derive the unions’

wage reaction functions emerging at

the first stage of the game:
(1.22)

(1.23)
Solving the system of (1.22) and (1.23), we then get the following firm-specific wage
outcomes in the candidate equilibrium:
(1.24)

(1.25)
Substituting in turn (1.24) and (1.25) into (1.20) and (1.21), respectively, we obtain
the following firm-specific output/employment levels in the candidate equilibrium:
(1.26)

(1.27)

While we cannot derive a specific pattern for

as a function of

, we still get that:
(1.28)
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The proposed Mix of Strategies is an equilibrium configuration only if no firm has an
incentive to unilaterally deviate from its own strategy. Along the same path of
reasoning with the previous sub-sections, Proposition 1.2 concludes.

Proposition 1.3: If

, then a Mix of Strategies is a subgame perfect

equilibrium configuration in the product market.
Where,

(see Figure 3);
[Proof: See Appendix (A.3)]

Relative rate of risk aversion (φ)

1
0,8

Deviation
0,6

Subgame
Perfect
Equilibrium

(Firm )

0,4

φ3Β(γ)

φ3Α(γ)

0,2

Deviation
(Firm )

0
0

0,2

0,4

0,6

0,8

1

Degree of product substitutability (γ)

Figure 3: The φ(γ) conditions under which Mix of Strategies emerge in equilibrium

The intuition here is a bit more complicated. As it first regards the own profits
maximizer − firm j, it would have no incentive to deviate to a joint profit maximizing
behavior, so long as it expects that its gain, in terms of lower wage, would then be
lower than its loss, due to “obedience” in a lower output: The latter effect would be
strong enough to dominate over the former one, if φ is low enough [lower
than

] so that to induce an insufficient reduction in the firm-specific wage. As

on the other hand regards the joint profit maximizer − firm i, it would have no
14 | P a g e

Chapter|1
incentive to deviate to own profit maximization when φ is high enough [higher than
]: If it does so, it would lose more in terms of a higher firm-specific wage than
gain in terms of higher market share. Note, moreover, that the latter lower bound of φ
for firm i to play its part in the Mix of Strategies equilibrium should be lower than the
respective one for firm j to sustain it by sticking to own profit maximization
[

].

1.3.4.

Equilibrium Analysis

Given our findings in 1.3.1.− 1.3.3., we may now investigate the conditions under
which a single or multiple Nash equilibria arise in our static framework. For
convenience, our suggested equilibria are summarized in Table 1.
Firm
Collusion

Competition
Equilibrium if:

Equilibrium if:

Firm

Collusion

Equilibrium if:
Competition

Equilibrium if:

Table 1: Conditions under which the various firm-specific strategy combinations emerge in
equilibrium.

Where,

, as depicted in Figure 4.

Combining the information contained in Table 1 and Figure 4, our suggested
equilibria can be then arranged in the more informative Table 2.7 Yet, as it can be
there clearly seen (: in the d, c, b, Figure 4-regions/2nd, 3rd,4th -Table 2 rows), for
7

Where  denotes equilibrium.
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certain values of the union member’s relative rate of risk aversion there arise up to

Relative rate of risk aversion (φ)

three multiplicities of subgame perfect Nash equilibria.

1
0,8

a
b

0,6

c

0,4

d

0,2

e

0
0

0,2

0,4

0,6

0,8

1

Degree of product substitutability (γ)

Figure 4: The

Collusion
(

– critical values for one or more equilibria to arise

Competition

Mix of Strategies

Figure 5-regions



e
d

[





[





[





c



b


Table 2: Subgame Perfect Nash equilibria – arising for various

a
values

Nonetheless, in order to narrow down as much as possible this multiplicity of
equilibria, we can reasonably make use of the criterion of Pareto optimality in the
space of profits. According to this criterion, we may select that (those) subgame
perfect Nash equilibrium (equilibria) where both firms are better off, by each
achieving higher profits in comparison to the remainder ones. The following
Proposition (see also Figure 5) summarizes our refined findings:
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Proposition 1.4:
(i) Cartel formation/collusion is the unique Pareto Optimal Nash equilibrium, in the
space of profits, if union members are not sufficiently risk averse, i.e., if
,

while

if

then

Cartel

formation/collusion and Mix of Strategies are both emerging in equilibrium.
(ii) Otherwise, i.e., if

, Cournot competition is the unique Nash

equilibrium.
Where,
[Proof: See Appendix (A.4)]

Relative rate of risk aversion (φ)

1
0,8
0,6
0,4
0,2
0
0

0,2

0,4
0,6
0,8
Degree of product substitutitability (γ)

Figure 5: The refined

1

– critical values for Pareto optimal equilibria to arise

For the reader’s convenience, the Pareto optimal Nash Equilibria are also
summarized in Table 3.
Pareto optimal
Nash Equilibrium

Collusion

Competition

Mix of Strategies

(1)

(2)

(3)



(2)
(1)



(1), (3)



(1)



Table 3: The Pareto optimal Nash equilibria − arising for various



values
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1.4. Risk Aversion and Product Substitutability:
Wage and Output Effects
Given the findings of the previous sections let us now proceed to an informative
analysis of the effects of our critical structural parameters, namely of φ and γ, on
wages and employment/output. We will thus become able to interpret the
circumstances under which cartel formation/collusion may endogenously arise in our
static framework, as well as, and more importantly, to configure the ingredients of
such a market arrangement. By the latter means, we may subsequently proceed to our
welfare analysis in Section 1.5.
For clarity and comprehension, consider first the standard/ad-hoc − collusive
versus competitive – hypotheses in both of which wages/unit costs of production are
assumed to be exogenous and firm-union bargaining is absent. As, there ,the degree of
product substitutability (γ) switches from 0 to 1, the difference in sectoral output
between competition and collusion respectively switches from minimum to
maximum, while for
terms of our model, letting

the

positive difference lies in-between: In
=

and φ=0, it can be easily checked that

when their products are independent (γ=0) the two firms together (no matter
collusively or competitively) produce the quantity of two monopolists [e.g.,
], each of them effectively operating in an isolated
market8. On the other hand, when products are perfect substitutes (γ=1), collusive
production is equal to that of a monopolist who produces a single product sold in the
market (e.g.,

8

), while (Cournot) competitive production (

Note that, in our context, the absence of firm-union bargaining effectively implies that φ=0. Simply
because, φ=0 →
, therefore, unions have nothing to choose, at the second stage.
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is clearly higher, though lower than that of the two monopolists together.
Subsequently to check for the sign of
calculate

and

, it only needs to

, from (15) and (7) respectively, given that,
. The following difference thus arises:
(1.29)

In conclusion, in the case of exogenously determined wages, as product
substitutability rises output reduction under collusive play becomes higher than under
competitive play, hence,

.

Consider now what – quite significantly − changes when wages are
simultaneously and independently set by the firm-specific monopoly unions, each of
them (and only it) being informed about its own firm’s decision to collude with (or
compete against) the rival firm in the continuation of the game: Since the latter choice
implies the firm’s optimal output rule, hence, its labour demand for any (given)
wage, the firm’s workers’ union will optimally choose the firm-specific wage along
the latter schedule, at the second stage of the game. Restricting interest on symmetric
strategies, recall that the labour demand schedules in the cases of collusive and
competitive equilibria are respectively given by (1.7) and (1.15)9 , and let there
. It can be then checked that,

(1.30)
Moreover, from (1.10) and (1.17), it can subsequently be checked that,
9

Note that, in the case of exogenous wages, (1.7) and (1.15) at the same time determine the labour
demand schedules and the optimal employment/output levels, under collusion and competition
respectively.
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(1.31)
Combining the information contained in (1.30) and (1.31), the following
configuration of φ; γ− effects, on
(I)

, in turn arises in equilibrium:

As γ increases, the

differential increases, since then the

labour demand differential

increases, for any

symmetric (m and c) wages.
(II)

The less risk-averse union members are, e.g., the higher is φ, the more
unions respond to the higher−

(lower− ) labour demand, by

respectively setting a higher (lower) wage. Moreover, by virtue of (I), the
ensuing (

differential increases with γ.

It is now clear that (I) and (II) above identify two opposite φ and/or γ effects on the
differential; a positive one and a negative one, respectively. Quite
interestingly, it proves that the order configuration among those effects may be such
that the output differential among competition and collusion can – in contrast to
conventional wisdom – be reversed:

. Namely, the latter happens if the

[φ; γ] effects− set out in (II) are of a first order, while the [γ] effect− set out in (I) is of
a second order. Proposition 5 (with reference to Figure 6) summarizes our relevant
findings.10

10

Note that in our preceding analysis (in Section 4) we have not comprehensively considered mos in
comparison to m and/or c. Yet, as dictated in Proposition 5 a Mix of Strategies configuration always
possess the last place, in terms of sectoral output. On the other hand, regarding wages, mos always lies
in-between m and c.
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Proposition 1.5:
(i)


Regarding total (sectoral) output in equilibrium:
If

then total output under Collusion is higher

than under Cournot competition.


If

then total output under Collusion

is lower than under Cournot competition, but higher than under a Mix of
Strategies configuration.
(ii)

Regarding firm-union wage contracts in equilibrium:

The firm-union wage contracts under Cournot competition are always higher than
under Collusion, while under a Mix of Strategies they lay in-between, i.e.
.

Relative rate of risk aversion (φ)

[Proof: See Appendix (A.5)]

1
0,8
0,6
0,4
0,2
0
0

0,2
0,4
0,6
0,8
Degree of product substitutability (γ)

1

Figure 6: The (γ) critical values for − c, m, mos, – total output comparisons
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1.5. Welfare Analysis
Furnished by the preceding findings, the present section proceeds to a comparative
analysis of the emerging equilibria (s, m, and mos) in terms of social welfare. The
latter is typically defined to be the sum of total Consumer Surplus (CS), total Profits
(PS) and total Union Rents (UR):
(1.32)

;

Where, the ingredients of (32) can be easily calculated by means of the following
formulae:
(1.33)
(1.34)
(1.35)
Our findings regarding the comparative evaluation of (1.33), (1.34), and (1.35)
across the s, m, mos, configurations are respectively summarized in Propositions 1.7,
and 1.8.

Proposition 1.6:


If

then total Consumer Surplus under

Collusion is higher than under Cournot competition.


If

then total Consumer Surplus

under Collusion is lower than under Cournot competition, but higher than under a
Mix of Strategies configuration.
[Proof: See Appendix (A.6)]
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Proposition 1.7: Total Profits under Collusion are always higher than under a Mix of
Strategies configuration, the latter being always higher than total profits under
Cournot competition, i.e.

.
[Proof: See Appendix (A.7)]

Proposition 1.8: Total Union Rents under Cournot competition are always higher
than those under a Mix of Strategies configuration, the latter being always higher
than total union rents under Collusion, i.e.

.
[Proof: See Appendix (A.8)]

Quite remarkably, and in sharp contrast to conventional wisdom, Propositions 1.6,
1.7, and 1.8, suggest that, apart from profits, employment/output and consumer
surplus may be higher under collusion than under Cournot competition. One the other
hand, total union rents are at the same time lower under collusion than under Cournot
competition, yet, it is the union members’ risk attitude what effectively sustains
collusion as an equilibrium strategy on the part of firms. Nonetheless, as our
following Propositions suggest, social welfare may − by the latter token (e.g., a high
enough ) – improve, relative to Cournot competition, in a unique collusive
equilibrium.

Proposition 1.9:


If

then Social Welfare under Collusion is higher than

under Cournot competition.
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If

then Social Welfare under

Collusion is lower than under Cournot competition, but higher than a Mix of
Strategies configuration.
Where,

and
. The upper and lower bounds, for each of the above

critical values, are depicted in Figure.11

Relative rate of risk aversion (φ)

[Proof: See Appendix (A.9)]

1
0,9
0,8
0,7
0,6
0,4

Figure 7: The upper (

0,5
0,6
0,7
0,8
0,9
Degree of product substitutability (γ)

and lower (

Proposition 1.10: If

bounds of the

1

−critical values.

then Cartel formation/Collusion, apart from

being the unique Pareto Optimal Nash Equilibrium, in the space of profits, is a
welfare improving configuration relative to both Cournot competition and Mixed of
Strategies.

11

The mathematical expressions of
shaped and presented as closed forms.
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[Proof: By inspecting Figure 8 below, and recalling Proposition 4, it can be readily
checked that, since

, the welfare improving

condition,

, is also sufficient to sustain Cartel formation/collusion

Relative rate of risk aversion (φ)

as the unique (Pareto optimal) equilibrium.]

1
0,8
0,6
0,4
0,2
0
0

0,2
0,4
0,6
0,8
Degree of product substitutability (γ)

Figure 8: The upper and lower bounds of the
Vs. the

1

−critical values

−critical schedules

1.6. Concluding Remarks
In a union-oligopoly static framework this chapter investigates firm-union
interaction regarding the firms’ incentives for collusive play. This is quite reasonable
to pursue, since trade unions through their effects on unit costs, hence, on their firms
output choices, may on principle play a crucial role on rivalry attitudes in the product
market.
Our findings contradict conventional wisdom in a number of aspects. In one-shot
games, it is a widespread belief that collusion among firms is not only weak / unstable
but is also harmful for social welfare. In contrast, our analysis suggests that under
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certain conditions cartel formation/collusion can be endogenously sustained as an
equilibrium outcome, and also improves social welfare. The key reasoning behind that
is in fact quite simple: Unions would always react to their own firms’ unilateral
deviations from collusive play, hence, to higher firm-specific labour demand, by
increasing the firm-specific wage, the latter adjustment being higher the more their
members valuate wages relative to employment (i.e., the higher is φ). Firms would
therefore be deterred to play competitively, thus, to commit to a high capacity in the
(static) equilibrium, while at the same time the gain in terms of lower unit costs can
be so high, as to drive output and consumer surplus under collusion to be higher than
those under competition. Ironically for the unions, nonetheless, the ensuing loss in
their members’ rents can be of a second order relative to consumers’ and producers’
gain, so that social welfare to improve in the collusive equilibrium.
We are aware of, at least two, interesting puzzles, which our findings moreover
imply. First that, unions endowed with low enough risk aversion (e.g., their members
possessing a high enough φ factor) would lose instead of gain by exercising their
bargaining power over the wage, at the benefit of both firms and consumers. Second,
in contrast to wide belief, benevolent policy makers should rather be in favor of
militant unions, as an equivalent to antitrust policy in the absence of unions. These
considerations, which raise the possibility of bargaining tricks on the part of both
firms and unions, are left for future research.
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1.7. Appendix
A.1. Proof of Proposition 1.1
W.l.o.g, assume that firm decides unilaterally to deviate from collusion. Then firm ,
and also its union, taking as given the firm ’s output level

and wages

[given by

(1.10) and (1.11) respectively] adjust its output level in order to maximize:
(A 1.1)
In some way, the firm is setting itself to a Stackelberg follower position by deviating
from collusion. From the f.o.c. of (A1.1), we thus get the deviant (d) firm’s optimal
employment/output rule:
(A1.2)
Where,
arises that

,

hence,

it

.

Therefore, taking as given

and

, union chooses the firm-specific wage

so as to maximize its members’ rents [given by (1.8)]. From the f.o.c., we then
get wage set by the deviant firm’s union :
(A1.3)
Consequently, by substituting for the firm-specific wage (

from (A1.2) into

(A1.3), the deviant firm ’s output is:

(A1.4)

Since, moreover,
collusion as long as

, firm

would have no incentive to deviate from

, that is if:
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(A1.5)
It can in turn be checked that (Α1.5) is satisfied if

:
(A1.6)

Where, the value field of

is

and its plot is

depicted in Figure 1(in the main text).

A.2. Proof of Proposition 1.2
W.l.o.g, suppose that firm

switches its strategy and behave collusively. Given the

firm ’s output level and wages,

and

[see, e.g., (1.17) and (1.18) respectively],

as well as the firm ’s reaction function [(6)], the firm ’s optimal employment/output
rule subsequently becomes:
(A1.7)
Where,
arises that

, hence, it
.

The deviant firm’s union consequently chooses the firm-specific wage

in order

to maximize its members’ rents [given by (1.8)]. Substituting in there

from

(A1.7) and taking the f.o.c., we then obtain:
(A1.8)
Thus, we get the deviant firm ’s output, by substituting the union ’s wage from
(A1.8) into (A1.7):
(A1.9)
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Firm would have no incentive to deviate from competitive play as long as

,

that is, if:

(A1.10)
The above inequality is satisfied if

:
(A1.1
1)

Where,

and its plot is presented in Figure 2 (in the

main text).

A.3. Proof of Proposition 1.3
Consider first, that, given firm ’s choice of
respectively − firm chooses

, like in [(1.23) and (1.27)],

so that to maximize its profits [given by (1.13)]. From

the f.o.c. of (1.13), the deviant firm’s ’s optimal employment/output rule is then the
following.
(A1.12)

Where,
Substituting

, hence,
from (A1.12)

.

into (1.8) and taking the f.o.c., w.r.t.

, we

subsequently obtain:
(A1.13)
By (A1.12) and (A1.13) the deviant’s firm’s output is then found to be:
(A1.14)
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Substituting in turn (A1.13) and (A1.14) into (1.3), to obtain
has no incentive to deviate from collusive play, e.g.,

, we find that firm i
, if (see, e.g., Figure 3

in the main text):
(A1.15)
Consider next, whether firm has an incentive to switch its own strategy, from
competitive to collusive play. In the latter event, given that firm

to maximize the firms’ joint

like in [(1.22) and (1.26)], respectively, firm chooses
profits. From the f.o.c. of (1.5), w.r.t.

chooses

, we then get the deviant’s firm ’s optimal

employment/output rule:
(A1.16)

Where,

, hence,

.

Substituting (A1.16) into (1.8) and taking the f.o.c, w.r.t.

we subsequently obtain:
(A1.17)

By virtue of (A1.16) and (A1.17) , the deviant firm’s output then is:

(A1.18)

Therefore, firm has no incentive to deviate, from competitive to collusive play, e.g.,
, if:
(A1.19)
Where, the critical

, and its plot is presented in

Figure 3 (in the main text).12

12

As noted already, the
and
formulae are left out from presentation
because of their wide extent. They are however available by the authors upon request.
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A.4. Proof of Proposition 1.4
According to the Pareto criterion, an optimal allocation is this in which it is
impossible to make any one better off without making at least someone else worse
off. In our case, we apply the Pareto criterion in the space of profits, in order to select
the optimal among the Nash equilibria. Thus, arranging the values of the profit
differentials among the various equilibria in descending order, we get that:
(A1.20)
(A1.21)
(A1.22)
(A1.23)
(A1.24)
(A1.25)
13

Where,
plots of

and

Moreover,

, and the 3D

are the following.

;

14,

as shown by the

following plots.

13

The mathematical expressions of
and
available by the authors upon the request.

are left out because of their wide extent. They are

P a g e | 31

Relative rate of risk aversion (φ)

1| Chapter
1
0,8
0,6
0,4
0,2
0
0

0,2
0,4
0,6
0,8
Degree of product substitutability (γ)
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Summarizing the above, the following order configurations among profits arise:


If



If



If

then
then
then

Arranging all

critical schedules in descending order, we moreover get that
,

as

shown

Relative rate of risk aversion (φ)

below.
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Degree of product substitutability (γ)

14

The mathematical expressions of
and
are available by the authors upon the request.
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Combining the above information with the one arranged in Table (see main text), we
conclude that:


If

then Cournot competition is the single Nash Equilibrium and,

consequently, the Pareto optimal one.


If

and/or (

] then Cartel formation/collusion is the

Pareto optimal Nash equilibrium.


If

then both Cartel formation/collusion and Mix of Strategies

are Pareto optimal Nash equilibria.

A.5. Proof of Proposition 1.5
(i) Total (sectoral) output is defined as the sum of the firms’ equilibrium outputs, as
follows:
,
Where,

,

and

;

respectively denote

(A1.26)
collusive, competitive, and mix of

strategies, equilibria.
By means of (1.11), (1.18), and (1.26), (1.27) total equilibrium output under
collusion, competition, and mix of strategies, is respectively given by:
(A1.27)

(A1.28)

(A1.29)
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It then proves that:
(A1.30)
(A1.31)

(A1.32)

15

Where,

and its 3D plot is the following.

Regarding the validity of (A30) and (A31), it holds that
−with value field

;

Hence, as shown in Figure 6 (see main text) depicting the
critical schedules, along with their

16

,
counterparts,

.

15

The mathematical expression of
authors upon the request.
16
The mathematical expression of
closed form.
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(ii)

By means of (1.10), (1.17), (1.24) and (1.25), we obtain:
(A1.33)

(A1.34)

(A1.35)

(A1.36)

(A1.37)
Where,

.

Summarizing the above results, we conclude that:
(A1.38)

A.6. Proof of Proposition 1.6
Recall that total Consumer Surplus under collusion and competition proves to be:
(A1.39)
Furthermore, by means of (1.33), in the case of a Mix of Strategies configuration total
Consumer Surplus proves to be:

(A1.40)
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Using (A1.45) and (A1.46), it is then straightforward that, by virtue of Proposition 1.5:
(A1.41)
(A1.42)
(A1.43)
17

Where,

and its 3D plot is presented below.

A.7. Proof of Proposition 1.7
Total (sectoral) Profits in the c, m, and mos equilibria are defined as:
,

where

(A1.44)

Thus, by respectively substituting (1.12), (1.19), (1.28a) and (1.28) into (A1.44), we
get that:
(A1.45)
(A1.46)
Where

17

,

18

and theirs 3D plots are the following:

The mathematical expression of
is left out because of its wide extent. It is available by the
authors upon the request.
18
The mathematical expressions of
and
are left out because of their wide extent. They are
available by the authors upon the request.
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Summarizing the above results, we conclude that:
(A1.47)

A.8. Proof of Proposition 1.8
Total (sectoral) Union Rents in the c, m, and mos equilibria are defined as:
,

(A1.48)

where

Thus, by respectively substituting (1.10), (1.17), (1.24) and (1.25) −for wages, and
(1.11), (1.18), (1.26) and (1.27) −for output/employment, into (A1.48), we get that:
(A1.49)
(A1.50)
Where,

19

,

The mathematical expressions of
available by the authors upon request.

19

and

and theirs 3D plots are the following:

are left out because of their wide extent. They are
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Summarizing the above results, we conclude that:
(A1.51)

A.9. Proof of Proposition 1.9
Social Welfare, in the c, m, and mos equilibria, is defined as follows:
,

(A1.52)

where

Thus, respectively substituting the

ingredients into (A1.52), by virtue of

(A1.6), (A1.7), and (A1.8) we get that:
(A1.53)
(A1.54)
(A1.55)
Where,

20

and its 3D plots, for

and

, are

respectively the following:

Regarding the validity of (A1.53) and (A1.54), it holds that
−with

value

–with value field

20

The mathematical expression of
authors upon the request.
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Hence, as shown in Figure7 (see main text) depicting the
critical schedules,
with

,

.

Summarizing the above results, we conclude that:

(A1.56)
or

and
and
(A1.57)

or

and
and

21

The mathematical expressions of
complicated to be shaped as closed forms.

and

(A1.58)

are left out, because it was
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Chapter 2
“On the mode of Competition as a Collusive
Perspective in Unionized Oligopoly”

Κεφάλαιο 2 .

2. a

2| Chapter

2.1. Introduction
The mode of competition and cartel formation are fundamental concerns of
Industrial Organization. The majority of studies suggest that, regardless the mode of
competition, in one-shot games collusive play is a weak equilibrium condition, while
in infinitely repeated games it may emerge in equilibrium under a sufficiently high
discount factor. Albaek and Lambertini (1998) compare the stability of collusion in
quantities and in prices and show that if the degree of product substitutability is low
(high), collusion in quantities (prices) is more stable than collusion in prices. In a
dynamic framework, Lambertini and Schultz (2001) conclude that if the discount
factor is high, the cartel can realize the monopoly profits in Bertrand and Cournot.
Otherwise, it is optimal for the cartel to rely on quantities in the collusive phase if
goods are substitutes and prices if goods are complements. More recently, Suetens
and Potters (2007) on the basis of experimental data from oligopoly experiments,
show that there is more tacit collusion in price-choice than in quantity-choice
experiments.
The present chapter is a further step in our research, on welfare improving cartel
formation in oligopoly1, which suggests that if in a Cournot duopoly, union members
are not sufficiently risk-averse and firm products are sufficiently close substitutes,
then collusion among firms may emerge in the static equilibrium and this may
improve social welfare. Remarkably, the gain in social welfare materializes at the cost
1

The present paper is also a further step in our research on the mode of competition as a collusive
perspective with exogenous wages. It proposes that, in an infinitely repeated game setup, firms may
(ex-post) collude by (ex-ante) choosing their mode of competition in the product market with
exogenous wages. It is shown that, if the discount factor is not high enough whilst the degree of
product substitutability is sufficiently high, firms independently choose (in case of competition) to
adjust their own prices, because this minimizes the gains from deviation from collusive play and
consequently enables collusion and higher profits. Otherwise, collusion is weak / unstable and each
firm’s dominant strategy is (then) to compete by adjusting its own quantity.
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of union rents despite the union’s presence being that which effectively sustains
collusion. In the present chapter, in the context of a unionized duopoly model with
differentiated goods and decentralized Right-to-Manage bargaining2, we endogenize
the firms’ mode of competition, as well their perspective for cartel formation. That is,
firms may compete or collude by simultaneously and independently adjusting their
own quantities (Cournot Competition) or their own prices (Bertrand Competition).
We further argue that either of these decisions corresponds to a long-run commitment
on the part of each firm, since a higher or lower capacity, hence, sunk cost, is implied
in order to efficiently produce a lower or higher level of output –for any given unit
cost. The latter is in turn determined in the labour market, where each firm separately
engages into wage contracting with its own workers’ union, each firm retaining its
discretion over employment/output. Union members are endowed with a (symmetric)
rate of risk aversion, whilst union power over the firm-specific wage bargain is
assumed to be unity (“monopoly unions”). In this context we subsequently postulate a
static game with the following sequence of events: At the first stage, firms
simultaneously and independently decide to compete in quantities or prices. At the
second stage, firms simultaneously and independently decide to proceed to collusive
or competitive play. At the third stage, unions and firms enter into negotiations about
wages (w-bargaining). At the fourth stage, firms simultaneously and independently
adjust their own quantities or set their own prices in order to maximize their own
profits or the cartel’s ones, depending on their decision at previous stages.

2

Right-to-manage literature was initially developed by the British school during the 1980s (Nickell). It
implies that the union-firm negotiations agenda includes only the wage rate, according to a typical
Nash Bargaining Maximization.
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Our findings suggest that firm cartel formation is an unavoidable result in
equilibrium, regardless of the chosen mode of competition. Moreover, we show that if
product substitutability is sufficiently high, then cartel formation is Welfare
improving under Cournot competition. Apart from this exception, competitive play is
shown to be superior in terms of Social Welfare. In particular, under Bertrand
competition Social Welfare is higher than under Cournot competition, while a Mix of
Strategies lies in-between. Consequently, our analysis suggests that in order to
improve social welfare, a benevolent policy maker should deter cartel formation while
at the same time give firms’ incentives for Bertrand competition.
The rest of the chapter is organized as follows: Section 2.2 introduces our
unionized duopoly model in a one-shot game context of analysis. In Section 2.3, we
develop our proposed four-stage game. Sections 2.4 – 2.6 demonstrate the conditions
under which firms proceed to cartel formation, given their mode of competition. In
Section 2.7, our model endogenizes firms’ mode of competition. Section 2.8 proceeds
to comparative and welfare analysis of our findings, respectively. Our results are
summarized in Section 2.9.

2.2. The Model
We consider a duopoly with differentiated goods, in where firms, denoted by
, may compete or collude by adjusting their own quantities or prices. Each one
faces the following inverse linear demand function3:
( 2.1)

3

Like in Dixit (1979), this function is derived by maximizing (w.r.t.

concave utility function
competitive numeraire sector. For simplicity, we assumed that both
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Where,

and

factor

denotes the price and output of firm

, respectively. The

presents the degree of substitutability among the goods
the firms’ products tends to be perfect substitutes.

As

Firms’ production technology exhibits constant returns to scale and their
production function is normalized by assuming that labor productivity equals to one
for both firms4:
(2.2)
Where

and

are employment and output level, respectively. 5

According to the above, we obtain that firm ’s profit function is defined by the
following equation:
(2.3)
Where

denotes firm ’s unit transformation cost of labor into product, i.e. wage

rate.
Regarding the labor market, we assume that workers are organized into two
separate firm-specific unions. Under a decentralized Right-to-Manage bargaining
model, unions enter into negotiations with their specific firm about their wages (only).
Unions are endowed with monopoly bargaining power; therefore unions act as firmspecific monopoly unions. The union ’s objective is to maximize the sum of its
member rents, given by the following equation:
(2.4)
Where,

is firm ’s wage rate,

is the workers’ outside option6.

4

In more general terms, a two-factor Leontief technology is assumed in which the (minimum cost)
capital (capacity) over labour ratio is equal to one.
5
We are aware of the limitations of our analysis in assuming specific functional forms and constant
returns to scale. However, the use of more general forms would jeopardize the clarity of our findings,
without significantly changing their qualitative character.
6
As it is generally accepted in the trade unions literature,
represents a weighted average of the
competitive wage and the unemployment benefits, the weights respectively being the probability of a
worker to find a job or not in the competitive sector.
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In the above context, our envisaged four-stage game unfolds as follows:


At the 1st stage, both firms simultaneously and independently decide their mode
of competition, namely whether to adjust their own quantities (Cournot
Competition) or their own prices (Bertrand Competition), in order to maximize
monopoly (cartel’s) profits or their own profits.



At the 2nd stage, both firms simultaneously and independently decide whether to
collude or to compete, by maximizing the monopoly (cartel’s) profits or their
own profits, respectively.



At the 3rd stage, both unions simultaneously and independently set the wages for
their own firms, so that each union maximizes its own member rents.



At the 4th stage, each firm simultaneously and independently adjusts either its
own output level or its product’s price (depends on firms decision at the 2nd
stage), in order to maximize either the monopoly (cartel’s) profits or their own
profits (depends on firms decision at the 1st stage).

2.3. Equilibrium Analysis
Following the backwards inducting method of game theory, subgame perfect
equilibrium is the candidate one that no game player has incentive for deviation.
Due to the complicated form of our four-stage game, we determine all game’s
candidate equilibria by developing the complete game tree of our model in the
following directed graph. The development of the tree is consistent with the sequence
of the proposed game’s stages. The graph’s nodes present a specific player’s position
and the graph’s edges present a specific player’s decision. In each stage, players take
their decisions simultaneously and independently.
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Firmi

1st Stage

C

Firm j

2nd Stage

c

C

B

[01]

[02]

Firmi

Firmi

m

Firm j

(1)

3rd Stage

Firm j

C

c

4th Stage

B

m

c

Firm j

c

(2) (3)

m

c

(4)

(5)

[03]

m

[04]

Firmi

Firmi

m

Firm j

B

c

Firm j

c

(6) (7)

m

m

Firm j

c

(8) (9)

m

c

Firm j

c

m

m

Firm j

c

m

Firm j

c

m

(10) (11) (12) (13) (14) (15) (16)

Firms’ / Union’s wbargaining

Firms’ Production

Where C, B and c, m denote firm decisions about Cournot or Bertrand competition
and Collusive or Competitive play, respectively.

At the first two stages, the numbered nodes denote the pair of firm decisions in
each given stage. Each numbered node presents the following pair of decisions:
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[01]:

(Cournoti , Cournot j )

[03]:

( Bertrand i , Cournot j )

(1):

(Collusion i , Collusion j )

(9):

(Collusion i , Collusion j )

(2):

(Collusion i , Cournot j )

(10):

(Collusion i , Cournot j )

(3):

(Cournoti , Collusion j )

(11):

( Bertrand i , Collusion j )

(4):

(Cournoti , Cournot j )

(12):

( Bertrand i , Cournot j )

[02]:

(Cournoti , Bertrand j )

[04]:

( Bertrand i , Bertrand j )

(5):

(Collusion i , Collusion j )

(13):

(Collusion i , Collusion j )

(6):

(Collusion i , Bertrand j )

(14):

(Collusion i , Bertrand j )

(7):

(Cournoti , Collusion j )

(15):

( Bertrand i , Collusion j )

(8):

(Cournoti , Bertrand j )

(16):

( Bertrand i , Bertrand j )

The first two stages can also be presented by the following modified matrix game:
Firm i
Cournot

Firm j

Cournot

Bertrand

Bertrand

Collusion

Competition

Collusion

(1)

(3)

Competition

(2)

(4)

Collusion

Competition

Collusion

(5)

(7)

Competition

(6)

(8)

Collusion

Competition

Collusion

(9)

(11)

Competition

(10)

(12)

Collusion

Competition

Collusion

(13)

(15)

Competition

(1)

(16)

The four enclosed matrix games represent the firm decisions about playing
collusively or competitively at the second stage of the game. The outside matrix game
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corresponds to firm decisions about their competition in quantities or in prices at the
first stage of the game.
According to the above analysis of game tree and matrix game, four candidate
equilibria arise at the first stage and sixteen arise at the second stage of the proposed
game, which are presented by numbered nodes [01] to [04] and (1) to (16),
respectively.
Due to symmetry, it applies that candidate equilibria [02] and [03] are identical and
thus the number of candidate equilibria at the first stage are reduced to three.
For convenience of subgame perfect equilibrium determination of the proposed
game, we investigate separately the candidate equilibria of the first stage of the game,
in Sections 4 – 6 to follow. More specifically, in Section 4 we analyze the candidate
equilibrium in where both firms decide to adjust their own quantities. Section 5
investigates the candidate equilibrium in where both firms decide to adjust their own
prices. In Section 6, the candidate equilibrium in where one firm (let it be firm )
adjusts its own output is presented, while the other firm (let it be firm ) adjusts its
own prices. Subsequently, in Section 7, we endogenize firms’ mode of competition
and demonstrate the Nash equilibrium of our proposed game.

2.4. Cournot Competition (C): [01]
Given that both firms decide to adjust their own quantities at the first stage, at the
second stage three candidate equilibria arise: In Section 4.1, the candidate equilibrium
is the one where a cartel is effectively formed and the possible deviation, on the part
of any firm, is to adjust its own quantity in order to maximize its own. In Section 4.2,
the candidate equilibrium is Cournot competition and the possible deviation, on the
part of any firm, is to adjust its own quantity in order to maximize collusive profits. In
Section 4.3, the candidate equilibrium is the one where one firm acts collusively,
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while its rival firm acts competitively, and the possible deviations arise by unilaterally
switching each firm’s strategy to its rival’s one.

2.4.1.

Collusive Play (c): (1)

Given that both firms decide on Collusive play (L) at the second stage, then at the
last stage of the game both firms simultaneously and independently adjust their own
quantities, hence their employment, in order to maximize collusive profits. Therefore,
firm ’s objective is presented by the following equation:
(2.5)
We get firm ’s reaction function by taking the first order condition (f.o.c.) of (2.5), as
follows:
(2.6)
Solving the system of both firms’ reaction function in (2.6), we get the optimal
output/employment rule in the candidate equilibrium:
(2.7)

At the third stage of the game, both unions simultaneously and independently set the
wages for their own firms in order to maximize their own member rents. Hence,
according to (2.2) and (2.4), union ’s objective is:
(2.8)
The union ’s wage reaction function is derived by the f.o.cs in (2.8):
(2.9)
Solving the system in (2.9), we get the (candidate) optimal wage rule:
(2.10)
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Substituting now (2.10) for (2.7), we get the (candidate) equilibrium output level,
hence the employment level:
(2.11)

Moreover, we get that:
(2.12)
Substituting now the candidate equilibrium output level (2.11) for firms’ profit
function (2.12), we get that:
(2.13)

2.4.2.

Competitive Play (m): (4)

Assume next that both firms decide to play competitively (M) at the second stage
of the game, while at the last stage of the game both firms simultaneously and
independently adjust their own quantities in order to maximize their own profits.
Therefore, firm ’s objective is given by the following equation:
(2.14)
From the f.o.cs of (2.14), firm ’s reaction function is derived, as follows:
(2.15)
Solving this system of both firms’ reaction function in (2.15), we subsequently get the
(candidate) equilibrium output rules under Cournot competition:
(2.16)

Given now the optimal output/employment level in candidate equilibrium [given in
(2.16)], at the third stage each union aims to maximize the sum of its member rents
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[given in (2.8)] by setting a firm-specific optimal wage

. The f.o.cs of that

maximization delivers the unions’ reaction function:
(2.17)
Solving system (2.17), we get the candidate equilibrium wage:
(2.18)

By means of (2.16) and (2.18), we obtain that each firm’s output/employment levels
in the candidate equilibrium is given by the following:
(2.19)

In addition, we get from Cournot’s lemma that:
(2.20)
Substituting now the candidate equilibrium output level (2.19) for firms’ profit
function (2.20), we get that:
(2.21)

2.4.3.

Mix of Strategies (mos): (2), (3)

According to the Mix of Strategies in the second stage, the one firm (let it be
firm ) adjusts its own output competitively, while the other firm (let it be firm )
adjusts its own output in order to maximize joint profits. Thence, at the last stage of
the game we must consider as firm ’s and firm ’s objective function the pair of (2.5)
and (2.14), respectively. Correspondingly, if we consider now the firm-specific
reaction functions (2.6) and (2.15), we get the following candidate equilibrium output
level, hence employment, by solving that system of equations:
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(2.22)

(2.23)
Substituting now firms’ output level [given in (2.22) and (2.23)] for the unions’
objective function [given in (2.8)], at the third stage we derive the unions’ wage
reaction function:
(2.24)
(2.25)
The firm-specific wage outcomes in the candidate equilibrium are derived by solving
the system of unions’ wage reaction function [given in (2.24) and (2.25)], as follows:
(2.26)

(2.27)
We get the following firm-specific output levels in the candidate equilibrium by
substituting now (2.26) and (2.27) for (2.22) and (2.23), respectively:
(2.28)

(2.29)
Comparing the firm’s candidate equilibrium wages [given in (2.26) and (2.27)] and
employment [given in (2.28) and (2.29)] outcomes, we obtain that firm , which plays
competitively, not only achieves for its specific-union higher employment, but also
higher wage rates. Consequently, in candidate equilibrium it is applies that union ’s
utility is higher than union ’s one.
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Substituting now firms’ candidate equilibrium output levels in (2.26) and (2.27) for
firms’ profit function (2.28) and (2.29), we get that:
(2.30)

(2.31)

2.4.4.

Endogenous Selection of Final Market Structure

Given that both firms decide on Cournot competition (C) at the first stage of the
game, at the second stage of the game both firms simultaneously and independently
decide to play collusively or competitively by adjusting their own output level in
order to maximize the monopoly (cartel’s) profits or their own profits, respectively.
Given our findings in Subsections 4.1.− 4.3., at the second stage of the game firms
deal with the following matrix game, which presents firm payoffs when both firms
simultaneously and independently decide about their objective:
Firm
Collusion

Cournot Competition

Firm

Collusion
Cournot Competition
Table 2: The Matrix Game that firms deal with at the second stage of the game.

Due to symmetry, the number of candidate equilibria is reduced to three, as it
applies that
In contrast to conventional belief, in our model it is proved that in a unionized
Cournot duopoly static framework, firm cartel formation is the only candidate
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equilibrium that no firm has an incentive to deviate from; hence collusion among
firms is the only Subgame Perfect equilibrium.
In order to grasp it, consider the standard oligopolistic market in where firms’
decide whether to collude or compete in quantities. It is well-known according to
relevant literature, that even if collusive play is Pareto Optimal as regards profits, it
does not emerge in equilibrium, as a deviant firm would achieve higher profits, and
the only equilibrium configuration is derived by competition (Prisoners’ Dilemma).
Assuming now a unionized Cournot-oligopolistic market (our model), the above
results are reversed, i.e. the cartel formation is not only Pareto Optimal as regards
profits, but also Subgame Perfect equilibrium and competition does not sustain in
equilibrium. Firm’s dominant strategy is the cartel formation, as collusive play
increases its own profits, because by decreasing its output level/market share (labor
demand) it achieves a reduction in labor costs. Thus, the deviated gains from the
cartel are lower than those under the market case of fixed wages, and eventually the
deviant firm loses more due to the extra unit cost than gains from stealing business
from its rival firm. The following proposition encapsulates both effects, suggesting
that firms would be deterred to deviate from collusive play.

Proposition 2.1: In Cournot duopoly, collusion among firms is a subgame perfect
equilibrium in the product market.
[Proof: See Appendix (A.1)]

2.4.5.

Equilibrium in Product and Labor Market

Let us now investigate how the oligopoly market eventually reaches the
equilibrium point in product and labor market. For convenience, we investigate the
case of firms’ collusion and competition.
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Part (2)

Part (1)

UNION ’S
LABOR DEMAND

E

E
UNIONS’

UNION ’S

REACTION FUNCTIONS

LABOR SUPPLY

E

E

UNION ’S
LABOR DEMAND
FIRM ’S
ISOPROFIT CURVES
FIRM ’S

FIRMS’

ISOPROFIT CURVES
REACTION FUNCTIONS
UNDER COMPETITION

UNION ’S
LABOR SUPPLY

Part (2)

Part (3)

Figure 1: Labor and Product market equilibrium under firms’ collusive play.

Assuming first that the firms form a cartel, at the last stage of the game firms
determine their optimal output rule, hence employment, given in (2.7). At the
previous stage, unions set their own wages in order to maximize their revenue given
their bargaining power over negotiations with their own specific-firm and firms’
optimal output rule, hence employment, [given in (2.7)]. The f.o.cs of that
maximization deliver unions’ reaction function [given in (2.9), respectively for each
union]. The intersection of unions’ reaction function denotes the optimal union wage
rule [given in (2.10)] under firms’ collusive play. Due to unions’ monopoly
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bargaining power, unions’ labor supply functions are perfectly inelastic and are
presented in Part (2) of Figure 1.
Labor demand functions are also presented in Part (2) of Figure 1 and are derived
by substituting the rivals’ union reaction function [let
specific firm optimal output rule [let

, given in (2.9)] for the

, given in (2.7)], as follows:
(2.32)

The intersection of labor demand and supply functions denotes the equilibrium
union wages, which is given in (2.10). Taking into consideration now the equilibrium
wages, we can easily get the plots of firms’ competitive reaction functions as are
presented in Part (3) of Figure 1 in (2.10) and (2.15), as follows:
(2.33)
Diagrammatically the equilibrium output level is the only one point in where
firms’ isoprofit curves osculate, whichformula is given in (2.11).
We easily conclude that the firms’ reaction function curves are not constant over
Cartesian plane but they shift, inward or outward, depending on the different values of
labor cost. In fact, this implies that unions, as “first movers” in our model, force the
point on the Cartesian plane

at which firms reach the equilibrium point

eventually.
The analysis of the case of competition follows excactly the same path, except that
product market equilibrium is denoted by the intersection of the firm’s reaction
function and not by the tangent point of the firms’ isoprofit curves.
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Part (1)

Part (2)

UNION ’S
LABOR DEMAND

E

E

UNIONS’
UNION ’S

REACTION FUNCTIONS

LABOR SUPPLY

E

UNION ’S

E
LABOR DEMAND

FIRMS’
REACTION FUNCTIONS
UNION ’S
UNDER COMPETITION
LABOR SUPPLY

Part (2)

Part (3)

.
Figure 2: How the labor and product market reach the equilibrium point under the firms’ competition.

In brief, Part (1) of Figure 2 presents the unions’ reaction functions [given in
(2.17)], with the point of intersection being the optimal wage rule [given in (2.18)].
Part (2) depictsthe labor supply functions [given in (2.18)], which is perfectly
anelastic due to unions’ monopoly bargaining power. Part (2) presents also the labor
demand functions, which is derived by substituting the rivals’ union reaction function
[let
[let
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, given in (2.16)], as follows:
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(2.34)
The firms reaction functions appear in Part (4) and are plotted given the wages
from the labor market equilibrium. Their equations are derived from the substitution
of the equilibrium wages [given in (2.18)] for the firms’ reaction function [given in
(2.15)]:
(2.35)
Solving the system of equations, we get the equilibrium point of product output
[given in (2.19)]. The equilibrium is the intersection of the firms’ reaction functions in
Part (4) of Figure 2.

2.4.6.

The Effects of Alternative Final Market structure on Market
Outcomes

In this section we analyze the impact of firms’ strategic play in the product market,
i.e. collusive, competitive and mix of strategies regimes, on equilibrium outcomes, i.e.
on output level and union wages.
In Cournot duopoly, as product substitutability increases, the reduction of collusive
wages is high enough to inverse the output differential among competition and
collusion. The following Proposition summarizes our findings:

Proposition 2.2:
(i)

Regarding total output/employment level in Cournot duopoly:


If

, then total output under Collusion is higher than under Competition,

the latter being higher than total output under Mix of Strategies
Configuration, i.e.

.
P a g e | 59

2| Chapter


If

, then total output under Competition is higher than under Collusion

and Mix of Strategies Configuration, i.e.
(ii)

Regarding firm-union wages in Cournot duopoly, the wages are always higher
under Competition than under Collusion, while under Mix of Strategies they
lay in-between, i.e.

.
[Proof: See Appendix (A.2)]

2.4.7.

Welfare Analysis

In this section we proceed to a comparative analysis of the candidate equilibrium in
terms of social welfare. Social Welfare is the sum of Consumer Surplus (CS),
Producer Surplus (PS) and Union Rents (UR):
;
Where ,

and

(2.36)

respectively denote collusive, competitive, and mix of strategies,

equilibria. The ingredients of the above equation are defined by:
(2.37)

(2.38)

(2.39)
In accordance with Cournot Lemma, we also get that:
(2.40)

(2.41)
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The results of the comparative evaluation of market participant surpluses/rents in
(2.36), (2.37), (2.38) and social welfare in (2.39), across the , are summarized in the
following propositions:

Proposition 2.3: Regarding ConsumerSurplus in Cournot duopoly:


If

, then Consumer Surplus under Collusion is higher than under

Competition, the latter being higher than total output under Mix of Strategies
Configuration, i.e.


If

.

, then Consumer Surplus under Competition is higher than under

Collusion and Mix of Strategies Configuration, i.e.

.

[Proof: See Appendix (A.3)]

Proposition 2.4: In Cournot duopoly, Producer Surplus under Collusion is always
higher than under a Mix of Strategies configuration, the latter being always higher
than under Competition, i.e.

.

Precisely the opposite order applies regarding Union Rents, i.e.
[Proof: See Appendix (A.4)]

In contrast to conventional belief, we proved that in a unionized Cournot duopoly
static framework, collusion among firms not only emerges in equilibrium, but may
also be Social Welfare improving.
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Proposition 2.5: Regarding Social Welfare in Cournot duopoly:


If

, then Social Welfare under Collusion is higher than under

Competition, the latter being higher than total output under Mix of Strategies
Configuration, i.e.


If

.

, then Social Welfare under Competition is higher than under

Collusion and Mix of Strategies Configuration, i.e.

.

[Proof: See Appendix (A.5)]

2.5. Bertrand Competition (B): [04]
Given that both firms decide to set their own prices at the first stage, each firm
faces the following linear demand function, which is derived in ( 2.1):
(2.42)

By getting the linear demand function in (2.42) and firm ’s profit function in (2.3),
we get that firm ’s profit is defined by:
(2.43)

In our model, at the second stage three candidate equilibria arise: In Section 5.1,
the candidate equilibrium is the one where both firms set their own prices in order to
maximize their joint profits and the possible deviation, on the part of any firm, is to
set its own price in order to maximize its own profits. In Section 5.2, the candidate
equilibrium is Bertrand competition and the possible deviation, on the part of any
firm, is to set its own quantity in order to maximize the cartel’s profits. In Section 5.3,
the candidate equilibrium is the one where one firm acts collusively, while its rival
firm acts competitively, and the possible deviations arise by unilaterally switching
each firm’s strategy to its rival’s one.
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2.5.1.

Collusive Play (c): (13)

Under firm cartel formation, at the last stage of the game both firms
simultaneously and independently set their own product price in order to maximize
joint profits. Hence, firm ’s objective is presented by the following equation:
(2.44)
From f.o.c.’s of (2.44), we get firm ’s reaction function, as follows:
(2.45)
The candidate equilibrium pricing policy is derived by solving the system of both
firms’ reaction function in (2.45):
(2.46)
At the third stage of the game, we derive the union ’s wage reaction function by
substituting the optimal output level [given by substituting (2.46) for (2.42)] and
taking the f.o.c.s to union ’s objective function [given in (2.8)]:
(2.47)
Solving the system of (2.47), we get the (candidate) optimal wage rule:
(2.48)

From (2.46) and (2.48), we get the optimal price of product in candidate equilibrium,
as follows:
(2.49)

We derive now the candidate equilibrium output level, hence employment, by
substituting the optimal price [given in (2.49)] for the product demand function [given
in (2.42)]:
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(2.50)

Taking now into consideration the candidate equilibrium product price in (2.49) and
firms’ profit function (2.43), we get that:
(2.51)

Notice that regardless of the chosen mode of competition, under firm cartel formation
the market outcomes i.e. output/employment level [given in (2.11) and (2.50)] and
union wages [given in (2.10) and (2.48)], are the same. In fact, firms’ collusive play
generates a monopoly market, in where by either setting prices or adjusting quantities,
the optimal output level and product prices that maximize profits is given.

2.5.2.

Competitive Play (m): (16)

Suppose now that both firms decide to play competitively (M) at the second stage
of the game and thus at the last stage of the game both firms simultaneously and
independently set their own product price in order to maximize their own profits.
Consequently, firm ’s objective is given by the following equation:
(2.52)

Firm ’s reaction function is derived from the f.o.cs of (2.52):
(2.53)
Under Bertrand competition, we get the product ’s price in candidate equilibrium by
solving the system of both firms’ reaction function in (2.53):
(2.54)
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Taking into consideration the candidate equilibrium employment level by substituting
(2.54) for (2.42), at the third stage we derive the unions’ reaction functions by taking
the f.o.cs of unions’ rent maximization in (2.8), as follows:
(2.55)

The candidate equilibrium wage arises by solving the system of unions’ reaction
functions (2.55):
(2.56)

Therefore, we get the optimal firms’ pricing policy in the candidate equilibrium by
substituting (2.56) for (2.54), as is presented below:
(2.57)

The optimal output/employment level is derived by substituting the optimal firm
pricing policy in (2.57) for the demand function in (2.42):
(2.58)

In addition, we get that:
(2.59)
Substituting now the candidate equilibrium output level (2.58) for firms’ profit
function (2.59), we get that:
(2.60)
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2.5.3.

Mix of Strategies (mos): (14), (15)

In accordance with the Mix of Strategies configuration, at the second stage the one
firm (let it be firm ) sets its own price competitively, while the other firm (let it be
firm ) adjusts its own price in order to maximize cartel profits. Consequently, at the
last stage of the game we must consider as firm ’s and firm ’s objective functions
and reaction functions the pair of (2.44), (2.45) and (2.52), (2.53) respectively.
Solving now the system of firms’ reaction functions, we get the following candidate
equilibrium product price:
(2.61)

(2.62)
At the third stage we derive the unions’ reaction functions by taking the f.o.cs of
unions’ rent maximization in (2.8), as follows:
(2.63)
(2.64)
Solving the system of unions’ wage reaction functions [given in (2.63) and (2.64)], we
get the firm-specific wage outcomes:
(2.65)

(2.66)
Given the equilibrium wages in (2.65) and (2.66), we derive the following firmspecific output levels in the candidate equilibrium from the demand function [given in
(2.42)], respectively:
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(2.67)

(2.68)
Observe that like Cournot competition, under Bertrand competition the comparison of
firm wages [given in (2.65) and (2.66)] and employment [given in (2.67) and (2.68)]
outcomes in candidate equilibrium deliver that competitive firm, i.e. firm , which
accomplishes higher employment and wages rates for its union. Thus, we easily
conclude that union ’s utility is higher than union ’s one.
Taking the optimal firm output levels in (2.67) and (2.68) and substituting them for
firms’ profit function in (2.44) and (2.52), respectively, we obtain that:
(2.69)

(2.70)

2.5.4.

Endogenous Selection of Final Market Structure

Turn now to the second stage of the game, both firms simultaneously and
independently decide whether to collude or to compete in prices, given that both firms
decide on Bertrand competition (C) at the first stage of the game.
The firms deal with the matrix game presented in Subsection 4.4., except that
competition that takes place in prices and payoffs for each union are given in
Subsections 5.1-5.3.
In a unionized Bertrand-oligopolistic market, the firms’ collusive play is Subgame
Perfect equilibrium, as well as Pareto Optimal as regards profits. The economic
intuition is of the same pattern with that of Cournot duopoly.
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As it is well-known, the degree of competition decreases market prices, thus
increasing output level/employment. Therefore, collusive play decreases labor
demand, which causes reduction in per unit labor cost. The gains from the reduction
in unit cost by collusive play are higher than the gains from stealing business from its
rival firm by competitive play. Consequently, we easily conclude that unions’ rent
maximizing behavior deters firms to deviate from a cartel formation. Our findings are
summarized in Proposition 2.6.

Proposition 2.6: In Bertrand duopoly, collusion among firms is a subgame perfect
equilibrium in the product market.
[Proof: See Appendix (A.2)]

2.5.5.

The Effects of Alternative Final Market Structure on Market
Outcomes

Let us now compare market outcomes under firms’ collusive, competitive and mix
of strategies regimes.
Unlike Cournot duopoly, in Bertrand duopoly the reduction in collusive wages is
not high enough to inverse the output differential among competition and collusion,
but high enough to inverse the output differential among competition and mix of
strategies configuration. The following Proposition summarizes our findings:

Proposition 2.7:
(i)

Regarding total output/employment level in Bertrand duopoly:


If

, then total output under Competition is always higher than under

Collusion, while under a Mix of Strategies it lies in-between, i.e.
.
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If

, , then total output under a Mix of Strategies configuration is

higher than under Competition, the latter being higher under Collusion, i.e.

(ii)

Regarding firm-union wages in Bertrand duopoly, the wages are always
higher under Competition than under Collusion, while under Mix of Strategies
they lay in-between, i.e.

.
[Proof: See Appendix (A.7)

2.5.6.

Welfare Analysis

Social Welfare is defined by the sum of Consumer Surplus (CS), Producer Surplus
(PS) and Union Rents (UR), which in turn are defined by (2.37), (2.38) and (2.39),
respectively.
The results of comparative evaluation of market participant surpluses/rents and
social welfare, across the , are summarized in the following propositions:

Proposition 2.8: Regarding Consumer Surplus in Bertrand duopoly:


If

, then Consumer Surplus under Competition is always higher than

under Collusion, while under a Mix of Strategies it lies in-between, i.e.
.


If

, then Consumer Surplus under a Mix of Strategies configuration is

higher than under Competition, the latter being higher under Collusion, i.e.

[Proof: See Appendix (A.8)]
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Proposition 2.9: In Bertrand duopoly, Producer Surplus under Collusion is always
higher than under a Mix of Strategies configuration, the latter being always higher
than under Competition, i.e.

.

Precisely the opposite order applies regarding Union Rents, i.e.
[Proof: See Appendix (A.9)]

Proposition 2.10: Regarding Social Welfare in Bertrand duopoly:


If

, then Social Welfare under Competition is always higher than

under Collusion, while under a Mix of Strategies it lies in-between, i.e.
.


If

, then Social Welfare under a Mix of Strategies configuration is

higher than under Competition, the latter being higher under Collusion, i.e.

[Proof: See Appendix (A.10)]

2.6. Mix of Strategies (MOS: C-B): [02], [03]
According to Mix of Strategies configuration as regards the firms’ mode of
competition, the one firm (let it be firm ) adjusts its own output, while the other firm
(let it be firm ) set its own price in the product market.
Given the above mode of competition at the first stage, firms face the following
demand functions, which are derived in ( 2.1):
(2.71)
(2.72)
At the second stage four candidate equilibria arise: In Section 6.1, the candidate
equilibrium is firms’ cartel formation in where both firms aim to maximize their joint
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profits and the possible deviation, on the part of any firm, is to maximize its own
profits. In Section 6.2, the candidate equilibrium is firms’ competition and the
possible deviation, on the part of any firm, is to maximize the cartel profits. In Section
5.3, the candidate equilibrium is the one where the one firm, which adjusts its own
quantities, acts collusively, while its rival firm, which sets its own prices, acts
competitively, and the possible deviations arise by unilaterally switching each firm’s
strategy to its rival’s one. In Section 5.3, the candidate equilibrium is the one where
the one firm, which adjust its own quantities, acts competitively now, while its rival
firm, which sets its own prices, acts collusively, and the possible deviations arise by
unilaterally switching each firm’s strategy to its rival’s one.

2.6.1.

Collusive Play (c): (5), (9)

At the last stage of the game each firm simultaneously and independently adjusts
its own quantity or sets its price, according to its selection of mode of competition at
the first stage, in order to maximize cartel profits.
At this stage we get firm ’s output level and firm ’s pricing policy in candidate
equilibrium, by solving the system of f.o.c.s of firm ’s and ’s objective [given in
(2.5) and (2.44), respectively], as follows:
(2.73)

(2.74)
At the third stage of the game, we derive the (candidate) optimal wage rule by
solving the system of f.o.c.s of union ’s objective function [given in (2.8)], given the
optimal firm ’s output level and firm ’s pricing policy rules in (2.73) and (2.74):
(2.75)
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Taking now into consideration the market demand function and (2.75), (2.74),
(2.73), we get the optimal firm’ quantities and prices in candidate equilibrium, as
follows:
(2.76)

(2.77)

We can derive now firms’ profit function in (2.3), as follows:
(2.78)

Notice that like in the previous section, regardless of the chosen mode of competition,
collusive outcomes are the same and equal to those of monopoly markets. It is easy to
check the above conclusion by comparing equations (2.11), (2.50) and (2.76) of
output/employment level and equations (2.10), (2.48) and (2.75) of union wages.

2.6.2.

Competitive Play (m): (8), (12)

Under the assumption of firms’ competitive play (M) at the second stage, at the last
stage of the game we get the competitive firm ’s output level and firm ’s pricing
policy rules by solving the system of firms’ reaction function which is derived from
the objective [given in (2.14) and (2.52)]:
(2.79)

(2.80)

Turning now to the third stage, the candidate equilibrium wage arises by solving the
system of unions’ reaction functions, which are the f.o.cs of unions’ rent maximization
in (2.8), as follows:
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(2.81)

(2.82)

According to candidate equilibrium wages in (2.81) and (2.82), firm ’s output level
rule in (2.79), firm ’s pricing policy rules in (2.80) and demand function in (2.42), we
obtain the optimal output/employment level:
(2.83)

(2.84)

In addition, we get that:
(2.85)
(2.86)
Substituting now firms’ output level in candidate equilibrium in (2.83) and (2.84) for
their profit function in (2.85) and (2.86), respectively, we get that:
(2.87)

(2.88)

2.6.3.

Mix of Strategies within Bertrand Competition (mosC):
(6), (11)

Under Mix of Strategies configuration within Bertrand Competition, at the second
stage the one firm (let it be firm ) sets its own price competitively, while the other
firm (let it be firm ) adjusts its own quantity collusively. Hence, at the last stage of
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the game we must consider as firm ’s and firm ’s objective function (2.5) and (2.52),
respectively. Getting the f.o.c.s of firms’ objective and solving the system of
equations, we obtain firm ’s output level and firm ’s pricing policy rules in
candidate equilibrium:
(2.89)

(2.90)
At the third stage we derive the unions’ reaction functions by taking the f.o.cs of
unions’ rent maximization in (2.8). Solving the system of unions’ wage reaction
functions, we get firm-specific wage outcomes, as follows:
(2.91)

(2.92)
Taking now into consideration the candidate equilibrium wages in (2.91) and (2.92),
firm ’s output level rule in (2.89), firm ’s pricing policy rules in (2.90) and demand
function in (2.42), we obtain the optimal output/employment level:
(2.93)

(2.94)
Moreover, we can evaluate now firms’ functions, as presented below:
(2.95)

(2.96)
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2.6.4.

Mix of Strategies within Cournot Competition (mosB):
(7), (10)

Under Mix of Strategies configuration within Cournot Competition, at the second
stage the one firm (let it be firm ) sets its own price in order to maximize cartel
profits, while the other firm (let it be firm ) adjusts its own quantity in order to
maximize its own profits. Therefore, at the last stage of the game we must consider as
firm ’s and firm ’s objective functions (2.14) and (2.44), respectively. Firm ’s
output level and firm ’s pricing policy rules in candidate equilibrium is derived by
solving the system of f.o.c.s of firms’ objective, i.e. firms’ reaction functions:
(2.97)

(2.98)
At the third stage, we derive firm-specific wage outcomes by solving the system of
unions’ wage reaction functions, which arise from the f.o.cs of unions’ rent
maximization in (2.8), as follows:
(2.99)

(2.100)
The candidate equilibrium wages in (2.99) and (2.100), firm ’s output level rule in
(2.94), firm ’s pricing policy rules in (2.95) and demand function in (2.42) give us
the output/employment level in candidate equilibrium:
(2.101)

(2.102)
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Additionally, we get that:
(2.103)

(2.104)

Where

and

.

If products’ substitutability is higher than 0.87, then firm retires from the industry
because its profit is negative. Consequently, firm acts as a monopolist in the product
market and then output and wage outcomes in candidate equilibrium are defined by
the following equations:
(2.105)
(2.106)
Thus, firm ’s profits are presented below:
(2.107)
Summarizing our findings, we get that market output, unions’ wages and firms’
profits in candidate equilibrium:

(2.108)

(2.109)

(2.110)

(2.111)
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(2.112)

(2.113)

2.6.5.

Endogenous Selection of Final Market Structure

At the second stage of the game, we endogenize the firms’ decision on playing
competitively or collusively, given that their decision about their mode of competition
at the first stage of the game.
The firms deal with the matrix game presented in Subsection 4.4., except that the
one firm (firm ) adjusts its own output, while the other firm (firm ) set its own prices
and payoffs of each union are given in Subsections 6.1-6.4.:
Firm
Collusion

Cournot Competition

Firm

Collusion
Bertrand Competition
Table 2: The Matrix Game that firms deal with at the second stage of the game.

In a unionized Mix of Strategies configuration oligopolistic market, the firms’
collusive play is Subgame Perfect equilibrium, as well as Pareto Optimal in the part of
profits. The economic intuition is of the same pattern with that of Cournot and
Bertrand duopoly.
Proposition 2.11: Under Mix of Strategies configurations in the frames of mode of
competition, collusion among firms is a subgame perfect equilibrium in the product market.
[Proof: See Appendix (A.11)]
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2.6.6.

Welfare Analysis

Social Welfare is defined by the sum of Consumer Surplus (CS), Producer Surplus
(PS) and Union Rents (UR), which in turn are defined by (2.37), (2.38) and (2.39),
respectively.
The results of comparative evaluation of market participant surpluses/rents and
social welfare, across the , are summarized in the following propositions.

Proposition 2.12: Regarding Consumer Surplus in Mix of Strategies, as regards the
mode of competition:


If

, then Consumer Surplus under Competition is always

higher than under Collusion and a Mix of Strategies configuration, i.e.
.


If

, then Consumer Surplus under a Mix of Strategies configuration

within Cournot competition is higher than under Competition, the latter being
higher under Collusion. The Mix of Strategies configuration within Bertrand
competition lies in- between Competition and Collusion, i.e.

[Proof: See Appendix (A.12)]

Proposition 2.13: In Mix of Strategies, as regards the mode of competition:


Producer Surplus under Collusion is always higher than under a Mix of
Strategies configuration and Competition, i.e.



.

Union Rents under Competition is always higher than under Collusion, while
under a Mix of Strategies it lays in-between, i.e.

.
[Proof: See Appendix (A.13)]
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Proposition 2.14: In Mix of Strategies, as regards the mode of competition, Social
Welfare under Competition is always higher than under Collusion and Mix of
Strategies, i.e.
[Proof: See Appendix (A.14)]

2.7. Endogenous Selection of Mode of Competition
At the first stage of the game, firms are asked to decide simultaneously and
independently their mode of competition, namely whether to adjust their own
quantities (Cournot Competition) or their own prices (Bertrand Competition), so as to
maximize monopoly (cartel’s) profits or their own profits.
Given that at the second stage of the game firms decide simultaneously and
independently to play collusively or competitively, they deal with the following
matrix game:
Firm i
Cournot

Firm j

Cournot

Bertrand

Bertrand

Collusion

Competition

Collusion

(1)

(3)

Competition

(2)

(4)

Collusion

Competition

Collusion

(5)

(7)

Competition

(6)

(8)

Collusion

Competition

Collusion

(9)

(11)

Competition

(10)

(12)

Collusion

Competition

Collusion

(13)

(15)

Competition

(1)

(16)

Table 2: The Matrix Game that firms deal with at the first stage of the game.

Given our finding in Sections 2.3 – 2.6 [given in Propositions 2.1, 2.6 and 2.11]
about the four enclosed matrix games, we conclude that collusion among firms always
emerges in equilibrium, regardless of the chosen mode of competition.
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Proposition 2.15: Collusion among firms is a subgame perfect equilibrium in the
product market, regardless firms mode of competition between them.

[Proof: Recalling Propositions 1, 6 and 11, it can be readily checked that Cartel
formation/collusion is the unique (Pareto optimal) equilibrium under each firm’s
decision on its mode of competition.]

2.8. Welfare Analysis: Cournot vs. Bertrand Duopoly
According to our findings in the previous sections, we conclude that collusion
among firms is an unavoidable equilibrium in the industry, regardless of the chosen
mode of competition. Consequently, in our model, regardless of the chosen mode of
competition, industry outcomes and market participants surpluses/rents are the same
and equal to that of a cartel.
We also get that cartel formation is not Pareto Optimal solution in terms of Social
Welfare, with the exception of sufficiently high product substitutability under Cournot
competition.

Proposition 2.16: The social welfare is promoted by developing a market policy
which prevents the formation of cartels.
An exception to our proposal is the case of sufficiently high product substitutability
under Cournot competition, as then collusive play is Pareto Optimal solution in terms
of Social Welfare.

[Proof: Recalling Propositions 5, 10 and 14, it can be readily checked that, regardless
of the chosen mode of competition, Social Welfare is higher under competition than
under collusion with the exception of sufficiently high product substitutability under
Cournot competition.]
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Given that the comparative analysis of competitive and collusive play denotes the
superiority of competitive play for most of the cases, let’s now determine the mode of
competition which comparatively promotes Social Welfare. The comparative analysis
of firms’ mode of competition demonstrates that Bertrand provides the highest Social
Welfare, due to its high degree of competition.

Proposition 2.17: Given firms’ competitive play, Social Welfare is higher under
Bertrand than Cournot competition, while under a Mix of Strategies it lays inbetween, i.e.

.
[Proof: See Appendix (A.15)]

2.9. Concluding Remarks
In a static union-oligopoly framework with differentiated goods and decentralized
Right-to-Manage bargaining, the present chapter endogenizes the firms’ mode of
competition, as well their perspective for cartel formation
In our model, we show that firms’ cartel formation is an unavoidable result in
equilibrium, regardless of the chosen mode of competition. Therefore, regardless of
the chosen mode of competition, industry outcomes and market participants
surpluses/rents equal to that of a cartel. We also show that if product substitutability is
sufficiently high

, then cartel formation is Welfare improving under

Cournot competition. In Cournot duopoly, as product substitutability increases, the
reduction of collusive wages is high enough to inverse the output differential among
competition and collusion, as well as Social Welfare. Unlike Cournot, in Bertrand
duopoly the reduction of collusive wages is not high enough to inverse the output
differential among competition and collusion, but high enough to inverse the output
differential among competition and mix of strategies configuration.
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Apart from this exception, competitive play is shown to be superior in terms of
Social Welfare. In particular, under Bertrand competition Social Welfare is higher
than under Cournot competition, while a Mix of Strategies lies in-between.
Consequently, our analysis suggests that in order to improve social welfare, a
benevolent policy maker should deter cartel formation while at the same time give
firms incentives for Bertrand competition.
Additionally, our previous work shows that firms may (ex-post) collude by (exante) choosing their mode of competition in the product market with exogenous
wages. It is shown that, if the discount factor is not high enough, whilst the degree of
product substitutability is sufficiently high, firms independently choose (in case of
competition) to adjust their own prices, because this minimizes the gains from
deviation from collusive play and consequently enables collusion and higher profits.
Otherwise, collusion is weak / unstable and each firm’s dominant strategy is (then) to
compete by adjusting its own quantity. Comparing with the present chapter’s findings,
we easily conclude that unions, as second movers, strengthen firms’ incentives for
collusive play, making the cartel an unavoidable market outcome.
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2.10. Appendix
A.1 Proof of Proposition 2.1
Firms deal with the following matrix game, which presents the payoffs of each
firm when both firms simultaneously and independently decide to collude or to
compete at the second stage of the game:
Firm

Firm

Collusion

Collusion

Cournot Competition

(E1)

(E3)

(E2)

(E4)

Cournot Competition

Due to symmetry,

, hence the number of candidate

equilibria is reduced to three, i.e. E1, E2 and E4.
Subgame perfect equilibrium of the game is the candidate one in where no game
player has incentives to deviate from. The possible deviation on the part of each firm
(player) is to unilaterally switch its own strategy, given that its rival does not.
The candidate equilibrium (E1) is the one where firms proceed to cartel formation
and the possible deviation, on the part of any firm, is to adjust its own quantities in
order to maximize its own profits. Taking in consideration the above subgame perfect
equilibrium definition, firms’ collusive play emerges in equilibrium, as no firm has
incentive to deviate by playing competitively. From equations (2.13) and (2.31) it
applies that:
(A2.1)
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7

and its plot is presented below.
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The candidate equilibrium (E2) is the one where one firm acts collusively, while
the other acts competitively. The possible deviation, on the part of any firm, is to
switch its strategy to its rival’s one. From (A2.1), we conclude that the candidate
equilibrium (E2) is not subgame perfect one, as a firm which acts competitively has
incentive to switch its strategy by playing collusively, as its rival does, in order to
increase its own profits.
The last candidate equilibrium (E4) is the one where both firms decide to play
competitively and the possible deviation, on the part of any firm, is to adjust its own
quantities in order to maximize cartel profits. Firms’ competitive play is not subgame
perfect equilibrium, as both firms have incentives to deviate by playing collusively.
From equations (2.21) and (2.30) it applies that:
(A2.2)
8

and its plot is presented below.
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Summarizing the above results, we conclude that firm cartel formation (E1)
emerges in equilibrium in our Cournot duopoly.

A.2 Proof of Proposition 2.2
(i) Total market output is the sum of firms’ equilibrium output:
;

s=c, m, mos

(A2.3)

Taking into consideration the equilibrium output levels under firms’ collusion,
competition and mix of strategies configuration in (2.11), (2.19), (2.28) and (2.29), we
obtain the total output levels:
(A2.4)

(A2.5)

(A2.6)

From comparative analysis of (A2.4), (A2.5) and (A2.6), we obtain that:
(A2.7)

(A2.8)

(A2.9)

Summarizing our results, we conclude that:
(A2.10)
(A2.11)
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(A2.12)
(ii) Comparing (2.10), (2.18), (2.26) and (2.27), we get that:
(A2.13)

(A2.14)

(A2.15)

(A2.16)

(A2.17)

Summarizing our results, we conclude that:
(A2.18)

A.3 Proof of Proposition 2.3
By means of Consumer Surplus equation in (2.37) and equilibrium output levels
under firms’ collusion, competition and mix of strategies configuration in (2.11),
(2.19), (2.28) and (2.29), we get that:
(A2.19)
(A2.20)
(A2.21)
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Where

,
9.

The plots of

and

and
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Summarizing our results, we conclude that:
(A2.22)
(A2.23)

(A2.24)

A.4 Proof of Proposition 2.4
Regarding Producer Surplus [given in (2.38)] and equilibrium output levels under
firms’ collusion, competition and mix of strategies configuration in (2.11), (2.19),
(2.28) and (2.29), we get that:
(A2.25)

(A2.26)
(A2.27)
Where

9

10

The mathematical expressions of
available by the authors upon request.
10
The mathematical expressions of
available by the authors upon request.

and their plots are presented below.
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Summarizing our results, we conclude that:
(A2.28)
Regarding now Union Rents [given in (2.39)], equilibrium output levels [given in
(2.11), (2.19), (2.28) and (2.29)] and wages [given in (2.10), (2.18), (2.26) and (2.27)]
under firms’ collusion, competition and mix of strategies configuration, we get that:
(A2.29)

(A2.30)
(A2.31)
11
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and their plots are presented below.

0.10
0.04
0.08
0.03
0.06

0.02

0.04

0.01

0.02

0.2

0.4

0.6

0.8

1.0

0.2

0.4

0.6

0.8

1.0

Summarizing our results, we conclude that:
(A2.32)
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A.5 Proof of Proposition 2.5
By means of market participants surpluses/rents in (2.37), (2.38) and (2.39) and
equilibrium output levels [given in (2.11), (2.19), (2.28) and (2.29)] and wages [given
in (2.10), (2.18), (2.26) and (2.27)] under firms’ collusion, competition and mix of
strategies configuration, we obtain about Social Welfare that:
(A2.33)
(A2.34)
(A2.35)

Where

,
12.

and

The plots of

and

are presented below.
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Summarizing our results, we conclude that:
(A2.36)
(A2.37)

(A2.38)
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A.6 Proof of Proposition 2.6
At the second stage of the game, firms deal with the matrix game presented in
Subsection A.1., except that competition takes place in prices and payoffs of each
firm which are given in Subsections 5.1-5.3. Like Cournot competition, it also applies
that the number of candidate equilibria is reduced to three, because
due to symmetry, i.e. E1, E2 and E4.
The candidate equilibrium (E1) is the one where firms proceed to cartel formation
and the possible deviation, on the part of any firm, is to play competitively. We
conclude that firms’ collusive play emerges in equilibrium, as no firm has incentive to
deviate from it. By means of (2.51) and (2.70), we get that:
(A2.39)
13

and its plot is presented below.
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The candidate equilibrium (E2) is the one where one firm acts collusively, while
the other acts competitively, with possible deviations to switch its strategy to its
rival’s one. From (A2.1), we obtain that the candidate equilibrium (E2) is not
subgame perfect one, because a firm which does not play collusively has incentive to
do it.

13
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The last candidate equilibrium (E4) is the one where both firms decide to set their
prices in order to maximize their own profits and the possible deviation, on the part of
any firm, is to set its own prices in order to maximize cartel profits. Firms’
competitive play is not subgame perfect equilibrium, as both firms have incentives to
deviate from it. In equations (2.60) and (2.69), it applies that:
(A2.40)
14

and its plot is presented below.
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Summarizing the above results, we conclude that firm cartel formation (E1)
emerges in equilibrium in our Bertrand duopoly.

A.7 Proof of Proposition 2.7
(i)

Total market output is the sum of firms’ equilibrium output, as given in

(A2.3). According to equilibrium output levels under firms’ collusion, competition
and mix of strategies configuration in (2.50), (2.58), (2.67) and (2.68), we obtain the
total output levels:
(A2.41)
(A2.42)
(A2.43)

14
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From comparative analysis of (2.41), (2.42) and (2.43), we obtain that:
(A2.44)
(A2.45)
(A2.46)
Where

.

Summarizing our results, we conclude that:
(A2.47)
(A2.48)
(ii) Comparing (2.48), (2.56), (2.65) and (2.66) we get that:
(A2.49)

(A2.50)

(A2.51)

(A2.52)

(A2.53)

Summarizing our results, we conclude that:
(A2.54)
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A.8 Proof of Proposition 2.8
By means of the Consumer Surplus equation in (2.37) and equilibrium output
levels under firms’ collusion, competition and mix of strategies configuration in
(2.50), (2.58), (2.67) and (2.68), we get that:
(A2.55)
(A2.56)
(A2.57)

Where

,
15.

and

The plot of

is presented below.
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Summarizing our results, we conclude that:
(A2.58)
(A2.59)
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A.9 Proof of Proposition 2.9
Regarding Producer Surplus [given in (2.38)] and equilibrium output levels under
firms’ collusion, competition and mix of strategies configuration in (2.50), (2.58),
(2.67) and (2.68), we get that:
(A2.60)
(A2.61)
(A2.62)
Where

16.

and

The plots of

and

are presented below.
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Summarizing our results, we conclude that:
(A2.63)
Regarding now Union Rents [given in (2.39)], equilibrium output levels [given in
(2.50), (2.58), (2.67) and (2.68)] and wages [given in (2.48), (2.56), (2.65) and (2.66)]
under firms’ collusion, competition and mix of strategies configuration, we get that:
(A2.64)
(A2.65)
(A2.66)

16
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Where
17.

and
The plots of

and

are presented below.

0.08

0.030
0.06

0.025
0.020

0.04

0.015
0.010
0.02

0.005

0.2

0.4

0.6

0.8

0.2

1.0

0.4

0.6

0.8

1.0

Summarizing our results, we conclude that:
(A2.67)

A.10 Proof of Proposition 2.10
By means of market participants surpluses/rents in (2.37), (2.38) and (2.39) and
equilibrium output levels [given in (2.50), (2.58), (2.67) and (2.68)] and wages [given
in (2.48), (2.56), (2.65) and (2.66)] under firms’ collusion, competition and mix of
strategies configuration, we obtain about Social Welfare that:
(A2.68)
(A2.69)
(A2.70)

Where

,
18.
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Summarizing our results, we conclude that:
(A2.71)
(A2.72)

A.11 Proof of Proposition 2.11
At the second stage of the game, firms deal with the matrix game which is
presented in Subsection A.1., except for firms’ mode of competition and payoffs
which are given in Subsections 6.1-6.4. Given firms’ decisions about their mode of
competition, i.e. firm adjusts its own output, while firm set its own prices, we get
four candidate equilibriums, i.e. E1, E2, E3 and E4.
In candidate equilibrium (E1), firms proceed to cartel formation and the possible
deviation, on the part of any firm, is to play competitively. We conclude that firms’
cartel formation emerges in equilibrium, as no firm has incentive to deviate from it.
By means of (2.78), (2.96) and (2.112), we get that:

(A2.73)

(A2.74)
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and their plots are presented below.
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In candidate equilibrium (E2), firm adjusts its own output in order to maximize
cartel profits, while firm competes in prices, while in candidate equilibrium (E3),
firm

competes in quantities, while firm

plays collusively. From (A2.73) and

(A2.74), we obtain that none of the two candidate equilibria emerge in subgame
perfect one, because both firm have incentives to deviate by forming a cartel.
In the last candidate equilibrium (E4), both firms decide to play competitively in
order to maximize their own profits and the possible deviation, on the part of any
firm, is to play collusively. Firms’ competitive play is not subgame perfect
equilibrium, at least firm

has incentives to deviate from it. By means of (2.87),

(2.88), (2.95) and (2.113), we get that:
(A2.75)

(A2.76)

Where

20.

and

Their plots are presented

below.
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Summarizing the above results, we conclude that firm cartel formation (E1)
emerges in equilibrium in our Mix of Strategy configuration.

A.12 Proof of Proposition 2.12
By means of the Consumer Surplus equation in (2.37) and equilibrium output
levels under firms’ collusion, competition and mix of strategies configuration in
(2.76), (2.83), (2.84), (2.93), (2.94), (2.110) and (2.111), we get that:
(A2.77)
(A2.78)

(A2.79)

(A2.80)

(A2.81)

Where

and

21.

Their

plots are presented below.
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Summarizing our results, we conclude that:
(A2.82)
(A2.83)
(A2.84)

A.13 Proof of Proposition 2.13
Regarding Producer Surplus [given in (2.38)] and equilibrium output levels under
firms’ collusion, competition and mix of strategies configuration in (2.76), (2.83),
(2.84), (2.93), (2.94), (2.110) and (2.111), we get that:
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Where
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Their plots are presented below.
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Summarizing our results, we conclude that:
(A2.90)
(A2.91)
Regarding now Union Rents [given in (2.39)], equilibrium output levels [given in
(2.76), (2.83), (2.84), (2.93), (2.94), (2.110) and (2.111)] and wages [given in (2.75),
(2.81), (2.82), (2.91), (2.92), (2.108) and (2.109)] under firms’ collusion, competition
and mix of strategies configuration, we get that:
(A2.92)
(A2.93)

(A2.94)

(A2.95)

(A2.96)

Where

,
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and

Their plots are presented below.
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Summarizing our results, we conclude that:
(A2.97)

A.14 Proof of Proposition 2.14
By means of market participants surpluses/rents in (2.37), (2.38) and (2.39) and
equilibrium output levels [given in (2.76), (2.83), (2.84), (2.93), (2.94), (2.110) and
(2.111)] and wages [given in (2.75), (2.81), (2.82), (2.91), (2.92), (2.108) and (2.109)]
under firms’ collusion, competition and mix of strategies configuration, we obtain
about Social Welfare that:
(A2.98)
(A2.99)

(A2.100)

(A2.101)
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(A2.102)

Where

,
24.

and

Their plots are presented below.
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Summarizing our results, we conclude that:
(A2.103)
(A2.104)
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A.15 Proof of Proposition 2.17
According to, under each firms’ mode of competition, market participants’
surpluses in (2.37), (2.38) and (2.39) and equilibrium output levels [given in (2.19),
(2.58),, (2.81) and (2.82)] and wages [given in (2.18), (2.56), (2.83) and (2.84)], given
firms’ competitive play, we obtain about Social Welfare that:
(A2.105)
(A2.106)
(A2.107)
25,

Where

and their plots are presented below.
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Summarizing our results, we conclude that:
(A2.108)
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“Union-Oligopoly Bargaining and Vertical
Differentiation: Do Unions Affect Quality?”
3. a

Κεφάλαιο 3
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3.1. Introduction
An approach of labor market analysis, regarding the perfect competitive rule, is the
existence of unions as a means to ensure higher wages for its members. The
institution of unions is not surprising, given the predominance of them in most
advanced industrial economies (especially in northern Europe). There are several
papers, theoretical and empirical, that are aimed to interpret the unions’ effects on
labor and product markets. The analysis focuses mainly on union structures
(centralized / decentralized), their objective function (wages or/and employment) and
their strategic environment (monopoly unions, efficient bargain, Nash equilibrium),
within a closed or open economy with various institutional arrangements.
The institution of the unions was introduced relatively recently on the agenda of
orthodox economics. The present chapter focuses on unionized oligopolistic markets
with differentiated products and quality improvement-R&D investments. The entire
analysis explores the impact of unions’ decisions on their structure i.e. decentralized
and centralized wage-setting regimes on market outcomes, chiefly product quality
improvement. Notice that both union structures and R&D investments, hence product’
quality, are endogenously determined by market participants.
An approach to incorporate R&D into unionized oligopolies was realized by
Emmanuelle Bacchiega (2007). Assuming that product quality depends on highlyskilled workers employed and firms entering into negotiations only with those
workers, he concludes that if the bargaining power of those workers is relatively high
(low), then firms prefer to produce low (high) quality products and the Social Welfare
decreases with the bargaining power of highly-skilled workers. While, Symeonidis
(2003) investigates duopolistic markets with differentiated products and R&D
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investments – quality improvement, and focuses on the comparative analysis of firms’
mode of competition, Bertrand and Cournot.
Recently and like our research on unionized oligopolistic markets with
differentiated products, Manasakis and Petrakis (2009) investigate the impact of union
structures and externalities of R&D (R&D spillovers) on firms’ incentives, not only
for R&D investments, but also for Research Joint Venture (RJV) formation. Unlike
us, the authors assume that R&D investments refer to reduction of production costs
and they do not endogenize the union structures into their analysis. In contrast, in our
research one of our findings demonstrates that if the spillover rate is low and firms do
not form RJV, the R&D investments are always higher (lower) under a centralized
(decentralized) system of wage-setting.
Empirical research by Menezes-Fillo and Van Reenen (2003), conclude that there
is a strong negative impact of unions on R&D investment in South Africa, however
there is not a clear conclusion about Europe. The above conclusion is further
supported by a brief survey of Jorg Lingens (2009). He uses real data and focuses on
the correlation between the unionization of a country and the level of R&D
investments. The survey included data from15 European countries, United States and
Japan. He tried to present graphically the total R&D investments (as a percentage of
GDP) and unions’ bargaining coverage. Taking into consideration all countries, he
shows a clear negative correlation between investment on R&D and union
negotiations over wages (w-bargaining). However, he agrees with Menezes-Fillo and
Van Reenen (2003) about Europe, that there is not a clear correlation between
investment on R&D and the degree of unionism in Europe.
Our chapter studies unionized oligopolistic markets with differentiated products
and firms’ R&D investments on product quality improvement. We endogenize the
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union structures, i.e. the decentralized and the centralized wage-setting regimes, and
investigate the impact of their decision on market outcomes/participant surpluses. We
extend our research by developing two alternative market policies, where the role of
the social planner is inserted and endogenize the selection of market structure in our
model. In the first case, we assume that a benevolent policy maker proceeds to quality
improvement-R&D, as a common public good, by undertaking the costs of those
investments and providing for free the know-how to the industry. In the second case
he finances a percentage of the expenditures of firm-specific R&D investments. In
both cases he finances those costs by indirect taxation on market products. We
conclude that union collusive play decreases product quality and output level under
each of the proposed market structures (including where the social planner is absent).
Additionally, our findings show the market structure in where the R&D – quality
improvement is a public good, not only emerges in equilibrium, but also promotes
important industry elements s, such as output level, wages and product quality, and all
market participant surpluses (and consequently Social Welfare), even if this policy
leads to indirect taxation on market products.
The rest of the chapter is structured as follows. In Section 3.2 we present our
unionized oligopoly model. In Section 3.3 – 3.5, we analyze separately the cases of
market structure in where the social planner is inactive/absent, proceeds to R&D
investments and partially funds the firms’ R&D investments, respectively.
Subsequently in Section 3.6, our model endogenizes the choice of market structure
and demonstrates the one which emerges in equilibrium, while in Section 3.7 we
proceed to the comparative analysis of each market structure outcomes/participant
surpluses. Our findings are summarized in Section 3.8.
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3.2. The Model
Consider a unionized product market where two technologically identical firms,
, produce differentiated goods and investigate in R&D –

denoted by

quality improvement. Each firm faces an inverse linear demand function, which is
derived by consumer utility from consumption under the restriction of their income.
Following Häckner (2000), the represented consumer utility function 47 is the
following:

(3.1)
Where

,

and

respectively are the quantities of good , good

and the

competitive numeraire sector, consumed by the represented consumer and
denotes the degree of substitutability among the goods
firms’ products become more close substitutes. Moreover,

As

the

denotes the quality of

products which arises from firms’ expenditures on R&D, and
consumer evaluation of the product quality: As

is the

the consumers become

completely indifferent about product quality.
Taking into consideration the represented consumer’s utility function [given in (3.1)]
and its income limitation, we get the inverse linear demand function that firms’ face,
which is:
(3.2)
Where,

,

respectively are the price and output of the firm

.

For simplicity, we assume that the production technology exhibits constant returns
to scale, and requires only labor input to produce the good 48. Labor productivity

47

For simplicity, we assumed that both and are equal to one.
This is equivalent to a two-factor Leontief technology in which the amount of capital is fixed in the
short run and it is large enough not to induce zero marginal product of labor.
48
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equals one, for both firms, namely one unit of labor is needed to produce one unit of
product, that is:
(3.3)
Where

and

respectively represent employment and quantity of the firm

.49
The firm’s unit transformation cost of labor into product equals the wage rate, denoted
by

. Hence, the profit function of firm is defined by:
(3.4)

Where the

denotes the firm ’s expenditures on R&D in order to improve its

own product quality.
The labor market is unionized: Workers are organized into two separate firmspecific unions. Hence, each firm enters into negotiations over (only) wages,
exclusively with its own union (decentralized Right-to-Manage bargaining50).
Moreover, we assume that unions are identical, endowed with monopoly bargaining
power during the negotiations with their own firms and may compete or collude by
independently adjusting their own wages. Hence, each union effectively acts as a
firm-specific monopoly union, setting the wage, with the firm in turn choosing firm
specific-employment. The union ’s objective is to maximize the sum of its members’
rents, given by the following equation:
(3.5)

49

We are aware of the limitations of our analysis in assuming specific functional forms and constant
returns to scale. However, the use of more general forms would jeopardize the clarity of our findings,
without significantly changing their qualitative character.
50
Right-to-manage literature was initially developed by the British school during the 1980s (Nickell).
It implies that the union-firm negotiations agenda includes only the wage rate, which is determined
according to a typical Nash Bargaining Maximization.
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Where,

is firm ’s wage rate, provided that union membership is fixed and all

members are (or the union leadership treats them as being) identical [see, e.g. Oswald
(1982), Pencavel (1991), Booth, (1995)].
In addition, we insert the role of a benevolent policy maker in our model, who aims
to maximize Social Welfare by endogenously deciding whether to intervene (and
how) or not in the market structure. We consider two instances of policy maker’s
intervention. In the first case, we assume that the policy maker proceeds to quality
improvement-R&D, as a common public good, by undertaking the costs of those
investments and providing the know-how to the industry for free. Thus, his cost
function is defined by the following equation:
(3.6)
Where

denotes the expenditures on R&D in order to improve the industry’s

product quality.
In the second case he finances a percentage of the cost of firm-specific R&D
investments and his cost function is defined by:
(3.7)
Where the

and

denote the firm ’s expenditures on R&D and the presentence

of its financial participation in these expenditures, respectively. Consequently, the
factor

presents the presentence of policy maker’s financing on firms’

expenditures on R&D.
In both cases the policy maker finances these costs by indirect taxation on market
products. In particular, we assume that he finances the investment on R&D
exclusively by indirect consumption taxation on the final product [

(Balance
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Budget51)]. Accordingly, his revenue function is defined by the following equation
and applies to both cases:
(3.8)
Where

and

denote the collected tax per unit of product and the sum of the firms’

output level, respectively.
From the perspective of consumers, the consumption tax is an additional cost on
the purchase price of industry’s products, as it is presented in the following equation:
(3.9)
Where

denotes consumer price of products, which is the sum of the product price

received by producers (denoted by factor

) and the consumption tax collected by the

Social Planner (denoted by factor ).
Taking into consideration (3.9), we get the new inverse linear demand function that
firms’ face, which is:
(3.10)
In the above context, we propose three games, one for each potential action of the
social planner, as follows:
1.

Under the hypothesis that the social planner decides not to intervene in the
market structure, our envisaged four-stage game unfolds as follows:


At the 1st stage, both unions simultaneously and independently decide whether
to collude or to compete in the stage of w-negotiations with their firms.



At the 2nd stage, firms simultaneously and independently determine the
optimal level of their R&D investments, by evaluating on the one hand the
increase of their revenues, through increasing their product demand because of

51

A government balance budget refers to a budget in which total revenues are equal or greater to
total expenditures (no budget deficit). In our case, the balance budget has to do exclusively with our
oligopoly industry.
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their product quality improvement, and on the other hand the cost of these
investments.


At the 3rd stage, if (at the first stage) one or both unions have independently
decided to play collusively, they simultaneously and independently set their
wages for their own firms so that each maximizes the joint member rents or
maximizes its own member rents. If, however, both unions have (at the first
stage) independently decided to play competitively they both set their own
wages in order for each one to maximize its own member rents.



At the 4th stage, each firm simultaneously and independently compete with its
rival by adjusting its own quantities, in order to maximize their own profits.

2.

Assuming that the social planner decides to intervene in the market structure by
proceeding to quality improvement-R&D and providing the know-how to the
industry for free, our envisaged four-stage game unfolds as follows:


At the 1st stage, the social planner determines the optimal level in terms of
Social Welfare of R&D investments and indirect taxation on industry
products.



At the 2nd stage, both unions simultaneously and independently decide whether
to collude or to compete in the stage of w-negotiations with their firms.



The 3rd stage and the 4th stage of the present game remain the same with the
previously proposed one.

3.

Now suppose that the social planner decides to intervene in the market structure
by financing a percentage of the cost of firm-specific R&D investments, thus our
envisaged five-stage game unfolds as follows:
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At the 1st stage, the social planner determines the optimal level in terms of
Social Welfare of financing a percentage of the cost of firm-specific R&D
investments and the indirect taxation on industry products.



The 2nd, 3rd, 4th and 5th stages of the present game are nothing more or less
than an image of the first proposed game.

3.3. 1st case:

Absence of policy maker in market structure

Like in standard game-theoretic analysis, using backwards induction, we propose a
candidate equilibrium and subsequently validate (or reject) it, by checking for all
possible unilateral deviations on the part of the agent(s) who consider such a
deviation. Due to symmetry, in our model three candidate equilibria arise, at the first
stage of the game: In Subsection 3.1 the candidate equilibrium is the one where union
collusive play takes place in w-negotiations with their firms (e.g., unions
independently set the wages that maximize the joint rents) and the possible deviation,
on the part of any union, is to adjust its own wages in order to maximize its own rents
given that the other union sticks to collusive play. In Subsection 3.2, the candidate
equilibrium is union competition and the possible deviation, on the part of any union,
is to set its own wages in order to maximize the joint rents, given that the other union
still behaves as a competitor. In Subsection 3.3, the candidate equilibrium is the one
where one union acts collusively, while its rival union acts competitively, and the
possible deviations arise by unilaterally switching each union’s strategy to its rival’s
one.
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3.3.1.

Competitive Play (m)

Assume that at the first stage of the game each union aims to maximize its own
rents by independently setting its wages at the stage of negotiations with their specific
firm (hence, its employment level).
At the last stage of the game, both firms independently choose their own quantities
(thus their own employment levels) in order to maximize their own profits. Hence,
according to (3.2) and (3.4), the firm’s ’s objective is:
(3.11)

The first order condition (f.o.c.) of (3.11) provides the reaction function of firm :
(3.12)
Notice that each firms’ output level decreases further with its rivals output level, the
higher the substitutability of the products is.
Taking the reaction functions of both firms and solving the system of equations, we
get the optimal output/employment rules in the candidate equilibrium:
(3.13)

It is easily observable that firm ’s output level is negatively affected by union ’s
wage rate and rival firm’s R&D investment but it is positively affected by union ’s
wage rates and its R&D investment.
At the third stage, each union

chooses the firm-specific wage

in order to

maximize its own rents [given in (3.5)], taking as given the outcomes of the
production game [given in (3.33)].
(3.14)
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From the f.o.cs of that maximization we may then derive the unions’

,

wage reaction functions which are as follows:
(3.15)
Observe

that

wages

are

strategic

complements

for

the

unions,

since:
Solving system (3.15) we get the wage outcome (s) in the candidate equilibrium:
(3.16)

Note that,

, which means firm by

increasing its R&D investments (its product quality) and therefore its product and
labor demand, creates an extra union cost – in terms of a higher wage set by its union
of workers. The increment in union ’s wages would be higher, the higher the
consumer

evaluation

of

the

product

quality

from

R&D

is

. Moreover, even if wages are
strategic complements for the unions, if firm

increases its R&D investment and

creates an increment in union ’s wages, the wages of union
.

The

will be decreased.

explanation

is

that

an

increment of firm ’s R&D investments, hence product ’s quality, cases two opposite
effects on union ’s wages: A positive one, due to higher union ’s wages and wages’
complementarity, and a negative one which is dominated, due to shrinkage of union
’s labor demand by increasing the product ’s output level.
At the second stage firms simultaneously and independently determine the optimal
level of their R&D investment in order to maximize their profits, given the optimal
output/employment rules and the equilibrium wages in (3.13) and (3.16) respectively.

118 | P a g e

Chapter|3
The firms’ maximization objective is derived by substituting (3.4) for (3.13) and
(3.16):

(3.17)

The f.o.cs of (3.27) provides the reaction function of firm

to the investments in

R&D:
(3.18)

From the above firms’ reaction function, we get that R&D investments are
strategic substitutes.
Solving the system of f.o.cs of that maximization, we get the (candidate)
equilibrium R&D investments:
(3.19)

The firms’ output/employment levels in the candidate equilibrium are then derived by
substituting (3.19) and (3.16) for (3.13):
(3.20)

Moreover, we get that the firms’ profits in the candidate equilibrium:





4 64  20s 2  s 4  8h 2 8  s 
2

2



(3.21)

From Equations (3.16) and (3.5), we get the candidate equilibrium union wages and
rents, respectively, as follows:
(3.22)
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(3.23)

3.3.2.

Collusive Play (c)

Assume next that, at the first stage of the game, both unions independently choose
to behave collusively at the third stage, where they enter into negotiations over their
wages with their own firms, in order to maximize the joint rents.
Thus, at the last stage of the game, we get the firms’ reaction functions, and
consequently the optimal output/employment rules in the candidate equilibrium in
Equations (3.12) and (3.13).
Taking in to consideration (3.13) at the third stage, union

chooses

so as to

maximize the sum of rents of its members and the competitor firm’s union members:
(3.24)
From the f.o.cs of (3.24) we subsequently derive the union ’s wage reaction function:
(3.25)
As in the previous section, note that

, hence,

wages are strategic complements on the part of unions. Solving the system (3.25) we
get the (candidate) equilibrium wages:
(3.26)
Observe that

, i.e. the higher the quality of products, the higher

is the wage set by the union. The magnitude of this wage increment is higher, when
the

consumer

evaluation

of
.
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At the second stage, firms simultaneously and independently determine the optimal
level of their R&D investment in order to maximize their profits [given by
substituting (3.4) for (3.13) and (3.26)]:

(3.27)

The f.o.cs of (3.27) provides the reaction function of firm to investments on R&D:
(3.28)

Solving the system of (3.28) we get the (candidate) equilibrium R&D investments:
(3.29)

The firms’ output/employment levels in the candidate equilibrium are then derived by
substituting (3.26) and (3.29) for (3.13):
(3.30)

Moreover, we get the firms’ profits in the candidate equilibrium:
(3.31)

From Equations (3.26) and (3.5), we get the candidate equilibrium union wages and
rents, respectively, as follows:
(3.32)

(3.33)
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3.3.3.

Mix of Strategies ( )

The candidate equilibrium here is the one where one union (e.g. union ) adjusts
its own wage competitively, while its rival’s (e.g. union i’s) strategy is to adjust its
own wages in order to maximize joint rents.
Thus, at the last stage of the game where firms compete by adjusting
simultaneously and independently their quantity in order to maximize their profits, we
get the optimal output/employment rules in the candidate equilibrium in (3.13).
According to this Mix of Strategies configuration, at the third stage we must
consider the f.o.cs of the pair (3.24) and (3.15) separately. Thus, respectively
considering the union reaction functions (3.25) and (3.16), and solving that system,
we get the following optimal wages in the candidate equilibrium:
(3.34)

(3.35)
Now at the second stage where firms simultaneously and independently determine the
optimal level of their R&D investment, we get the (candidate) equilibrium R&D
investments by solving the system of f.o.cs of maximization of their profits [given by
substituting (3.4) for (3.13), (3.34) and (3.35)]:
(3.36)

(3.37)

Substituting in turn (3.34), (3.35), (3.36) and (3.37) for (3.13) for each firm,
respectively, we obtain the following firm-specific output/employment levels in the
candidate equilibrium:
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(3.38)

(3.39)
Moreover, we get that the firms’ profits in the candidate equilibrium:
(3.40)

(3.41)

From Equations (3.34), (3.35) and (3.5), we get the candidate equilibrium union
wages and rents, respectively, as follows:
(3.42)

(3.43)

(3.44)
(3.45)

3.3.4.

Equilibrium Analysis:
Endogenous Selection of Union Structures

We now turn to the first stage of the game and investigate the unions’ incentive to
play collusively in our static framework by setting wages at the stage of wnegotiations that maximize the joint rents. Given our findings in 3.1.− 3.3., at the first
stage the unions deal with the following matrix game, in which the payoffs of each
union when both unions simultaneously and independently decide to collude or to
compete at the stage of w-negotiations (3rd stage) with their specific firm is presented:
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Union

Union

Collusion

Competition

Collusion
Competition
Table 3: The Matrix Game that unions deal with at the first stage of the game.

Due to symmetry,

is applied and thus the number of

candidate equilibria is reduced to three.
Collusive play is an equilibrium institution only if no union has incentive to
unilaterally deviate in order to maximize its own revenue by adjusting independently
its own wages. In particular, each union has incentives to deviate and earn higher
revenue by decreasing its demanded wages at the stage of w-bargaining, enough to
achieve the optimal firm’s labor demand. To grasp it, let union

deviate from

collusive play in order to maximize its own revenue by reducing its wages, assuming
that union sticks to collusion. The reduction of its wages causes two positive effects
on its employment due to firm ’s reaction to the lower labor cost; firstly, from the
increment of the firm’s demanded employment level and, secondly, from the release
of the firm’s economic resources to be invested in R&D investments that increase its
product’s quality and therefore the consumers’ demanded quantity, hence
employment level. Notice that, union ’s deviation leads indirectly to reduction of
union

’s revenue, because of complimentary wage and product substitution.

Consequently, it is deduced that union collusive play is not in Nash Equilibrium
because there is lack of stability. For the same reasons, neither the mix of strategies
emerge in equilibrium. The union that remains in collusion has incentive to switch its
strategy to competition, like its rival, by reducing its wages too. So according to the
above, union competition eventually emerges in equilibrium. Our relevant findings
are summarized in Proposition 3.1.
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Proposition 3.1: Under the assumption of the absence of a policy maker in market
structure, union competitive play eventually emerges in Nash equilibrium.
[Proof: See Appendix (A.1)]

3.3.5.

Consumer

Evaluation

of

R&D’s

Quality

and

Product

Substitutability: Unions Effects (utility)
In this section, we proceed to the analysis of the effects of our critical structural
parameters, namely

and , on unions’ utility (wages and labor).

It is generally accepted that union collusion achieves Pareto improving
equilibrium, as it internalizes the negative externalities that are created from union
competition and gives unions the opportunity to further increase their wages, hence
their revenue. Thus, it could be a reasonable conclusion that Nash equilibrium
achieved at the first stage is not Pareto optimal, as a transition from Nash equilibrium
to a secure collusion increases the utility of both unions. However, in our model the
above conclusion is not universal and does not apply for each case.
In particular, if consumer evaluation of product quality is high enough (
the firms’ products tends to be independent (

and

, then the transition of the unions

from collusion to competition is not only in Nash Equilibrium but also Pareto
improving.
To grasp it, assume first the standard/ad-hoc – collusive versus competitive –
hypotheses in both of which R&D is absent (
product quality equals to zero (

, i.e. consumer evaluation of the

). As the products are independent (

, the

two firms’ products are targeted at completely different markets and thus each firm
produces the quantity of a monopolist [
close substitutes (

. While, as the products tend to be

, the two firms’ products are targeted at exactly the same
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market and consequently their total quantity is lower than that of two monopolists
[

. From the perspective of unions, the aforementioned product quantities are

translated into units of labor demand. Therefore, and in accordance with the above, as
the unions (no matter collusively or competitively) enjoy the maximum point
of their revenue

, while as

their revenue is reduced. Union

collusion in turn means more inflexible labor supply; so as

, union revenues

under collusive play is reduced less than under competitive play, i.e.
and

.

Union i's Utility (ui)

0,12

0,10

0,08
0

0,2
0,4
0,6
0,8
Degree of product substitutability (γ)

1

Figure 3: The utility of union under collusion and competition, given that

.

We will now investigate the impact of consumer evaluation of product quality ( )
on union utility. According to (3.1), it is easy to check that consumer demand is
increasing with factor h. The increase in demand is even higher the higher the level of
investments on R&D is. Therefore, an increase in factor

strengthens the firms’

incentives for R&D investments, which in turn increases consumer demand, hence
labor demand. Thus, as factor

, the union utility increases , especially under

collusive play (more inelastic labor supply) than under competitive play, i.e.
and
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Union i's Utility (ui)

0,16

0,13

0,10

0,07
0

0,2

0,4
0,6
Degree of product substitutability (γ)

Figure 4: The upper and lower bound of the

and

0,8

1

values.

In conclusion, it is proved that a high level of consumer evaluation of the products
(

and a low level of product substitutability (

affects negatively the

differential. In contrast to conventional wisdom, those effects may be
such that the unions’ utility differential among competition and collusion can be
reversed, i.e.

. The following Proposition summarizes the above results.

Proposition 3.2:


If

, then Union Rents under Competition are always higher

than under Collusion, i.e.

. Thus, a transfer from collusive to

competitive play not only emerges in Nash Equilibrium, but is also Pareto
improving for unions.


Otherwise, the well-known in equation of

, where unions deal with

the well-known paradox of Prisoners’ dilemma applies.
[Proof: See Appendix (A.2)]
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Consumers’ evaluation of the
products’ quality from R&D (h)

1
0,8
0,6
0,4
0,2
0
0

Figure 5: The

3.3.6.

0,2
0,4
0,6
0,8
Degree of product substitutability (γ)

1

critical value

The Impact of Union Structures on Market Output and
Product Quality

Given our findings in Subsections 3.1.-3.2., let us now analyze the impact of union
structures, i.e. decentralized and centralized wage-setting regimes, on equilibrium
outcomes, especially on output level and product quality improvement, hence R&D
investments. Through this investigation, we will be able to mainly interpret the
complicated way that unions’ decisions affect market participants.
Regarding union structure and wages, a union collusion that takes place within an
industry gives them the opportunity to increase their wages [

], hence limit

their labor supply, in order to increase their rents. However, an increase of union
wages causes two negative effects on firms’ decisions, through their profit
maximizing behavior: the reduction of their R&D investments [

], in

order to compensate the higher labor cost and the limitation of their labor demand
[

], hence their employment level and their product output. The following

Proposition summarizes our findings:
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Proposition 3.3: The output level (union employment) and R&D investments (product
quality) are always higher under a decentralized wage-setting regime than under a
centralized one, i.e.
i.e.

and

. The opposite applies for union wages,

.
[Proof: See Appendix (A.4)]

Proposition 3.4: The elasticity of output level on union wages is negative and defined
by

and union wages are obviously positive but lower

than

, i.e.

.
[Proof: See Appendix (A.5)]

Diagrammatically, the elasticity of output level on union wages is presented in the
following figure:
Union wages (w)
Elasticity of output on’ wages (eqw)

0

0,1

0,2

0,3

0,4

0,5

0
-0,2
-0,4
-0,6
-0,8
-1

Figure 6: The elasticity of output level on union wages.

This implies that an increase in union wages of one unit decreases the equilibrium
output level at less than one unit. In other words, an increase in wage level leads to a
comparatively lower decrease in output level.
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3.3.7.

Welfare Analysis

The present section refers to the comparative analysis of the emerging equilibria
(

and

) in terms of social welfare. Social Welfare is defined to be the sum of

Consumer Surplus (CS), Producer Surplus (PS) and Union Rents (UR), as follows:
(3.46)

;
Where ,

and

respectively denote collusive, competitive, and mix of strategies,

equilibria. The elements of the above equation are defined by:
(3.4
7)

(3.48)

(3.49)
The total Consumer and Producer Surplus under collusion and competition proves to
be [Proof: See Appendix (A.3)]:
(3.50)

(3.51)
Our findings from the comparative evaluation of (2.36), (2.37), (2.38) and (2.39),
across , are summarized in Proposition 2.4, Proposition 3.6 and Proposition 3.7.

Proposition 3.5: Consumer and Producer Surpluses under Competition are always
higher than those under a Mix of Strategies configuration, the latter being always
higher than those under Collusion, i.e.

and

.

[Proof: See Appendix (A.4)]
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Proposition 3.6:
a)

If

, then Union Rents under Competition are higher than

under a Mix of Strategies configuration, the latter being higher under
Collusion, i.e.
b)

.

If

, then Union Rents under Mix of

Strategies are always higher than under Collusion and Competition
configuration, i.e.

.

In particular, if

, then.

while if
c)

,

, then.

If

, then Unio Rents under Collusion is always higher than

under Competition, while under a Mix of Strategies it lays in-between, i.e.
.
Where,
[Proof: See Appendix (A.5)]

Consumers’ evaluation of the
products’ quality from R&D (h)

1
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0,6
0,4
0,2
0
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Degree of product substitutability (γ)

Figure 7: The (γ) critical values for − c, m, mos, – Union Rents comparisons
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Proposition 3.7: Social Welfare under Competition is always higher than under
Collusion, while under a Mix of Strategies it lies in-between, i.e.
.
[Proof: See Appendix (A.6)]

3.4. 2nd case: Policy maker proceeds to R&D investments
In this section, we assume that the social planner decides to intervene in the market
structure by proceeding to quality improvement-R&D exclusively, as a public good,
and thereafter providing the know-how to the industry for free, i.e. the firms do not
invest in R&D and their profit function is defined by:
(3.52)
Moreover, we consider that the social planner finances the investment in R&D by
setting indirect taxation on market products, under the industry’s condition of a
balanced budget.
Taking the same path with the previous section, in the following Subsections 4.1.4.3., we propose all the candidate equilibria and then check their validation (or
rejection) by analyzing all possible unilateral deviations on the part of the agent(s).

3.4.1.

Competitive Play (m)

Let unions adopt competitive play at the second stage of the game, i.e. set
independently their wages at the stage of w-bargaining with their firms.
At the last stage of the game, both firms independently determine their optimal
output level. According to (3.2) and (3.52), their new objective is:
(3.53)
Where

denotes the quality of products which come from the policy maker’s

expenditures on R&D.
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We get the reaction function of firm from the first order condition (f.o.c.) of (3.53):
(3.54)
Solving the system of both firms’ reaction functions in (3.54), we get the optimal
output/employment rules in the candidate equilibrium:
(3.55)

Notice that the industry’s output level increases with product quality improvement
and decreases with the level of per product unit tax.
At the third stage, unions independently determine the wage

that maximizes

its rents. Taking as given the outcomes of the production game [given in (3.55)] and
getting the f.o.cs of their revenues’ objective [given in (3.14)], we find the wage
reaction functions which are as follows:
(3.56)
Solving now the system in (3.56), we get the wage outcome (s) in the candidate
equilibrium:
(3.57)

Note that

, if and only if

. Consequently, under the present

proposed market case, the oligopoly market exists, only if the following condition is
satisfied:
(3.58)
Taking into consideration the equations (3.5) and (3.57), we get the union ’s rent in
the candidate equilibrium:
(3.59)
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Substituting now (3.57) for (3.55), we get the optimal output/employment:
(3.60)

3.4.2.

Collusive Play (c)

Suppose next that unions decides to play collusively at the second stage, and thus
at the third stage set the wages as to maximize the sum of rents of its members and the
competitor firm’s union members.
At the last stage of the game, where firms’ Cournot competition is taking place, we
get firms’ reaction functions and optimal output level, hence employment, in the
candidate equilibrium by Equations (3.54) and (3.55), respectively.
At the third stage, we derive the union ’s wage reaction function, by substituting
union ’s objective function [given in (3.24)] for the optimal output rules in (3.55) and
taking the f.o.cs, as follows:
(3.61)
Solving now the system in (3.61) we get the candidate equilibrium wages:
(3.62)
Taking into consideration equations (3.5) and (3.62), we get the union ’s rent in the
candidate equilibrium:
(3.63)

Substituting now (3.62) for (3.55), we get the optimal output/employment:
(3.64)
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3.4.3.

Mix of Strategies ( )

Under the assumption of union mix of strategies candidate equilibrium, we let
union to be the one which plays competitively and union to be the one which plays
collusively. Thus, at the last stage of the game, where firms’ Cournot completion
takes place, we get the optimal output/employment in (3.55).
Consequently, at the third stage we get the optimal wages in the candidate
equilibrium by solving the system of union reaction function in (3.61) and (3.56),
respectively, as follows:
(3.65)

(3.66)
Taking into consideration equations (3.5), (3.65) and (3.66), we get the union rents in
the candidate equilibrium:
(3.67)

(3.68)

Substituting now (3.65) and (3.66) for (3.55), respectively, we get the optimal firm
output/employment:
(3.69)

(3.70)
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3.4.4.

Second Stage: Endogenous Selection of Union Structures

Turn now to the second stage of the game, where unions are asked to decide
simultaneously and independently their strategy, collusive or competitive play, at the
stage of w-negotiations (3rd stage) with their specific firm. The unions deal with the
matrix game presented in Subsection 3.4., except that payoffs of each union are given
by Subsections 4.1-4.3.
Like in the previous market structure case, the union collusion and mix of
strategies do not emerge in Nash equilibrium, whereas even a union has incentive to
deviate. Union competition is the only candidate equilibrium where no union has
incentive to switch its strategy to collusive play, thus it is the only one emerging in
Nash equilibrium. The intuition behind this is that the collusive play is weak /
unstable, as a deviation from it gives the deviated union the advantage of wage
reduction and consequently the increment of its labor demand that maximize its own
rents, given that the rival union sticks to collusion. The mix of strategies is also an
unstable candidate equilibrium, as the union, which plays collusively, has incentive to
switch its strategy to competition in order to increase its rents by reducing its wage
too.

Proposition 3.8: Under the presence of a policy maker that proceeds to R&D
investments, union competitive play eventually emerges in Nash equilibrium, even if
union collusive play is Pareto improving candidate equilibrium. The unions deal with
the well-known paradox of Prisoners’ dilemma.
[Proof: See Appendix (A.7)]
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3.4.5.

First Stage: R&D investments and product taxation

Given our findings in Subsections 3.4.1-3.4.4, at this stage the social planner aims
to determine the optimal level of R&D investments for product quality improvement
and indirect taxation on market products that maximize Social Welfare. Therefore, the
social planner’s objective is:
(3.71)
We assumed that he finances the R&D investments exclusively by indirect
consumption taxation on the final product (Balance Budget):
(3.72)
So, the simplified formula of the social planner’s objective is:
(3.73)
Where Consumer Surplus (

) is the sum of consumer utility minus the cost of

products purchased at the equilibrium price [given the (3.1) and (3.9)]:
(3.74)
Under the assumption that firms do not proceed to R&D investments in this case
i.e.

, Producer Surplus is the sum of firms’ profits [given the (3.4)]:

(3.75)
The mathematical expression of Union Rents is defined by:
(3.76)
As mentioned, the social planner sets indirect taxes on final products in order to
finance the investments to improve product quality in the industry. Taking into
consideration that indirect taxes lead to distortions in the market, the determination of
the optimal tax is complicated. The R&D investment, hence taxes, should be such that
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the increase of social welfare by improving the quality of products exceeds the
reduction by imposing indirect taxes on the market. Thus, given the impact of
taxation, the social welfare maximization problem of the policy maker gives us the
optimal combination of taxes and R&D investment, as it is presented in Proposition
3.9.

Proposition 3.9: Under union competition, the optimal levels of Policy Maker’s R&D
investments and taxation policy are

and

, respectively.
[Proof: See Appendix (A.8)]

According to Proposition 7, we get the optimal solution of

, which is:

(3.77)

(3.78)
Under the optimal solution of

, the Social Welfare in equilibrium is defined

by:
(3.79)
Substituting now the optimal levels of

for (3.57) and (3.60), we get the

optimal union ’s wages and firm ’s output level, respectively, in the equilibrium:

(3.80)
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(3.81)
We can get now Consumer Surplus (CS), Producer Surplus (PS) and Union Rents
(UR), from Equations (3.74), (3.75) and (3.76), respectively, by taking into
consideration the optimal levels of

, (3.80) and (3.81):
(3.82)

(3.83)

(3.84)

3.5. 3rd case:
Policy maker funds partially firms’ R&D investments
In this section, we investigate the case of a market structure where the policy
maker intervenes by financing a percentage of the expenditures of firm-specific R&D
investments, i.e. firms proceed to investments in R&D, whose costs is partially
financed by the social planner. Thus firm ’s profit function is defined by:
(3.85)
Where

denotes the presentence of its financial participation on this

expenditures.
As in the previous section, under the industry’s condition of a balanced budget, the
social planner imposes indirect taxation on market products, in order to finances
firms’ investment on R&D.
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In the following Subsections 5.1.-5.3., we proceed to the validation (or rejection)
check of all candidate equilibria by analyzing all possible unilateral deviations on the
part of the agent(s).

3.5.1.

Competitive Play (m)

Assume that both unions decide to play competitively at the second stage of the
game by setting independently their wages in the negotiations with their specific firm.
Thus, at the last stage of the game, where firms’ Cournot competition takes place,
firms’ aim to maximize their profits by deciding the optimal output level. Thus, firms’
objective is the following [(3.1) and (3.85)]:
(3.86)
From the f.o.c.’s of (3.86), we get the reaction function of firm :
(3.87)
Solving now the system of both firms’ reaction functions from (3.87), we get the
optimal output level in the candidate equilibrium:
(3.88)

At the fourth stage of the game, each union decides its firm-specific wage rate. Taking
under consideration the unions’ objective in (3.14) and deriving the union wage
reaction functions [by taking the f.o.c.’s of (3.14), given t (3.88)], we get that:
(3.89)
Solving now the system of both union wage reaction functions from (3.89), we get the
optimal wage rate in the candidate equilibrium, as follows:
(3.90)
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Now at the third stage, firms simultaneously and independently determine the optimal
level of their R&D investment in order to maximize their profits. Thus, their objective
is:
(3.91)
Solving the system of f.o.cs of that maximization for both firms, we get the
(candidate) equilibrium R&D investments:
(3.92)

Notice that:
(3.93)

Consequently, under the present proposed market case, the oligopoly market exists,
only if condition (3.93) is satisfied.
According to (3.5), (3.90) and (3.92), union ’s rent in the candidate equilibrium is
the following:
(3.94)

3.5.2.

Collusive Play (c)

Take now as given that unions decide to play collusively at the second stage and
consequently at the fourth stage they set those wages to maximize their joint rents.
Taking the optimal output rule, hence employment, at the last stage of the game in
(3.88), at the fourth stage we derive the union ’s wage reaction function by taking the
f.o.cs of union ’s objective function by (3.24) [given in (3.88)], as follows:
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(3.95)
Solving now the system in (3.95) we get the candidate equilibrium wages:
(3.96)
Getting in at the third stage, where firms simultaneously and independently
determine the optimal level of their R&D investment, by solving the system of f.o.cs
of their profit maximization [given by substituting i (3.91) for (3.88) and (3.96)]:
(3.97)

Notice that:
(3.98)

Consequently, under the present proposed market case, the oligopoly market exists,
only if condition (3.100) is satisfied.
We get the union ’s rent in the candidate equilibrium by equations (3.5), (3.88)
and (3.96):
(3.99)

3.5.3.

Mix of Strategies ( )

Under the assumption of the union mix of strategies candidate equilibrium, we let
union to be the one which plays competitively and union to be the one which plays
collusively. Thus, at the last stage of the game, where firms’ Cournot completion
takes place, we get the optimal output/employment by (3.88).
At the fourth stage we get the optimal wages in the candidate equilibrium by
solving the system of union reaction function in (3.95) and (3.89), respectively, as
follows:
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(3.100)

(3.101)
At the third stage, firms choose the optimal level of their R&D investment, which
is derived by solving the system of f.o.cs of their profit maximization [given by
substituting (3.91) for (3.88) and (3.100) for firm and (3.88) and (3.101) for firm ,
respectively]:
(3.102)

(3.103)

Notice that:

(3.104)

(3.105)

Consequently, under the present proposed market case, the oligopoly market exists,
only if conditions (3.104) and (3.105) are satisfied.
Taking into consideration equations (3.5), (3.100) and (3.101), we get the union
rents in the candidate equilibrium:
(3.106)

(3.107)
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3.5.4.

Second Stage: Endogenous Selection of Union Structures

At the second stage of the game, unions decide simultaneously and independently
to play collusively or competitively at the 4 th stage of w-negotiations. The unions deal
with the matrix game presented in Subsection 3.3.4., except that the payoffs of each
union are given in Subsections 3.5.1-3.5.3.
Like in Subsections 3.3.4 and 3.4.4, the union competition is the only one which
emerges in Nash Equilibrium, as no union has incentives to deviate by switching its
strategy to collusive play.

Proposition 3.10: Under the presence of a policy maker that funds partially firms’
R&D investments, union competitive play eventually emerges in Nash equilibrium,
even if union collusive play is Pareto improving candidate equilibrium. The unions
deal with the well-known paradox of Prisoners’ dilemma.
[Proof: See Appendix (A.9)]

3.5.5.

First Stage: R&D investments and product taxation

Taking into considerations our findings in Subsections 3.5.1-3.5.4, at this stage the
social planner aims to determine the optimal level of funding rate of firms’ R&D
investments

and indirect taxation on market products

that maximize

Social Welfare. Thus, the social planner’s objective is:
(3.108)
Where

and

are given by (3.8) and (3.7), respectively.

Like in the previous case of market structure, we suppose that the Social Planner
funds the firms’ R&D investments exclusively by indirect consumption taxation on
the final product (Balance Budget):
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(3.109)
So, the simplified formula of the social planner’s objective is:
(3.110)
Where Consumer Surplus (

) and Union Rents are given by (3.74) and (3.76),

respectively, while Producer Surplus is defined by the following equation:

(3.111)

Where

denotes the total expenditures on R&D, while

presents the actual

firm ’s participation on those investments [the rest of the participation belongs to the
Social Planner through its findings, i.e.

].

Taking into consideration the indirect taxes’ market distortions, the Social planner
aims to determine the optimal combination of product taxes and funding rate of firms’
R&D investments in order to maximize Social Welfare. The optimal solution of the
social planner’s maximizing problem is presented in Proposition 3.11.

Proposition 3.11: Under union competition, the optimal levels of Policy Maker’s
funding rate in firms’ R&D investments and taxation policy are
and

, respectively. Where:
(3.112)

52

(3.113)
[Proof: See Appendix (A.10)]

52

The mathematical expression of
upon request.

is left out because of its wide extent. It is available by the authors
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The 3D plots of the optimal Policy Maker’s funding rate in firms’ R&D
investments and taxation policy, respectively, are presented below:

Under the optimal solution of

, the Social Welfare in equilibrium is defined by:

(3.114)
Where:
Its 3D plot is presented below:

In addition, accordingly to the optimal solution of

, (3.88), (3.90), (3.91)

and (3.92) the output/employment levels and wages in Nash equilibrium are the
following:
(3.115)

(3.116)
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(3.117)

Where:
Furthermore, by means of the optimal solution of

, (3.116), (3.117), (3.121)

and market participant surplus configurations from (3.74), (3.76) and (3.111), we
obtain:
(3.118)

(3.119)

(3.120)
Where:

3.6. Endogenous Selection of Market Structures
In this Section, we insert an additional dimension to the social planner’s role by
endogenously deciding whether to intervene (and how) or not in the market structure.
In fact, we insert an extra stage at the beginning of the game where the social planner
decides which of the three economic policies will be adopted, as analyzed in Sections
3.3.3 –3.3.5:
Section 3.3:

1st case: Absence of policy maker in market structure.
No intervention of policy maker in market’s structure

Section 3.4:

2nd case: Policy maker proceeds to R&D investments.
Policy maker proceeds to quality improvement-R&D, as a
common public good, by undertaking the costs of those
investments and providing the know-how to the industry for free.
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Section 3.5:

3rd case: Policy maker funds partially firms’ R&D investments
Financing a percentage of the cost of firm-specific R&D
investments

For convenience, we denote the above economic policies with indexes (a), (b) and (c),
respectively in the order referred.
The selection depends on which one is the optimum in terms of Social Welfare;
therefore, the social planner’s maximization problem is the following:
(3.121)
Social welfare is higher when the social planner undertakes R&D [economic policy
(b)], although this implies taxes that create distortions in the industry.
The interpretation is simple and is based on the following observations:


in economic policy (a) and (c), each firm independently, invest in R&D to
improve exclusively the quality of its own product,



while in economic policy (b), the social planner invests in R&D on behalf of
both firms by aiming to improve the quality of both products at once.
In conclusion, in economic policy (b) the market succeeds to save economic

resources by investing in R&D, because those investments aim to improve the quality
of both products of the present market. The following Proposition summarizes the
above findings.

Proposition 3.12: Social Welfare is higher when the social planner proceeds to R&D
investment, than when it finances part of firms’ ones. The market case, where the
social planner is absent, gives comparatively the lowest Social Welfare, i.e.
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3.7. Comparative Results
In the present section, we proceed to the comparative analysis of the three
proposed markets structures / economic policies of the previous sections and
investigate the potential superiority of the one which emerges eventually in
equilibrium.
Our analysis targets to determine which of the three proposed markets structures
gives comparatively higher outcomes for the main industry. Our findings, regarding
the comparative evaluation of the main industry’s outcomes, are summarized in the
following Propositions.

Proposition 3.13: Important industry elements, such as output level, wages and
product quality improving, are always higher under the market structure where the
social planner proceeds to R&D investment. The market case, where the social
planner is absent, gives comparatively the lowest, i.e.
,

and

.

[Proof: See Appendix (A.12)]

Proposition 3.14: Consumer Surplus and Union Rents are always higher when the
social planner proceeds to R&D investment, than when it finances part of firms’ ones,
the latter being always higher than when it is absent, i.e.

and

.

[Proof: See Appendix (A.13)]
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Proposition 3.15: The Producer Surplus is at its highest when the social planner
proceeds to R&D investment, and at its lowest when it finances part of firms’ ones.
The market case, where the social planner is absent, lies in-between, i.e.

[Proof: See Appendix (A.14)]

Summarizing the above findings of the comparative analysis of the three proposed
markets structures / economic policies, we show the superiority of the one which
emerges eventually in equilibrium, by proving that under this market structure the
social planner proceeds to R&D investment where:


Social Welfare and its elements, Consumer Surplus, Producer Surplus, and
Union rents, are comparatively higher and



Important industry elements, such as output level, wages and product quality
improving are also comparatively higher.

The main reason is that the specific market formation succeeds to save comparative
economic resources by letting the social planner invests in R&D and thus improving
the quality of both products at once.

3.8. Concluding Remarks
The present chapter focuses mainly on unionized oligopolistic markets with
differentiated products and R&D investments on product quality improvement. Its
contribution in the “R&D investments in unionized oligopolies” literature is manifold,
by not only investigating the correlation between quality improvement and union
incentives for collusive play, but also by developing alternative market policies in the
field of R&D, in order to promote Social Welfare. Additionally, we endogenize the
selection of the policy which will be adopted for the present market by the Social
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Planner. The selection depends on which one is the optimum in terms of Social
Welfare.
In particular, we develop two additional instances of policy maker’s intervention.
Firstly, we assume that a benevolent policy maker proceeds to quality improvementR&D, as a common public good, by undertaking the costs of those investments and
providing for free the know-how to the industry. Secondly, he finances a percentage
of the cost of firm-specific R&D investments. The common assumption of both cases
is that the policy maker finances the investments on R&D by indirect consumption
taxation on final products, under the industry’s condition of a balanced budget
[

].
In the one-shot game, our analysis demonstrates that union collusion is weak /

unstable and each union’s dominant strategy is to act independently (competitively)
under each social planner’s policy (including the case where he is absent). The union
competitive play increases the Social Welfare of the industry. Our remarkable
findings arise from the endogenous selection of one of the three social planner’s
policies. Specifically, it suggests that the market structure in which the social planner
proceeds to quality improvement-R&D, as a common public good, not only emerges
in equilibrium by maximizing Social Welfare, but also promotes important industry
elements, such as output level, wages and product quality improving, and all market
participant surpluses, i.e. consumer, producer and union. The main reason is that the
market, through that policy, succeeds to save economic resources by proceeding to
R&D, as a common good, which improves the quality of both products at once.

P a g e | 151

3| Chapter

3.9. Appendix
A.1 Proof of Proposition 2.1
At the first stage of the game, both unions simultaneously and independently
decide whether to collude or to compete at the stage of w-negotiations (3rd stage) with
their specific firms. The unions deal with the following matrix game, in which the
payoffs of each union in combination with the possible decisions of the unions are
presented:
Union

Union

Collusion

Competition

Collusion

Competition

(E1)

(E2)

(E2)

(E3)

Table 4: The Matrix Game that unions deal with at the first stage of the game.

Due to symmetry,

is applied and thus the number of

candidate equilibria is reduced to three.
We demonstrate the Nash equilibrium by analyzing the candidate equilibria and
their deviations. The possible deviation on the part of each union is to unilaterally
switch its own strategy, given that its rival does not.
The first proposed candidate equilibrium (E1) is the one where union collusion is
formed and the possible deviation, on the part of any union, is to adjust its own wages
in order to maximize its own rents given that the other union sticks to collusive play.
From equations (3.33) and (3.45) it is derived that:
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(A3.1)
Each union has incentive to deviate and consequently union collusive play is not in
Nash equilibrium. The 3D plot of factor

is presented below.

The candidate equilibrium (E2) is the one where one union acts collusively (let it
be union ), while the other acts competitively (let it be union ), and the possible
deviations arise by unilaterally switching each union’s strategy to its rival’s one. Even
if union has no incentive to deviate [see (A2.1)], it is inferred that (E2) is also not in
Nash equilibrium because union

has incentive to deviate by acting competitively.

From equations (3.23) and (3.44) it is derived that:
(A3.2)
The 3D plot of factor

is presented below.
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The last candidate equilibrium (E3) is the one where unions act competitively and
the possible deviation, on the part of any union, is to adjust its own wages in order to
maximize the collusive revenues. It is easy to check by (A2.1) and (A3.2) that this one
is in Nash equilibrium, as no union has incentive to deviate.

A.2 Proof of Proposition 3.2
By means of (3.23) and (3.33), we obtain:
(A3.3)
Where,

53

its 3D plot is the following:

– with value field

Moreover,
and it is depicted in Figure 7 of the main text.
According to our findings, we conclude that:

(A3.4)
or

53

The mathematical expressions of
shaped as closed forms.
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A.3 Proof of Equations (3.56) and (3.57)
(i) Proof of Equation (3.56):
By definition, the Consumer Surplus is the sum of consumer utility minus the cost of
products purchased at the equilibrium price, hence in our model the mathematical
expression of Consumer Surplus is the following [given in (3.1)]:
(A3.6)
Assuming the absolute symmetry of firms and their strategies, we get that:
(A3.7)
(A3.8)
(A3.9)
(A3.10)
Moreover, substituting (A3.7), (A3.8), (A3.9) and (A3.10) for the demand function
[given in (3.2)] and firms’ reaction functions [given in (3.12)], we get that:
(A3.11)

(A3.12)
It is easy to check that taking (A3.11) and (A3.12) and substituting them for (A3.6),
the Consumer Surplus is defined by:

(A3.13)

Where

is the sum of the firms’ output level.
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(ii) Proof of Equation (3.57):
By definition the Producer Surplus is the sum of firms’ profits, hence in our model the
mathematical expression of Producer Surplus is the following [given in (3.4)]:

(A3.14)

Assuming the absolute symmetry of firms and their strategies, the Producer Surplus is
also defined by [taking (A3.11) and (A3.12) and substituting them for (A3.14)]:
(A3.15)
Where

is the sum of the firms’ output level.

A.4 Proof of Proposition 2.2
We now proceed to the comparative analysis of equilibrium outcomes, i.e. wages,
output level and product quality improvement under each union structure, i.e.
decentralized and centralized wage-setting regimes:
Assuming the absolute symmetry of unions and their strategies, we get that:
(A3.16)
(A3.17)
(A3.18)
Where
Regarding wages, by means of (A3.16), (3.22) and (3.32), we obtain:
(A3.19)
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Where,
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and its 3D plot is respectively the below:

Summarizing the above results, we conclude that:
(A3.20)
To easily grasp the effects of wages on R&D investments and market output level,
we get firms’ reaction functions to R&D investments by taking the f.o.cs of firm’s
profit maximization objective with respect to R&D investments in (3.17) given only
the optimal output rule in equilibrium in (3.13), as follows:
(A3.21)

By substituting (A3.16) for (A3.21) we obtain that the new formation of firms’
reaction functions to R&D investments is the following:
(A3.22)

From the f.o.c.s of (A3.22) we get the optimal R&D investment which is presented
in the following equation:
(A3.23)

54

The mathematical expression of
available by the authors upon request.

and

are left out because of their wide extent. They are
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It is easily observable that R&D investment decreases with the labor unit cost:
(A3.24)
Combining our findings presented by equations (A3.20) and (A3.24) we conclude
that:
(A3.25)
By substituting now the optimal R&D investments in (A3.23) for the optimal
output rule in equilibrium in (3.13), we get:
(A3.26)

Notice that the market output level decreases with the union wages:
(A3.27)

According to equations (A3.20) and (A3.27), we conclude that:
(A3.28)

A.4. Proof of Proposition 3.4
Supposing the absolute symmetry of unions and their strategies, i.e. decentralized
and centralized wage-setting regimes, we get that:
(A3.29)
By definition, the unions set those wages that gives them positive utility:
(A3.30)
Thus, by substituting the optimal output rule [given in (A3.26)] into the union
utility function [given in (3.5)], we get that:
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(A3.31)

Notice that the above in equation is satisfied if and only if the following applies:
(A3.32)

The elasticity of product on union wages is the following:
(A3.33)
Substituting now the optimal output rule in (A3.26) for the formula of elasticity of
product on union wages in the game in (A3.33), we get:
(A3.34)
Combining our findings presented by equations (A3.32) and (A3.34), we conclude
that:
(A3.35)

(A3.36)

A.4. Proof of Proposition 2.4
Recall that total Consumer Surplus under collusion and competition proves to be:
(A3.37)
Furthermore, by means of (2.37), in the case of a Mix of Strategies configuration total
Consumer Surplus proves to be:
(A3.38)
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Where,

55

and its 3D plot is presented below.

Using (A3.37) and (A3.38), it is then straightforward that, by virtue of Proposition 5:
(A3.39)
(A3.40)
Where,

56

and their 3D plot are presented below.

Turning now to total Producer Surplus and recalling its simplified expression under
collusion and competition, we get:
(A3.41)
Furthermore, by means of (3.54), in the case of a Mix of Strategies configuration,
total Producer Surplus proves to be:
55

The mathematical expression of
is left out because of its wide extent. It is available by the authors
upon request.
56
The mathematical expressions of
and
are left out because of their wide extent. They are
available by the authors upon request.
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(A3.42)
Where,

57

and its 3D plot is presented below.

Using (A3.41) and (A3.42), it is straightforward then that, by virtue of Proposition 2.4:
(A3.43)
(A3.44)
Where,

58

and their 3D plot are presented below.

A.5. Proof of Proposition 3.6
Total Union Rents in the m, c, and mos equilibria are defined as:
, where

(A3.45)

57

The mathematical expression of
is left out because of its wide extent. It is available by the authors
upon request.
58
The mathematical expressions of
and
are left out because of their wide extent. They are
available by the authors upon request.
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By means of (3.23), (3.33), (3.44) and (3.45) Union Rents under collusion,
competition, and mix of strategies, is respectively given by:
(A3.46)

(A3.47)

(A3.48)

59

Where,

and its 3D plot is presented below.

It then proves that:
(A3.49)
(A3.50)
(A3.51)
Regarding the validity of (A3.49), (A3.50) and (A3.51), it holds that
,

and
60

59

The mathematical expression of
is left out because of its wide extent. It is available by the
authors upon request.
60
The mathematical expressions of
,
and
are left out because of
their wide extent. They are available by the authors upon request.
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Hence, as shown in Figure 7 (see main text) depicting the
and

critical

,

schedules,

, with
Summarizing the above results, we conclude that:
or

(A3.52)
(A3.53)
(A3.54)
(A3.55)

A.6. Proof of Proposition 3.7
Social Welfare, in the c, m, and mos equilibria, is defined as follows:
,
Thus, respectively substituting the

where

(A3.56)

elements for (A52), by virtue of

(A3.37), (A3.38), (A3.41), (A3.42), (A3.46), (A3.47) and (A3.48), we get that:
(A3.57)
(A3.58)
61

Where,

and their 3D plots are respectively the

following:

61

The mathematical expression of
available by the authors upon request.

and

are left out because of their wide extent. They are
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A.7. Proof of Proposition 3.8
At the second stage of the game, both unions simultaneously and independently
decide the strategy that will follow in 3 rd stage. The unions deal with the matrix game
presented in Appendix A.1, except that payoffs of each union are given by equations
(3.59), (3.63), (3.67) and (3.68) in Subsections 3.4.1-3.4.3.
As proof of Proposition 1, we demonstrate the Nash equilibrium by proposing the
candidate equilibria and checking their deviations, with the possible deviation on the
part of each union being to switch its own strategy, given that its rival sticks to the
first decision.
The first proposed candidate equilibrium (E1) is not in Nash equilibrium, as both
unions have incentive to turn their strategy to competition. From equations (3.63) and
(3.68) it is derived that:
(A3.59)

Where

.

The candidate equilibrium (E2) does also not emerge in Nash equilibrium, as the
union plays collusively and has incentive to deviate by acting competitively. From
equations (3.59) and (3.67), it is derived that:
(A3.60)

Where

.

The last candidate equilibrium (E3) is in Nash equilibrium, as no union has
incentive to deviate and it is proved by equations (A3.59) and (A3.60).
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Notice that although union collusive play is not in Nash equilibrium, it is Pareto
improving for the unions, as it is presented by the following in equation:
(A3.61)
Where

.

A.8. Proof of Proposition 3.9
The social planner aims to determine the optimal level of R&D investments for
product quality improvement and indirect taxation on market products that maximize
Social Welfare.
Under the assumption of a Balanced Budget policy by the social planner in the
industry, we substitute the equations (3.6) and (3.8) for (3.72) and get that:

(A3.62)
Where

is the sum of the firms’ output level.

Given that union competitive play emerges in equilibrium, we get the optimal
industry output level by the equations (3.55) and (3.57):

(A3.63)
Taking now the optimal firms’ output level [given in (A3.62)] and substituting it
on the condition of a Balanced Budget [given in (A3.63)], we get the optimal
combinations of R&D investments and product taxation:
(A3.64)

(A3.65)
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Therefore, the maximization problem of the social planner is to define the optimal
R&D investments under the one of the two proposed taxation forms satisfying the
Balanced Budget condition:
(A3.66)
s.t.
The above maximization problem gives the following solutions:

(A3.67)

(A3.68)

The solution

is rejected, because it does not satisfy the condition of

oligopoly existence in (3.58). Thence, it arises that the accepted solution is
and the Social Welfare in equilibrium is defined by:

(A3.69)

A.9. Proof of Proposition 3.10
At the second stage of the game, both unions simultaneously and independently
decide the strategy which will follow in 4 th stage. The unions deal with the matrix
game presented in Appendix A.1, except that payoffs of each union are given by
equations (3.94), (3.99), (3.106) and (3.107) in Subsections 5.1-5.3.
We will demonstrate the Nash equilibrium by proposing the candidate equilibria
and checking for all possible deviations, taking into consideration the limitations of
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minimum presentence of policy maker’s financial participation in firms’ R&D
expenditures. Those limitations are derived from Equations (3.93), (3.98), (3.104) and
(3.105), respectively, and they are presented below:
(A3.70)

(A3.71)

(A3.72)

(A3.73)
Consequently, the proposed market structure gives positive R&D investments
under all possible union strategic decisions when the following condition is satisfied:
(A3.74)
It then proves that:
(A3.75)
Taking into consideration the above condition, the first proposed candidate
equilibrium (E1) is not in Nash equilibrium, because both unions have incentive to
deviate from it, as it is derived from equations (3.99) and (3.107):
(A3.76)

Where

,

and

.

The candidate equilibrium (E2) does not also emerge in Nash equilibrium, as the
union which plays collusively has incentive to deviate by acting competitively. From
equations (3.94) and (3.106), it applies that:
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(A3.77)

Where

,

and

.

The last candidate equilibrium (E3) is in Nash equilibrium, as no union has
incentive to deviate and it is proved by equations (A3.76) and (A3.77).
Notice that although union collusive play is not in Nash equilibrium, it is Pareto
improving for the unions, as presented by the following in equation:

(A3.78)

Where

,

and

62.

A.10. Proof of Proposition 3.11
The social planner’s maximization problem is to determine the optimal level of
funding rate of firms’ R&D investments and indirect taxation on market products that
maximize Social Welfare.
Accordingly to a Balanced Budget policy of the social planner in the industry, we
substitute equations (3.7) and (3.8) for (3.72) and get that:

(A3.79)
Where

62

is the sum of the firms’ output level.

The mathematical expressions of
,
and
are left out because of their wide extent. They are
available by the authors upon request. Their plot are not presentable as are depended by three variables,
, and . Their negative sign was found by using the Bolzano Theorem, i.e. (a) we found the
s that
, (b) prove that
and (c) get a random value of
and observe
that
.
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Getting the optimal industry output level and wage rate in Nash Equilibrium, i.e.
union competitive institution [given in (3.88) and (3.90), respectively], we get the
optimal industry output level as follows:
(A3.80)
Substituting (A3.80) for (A3.79), we can get the level of product taxation that
satisfies the Balance Budget condition of the industry:
(A3.81)

(A3.82)

Therefore, the maximization problem of the social planner is to define the optimal
R&D investments under one of two taxation forms:
(A3.83)
s.t.
The above maximization problem gives the following solutions:

(A3.84)
63

(A3.85)

The solutions

and

are rejected, as they do not satisfy the condition

presented in (A3.75). In addition, the solution

is rejected, because it leads to null

Social Welfare. Thence, it arises that the accepted solution is

64

and the Social

Welfare in equilibrium is defined by:

63

The mathematical expressions of
available by the authors upon request.
64
For simplicity, hereafter the factor

and
is called

are left out because of their wide extent. They are
.
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(A3.86)

Where:

A.11. Proof of Proposition 3.12
The social planner’s maximization problem is to determine which of the three
economic policies, as analyzed in Sections 3 – 5, maximize Social Welfare:


Absence of policy maker



Policy maker proceeds to R&D investments



Policy maker funds partially firms’ R&D investments

The above economic policies give the followings outcomes in terms of Social
Welfare, respectively:

(A3.87)

(A3.88)

(A3.89)

Where:
It then proves that:
(A3.90)
(A3.91)
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65

Where,

and their 3D plots are respectively the

following:

Summarizing the above results, we conclude that:
(A3.92)

A.12. Proof of Proposition 3.13
We now proceed to the comparative analysis of important industry elements, such
as output level, wages and product quality improving under each of the three proposed
market structures in the present chapter.



Regarding market output level, by means of (3.20), (3.81) and (3.115), we obtain:
(A3.93)
(A3.94)

66

Where,

and their 3D plots are respectively the

following:

65

The mathematical expression of
available by the authors upon request.

and

are left out because of their wide extent. They are
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Summarizing the above results, we conclude that:
(A3.95)



Regarding union wages, by means of (3.22), (3.80) and (3.116), we obtain:
(A3.96)
(A3.97)
67

Where,

and their 3D plots are respectively the

following:

Summarizing the above results, we conclude that:
(A3.98)

66

The mathematical expression of
available by the authors upon request.
67
The mathematical expression of
available by the authors upon request.
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Regarding product quality improving from R&D, by means of (3.19), (3.77) and
(3.117), we obtain:
(A3.99)
(A3.100)
68

Where,

and their 3D plots are respectively the

following:

Summarizing the above results, we conclude that:
(A3.101)

A.13. Proof of Proposition 3.14
Let us now proceed to the comparative analysis of Consumer Surplus (CS) and
Union Rents (UR) under each of the three proposed market structures in the present
chapter.



Regarding Consumer Surplus, by means of (2.40), (3.82) and (3.118), we obtain:
(A3.102)

68

The mathematical expression of
available by the authors upon request.

and

are left out because of their wide extent. They are
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(A3.103)
69

Where,

and their 3D plots are respectively the

following:

Summarizing the above results, we conclude that:
(A3.104)



Regarding Union Rents, by means of (2.39), (3.84) and (3.120), we obtain:
(A3.105)
(A3.106)
70

Where,

and their 3D plots are respectively the

following:

69

The mathematical expression of
available by the authors upon request.
70
The mathematical expression of
available by the authors upon request.
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Summarizing the above results, we conclude that:
(A3.107)

A.14. Proof of Proposition 3.15
By means of (2.41), (3.83) and (3.119), a comparative analysis of Producer Surplus
under each of the three proposed market structures, give the following results:
(A3.108)
(A3.109)
71

Where,

and their 3D plots are respectively the

following:

Summarizing the above findings, we conclude that:
(A3.110)

71

The mathematical expression of
available by the authors upon request.

and

are left out because of their wide extent. They are
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4.1. Introduction
Recent literature on Industrial Organization focuses on essays about R&D
investments and labor unionization in an oligopolistic product market, with emphasis
on the interaction between them. Contributions in this area have mainly focused on a
static analysis of the role of union structure (centralized or decentralized) on firms’
incentives for R&D investments, with theoretical and empirical studies.
There are supporters that claim that there is a negative correlation between them
and consequently centralized wage-setting structure is harmful for the industry, as
well as that there is positive correlation as R&D investments increase. The opinions
vary, as each one is studying the same subject from a different perspective. It is
recognized also, that relevant literature lacks dynamic analysis on the above field.
In order to contribute in this area, we propose a dynamic version of a model that
we first introduced in our previous work. More specifically, in the context of a
dynamic game-theoretic analysis, we consider a union-duopoly model with
differentiated products and R&D investments on product quality improvement, in
where two technologically identical firms compete by independently adjusting their
own quantities. As regards the labor market, there are two firm-level unions with
monopoly power over the firm-specific wage bargaining. Unions independently
decide about their strategy on w-negotiations with their specific firm, by following a
decentralized or centralized wage-setting regime. Our model follows a four-stage
game with the following sequence of events: At the 1 st stage, unions independently
decide to proceed with a centralized or decentralized bargaining strategy. At the 2 nd
stage, firms determine the optimal level of their R&D investments. At the 3 rd stage,
unions independently set their firm-specific wages, in order either to maximize their
own rents, or to maximize joint rents, depending on their decision about their strategy
178 | P a g e
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at the 1st stage of the game. At the 4th stage, firms independently adjust their own
production levels, in order to maximize their own profits (Cournot Competition).
We conclude that under sufficiently high (low) discount rate and substitutability
among the firms' products, an industry-wide union emerges (separate firm-level
unions sustain) in the equilibrium, where product quality along with the level of R&D
investments are relatively low (high).
Moreover, we proceed to research further by developing a new market structure, in
where the R&D’s product is a common public good. More specifically, we consider
that a benevolent policy maker undertakes the costs of firm-specific R&D
investments, finances these costs by indirect taxation and provides firms, without cost,
the know-how of product quality improvement. Subsequently, we endogenize the
selection of a market structure in our model. One of our main results shows the
superiority in terms of Social Welfare of the decentralized wage-setting regime
between union structures and the nationalization of R&D between market structures.
The rest of the chapter is structured as follows: In Section 4.2 we present our
unionized oligopoly model. In the context of a dynamic game-theoretic analysis,
Section 4.3 demonstrates the conditions under which union centralized wage-setting
regime is sustained in equilibrium. In Section 4.4 and 4.5, we proceed to the dynamic
analysis of two proposed market structures, where the R&D is a private or public
good, respectively. Next, in Section 4.6, our model endogenizes the selection of
market structure, while in Section 4.7 we proceed to the comparative analysis of the
proposed market structures. Our results are summarized in Section 4.8.
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4.2. The Model
We assume a unionized duopoly where the two identical firms produce
differentiated goods and investigate in R&D – quality improvement. Each firm faces
an inverse linear demand function and following Häckner (2000) its mathematical
expression72 is the following:
(4.1)
Where,

,

respectively are the price and output of firm

denotes the degree of product substitutability As
more close substitutes. Additionally,

the firms’ products become

presents the quality of products which is

derived from firms’ expenditures on R&D, while
evaluation of product quality: As

and

is the consumer

the consumers become completely indifferent

about product quality.
We consider that the production technology exhibits constant returns to scale.
Moreover, firms’ production requires only labor input 73, with the labor productivity
being equal to one, for both firms, namely one unit of labor is needed to produce one
unit of product:
(4.2)
Where

and

are the employment and the quantity respectively of firm .74

Firms’ unit transformation cost of labor into product equals the wage rate, denoted
by

. Firm also proceeds to R&D investments, denoted by

, in order to

improve its own product quality. Hence, the profit function of firm is defined by:

72

For simplicity, we assumed that both and are equal to one.
This is equivalent to a two-factor Leontief technology in which the amount of capital is fixed in the
short-run and it is large enough not to induce zero marginal product of labor.
74
We are aware of the limitations of our analysis in assuming specific functional forms and constant
returns to scale. However, the use of more general forms would jeopardize the clarity of our findings,
without significantly changing their qualitative character.
73
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(4.3)

Regarding the labor market, we assume that is unionized with workers being
organized into two separate firm-specific unions. Each firm enters into negotiations
exclusively with its own union, over (only) wages (decentralized Right-to-Manage
bargaining75). Moreover, we assume that unions are identical, endowed with
monopoly bargaining power during the negotiations with their own firms and may
compete or collude by independently adjusting their own wages. In accordance to the
above, each union effectively acts as a firm-specific monopoly union by setting the
wage, with union ’s objective being to maximize the sum of its member rents, as
follows:
(4.4)
Where,

is firm ’s wage rate, provided that union membership is fixed and all

members are (or the union leadership treats them as being) identical [see, e.g. Oswald
(1982), Pencavel (1991), Booth, (1995)].
We assume an alternative market structure, in where a proposed market policy
applies. In particular, we assume that the policy maker proceeds to quality
improvement-R&D, as a common public good, by undertaking the costs of those
investments and providing the know-how to the industry for free. He finances these
costs by indirect consumption taxation on the final product [

(Balance

Budget76)]. Accordingly, the policy maker’s (or social planner’s) cost and revenue
functions are presented by the following equations, respectively:

75

Right-to-manage literature was initially developed by the British school during the 1980s (Nickell).
It implies that the union-firm negotiations agenda includes only the wage rate, which is determined
according to the typical Nash Bargaining Maximization.
76
A government balance budget refers to a budget in which total revenues are equal or greater to
total expenditures (no budget deficit). In our case, the balance budget has to do exclusively with our
oligopoly industry.
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(4.5)
(4.6)
denotes the expenditures on R&D in order to improve the industry’s

Where

product quality and the factors

and

denote the collected tax per unit of product

and the sum of the firms’ output level, respectively.
From the consumers’ perspective, the consumption tax is an additional cost on the
purchase price of industry products, as it is presented in the following equation:
(4.7)
Where

denotes consumer price of products, which is the sum of the product price

received by producers (denoted by factor

) and the consumption tax collected by the

Social Planner (denoted by factor ).
Therefore, by substituting (3.9) for (4.1), we get the new inverse linear demand
function that firms’ face, which is:
(4.8)
Throughout the game, market participants discount future payoffs using the Net
Present Value (NPV), an essential tool in discounted cash flow analysis. The NPV
presents the sum of the present values of all future incoming payoffs, used for
discounting the common discount rate , which formula is the following:
(4.9)
Where

and

denote the interest rate and the time (game period) of the payoff,

respectively.
In the above, we propose three games, one for each potential action the social
planner takes, as follows:
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Under the hypothesis that the social planner decides to not intervene in the market
structure, our envisaged four-stage game unfolds as follows:


At the 1st stage, both unions simultaneously and independently decide whether
to collude or to compete at the stage of w-negotiations with their firms.



At the 2nd stage, firms simultaneously and independently determine the optimal
level of their R&D investments, by evaluating on the one hand the increase of
their revenues, through increasing their product demand because of their product
quality improvement, and on the other hand the cost of these investments.



At the 3rd stage, if (at the first stage) one or both unions have independently
decided to play collusively, they simultaneously and independently set their
wages for their own firms, so that each maximize its joint member rents, or
maximize its own member rents. If, however, both unions have (at the first
stage) independently decided to behave competitively, they both set their own
wages in order for each to maximize its own member rents.



At the 4th stage, each firm simultaneously and independently competes with its
rival by adjusting its own quantities, in order to maximize their own profits.

Assuming that the social planner decides to intervene in the market structure by
proceeding to quality improvement-R&D by providing the know-how to the industry
for free, our envisaged four-stage game unfolds as follows:


At the 1st stage, the social planner determines the optimal level in terms of
Social Welfare of R&D investments and indirect taxation on industry products.



At the 2nd stage, both unions simultaneously and independently decide whether
to collude or to compete in the stage of w-negotiations with their firms.



The 3rd stage and the 4th stage of the present game remain the same with the
previously proposed one.
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4.3. Conditions for Union Collusive Play
In an infinitely repeated non-cooperative game setup, we demonstrate the market
conditions under which collusion among unions is sustainable in equilibrium, i.e. no
union has incentive to unilaterally deviate. We assume trigger strategies on the part of
each union. Therefore, collusion is accompanied with threats on the part of each union
of punishment, if its rival’s proceed to a single deviation from collusion. The
punishment is simply a permanent deviated action, which eventually leads the unions
to competitive play for the rest of the periods.
In this section, we set the conditions which have to be satisfied in order to achieve
sustainability of union collusive play. The formula of conditions depends on the
credibility of union threats in case of a single deviation from collusion. The credibility
of union threats is evaluated by their profitability, i.e. if a union’s action of
punishment is eventually profitable or not. Thus, union ’s threat is credible, if and
only if the following inequality is satisfied:
(4.10)
The first part of inequality presents the discounted union ’s utility when punishing
its rival’s single deviation from collusive play, while the second part shows the
discounted union ’s utility when it does not punish.
Simplifying the above inequality, we get:
(4.11)
Where, the sign of
threat is credible if

denotes the credibility of union ’s threat. Thus, union ’s
and lacks credibility if

.

Taking into consideration the unions’ threat credibility, collusion among unions is
a sub game perfect equilibrium configuration in the industry; if and only if unions
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gain from collusive play more than from deviation by playing competitively.
According to the above, we present three possible cases from which the evaluation of
the unions’ threat credibility arises:

A. When both unions’ threat is credible, i.e.

, union collusion is sustained in

equilibrium if the following condition is satisfied from both unions:
(4.12)

Discounted

Discounted

Collusive Utility

Deviated Utility

B. When both unions’ threat lacks credibility, i.e.

, union collusion is

sustained in equilibrium if the following condition is satisfied from both unions:
(4.13)

Discounted

Discounted

Collusive Utility

Deviated Utility

C. When union ’s threat is credible, while its rival’s is not, i.e.

, union

collusion is sustained in equilibrium if the following conditions are satisfied:
(4.14)

(4.15)

Discounted

Discounted

Collusive Utility

Deviated Utility

The above findings are summarized in the following Proposition.
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Proposition 4.1: Collusion among unions is a sub game perfect equilibrium
configuration in the industry, if and only if one of the following conditions is satisfied:
Condition A:

If

, then

Condition B:

If

, then

Condition C:

If

, then

We can generalize the conditions for union collusive play with the conditions of
any combination of union strategies, by combining the information contained in
Proposition 2.4 and the matrix game that unions deal with at the first stage of the
game, as presented in Table 1. Given union’ symmetry, our findings are summarized
in Proposition 4.2.
Union
Collusion

Competition

Union

Collusion
Competition

Table 5: The Matrix Game that unions deal with at the first stage of the game.
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Proposition 4.2:
(i) Collusion among unions is in a sub game perfect equilibrium, if and only
if

.

(ii) Union competitive play is in a sub game perfect equilibrium, if and only if
.
(iii) Union Mix of Strategy configuration is in a sub game perfect equilibrium, if and
only if

and

.
[Proof: See Appendix (A.1)]

The information contained in Proposition 4.2 can be arranged in a more
informative Table, as follows:

Nash Equilibria:
Collusion and Competition

Nash Equilibrium:
Competition

Nash Equilibrium:

Nash Equilibrium:

Collusion

Mix of Strategies

Table 6: Conditions, under which the various union strategy combinations, emerge in Nash
Equilibrium.

4.4. Absence of policy maker in market structure (a)
In this section, we determine the equilibrium of the proposed game by using
backwards induction, like in standard game-theoretic analysis. Thus, we propose a
candidate equilibrium and subsequently validate (or reject) it, by checking for all
possible unilateral deviations on the part of the agent(s) who consider such a
deviation. Due to symmetry, in our model three candidate equilibria arise, at the first
stage of the game: In Subsection 4.1 we propose as candidate equilibrium the union
collusive play in w-negotiations with their firms (e.g., unions independently set the
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wages that maximize the joint rents) and the possible deviation, on the part of any
union, is to adjust its own wages in order to maximize its own rents given that the
other union sticks to collusive play. In Subsection 4.2, we propose as candidate
equilibrium the union competitive play and the possible deviation, on the part of any
union, is to set its own wages in order to maximize the joint rents, given that the other
union still behaves competitively. In Subsection 4.3, the proposed candidate
equilibrium is the one where one union acts collusively by maximizing the joint rents,
while its rival union behaves as a competitor, and the possible deviations arise by
unilaterally switching each union’s strategy to its rival’s one.

4.4.1.

Competitive Play (m)

Take as given that the unions’ strategy at the first stage of the game is to behave
competitively, i.e. to maximize its own rents by independently setting its wages.
At the last stage of the game both firms independently determine their optimal
output level. Hence, according to (4.2) and (3.4), the firm’s ’s objective is:
(4.16)

The first order condition (f.o.c.) in (3.11) provides the reaction function of firm :
(4.17)
Solving the system of both firms’ reaction functions, we get the optimal
output/employment rules in the candidate equilibrium:
(4.18)

Notice that firm ’s output level is negatively affected by union ’s wage rate and
rival firm’s R&D investment but it is positively affected by union ’s wage rates and
its R&D investment.
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At the third stage, unions independently determine the wage

that maximizes

its rents [given by (3.5)], taking as given the outcomes of the production game [given
in (3.33)].
(4.19)
Getting the f.o.cs we get the unions’

, wage reaction functions which are

as follows:
(4.20)
Observe
since:

that

wages

are

strategic

complements

for

the

unions,

.

The wage outcome (s) in the candidate equilibrium is derived by solving the system in
(3.15) and is presented by the following equation:
(4.21)

Taking now as given the optimal output/employment rules and the equilibrium
wages in (3.13) and (3.16), respectively, at the second stage firms simultaneously and
independently determine the optimal level of their R&D investment. Thus,
substituting (3.4) for (3.13) and (3.16), we get firms’ maximization objective as
follows:
(4.22)

The f.o.cs of (3.27) provides the reaction function of firm to investments on R&D:
(4.23)

Where

.
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We derive the (candidate) equilibrium R&D investments by solving the system of
f.o.cs of that maximization, as follows:
(4.24)
Substituting now (3.19) and (3.16) for (3.13), we get the firms’ output/employment
levels in the candidate equilibrium:
(4.25)
Moreover, we get that the firms’ profits in the candidate equilibrium:
(4.26)
The candidate equilibrium union wages and rents are then derived from Equations
(3.16) and (3.5), respectively, as follows:
(4.27)
(4.28)

4.4.2.

Collusive Play (c)

In this subsection, suppose that both unions independently choose to behave
collusively at the third stage, by maximizing the sum of union rents when entering
into negotiations about their wages with their own firms.
Therefore and according to the last stage of the game, in where firms’ Cournot
Competition takes place, we get the firms’ reaction functions and the optimal output
rules in the candidate equilibrium in Equations (3.12) and (3.13), respectively.
At the third stage of the game, given the optimal employment rule in (3.13), union
’s objective is the selection of optimal

in order to maximize the sum of rents of its

members and the competitor firm’s union members:
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(4.29)
The union ’s wage reaction function is derived from the f.o.cs of (3.24):
(4.30)
Solving now the system (3.25) we get the (candidate) equilibrium wages:
(4.31)
Now going on to the second stage, firms simultaneously and independently
determine the optimal level of their R&D investment and their objective is given by
substituting (3.4) for (3.13) and (3.26):
(4.32)

Taking the f.o.cs of (3.27) we get the reaction function of firm to investments in
R&D:
(4.33)

The system solving of (3.28) provides the (candidate) equilibrium R&D investments:
(4.34)

Taking

into

consideration

Equations

(3.26),

(3.29)

and

(3.13),

firms’

output/employment levels and profits in the candidate equilibrium are derived:
(4.35)

(4.36)

From Equations (3.26) and (3.5) the candidate equilibrium union wages and rents,
respectively, emerge as follows:
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(4.37)

(4.38)

4.4.3.

Mix of Strategies ( )

Allow now for the candidate equilibrium to be the union’ mix of strategies, in
where one union (let union ) adjusts its own wage competitively, while its rival’s (let
union i’s) strategy is to adjust its own wages collusively.
Thus, at the last stage of the game in where firms’ Cournot competition takes
place, we get the optimal output/employment rules in the candidate equilibrium in
(3.13).
According to this Mix of Strategies configuration, at the third stage, the union i’s
and union j’s reaction functions are presented by Equations (3.25) and (3.16),
respectively. Solving now the system of union reaction functions, we get the
following optimal wages in the candidate equilibrium:
(4.39)

(4.40)
At the second stage, firms simultaneously and independently determine the level of
their R&D investment that maximizes their own profits [by (3.4)], given the optimal
output and wages rules in candidate equilibrium [in (3.13) and (3.34), (3.35),
respectively]. The system solving of f.o.cs of firm’s profit maximization provides the
(candidate) equilibrium R&D investments:
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(4.41)
(4.42)

Where
.
We obtain now the firm-specific output/employment levels and the profits in the
candidate equilibrium [by substituting (3.34), (3.35), (3.36) and (3.37) for (3.13) and
(3.4)]:
(4.43)
(4.44)
(4.45)
(4.46)
The candidate equilibrium union wages and rents formulae are the following [given in
(3.34), (3.35) and (3.5)]:
(4.47)
(4.48)
(4.49)
(4.50)
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4.4.4.

Equilibrium Analysis:
Endogenous Selection of Union Structures

At the first stage of the proposed game, unions simultaneously and independently
decide whether to collude or to compete in the stage of w-negotiations with their
specific firm (3rd stage). Given our findings in subsections 4.1 − 4.3, unions deal with
the following matrix game, in which the payoffs of each union under each pair of
union decisions are presented:
Union

Union

Collusion

Competition

Collusion
Competition
Table 7: The Matrix Game that unions deal with at the first stage of the game.

Due to symmetry, the following is applied

and thus the

number of candidate equilibria is reduced to three.
According to conventional wisdom in one-shot games, decentralized wage-setting
regime emerges in equilibrium, but centralized wage-setting regime brings about a
Pareto improving solution for the unions, as it increases the utility of all players
(unions). In our dynamic framework, it is reasonable that decentralized wage-setting
regime is sustained in equilibrium, as it is in one-shot games, but we further
investigate if there is multiplicity of equilibria. In particular, we further investigate the
union incentives to play collusively by setting wages in the stage of w-negotiations
that maximize the sum of rents of both union members.
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It is proved that union incentives to stay in a centralized wage-setting institution is
affected positively by firms’ product substitutability and negatively by consumer
evaluation of the product quality. The explanation is simple, as market products tend
to be perfect substitutes

, the total labor demand decreases; the products are

targeted at exactly the same market and consequently their total output level is lower.
On other hand, as factor

, the total labor demand increases; firms’

increases

R&D investments are higher, thus consumer demand (market output level) is also
higher. Summarizing the above, the higher

is and the lower

, the lower is the

union’s employment, hence the lower are the gains from deviation from union
collusive play. Consequently, a stronger discount rate to deter unions deviation from
collusion is needed. Our relevant findings are presented in Proposition 2.1.

Proposition 4.3:
Under the assumption of the absence of policy maker in market structure, union
competitive play in w-negotiations with their specific firm is the only Nash
Equilibrium, if product substitutability or discount rates are not sufficiently high, i.e.,
if

or

. Otherwise, union collusion and competition

are both emerging in equilibrium. The Mix of Strategies are never sustained in
equilibrium.
[Proof: See Appendix (A.2)]

In Figure 1 below, notice that as the products become less close substitutes and
consumer evaluation of product quality from R&D increases, collusion among unions
becomes more unstable i.e.

and

, respectively.
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Nash Equilibrium:
Unions’ collusion and competition

Nash Equilibrium:
Unions’ competition

Figure 8: The

condition under which union collusion emerges in equilibrium.
77

Observe that

and the

critical values are

depicted below:

Degree of product substitutability (γ)

1
0,8
0,6
0,4
0,2
0

0

Figure 9: The

0,2
0,4
0,6
0,8
Consumer evaluation of productquality (h)

condition under which the

1

.

Now, we may reasonably make use of the criterion of Pareto optimality as regards
union rents, in order to narrow down this multiplicity of equilibria, if possible.
According to this criterion, we may select that (those) sub game perfect Nash
equilibrium (equilibria) where both unions are better off, by each achieving higher
rents in comparison to the remainder ones. Our refined findings are summarized in the
following Proposition:

77

The mathematical expression of
authors upon request.
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is left out because of its wide extent. They are available by the

Chapter|4
Proposition 4.4: Under the assumption of the absence of policy maker in market
structure, union collusive play in w-negotiations is the unique Pareto Optimal Nash
equilibrium, as regards rents, if product substitutability and discount rate is
sufficiently high, i.e., if

and

.

Otherwise, union competitive play is the unique Nash equilibrium.
[Proof: See Appendix (A.3)]

Degree of product substitutability (γ)

1
Nash Equilibrium:

0,8
0,6

If

 Unions’ Competition

If

 Unions’ Collusion

0,4
Nash Equilibrium:

0,2

Union Competition

0
0

0,2

0,4

0,6

0,8

1

Consumers’ evaluation of the products’ quality (h)

Figure 10: The
and
conditions under which each union’s strategy is unique Pareto
Optimal Nash equilibrium, as regards rents.

4.4.5.

Welfare Analysis

This section investigates the conditions of product substitutability and discount rate
under which equilibrium outcomes, market participant surpluses and Social Welfare
are promoted.
Regarding market equilibrium outcomes, i.e. equilibrium output rule, product
quality improvement and wage rate under decentralized and the centralized wagesetting regimes [given in (3.20), (3.19), (3.22) and (4.35), (3.29), (3.32), respectively],
we get that [given in Proposition 4.4]:
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(4.51)

(4.52)

(4.53)

Where

.

Our findings from the comparative evaluation of market equilibrium outcomes, i.e.
firms’ output level, product quality improvement and union wage rate [given in
(4.51), (4.52) and (4.53)] are summarized in Proposition 4.5.

Proposition 4.5: The firms’ output level, hence union employment, and product
quality improvement, hence R&D investments, are always higher under sufficiently
low product substitutability or/and discount rate, i.e. if
or/and

, in where decentralized wage-setting regime emerges in

equilibrium, i.e.

and

.

The opposite applies for union wages, i.e.

.
[Proof: See Appendix (A.4)]

Regarding now Social Welfare, it is defined to be the sum of participant surpluses,
i.e. Consumer Surplus (CS), Producer Surplus (PS) and Union Rents (UR), as follows:
;
Where

and

denote collusive and competitive equilibria, respectively. The

elements of (4.54) are calculated by the followings equations:
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(4.55)

(4.56)

(4.57)
Taking into consideration Proposition 4.4, equilibrium output rule, product quality
improvement and wage rate [given in (4.51), (4.52) and (4.53)], we get that Consumer
Surplus (CS), Producer Surplus (PS) and Union Rents (UR) are in equilibrium, as
presented below [given in (4.55), (4.56) and (4.57), respectively]:

(4.58)

(4.59)

(4.60)

Substituting now (3.55), (3.56) and (3.57) for (4.61), we get Social Welfare in
equilibrium, as it is presented by the following equation:

(4.61)

Where
Our findings from the comparative evaluation of market participant surpluses
[given in (4.58), (4.59) and (4.60)] and Social Welfare [given in (4.61)], are
summarized in the following Propositions.
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Proposition 4.6:

Consumer and Producer Surpluses are always higher under

sufficiently low product substitutability or/and discount rate, i.e. if
or/and

, where union decentralization of wage bargaining emerges

in equilibrium, i.e.

and

[Proof: See Appendix (A.5)]

Proposition 4.7: Pareto Optimal Union Rents emerge in equilibrium, if and only if
or/and

. Otherwise, unions deal with the well-known

paradox of Prisoners’ Dilemma, where the Pareto Optimal solution (centralized
bargaining, in this instance) does not emerge in Nash Equilibrium.
[Proof: See Appendix (A.6)]

Proposition 4.8: Social Welfare is always higher under sufficiently low product
substitutability or/and discount rate, i.e. if

or/and

,

where union decentralized firm-based bargaining system emerges in equilibrium, i.e.
.
[Proof: See Appendix (A.7)]

4.5. Policy maker proceeds to R&D investments (b)
Suppose now that the social planner proceeds to R&D – quality improvement
exclusively, as a public good, by providing the know-how to the industry for free. We
also assume that the R&D investments are financed by indirect taxation on firms’
products and the balance budget condition applies in the industry. Therefore, firm ’s
profit function is simplified and defined by:
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(4.62)
In the following Subsections 5.1.-5.3., we propose all the candidate equilibria and
then check their validation (or rejection) by analyzing all possible unilateral
deviations on the part of the agent(s).

4.5.1.

Competitive Play (m)

Under the assumption that unions behave competitively at the stage of wbargaining with their firms, by setting independently their wages, at the last stage
firms independently set the output level that maximizes their profits. Taking into
consideration (3.1) and (3.52), firm ’s new objective is:
(4.63)
Where

denotes the quality of products from social planner’s R&D investments.

The f.o.c. of (3.53) provides firm ’s reaction function, as presented by the following
equation:
(4.64)
Solving the system of both firms’ reaction functions [given in (3.54)], the optimal
output/employment rules in the candidate equilibrium is derived:
(4.65)

At the third stage, unions independently decide the optimal wage rate

. Getting

now the f.o.cs of their revenues’ objective in (3.14), given the optimal outcome in
(3.55), we take the wage reaction functions:
(4.66)
Thus, the optimal wage rate is derived by solving the system of (3.56) and is
presented below:
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(4.67)

Observe that

, if and only if

. So we conclude that the

proposed oligopoly market structure exists, if and only if the following condition is
satisfied:
(4.68)
We get union

’ rent and optimal output/employment level in the candidate

equilibrium by substituting (3.57) for (3.5) and (3.55), respectively:
(4.69)

(4.70)

4.5.2.

Collusive Play (c)

In this section our candidate equilibrium is the union collusive play at the stage of
w-negotiations, i.e. they set the wage rate that maximizes the joint rents of its
members and the competitor firm’s union members.
At the last stage of the game, firms’ competitive behavior increase their reaction
functions and optimal output level, hence employment, as presented in (3.54) and
(3.55), respectively.
At the third stage, unions enter into w-negotiation with their specific firm and their
wage reaction function [by taking the f.o.cs of union ’s objective function in (3.24),
given the optimal output rules in (3.55)], is as follows:
(4.71)
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Solving now the system in (3.61) we get the candidate equilibrium wages:
(4.72)
Substituting now (3.62) for (3.5) and (3.55), we get the union ’ rent and its
employment, hence market outcome, in the candidate equilibrium:
(4.73)

(4.74)

4.5.3.

Mix of Strategies ( )

We propose the union mix of strategies as candidate equilibrium in this subsection.
Let union be the one which plays competitively and union be the one which plays
collusively.
Therefore, at the last stage of the game, where firms’ Cournot completion takes
place, we get the optimal output/employment in (3.55). Thus at the third stage of wnegotiations, we get the optimal wages by solving the system of union reaction
function in (3.61) and (3.56), respectively, as follows:
(4.75)

(4.76)
Consequently, the union rents and employment level in the candidate equilibrium are
derived by substituting (3.65) and (3.66) for (3.5) and (3.55):
(4.77)

(4.78)
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(4.79)

(4.80)

4.5.4.

Second Stage: Endogenous Selection of Union Structures

In this stage of the game, unions simultaneously and independently decide on the
strategy which follows in the next stage where they enter into negotiations with their
specific firm over their wages, i.e. centralized or decentralized w-negotiations. The
union matrix game is presented by Table 1 in Subsection 4.4., with the exception that
the union readjusted payoffs are given by Subsections 5.1-5.3.
Taking the same path with the endogenous selection of union structures of the
previous market’s structure, it is applied that the market product substitutability
affects negatively the union incentives for collusive play at the stage of wnegotiations with their specific firm. As market products tend to be perfectly
substituted (

, the lower the union employment is, consequently the lower the

gains from deviation from union collusive play are. Therefore, only a strong discount
rate is able to deter union deviations from collusive play in w-negotiations. Our
relevant findings are summarized in Proposition 4.9.

Proposition 4.9: Under the presence of a policy maker that proceeds to R&D
investments, union competitive play in w-negotiations with their specific firm is the
only Nash Equilibrium, if discount rates are not sufficiently high, i.e.,

.

Otherwise, union collusion and competition are both emerging in equilibrium. The
Mix of Strategies is never sustained in equilibrium.
[Proof: See Appendix (A.4)]
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Where

and its plot is presented

in Figure 11. Notice that as the products become less close substitutes, collusion
among unions becomes more unstable i.e.

.

Degree of discount rate (δ)

1,00
0,80

Nash Equilibrium:

0,60

Unions’ collusion and competition

0,40
Nash Equilibrium:

0,20
Unions’ competition

0,00
0

0,2

0,4

0,6

0,8

1

Degree of product substitutability (γ)

Figure 11: The

conditions under which collusion among unions emerge in equilibrium.

Observe that the game leads to multiplicity of equilibria when

. It is able

to narrow down this multiplicity by inserting the criterion of Pareto optimality as
regards union rents. Our refined findings are summarized in Proposition 4.10.

Proposition 4.10: Under the presence of a policy maker that proceeds to R&D
investments, union collusive play in w-negotiations is the unique Pareto Optimal Nash
equilibrium, as regards rents, if the discount rate is sufficiently high, i.e., if
.
Otherwise, union competitive play is the unique Nash equilibrium.
[Proof: See Appendix (A.5)]
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4.5.5.

First Stage: R&D investments and product taxation

At the first stage of the proposed game, the social planner sets the optimal level of
R&D investments (Cost) and indirect taxation (Revenue) in the industry in order to
maximize Social Welfare.
In the present market structure, Social Welfare is defined as the sum of total
Consumer Surplus (CS), total Producer Profits (PS), total Union Rents (UR) and total
revenues from indirect taxation on market products (
on R&D for product quality improvement (

), minus total expenditures

):
(4.81)

Under the assumption of a Balanced Budget, i.e. the R&D investments are
exclusively covered from indirect taxation on the final product, we obtain that:
(4.82)
Substituting now (4.82) for (4.81), we get that the refined social planner’s
objective is the following:
(4.83)
Where, elements of (4.83) are calculated by the followings equations:
(4.84)

(4.85)

(4.86)
The problem of the social planner is maximization of Social Welfare by improving
the product quality of the industry. This implies R&D investments and indirect
taxation on the market products, in order to finance those investments. Therefore, the
social planner’s maximization problem is more complex, as investments in R&D have
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two effects: a positive one from improving the product quality that improves Social
Welfare and a negative one from imposing indirect taxes that create distortions in the
market (increase the market price of the product) and lead to a reduction in Social
Welfare. The optimal combination of taxation and R&D investments, in terms of
market surpluses, is presented in the following Proposition.

Proposition 4.11:
(i) When

, then union competitive play emerges in equilibrium and the

optimal levels of the Policy Maker’s R&D investments and taxation policy are
and
(ii) When

, respectively.

, then union collusive play emerges in equilibrium and the

optimal levels of the Policy Maker’s R&D investments and taxation policy are
and

, respectively.
[Proof: See Appendix (A.6)]

Observe that under a low discount rate [

, hence under union competition,

both product quality and taxation policy are higher, i.e.

:
(4.87)

(4.88)
According to Proposition 3.9, under each level of discount rate the Social Welfare in
equilibrium is defined by:
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(4.89)

The optimal union ’s wages and firm ’s output level is derived by substituting the
optimal levels of

for (3.57) and (3.60), respectively, in the equilibrium:

(4.90)

(4.91)

Consumer Surplus (CS), Producer Surplus (PS) and Union Rents (UR), given in
(4.84), (4.85) and (4.86), respectively, are presented below:

(4.92)

(4.93)

(4.94)
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4.5.6.

Welfare Analysis

Taking the same path as Subsection 4.5, in the present section we demonstrate the
conditions of discount rate where equilibrium outcomes and market participant
surpluses are promoted.
We proceed with the analysis of the Pareto Optimal Solution, through comparative
evaluation, under decentralized and the centralized wage-setting regimes, of market
equilibrium outcomes, i.e. equilibrium output rule, product quality improvement and
wage rate [given in (3.81), Proposition 3.9 and (3.80), respectively], and market
participant surpluses, i.e. Consumer Surplus, Producer Surplus and Union Rents
[given by (3.82), (3.83) and (3.84), respectively]. Our findings are summarized in the
following Propositions.

Proposition 4.12: The firms’ output level, hence union employment, and product
quality improvement, hence R&D investments, are always higher under sufficiently
lower discount rate, i.e. if

, in where decentralized wage-setting regime

emerges in equilibrium, i.e.

and

The opposite applies for union wages, i.e.

.
.
[Proof: See Appendix (A.11)]

Proposition 4.13: Consumer and Producer Surpluses are always higher under
sufficiently lower discount rates, i.e. if
wage bargaining emerges in equilibrium, i.e.

, where union decentralization of
and

[Proof: See Appendix (A.12)]

P a g e | 209

4| Chapter
Proposition 4.14:
Pareto

Optimal

Unions

Rents

emerge

in

equilibrium,

or

if
when

is applied.
Otherwise, unions deal with the well-known paradox of Prisoners’ Dilemma, where
the Pareto Optimal solution does not emerge in Nash Equilibrium.
[Proof: See Appendix (A.13)]
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Where

and is depicted below:

Degree of product substitutability (γ)

1
0,8
0,6
0,4
0,2
0
0

0,2
0,4
0,6
0,8
Consumerevaluation of product quality (h)

Figure 12: The

1

critical values for Union Rents comparison.

As consumer evaluation of the product quality increases, i.e.
productsubstitutability decreases, i.e.

and

affects negatively the

differential. The negative impact on utility differential may be such that the union
utility differential among competition and collusion can be reversed, i.e.

78

The mathematical expression of
authors upon request.
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4.6. Endogenous Selection of Market Structures
In this Section, we endogenize the market structure by inserting an extra stage on
the top of the game, where the social planner decides whether to intervene or not in
the market by undertaking R&D investments.
More specifically, the social planners’ selection of one of the two proposed market
structures, as presented in Sections 4 – 5, depends on which provides higher Social
Welfare. According to the above, the social planner’s maximization problem is
presented below:
(4.95)
Where the indexes (a) and (b) denote the market structure where R&D investments
are undertaken by firms or the social planner, respectively.
Social Welfare is higher, when:


Unions set their wage rate, in the stage of w-negotiation with their specific

firm, competitively [under decentralized wage-setting regime (m)], rather than
collusively [decentralized wage-setting regime (c)]. The explanation is that under
market participant competition, the total output level is higher.



The social planner undertakes R&D investments [economic policy (b)],

although this implies taxes that create distortions in the industry. The product of R&D,
i.e. the know-how of product quality improvement, is a public good and each firm has
free access to it. By setting quality improvement as a public good, the market succeeds
to save economic resources by investing in R&D in order to improve the quality of all
industry products at once, in comparison to the market structure where R&D is a private
good and each firm invests in R&D in order to improve only its own product’s quality.
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According to the above results, we conclude that the decentralized wage-setting
regime and economic policy (b) is superior as regards Social Welfare.
Taking into consideration now the equilibrium analysis results in Proposition 4.4
and Proposition 4.10 and the Social Welfare outcomes in (4.61) and (4.89), the social
planner demonstrates the optimal market structure by using comparative analysis. Our
findings are summarized in the following Propositions:
Proposition 4.15: The market structure that maximizes Social Welfare, and
consequently emerges in Nash equilibrium, is that where:
(i) R&D’s product is a public good, namely the social planner proceeds to quality
improvement – R&D, if and only if the discount rate is not average or product
substitutability is not sufficiently high i.e.

or

.

(ii) R&D’s product is a private good, namely firms proceed to R&D investment, if
and only if discount rate is average and product substitutability is sufficiently
high, i.e.

and

.
[Proof: See Appendix (A.14)]
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Where

and its plot is presented below:
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Proposition 4.16:
The union structure that emerges eventually in Nash equilibrium is:
(i) Decentralized wage-setting regime, under sufficient low discount rate, or average
discount rate and high product substitution, i.e.

or

(ii) Centralized wage-setting regime, under sufficient high discount rate, or average
discount rate and low product substitution, i.e.

or

.

[Proof: See Appendix (A.14)]

4.7. Comparative Results
An important part of our research is to highlight the efficient structure of unions, as
well as the efficient structure of the market. The conclusion of our comparative
analysis demonstrates the superiority of the competitive formation between unions
(decentralized wage-setting regime) and the market structure where R&D’s product is
a public good.
Regarding union structure, as it is expected, the competitive form increases Social
Welfare, but also employment and product quality improvement. Through union
competition, the product quality increases, because firms’ labor cost decreases and
this leads to growth of R&D investments. According to the above, it is easy to
conclude that under decentralized bargaining both Consumer and Producer Surpluses
increase.
As far as market structure is concerned, Social Welfare is higher when the R&D’s
know-how is a public good, namely R&D is the social planner’s work. In this case of
market structure, we assumed that taxes are levied on the industry’s products, which
is well-known to lead to market distortions. Although there is a negative impact on
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the market by product taxation, this structure increases all industry outcomes (i.e.
output level / employment, product quality / R&D investments and union wages) and
all market participant surpluses (i.e. Consumer Surplus, Producer Surplus and Union
Rents).
The main reason is that, under the assumption that R&D’s know-how is a public
good, the market succeeds to save economic resources by investing in R&D which
improves the quality of both products at once. The gains for the economy from R&D
investments exceed the losses from market distortions due to product taxation.
Consequently, this increases the superiority of the market structure where R&D is a
public good. The following Propositions summarize the above results.

Proposition 4.17: Regarding market outcomes, namely firms’ output level
(employment), product quality improvement (R&D investments) and union wage
rates, t the following apply:


Independently of the market structure, firms’ output level and product quality
improvement are always higher under decentralized than centralized wage-setting
regime, i.e.

and

.

The opposite applies for union wages, i.e.


.

Given the union structures, firms’ output level, product quality improvement and
wages rate are always higher when the know-how of R&D is a public good than
when it is a private one, , i.e.

,

and

.

[Proof: See Appendix (A.15)]
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Proposition 4.18: Regarding market participant surpluses, namely Consumer Surplus
(CS), Producer Surplus (PS) and Union Rents (UR), the following applies:


Independently of the market structure, Consumer and Producer Surpluses are
always higher under decentralized than centralized wage-setting regime, i.e.
and



.

Independently of the market structure, Union Rent is higher under centralized than
decentralized wage-setting regime , if product substitutability is high enough, i.e.
and



.

Given the union structure, all participant surpluses / rents are always higher when
the know-how of R&D is a public good than when it is a private one, , i.e.
,

and

.
[Proof: See Appendix (A.16)]

Where

and their critical values are depicted below:

Degree of product substitutability (γ)

1
0,8
0,6
0,4
0,2
0
0

0,2
0,4
0,6
0,8
Consumer evaluation of product quality (h)

Figure 14: The critical values of

and

1

.

Proposition 4.19: Regarding Social Welfare, it is higher under decentralized than
centralized wage-setting and when the know-how of R&D is a public good than when
it is a private one, i.e.

.
[Proof: See Appendix (A.17)]
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4.8. Concluding Remarks
In the context of a dynamic game-theoretic of duopolistic Cournot competition
with differentiated products, the present chapter investigates the impact of
endogenous unionization structures on firms’ incentives for R&D investments, hence
product quality improvement.
Our results show that under sufficiently high (low) discount rate and
substitutability among the firms' products, an industry-wide union emerges (separate
firm-level unions are sustained) in the equilibrium, where product quality along with
the level of R&D investments are relatively low (high).
We proceed to further research by developing a market policy, where a benevolent
policy maker undertakes the costs of firm-specific R&D investments, finances these
costs by indirect taxation and provides firms, without cost, the know-how of product
quality improvement. In particular, the proposed market policy suggests a modulated
market structure, where the R&D’s product is a common public good. This field of
research is buttoned up by endogenizing the selection of market structure and
evaluating comparatively the union structures and market structures, as well. Our
findings demonstrate the superiority in terms of Social Welfare of the decentralized
wage-setting regime between union structures and the nationalization of R&D
between market structures.
Independently of the market structure, the decentralized bargaining increases not
only the output level, but also the products quality, hence R&D investments. It leads
to the increment of Consumer and Producer Surpluses. However, the most significant
observation is that under certain conditions of product substitutability and perhaps
discount rates, the competitive union structures may even increase their own rents.
According now to market structure, given the union structures, we conclude that the
nationalization of R&D and its produced know-how, even if it implies taxation and
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market distortions, promotes all market outcomes (production level / employment,
product quality / R&D investments, union wages) and all industry participant surpluses
(Consumer Surplus, Producer Surplus , Union Rents). The main explanation is that
through nationalization of R&D, the social planner is able to save economic resources
by improving the quality of both products at once. The gains for the economy from
R&D investments exceed the losses from market distortions due to product taxation.
The endogenous selection of market structure demonstrates the best selection in
terms of Social Welfare, by comparing the equilibrium outcomes of each market
structure. In fact, the best selection of market structures depends on the degree of
product substitutability and discount rate. In particular, by investigating the
endogenous selection of market structures, we obtain that market structures maximize
Social Welfare as follows:


The nationalization of R&D, namely the social planner proceeds to R&D
investments, if and only if discount rate is not average or product substitutability
is not sufficiently high, i.e.



or

.

The privatization of R&D, namely firms proceed to R&D investment, if and only
if discount rate is average and product substitutability is sufficiently high, i.e.
and

.

Even if, given the union structures, the nationalization of R&D promotes Social
Welfare, it is not the unique best solution. The reason is that under average discount
rates

and high product substitutability

, unions have

incentives for centralized bargaining when there is nationalization of R&D. The
opposite applies when there is privatization of R&D, i.e. unions have incentives for
decentralized bargaining. Then, the comparative analysis demonstrates that Social
Welfare is higher under the second market case, because the competitive formation of
union structures emerges in equilibrium.
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4.9. Appendix
A.1 Proof of Proposition 4.2
Unions deal with the following matrix game that presents the payoffs of each
union’s strategy, i.e. collusive or competitive play, given its rival’s one:
Union
Collusion

Competition

(E1)

(E2)

(E2)

(E3)

Union

Collusion

Competition

Table 8: The Matrix Game that unions deal with at the first stage of the game.

Due to symmetry, it is applied that

and thus the number of

candidate equilibria is reduced to three, which are denoted by (E1), (E2) and (E3) in
the above matrix game.
We now check the condition under which each of the candidates equilibriums may
be sustainable in Nash equilibrium, where no union has incentives to deviate by
unilaterally switching its own strategy, given that its rival does not:


(E1) is the one where unions independently collude in w-negotiations with their
specific firm and the possible deviation, on the part of any union, is to set its own
wage in order to maximize its own rents. Therefore, according to Proposition 2.4,
it emerges in equilibrium if and only if
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(E2) is when the one union plays collusively, while its rival union plays
competitively in w-negotiations, and the possible deviations arise by switching
each union’s strategy to its rival. Consequently, according to Proposition 2.4 and
(4.11), it emerges in equilibrium if and only if



and

.

(E3) is the one where unions play competitively in w-negotiations and the
possible deviation, on the part of any union, is to set its own wages in order to
maximize both union rents. So, according to (4.11), it emerges in equilibrium if
and only if

.

A.2 Proof of Proposition 2.1
At the first stage of the game, the unions deal with the matrix game of Appendix
A.1 that presents the payoffs of each union strategies, i.e. collusive or competitive
play in w-negotiations (3rd stage) with their specific firms, given its rival’s one.
Due to symmetry, it is applied that

and thus the number of

candidate equilibria is reduced to three. Nash equilibrium is the candidate one that no
union has incentives to deviate by unilaterally switching its own strategy, given that
its rival does not.
According to Proposition 2.4, the condition type of union collusion depends on the
union threat credibility. Substituting equations (3.23) and (3.44) for (4.11), the union
threat credibility is applied:
(A4.1)
The 3D plot of factor

80

80

is presented below.

The mathematical expressions of
forms.

is left out, because it was complicated to be shaped as closed
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Taking into consideration (A4.1), collusive play among unions is sustained in
equilibrium if and only if the Condition A of Proposition 2.4 is satisfied. Thus, by
means of (3.23), (3.33) and (3.45), we obtain:
(A4.2)
Due to factor
Additionally, as factor

’s complicated formula, its sign cannot be determined.
is dependent on three variables it cannot be

represented diagrammatically. However, we determine the sign of factor
using the Bolzano's Theorem81. In particular, we firstly find the critical value of
after we define

and

’s sign in intervals:
(A4.3)

Where

82

with the critical values of

and

are depicted in Figure 8 and Figure 7 of the main text, respectively. Taking now specific
values for variables , ,

’s sign, we obtain that:

and checking the

and

(A4.4)

(A4.5)
or

81

and

Bolzano (1817) proved that if a continuous function defined in an interval is sometimes positive and
sometimes negative, it must be 0 at some point.
82
The mathematical expressions of
and
are left out because of their wide extent. They
are available by the authors upon request.
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Summarizing the above results, by virtue of (A4.1), (A4.4) and (A4.5), we conclude
that:


According to (A4.1), (A4.5) and Proposition 4.2, when
and



or

, then union competition (E3) emerges in Nash Equilibrium,.

According to (A4.1), (A4.4) and Proposition 4.2, when

and

, then both union competition (E3) and collusion (E1) emerges in Nash
Equilibrium.

A.3 Proof of Proposition 4.4
By means of union utility level under collusion and competition [given in (3.23)
and (3.33), respectively], we obtain:
(A4.6)
(A4.7)
Where

and is depicted in Figure 2 of the main text.

According to (A4.6), (A4.7), Proposition 2.1 and the criterion of Pareto Optimality,
we conclude that:


When

and

, then union collusive play in w-negotiations is

the unique Pareto Optimal Nash equilibrium, as regards rents.


Otherwise, i.e. when

and

, union competitive play is the

unique Nash equilibrium, and consequently the Pareto Optimal one.

A.4 Proof of Proposition 4.5
Assuming the absolute symmetry of unions and their strategies, the following
about equilibrium outcome under centralized or decentralized wage-setting regimes,
i.e. firms’ output level, product quality improvement and union wages is applied:
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(A4.8)
(A4.9)
(A4.10)
Where
By means of equilibrium outcomes formulae [given in (4.51), (4.52) and (4.53)],
we obtain that:
(A4.11)
(A4.12)
(A4.13)

Where
Summarizing now our findings in (A4.11), (A4.12) and (A4.13), we get that:
(A4.14)
(A4.15)
(A4.16)
According to Proposition 4.4, we conclude that if
, then

and

are higher. The opposite applies for

or/and
.

A.5 Proof of Proposition 4.6
According to (4.55) and (4.56), Consumer Surplus and Producer Surplus, under
decentralized and centralized wage-setting regimes, are given by the following
equation:
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(A4.17)

(A4.18)

Where

and

is the sum of the firms’ output level.

Regarding Consumer Surplus and given Proposition 4.5, it is straightforward that:
(A4.19)
By virtue of Proposition 4.4 and (4.59), we obtain the Producer Surplus that:
(A4.20)
83

Where,

and its 3D plot is presented below.

Summarizing the above results, we get that:
(A4.21)
(A4.22)
Consequently, we conclude that if
both

83

and

or/and

, then

are higher.

The mathematical expression of
upon request.

is left out because of its wide extent. It is available by the authors
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A.6 Proof of Proposition 4.7
Total Union Rents is defined to be the sum of both unions utility, as follows:

(A4.23)

Assuming the absolute symmetry of unions and their strategies, it is applied that:
(A4.24)
Given (A4.24), we get the following refined Union Rents formula: (A4.25)
According now to (A4.6) and (A4.7), we easily conclude that:
(A4.26)
(A4.27)
Where

and it is depicted in Figure 2 of the main text.

Combining our results from Proposition 4.4, (A4.26) and (A4.27), we get that:


If

and

, centralized wage-setting regime emerges in Nash

equilibrium, which is also the Pareto Optimal one.


If

and

, decentralized wage-setting regime emerges in

Nash equilibrium, which is not the Pareto Optimal one, as


If

,

decentralized

wage-setting

regime

equilibrium, which is also the Pareto Optimal one.
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A.7 Proof of Proposition 3.7
Taking into consideration Proposition 4.4 and Social Welfare in equilibrium [given
in (4.61)], we get that:
(A4.28)
84

Where,

and its 3D plots are respectively the following:

According to Proposition 4.4, we conclude that if
, then

or/and

is higher.

A.8 Proof of Proposition 4.9
At the second stage of the game, unions deal with the matrix game presented in
Appendix A.1, except that payoffs of each union are given by equations (3.59), (3.63),
(3.67) and (3.68) in Subsections 5.1-5.3.
Taking the same path as Proposition 2.1’s proof, firstly we investigate the
credibility of union threats (
factor

and secondly the satisfaction of appropriate

’s formula (condition for collusive play) in Proposition 4.2. According to

Proposition 4.2, combining our results on the credibility of union threats and the
conditions for collusive play, we eventually get the Nash equilibrium of the proposed
game.
84

The mathematical expression of
upon request.

is left out because of its wide extent. It is available by the authors
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It is derived that union threats are credible, by substituting equations (3.59) and
(3.67) for (4.11):
(A4.29)
By virtue of (A4.1), we get that collusive play among unions is sustained in
equilibrium if and only if Condition A of Proposition 2.4 is satisfied:
=
Where

, with

(A4.30)
and its plot

is presented in Figure 11 of the main text, so we get that:
(A4.31)
(A4.32)
Summarizing the above results, by virtue of (A4.29), (A4.31) and (A4.32), we
conclude that:


According to (A4.29), (A4.32) and Proposition 4.2, when

, the union

competition (E3) emerges in Nash Equilibrium,.


According to (A4.29), (A4.31) and Proposition 4.2, when

, both union

competition (E3) and collusion (E1) emerges in Nash Equilibrium.

A.9 Proof of Proposition 4.10
Taking into consideration the union utility level under collusion and competition in
(3.59) and (3.63), respectively, we get that:
(A4.33)
Consequently, by virtue of (A4.33), Proposition 4.9 and the criterion of Pareto
optimality, we conclude that
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If

, unioncollusive play in w-negotiations is the unique Pareto Optimal

Nash equilibrium, as regards rents.


Otherwise, i.e. if

, union competitive play is the unique Nash

equilibrium.

A.10 Proof of Proposition 3.9
At the top (1st) stage of the game, the social planner aims to determine the optimal
level of R&D investments [

and indirect taxation [

] that maximize Social

Welfare, under the assumption of a Balanced Budget policy [
Substituting the equations of

and

].

[given in (3.6) and (3.8)] in the

Balanced Budget equation [given in (4.82)], we obtain that:
(A4.34)
Where

is the sum of the firms’ output level.

For convenience, taking into consideration Proposition 4.10, we investigate the two
potential Nash Equilibria separately as follows:



When the discount rate is sufficiently low, i.e.
If

:

, then unions’ competitive play emerges in equilibrium and the

optimal industry output level is given by the following equation [by (3.55) and
(3.57)]:
(A4.35)
The optimal levels of R&D investments and indirect taxation on market products
are derived by substituting the optimal market output rule in (A3.63) for the Balanced
Budget condition in (A3.62):
P a g e | 227

4| Chapter

(A4.36)

(A4.37)
Consequently, the objective of the social planner is defined by the following
maximization problem:
(A4.38)
s.t.
The above maximization problem gives the following solutions:

(A4.39)

(A4.40)

It arises that the solution

is the only acceptable one, as the solution

is rejected, because it does not satisfy the condition of oligopoly existence in (3.58).
Thence, the Social Welfare in equilibrium is defined by:

(A4.41)



When the discount rate is sufficiently high, i.e.
If

:

, then union competition emerges in equilibrium and the optimal

industry output level is given by (3.62) and (4.74), as follows:
(A4.42)
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Given now the Balance Budget condition in (A3.62) and the equilibrium output in
(A4.42), we get the optimal indirect taxation rule on market products:

(A4.43)

(A4.44)
Thus, the social planner’s objective is to define the optimal R&D investments in
order to maximize the Social Welfare, given the limitation of tax level [given in
(A4.44)]:
(A4.45)
s.t.
The solution of the above maximizing problem is presented below:

(A4.46)

(A4.47)

We reject the solution

because it does not satisfy the condition of

oligopoly in (3.58). The accepted solution is

, under which Social Welfare in

equilibrium is given by the following equation:

(A4.48)
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A.11 Proof of Proposition 4.12
Due to the absolute symmetry of unions and their strategies, (A4.8), (A4.9) and
(A3.16) are applied in equilibrium outcomes under centralized or decentralized wagesetting regimes. Comparing now the formulae of market equilibrium outcomes in
(3.81), Proposition 3.9 and (3.80), we obtain that:
(A4.49)

(A4.50)

(A4.51)

Summarizing now our findings in (A4.49), (A4.50) and (A4.51), we get that:
(A4.52)
(A4.53)
(A4.54)
According to Proposition 3.9, we conclude that if
higher. The opposite applies for

, then

and

are

.

A.12 Proof of Proposition 4.13
The formulae of Consumer Surplus and Producer Surplus are given in (4.55) and
(4.56) and their outcomes under decentralized and centralized bargaining are given in
(3.82) and (3.83), respectively.
According to (4.55) and (A4.52), we get about the Consumer Surplus that:
(A4.55)
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Using now comparative analysis of (3.83), we obtain about the Producer Surplus that:

(A4.56)

Summarizing the above results, we conclude that:
(A4.57)
(A4.58)
Consequently, we conclude that if

, then both

and

are higher.

A.13 Proof of Proposition 4.14
The total Union Rents is defined to be the sum of both union utilities, [given in
(A4.23)] and due to absolute symmetry of unions and their strategies, its simplified
mathematical expression is presented by the following:
(A4.59)
By means of union utility levels under centralized and decentralized bargaining
[given in (3.59) and (3.63), respectively], we get that:
(A4.60)
(A4.61)
Where

is depicted in Figure 12 of the main text.

Consequently, we easily conclude that:
(A4.62)
(A4.63)
Combing our results from Proposition 3.9, (A4.62) and (A4.63) we get that:


If

and

, decentralized wage-setting regime emerges in

Nash equilibrium, which is also the Pareto Optimal one.
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If

and

, decentralized wage-setting regime emerges in

Nash equilibrium, which is not the Pareto Optimal one, as


If

and

, centralized wage-setting regime emerges in Nash

equilibrium, which is not the Pareto Optimal one, as


If

and

.

.

, centralized wage-setting regime emerges in Nash

equilibrium, which is also the Pareto Optimal one.

A.14 Proof of Proposition 3.12 and Proposition 4.16
The problem of the social planner is to decide whether to intervene, or not, in the
market structure by setting product quality improvement as a public good, i.e. he
proceeds to R&D investments and provides the know-how to the industry for free.
Therefore, the social planner’s maximization problem is the following:
(A4.64)
Where the indexes (a) and (b) denote the market structure where the R&D
investments are undertaken by firms’ or the social planner, respectively.
According to (4.61) and (4.89), Social Welfare under each market structure is
defined by the following equations:

(A4.65)

(A4.66)

Where
and
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The indexes (m) and (c) denote unions’ decentralized and centralized bargaining,
respectively.
Due to the complexity of the Social Welfare formula determination, we first
arrange the values of Social Welfare among the various equilibria in descending
order, so we obtain that:

(A4.67)

(A4.68)
(A4.69)
(A4.70)
,
Where

(A4.71)

with

and its plot is

presented by Figure 13 in the main text. Moreover, it is applied that
and its 3D plot is presented in subsection A.7, while

and their 3D plots are

presented below85:

85

The mathematical expressions of
They are available by the authors upon request.

and

are left out because of their wide extent.
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Summarizing the above, the following order configurations among Social Welfare
arise:

Arranging now

and

,

(A4.72)

,

(A4.73)

critical schedules in descending order, we obtain that:
(A4.74)

,
86

Where

and its 3D plot is the following:

While, the descending order of

critical schedules is presented below,

mathematically and diagrammatically:
(A4.75)

,

Degree of product substitutability (γ)

1
0,8
0,6
0,4
0,2
0
0

86

0,2
0,4
0,6
0,8
Consumerevaluation of productquality (h)

The mathematical expression of
authors upon request.
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Combing now the above information, given in (A4.72), (A4.73), (A4.74) and (A4.75),
we conclude that:


, the social planner’s optimal selection is to set R&D as a public

If

good and thus decentralized unions in the frame of w-negotiations are formed in
equilibrium.


If

or

and

, the social planner’s optimal selection

is to set R&D as a public good and thus centralized unions in the frame of wnegotiations are formed in equilibrium.


If

and

, the social planner’s optimal selection is to set R&D

as a private good and thus decentralized unions in the frame of w-negotiations are
formed in equilibrium.
According to our findings, the Social Welfare in equilibrium is defined by:

(A4.76)

A.15 Proof of Proposition 4.17
Given our findings on comparative analysis of market outcomes, i.e. output level,
product quality improvement and wages between union structures (centralized and
decentralized bargaining institution) under each market structure [given in (A4.14),
(A4.15), (A3.20) and (A4.52), (A4.53), (A4.54), respectively], we get that:
(A4.77)
(A4.78)
(A4.79)
Where

denotes the market structure.
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We now proceed to the comparative analysis of market outcomes between market
structures (a) and (b), with the given union structures and we get that:
(A4.80)

(A4.81)

(A4.82)

(A4.83)

(A4.84)

(A4.85)

Where
Summarizing the above results, we conclude that:
(A4.86)
(A4.87)
(A4.88)
Where

denotes union structures.

A.16 Proof of Proposition 4.18
Given our findings on the comparative analysis of market participant
surpluses/rents, i.e. Consumer Surplus, Producer Surplus and Union Rents between
union structures (centralized and decentralized bargaining institution) under each
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market structure [given in (A4.21), (A4.22), (A4.26), (A4.27) and (A4.57), (A4.58),
(A4.62), (A4.63), respectively], we get that:
(A4.89)
(A4.90)
(A4.91)
Where

denotes the market structure.

We follow with the comparative analysis of market participant surpluses/rents
between market structures (a) and (b), given the union structures.
According to (4.55) and (A4.86), we get the Consumer Surplus by:
(A4.92)
Where

denotes the union structures.

Regarding Producer Surplus and Union Rents, we get that:
(A4.93)
(A4.94)
(A4.95)
(A4.96)
87

Where

87

The mathematical expression of
are available by the authors upon request.

and

and their 3D plots are the following:

are left out because of their wide extent. They
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Summarizing the above results, we conclude that:
(A4.97)
(A4.98)
(A4.99)
Where

denotes the union structures.

A.17 Proof of Proposition 4.19
Taking into consideration the descending order of Social Welfare under each combination
of unions and market structures, given in (A4.72) and (A4.73), we obtain that:
(A4.100)
(A4.101)
Where indexes s and k denote union structures (c or m) and market structures (a or b),
respectively.
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Εισαγωγή
Η παρούσα διδακτορική διατριβή με τίτλο «Δοκίμια για την Μορφή του
Ανταγωνισμού, την Βελτίωση της Ποιότητας και την Συμπαιγνία σε Συνδικαλισμένα
Ολιγοπώλια» (Essays on the Mode of Competition, Quality Improvement, and
Collusion, in Unionized Oligopolies) εξετάζει και αξιολογεί εναλλακτικές
στρατηγικές ανταγωνισμού και συνεργασίας που έχουν στην διάθεσή τους
επιχειρήσεις

και

εργατικά

συνδικάτα

σε

ατελώς

ανταγωνιστικές

αγορές.

Συγκεκριμένα, επικεντρώνεται σε ολιγοπωλιακές αγορές, όπου επιχειρήσεις και
εργατικά συνδικάτα καλούνται να πάρουν αποφάσεις σχετικά με την δομή οργάνωσης
της αγοράς εργασίας, την μορφή του ανταγωνισμού ή της συνεργασίας μεταξύ τους
και το ύψος των επενδύσεων σε Έρευνα και Ανάπτυξη (εφεξής R&D) για την
βελτίωση της ποιότητας των τελικών προϊόντων της αγοράς. Τα προαναφερθέντα
επιστημονικά πεδία αποτελούν θεμελιώδεις ανησυχίες της Βιομηχανικής Οργάνωσης,
τόσο σε θεωρητικό, όσο και σε εμπειρικό επίπεδο.
Η διδακτορική διατριβή αποτελείται από τέσσερα κεφάλαια και συγκεκριμένα:
Στο 1ο Κεφάλαιο, όπου μελετώνται οι προϋποθέσεις κάτω από τις οποίες η
δημιουργία καρτέλ επιχειρήσεων μπορεί να οδηγήσει σε ισορροπία στην αγορά και
ταυτόχρονα να αυξήσει την κοινωνική ευημερία.
Στο 2ο Κεφάλαιο, όπου σε ένα δυοπώλιο ερευνάται η επίδραση των εναλλακτικών
μορφών του ανταγωνισμού στα κίνητρα των επιχειρήσεων για σχηματισμό καρτέλ.
Στο 3ο και στο 4ο Κεφάλαιο, όπου διερευνώνται, σε στατική και δυναμική
ανάλυση, οι εναλλακτικές δομές οργάνωσης των εργατικών συνδικάτων σε
ολιγοπωλιακές αγορές με επενδύσεις σε R&D. Επιπρόσθετα, τα κεφάλαια αυτά
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αναπτύσσουν και αξιολογούν κοινωνικές πολιτικές με σκοπό την βελτίωση της θέσης
των οικονομικών μονάδων των αγορών αυτών.
Για την ανάλυση της στρατηγικής συμπεριφοράς των οικονομικών μονάδων στα
ανωτέρω - κρίσιμα για τη θεωρία - ζητήματα, χρησιμοποιήθηκαν υποδείγματα που
ενσωματώνουν εργαλεία της Θεωρίας Παιγνίων. Η χρήση της Θεωρίας Παιγνίων
κρίνεται επιβεβλημένη, καθώς θεωρούμε ότι αποτελεί το αποτελεσματικότερο
εργαλείο ανάλυσης λόγω του πολύ-λειτουργικού της αναλυτικού πλαισίου,
παρέχοντας την δυνατότητα να προσδιορίζει ενδογενώς διάφορες παραμέτρους από
μια γκάμα πιθανών επιλογών. Επομένως, σε κάθε κεφάλαιο προτείνεται ένα παίγνιο
πολλαπλών σταδίων, με χρονικό ορίζοντα μίας περιόδου ή απείρων επαναλήψεων,
όπου οι οικονομικές μονάδες αποφασίζουν σχετικά με την στρατηγική τους
συμπεριφορά.

1 ο Κεφάλαιο
Ένα από τα πεδία ενδιαφέροντος της Βιομηχανικής Οργάνωσης αποτελεί η
διερεύνηση των συνθηκών που ενθαρρύνουν την δημιουργία καρτέλ μεταξύ των
επιχειρήσεων εντός βιομηχανικών κλάδων. Σύμφωνα με την κλασσική οικονομική
έρευνα, η συμπαιγνία μεταξύ των επιχειρήσεων σε στατικά παίγνια (μίας περιόδου)
δεν είναι εφικτή, ενώ αντίθετα, σε δυναμικά παίγνια (άπειρων ή πεπερασμένων
περιόδων), η συμπαιγνία είναι εφικτή, υπό την προϋπόθεση ότι ο συντελεστής
προεξόφλησης είναι αρκετά υψηλός.
Παρά το γεγονός ότι μεγάλο μέρος της πραγματικής αγοράς εργασίας των
σύγχρονων βιομηχανικών κλάδων είναι οργανωμένο σε εργατικά συνδικάτα, δεν έχει
ερευνηθεί σε βάθος η αλληλεπίδραση της συμπεριφοράς των εργατικών σωματείων,
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όπως διαμορφώνεται από τα κίνητρα που αυτά έχουν, με τα κίνητρα τον επιχειρήσεων
για σχηματισμό καρτέλ, και κατ’ επέκταση ο αντίκτυπος των εν λόγω
αλληλεπιδράσεων στην αγορά. Η σχετική βιβλιογραφία επικεντρώνεται κυρίως στον
προσδιορισμό των παραγόντων της αγοράς που ενισχύσουν την συμπαιγνία συμπεριλαμβανομένης συμπεριλαμβανομένων των εργατικών ενώσεων και της δομής
της αγοράς εργασίας. Μια πρώτη προσέγγιση πραγματοποιήθηκε από τους McDonald
και Solow (1981), Clark (1984), Karier (1985), και Mishel (1986), που μέσα από την
έρευνά τους δείχνουν ότι οι ατέλειες της αγοράς του προϊόντος καθιστούν δυνατή τη
δημιουργία οικονομικών πλεονασμάτων, για τα οποία συνδικάτα και επιχειρήσεις
διαπραγματεύονται, ενώ αργότερα ο Dowrick (1989) συμπεραίνει ότι το ύψος του
μισθού που επιτυγχάνεται για τα μέλη εργατικών ενώσεων είναι ανάλογος με τον
βαθμό συνεργασίας μεταξύ των επιχειρήσεων σε μια ολιγοπωλιακή αγορά.
Από την άλλη πλευρά, οι Compte (1998), Kandori και Matsushima (1998),
υποστηρίζουν ότι η ύπαρξη ιδιωτικής πληροφόρησης επιβάλλει πρόσθετο εμπόδιο
στον σχηματισμό καρτέλ και, ως εκ τούτου, η ύπαρξη μέσων ανταλλαγής
πληροφοριών, όπως τα εργατικά συνδικάτα, ενισχύουν την συμπαιγνία, αφού
μπορούν να δημοσιοποιήσουν ιδιωτικές πληροφορίες. Πιο πρόσφατα, ο Συμεωνίδης
(2008), υποθέτοντας ότι τα εργατικά συνδικάτα χαρακτηρίζονται από ουδέτερη
αποστροφή του κίνδυνου, συμπέρανε ότι αν τα προϊόντα χαρακτηρίζονται από στενή
υποκατάσταση και η διαπραγματευτική δύναμη των εργατικών συνδικάτων είναι
αρκετά υψηλή, τότε μία ad-hoc συνεργασία των επιχειρήσεων θα μεγιστοποιήσει την
κοινωνική ευημερία. Σε αντίθεση με την παρούσα έρευνα, ο παραπάνω συγγραφέας
δεν εξετάζει την περίπτωση να προκύψει ενδογενώς η δημιουργία καρτέλ σε μια
στατική ανάλυση ισορροπίας. Ωστόσο, το συμπέρασμα της έρευνάς του επιβεβαιώνει
μέρος της έρευνας του παρόντος κεφαλαίου, ενισχύοντας έτσι τα αποτελέσματά της.
4|Σε λίδ α
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Το εν λόγω κεφάλαιο της Διδακτορικής Διατριβής ακολουθεί την ακόλουθη δομή:
Στην Ενότητα 1.2 παρουσιάζεται αναλυτικά το μοντέλο ανάλυσης δυοπωλιακής
αγοράς με διαρθρωμένη αγορά εργασίας σε εργατικά συνδικάτα. Στην Ενότητα 1.3
αναδεικνύονται οι συνθήκες κάτω από τις οποίες επιτυγχάνονται μία ή περισσότερες
ισορροπίες κατά Nash. Στη συνέχεια, τα αποτελέσματα των κριτικών τιμών των
δομικών παραμέτρων της αγοράς, όπως είναι οι μισθοί και η απασχόληση,
ερμηνεύονται την Ενότητα 1.4. Στην Ενότητα 1.5 περιλαμβάνεται η ανάλυση της
Κοινωνικής Ευημερίας. Τέλος, τα αποτελέσματα της έρευνας παρατίθενται
συγκεντρωτικά στην Ενότητα 1.6.

Υπόδειγμα
Υποθέτουμε ένα απλό μοντέλο ολιγοπωλιακής αγοράς με ανταγωνισμό a la
Cournot,

όπου

δύο

τεχνολογικά

πανομοιότυπες

επιχειρήσεις

παράγουν

διαφοροποιημένα προϊόντα και αποφασίζουν αν θα ανταγωνιστούν η μία την άλλη ή
θα σχηματίσουν καρτέλ, επιτυγχάνοντας έτσι τα μονοπωλιακά κέρδη.
Η τεχνολογία παραγωγής παρουσιάζει σταθερές αποδόσεις κλίμακας, ενώ η
παραγωγικότητα της εργασίας ισούται με την μονάδα, δηλαδή για την παραγωγή μίας
μονάδας προϊόντος απαιτείται μία μονάδα εργασίας.
Η αγορά εργασίας είναι οργανωμένη σε εργατικά συνδικάτα, με αναλογία ενός
συνδικάτου ανά επιχείρηση, με τα μέλη αυτών να χαρακτηρίζονται με ορισμένο
βαθμό αποστροφής έναντι του κινδύνου. Κάθε εργατικό συνδικάτο διαπραγματεύεται
για τους μισθούς του με την επιχείρηση που του αντιστοιχεί, με στόχο την
μεγιστοποίηση της χρησιμότητας των μελών του.
Οι στρατηγικές των οικονομικών μονάδων αναλύονται σε ένα παίγνιο μίας
περιόδου αποτελούμενο από 2 στάδια, τα οποία εκτυλίσσονται ως εξής:
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1ο Στάδιο: Οι δύο επιχειρήσεις ταυτόχρονα και ανεξάρτητα αποφασίζουν αν θα
ανταγωνιστούν θέτοντας τις ποσότητες τους (Cournot Competition) ή
θα προχωρήσουν στον σχηματισμό καρτέλ. Παράλληλα, κάθε εργατικό
συνδικάτο (ανεξάρτητα από το εργατικό συνδικάτο της αντίπαλης
επιχείρησης) θέτει τον μισθό που μεγιστοποιεί την χρησιμότητα που
λαμβάνει κάτω από κάθε έκβαση που προκύπτει από τις στρατηγικές
επιλογές των επιχειρήσεων.
2ο Στάδιο: Ανάλογα με τις αποφάσεις των επιχειρήσεων και των εργατικών
συνδικάτων στο 1ο Στάδιο, η κάθε επιχείρηση προσαρμόζει την
παραγωγής της (επομένως και την απασχόλησης της) προκειμένου να
μεγιστοποιήσει είτε τα κέρδη του μονοπωλητή (καρτέλ), είτε μόνο τα
δικά της.
Σε αντίθεση με τα παίγνια σε μορφή μήτρας (matrix games), στην προκειμένη
στατική ανάπτυξη του παιγνίου, οι αποφάσεις του 1ου σταδίου από κάθε ζεύγος
επιχείρηση – εργατικό συνδικάτο, δεν είναι παρατηρήσιμες από το αντίπαλο ζευγάρι
πριν τελική έκβαση του παιγνίου. Για το λόγο αυτό, εφαρμόζονται στο υπόδειγμα
τεχνικές μονομερούς αποκλίσεων (unilateral deviations).

Συμπεράσματα
Το 1ο Κεφάλαιο της Διδακτορικής Διατριβής διερευνά την αλληλεπίδραση των
αποφάσεων των εργατικών συνδικάτων με τις αποφάσεις των επιχειρήσεων για
σχηματισμό καρτέλ, δεδομένου ότι οι αποφάσεις αυτές επηρεάζουν άμεσα το ανά
μονάδα κόστος των παραγόμενων προϊόντων μίας αγοράς.
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Τα αποτελέσματα της προκειμένης έρευνας έρχονται σε αντίθεση με την ευρέως
διαδεδομένη πεποίθηση, η οποία εκτιμά ότι σε στατικά παίγνια η συμπαιγνία μεταξύ
των επιχειρήσεων είναι ασταθής και επιβλαβής για την Κοινωνική Ευημερία.
Συγκεκριμένα, η ανάλυσή μας υποδεικνύει ότι το καρτέλ επιχειρήσεων μπορεί να
προκύψει ενδογενώς και να αποτελεί μέρος της τελικής – στατικής – ισορροπίας, υπό
την προϋπόθεση ότι τα εργατικά συνδικάτα δεν χαρακτηρίζονται από αρκετά χαμηλό
βαθμό αποστροφής του κινδύνου. Το πιο αξιοσημείωτο, όμως, είναι ότι αν η
παραπάνω συνθήκη συνδυαστεί με υψηλό βαθμό υποκατάστασης των προϊόντων
στην αγορά, τότε το καρτέλ, όχι μόνο προκύπτει στην ισορροπία, αλλά και τονώνει
την παραγωγική δραστηριότητα της ολιγοπωλιακής αγοράς σε σχέση με τον
ανταγωνισμό. Ανάλογο συμπέρασμα προκύπτει τόσο για το Πλεόνασμα του
Καταναλωτή, όσο και την Κοινωνική Ευημερία.
Επομένως, υπό ορισμένες συνθήκες της αγοράς, το καρτέλ μπορεί να αποτελέσει
μέρος της τελικής ισορροπίας και επίσης να βελτιώσει τόσο την παραγωγική
δραστηριότητα, όσο και την κοινωνική ευημερία .
Το γεγονός ότι ο σχηματισμός καρτέλ προκύπτει ενδογενώς στην ισορροπία,
δικαιολογείται από την ύπαρξη των εργατικών συνδικάτων, αφού μία πιθανή
απόκλιση των επιχειρήσεων πυροδοτεί μία σειρά αντιδράσεων στην αγορά, που
μπορεί τελικά να οδηγήσει σε μείωση των κερδών των επιχειρήσεων. Αν υποθέσουμε
ότι μία επιχείρηση αποκλίνει, τότε αυξάνει την παραγωγική της δραστηριότητα,
οπότε τα εργατικά συνδικάτα διεκδικούν και επιτυγχάνουν αύξηση των μισθών τους
(και συνεπώς του μοναδιαίου κόστους εργασίας) μέσω των συλλογικών
διαπραγματεύσεων. Το επιπλέον αυτό κόστος εργασίας είναι ανάλογο του βαθμού
αποστροφής του κινδύνου των εργατικών συνδικάτων. Οι επιχειρήσεις, τότε,
αναγκάζονται να αυξήσουν λιγότερο ή ακόμα και να μειώσουν τελικά την παραγωγή
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τους, προκειμένου να αντισταθμίσουν το υψηλότερο αυτό κόστος παραγωγής. Οι
προαναφερόμενες μεταβολές στην παραγωγή της επιχείρησης που επιχειρεί μονομερή
απόκλιση, είναι σε άμεση συνάρτηση του βαθμού υποκατάστασης του παραγόμενου
προϊόντος. Συνεπώς, τα κέρδη των επιχειρήσεων που προκύπτουν κατά την μονομερή
απόκλιση από την ισορροπία αποδεικνύεται ότι είναι χαμηλότερα από τα κέρδη του
καρτέλ.
Σύμφωνα με τα παραπάνω, η παρούσα έρευνα κατέληξε στα εξής συμπεράσματα:


όσο αυξάνεται ο βαθμός αποστροφής του κινδύνου των εργατικών συνδικάτων,
τόσο πιο πιθανή είναι η ενδογενής δημιουργία καρτέλ στην τελική ισορροπία,
αναδεικνύοντάς την ως την βέλτιστη στρατηγική των επιχειρήσεων και



όσο αυξάνεται ο βαθμός υποκατάστασης των προϊόντων, τόσο πιο πιθανό είναι η
παραγωγή (και συνεπώς η απασχόληση) ενός καρτέλ καθώς και η Κοινωνική
Ευημερία που προκύπτει από τη λειτουργία του, να είναι μεγαλύτερα από τα
αντίστοιχα μεγέθη στην περίπτωση του ανταγωνισμού.
Από τα ανωτέρω συμπεράσματα, αξίζει να τονίσουμε 2 ιδιαίτερα ενδιαφέρουσες

πρακτικές εφαρμογές, οι οποίες όμως χρήζουν περαιτέρω διερεύνησης:


Αν τα εργατικά συνδικάτα χαρακτηρίζονται από χαμηλή αποστροφή έναντι του
κινδύνου, τότε ενδέχεται η διαδικασία της διαπραγμάτευσης των μισθών να αποβεί
τελικά επιζήμια για αυτά, σε όφελος όμως τόσο των επιχειρήσεων, όσο και των
καταναλωτών.



Σε αντίθεση με την κοινή πείρα, οι υπεύθυνοι χάραξης κοινωνικής πολιτικής θα
πρέπει πλέον να συνεκτιμούν περισσότερες αλληλεπιδράσεις από την ύπαρξη και
την λειτουργία των εργατικών σωματείων, αξιολογώντας τα ως ισοδύναμα
αντιμονοπωλιακής πολιτικής.
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Ενδιαφέρουσα επέκταση της παρούσας έρευνας αποτελεί το ενδεχόμενο όλα τα
ανωτέρω να συντελούν στην δημιουργία διαπραγματευτικών τεχνασμάτων, τόσο από
την πλευρά των επιχειρήσεων, όσο και από την πλευρά των εργατικών συνδικάτων, η
οποία επέκταση, ωστόσο, αφήνεται για μελλοντική έρευνα.

2 ο Κεφάλαιο
Η μορφή του ανταγωνισμού γενικότερα και η δημιουργία καρτέλ ειδικότερα
αποτελούν συχνά κεντρικά θέματα πολύπλευρης προσέγγισης στην θεωρία των
ολιγοπωλιακών αγορών. Η πλειοψηφία της σχετικής βιβλιογραφίας επικεντρώνεται
κυρίως στην συγκριτική ανάλυση μεταξύ των μορφών της αγοράς στην δημιουργία
καρτέλ. Σε αυτή την κατεύθυνση κινήθηκαν οι Albeak και Lambertini (1998), όπου
συμπέραιναν ότι εάν ο βαθμός υποκατάστασης είναι χαμηλός (υψηλός), η συμπαιγνία
μέσω ενός ανταγωνισμού a la Cournot (Bertrand) χαρακτηρίζεται από μεγαλύτερη
σταθερότητα. Μεταγενέστερα, η έρευνα των Lambertini και Schultz (2001) κατέληξε
ότι εάν ο συντελεστής προεξόφλησης είναι υψηλός, τότε η συμπαιγνία είναι
αναπόφευκτη, μάλιστα κάτω από οποιαδήποτε μορφή ανταγωνισμού μεταξύ των
επιχειρήσεων. Ενισχύοντας τα ανωτέρω αποτελέσματα, οι Suetens και Potters (2007)
με την εμπειρική τους μελέτη, ανέδειξαν ότι ο ανταγωνισμός a la Bertrand οδηγεί
στην δημιουργία καρτέλ με μεγαλύτερη συχνότητα από ότι ο ανταγωνισμός a la
Cournot.
Στο παρόν κεφάλαιο εξετάζεται περαιτέρω η επίδραση της μορφής του
ανταγωνισμού στα κίνητρα των επιχειρήσεων για δημιουργία καρτέλ. Πιο
συγκεκριμένα, σε μία ολιγοπωλιακή αγορά με διαφοροποιημένα προϊόντα, όπου η
αγορά εργασίας είναι οργανωμένη σε εργατικά συνδικάτα, οι επιχειρήσεις ενδογενώς
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επιλέγουν τόσο την μορφή του ανταγωνισμού τους όσο και το ενδεχόμενο να
δημιουργήσουν καρτέλ μεταξύ τους. Η ανάλυση του κεφαλαίου αυτού αποτελεί
επέκταση της έρευνας του πρώτου κεφαλαίου, υπό την υπόθεση ότι τα εργατικά
συνδικάτα χαρακτηρίζονται από ουδέτερη αποστροφή ως προς τον κίνδυνο, ενώ οι
επιχειρήσεις έχουν την δυνατότητα να αποφασίσουν ενδογενώς την μορφή του
ανταγωνισμού που στρατηγικά επιθυμούν να υιοθετήσουν.
Στα αξιοσημείωτα συμπεράσματα του δεύτερου κεφαλαίου συγκαταλέγονται τα
ακόλουθα:


Η συμπαιγνία μεταξύ των επιχειρήσεων είναι αναπόφευκτη και ανεξάρτητη από
την μορφή του ανταγωνισμού που επιλέγουν οι επιχειρήσεις.



Εάν ο βαθμός υποκατάστασης μεταξύ των προϊόντων είναι υψηλός, τότε σε
ολιγοπωλιακή αγορά, όπου οι επιχειρήσεις ανταγωνίζονται a la Cournot, η
Κοινωνική Ευημερία βελτιώνεται μέσω της δημιουργίας ενός καρτέλ. Σε κάθε
άλλη περίπτωση, αποδεικνύεται ότι ο ανταγωνισμός υπερέχει έναντι του καρτέλ,
σε όρους Κοινωνικής Ευημερίας.



Ο ανταγωνισμός των επιχειρήσεων a la Bertrand αποδίδει περισσότερη
παραγωγή (και συνεπώς απασχόληση) σε μια ολιγοπωλιακή αγορά, συγκριτικά
με τον ανταγωνισμό των επιχειρήσεων a la Cournot.



Θα ήταν κοινωνικά επιθυμητή η επιβολή μίας πολιτικής που θα απέτρεπε την
δημιουργία καρτέλ και ταυτόχρονα θα προωθούσε τον ανταγωνισμό των
επιχειρήσεων ως προς τις τιμές (a la Bertrand).
Η ανάλυση δομείται ως εξής: Στην Ενότητα 2.2 παρουσιάζεται αναλυτικά το

μοντέλο ανάλυσης, το οποίο αφορά δυοπωλιακή αγορά προϊόντων ενώ η αγορά
εργασίας είναι οργανωμένη σε εργατικά συνδικάτα. Στην Ενότητα 2.3, αναπτύσσεται
ένα παίγνιο τεσσάρων σταδίων που ενσωματώνει το σύνολο των επιλογών των
10 | Σ ε λ ί δ α
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οικονομικών μονάδων. Στις Ενότητες 2.4 έως και 2.6 αναδεικνύονται οι συνθήκες
κάτω από τις οποίες οι επιχειρήσεις προχωρούν σε σχηματισμό καρτέλ, δεδομένου
της μορφής του ανταγωνισμού της αγοράς. Στην Ενότητα 2.7, ενδογενοποιούμε την
επιλογή της μορφής του ανταγωνισμού στο αναλυτικό μας υπόδειγμα. Στις Ενότητες
2.7 και 2.8, πραγματοποιούμε συγκριτική ανάλυση των εναλλακτικών μορφών
ανταγωνισμού και αναλύουμε τις επιπτώσεις των στρατηγικών επιλογών των
οικονομικών μονάδων στην Κοινωνική Ευημερία αντίστοιχα. Τα αποτελέσματα της
έρευνας παρουσιάζονται συγκεντρωτικά στην Ενότητα 2.9..

Υπόδειγμα
Υποθέτουμε μία ολιγοπωλιακή αγορά με οριζοντίως διαφοροποιημένα προϊόντα,
όπου δύο τεχνολογικά πανομοιότυπες επιχειρήσεις επιλέγουν στρατηγικά από την μία
την μορφή του ανταγωνισμού που θα υιοθετήσουν, δηλαδή αν θα εισέλθουν στην
αγορά προϊόντος θέτοντας τις ποσότητες τους (Cournot Competition) ή τις τιμές τους
(Bertrand Competition), και από την άλλη αν θα σχηματίσουν καρτέλ επιτυγχάνοντας
συγκεντρωτικά τα μονοπωλιακά κέρδη. Η τεχνολογία παραγωγής και των δύο
επιχειρήσεων παρουσιάζει σταθερές αποδόσεις κλίμακας, με αναλογία παραγωγής
μίας μονάδας προϊόντος με μία μονάδα εργασίας.
Η αγορά εργασίας είναι οργανωμένη σε εργατικά συνδικάτα, με αναλογία ενός
συνδικάτου ανά επιχείρηση. Τα εργατικά συνδικάτα υποθέτουμε ότι κατέχουν
μοναδιαία διαπραγματευτική δύναμη (monopoly unions), ενώ χαρακτηρίζονται με
ουδέτερη αποστροφή έναντι του κινδύνου.
Οι μισθοί προκύπτουν μέσω συλλογικών διαπραγματεύσεων του εργατικού
σωματείου με την επιχείρηση που αντιστοιχεί, με στόχο την μεγιστοποίηση της
αθροιστικής χρησιμότητας όλων των μελών του.
P a g e | 11
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Η ανάλυση των στρατηγικών επιλογών κάθε μονάδας εκτυλίσσεται σε ένα στατικό
παίγνιο 4 σταδίων ως εξής:
1ο Στάδιο: Οι δύο επιχειρήσεις ταυτόχρονα και ανεξάρτητα αποφασίζουν αν θα
ανταγωνιστούν θέτοντας τις ποσότητες τους (Cournot Competition) ή
θέτοντας τις τιμές τους (Bertrand Competition), προκειμένου να
μεγιστοποιήσουν τα μονοπωλιακά κέρδη (καρτέλ) ή μόνο τα δικά τους
κέρδη.
2ο Στάδιο: Οι δύο επιχειρήσεις ταυτόχρονα και ανεξάρτητα αποφασίζουν αν θα
προχωρήσουν στον σχηματισμό καρτέλ ή θα ανταγωνιστούν μεταξύ
τους.
3ο Στάδιο: Τα εργατικά συνδικάτα ταυτόχρονα και ανεξάρτητα θέτουν εκείνους τους
μισθούς, που μεγιστοποιούν την χρησιμότητα των μελών τους.
4ο Στάδιο: Ανάλογα με τις αποφάσεις των επιχειρήσεων στο 1 ο και στο 2ο Στάδιο, οι
επιχειρήσεις θέτουν τις στρατηγικές τους μεταβλητές (είτε τις ποσότητες
είτε τις τιμές), προκειμένου να μεγιστοποιήσουν είτε τα κέρδη του
μονοπωλητή (στην περίπτωση δημιουργίας καρτέλ), είτε μόνο τα δικά
τους κέρδη.

Συμπεράσματα
Δεδομένων των υποθέσεων που έχουν γίνει, από τα συμπεράσματα της παρούσας
έρευνας αναδεικνύεται ότι η μορφή του ανταγωνισμού μεταξύ των επιχειρήσεων δεν
επηρεάζει την δημιουργία καρτέλ στην τελική ισορροπία σε ένα στατικό παίγνιο.
Συνεπώς, προκύπτει ότι η παραγωγή (απασχόληση) καθώς και η χρησιμότητα των
οικονομικών μονάδων της αγοράς ανέρχονται στα επίπεδα της μονοπωλιακής αγοράς.
12 | Σ ε λ ί δ α
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Το πιο αξιοσημείωτο συμπέρασμα είναι ότι, δεδομένου ενός ανταγωνισμού
Cournot, αν τα προϊόντα τείνουν να γίνουν τέλεια υποκατάστατα, τότε η δημιουργία
ενός καρτέλ βελτιώνει την Κοινωνική Ευημερία. Εν αντιθέσει, για τον ανταγωνισμό
Bertrand δεν απορρέει αντίστοιχο αποτέλεσμα, καθώς ο βαθμός ανταγωνισμού των
επιχειρήσεων είναι τόσο υψηλός που δεν επιτρέπει στην αγορά να επωφεληθεί από
την μείωση των μισθών που επιτυγχάνεται με την δημιουργία καρτέλ.
Επιπρόσθετα, η έρευνα προχώρησε σε συγκριτική ανάλυση των εναλλακτικών
στρατηγικών αποφάσεων των επιχειρήσεων, συμπεραίνοντας ότι η Κοινωνική
Ευημερία προάγεται από:


τον ανταγωνισμό των επιχειρήσεων έναντι του καρτέλ, με εξαίρεση την
περίπτωση του Cournot ανταγωνισμό με υψηλό βαθμό υποκατάστασης των
προϊόντων και



τον ανταγωνισμό των επιχειρήσεων a la Bertrand έναντι του ανταγωνισμού a la
Cournot.
Σύμφωνα με τα ανωτέρω, συμπεραίνουμε ότι η κοινωνική ευημερία προάγεται με

την επιβολή μίας κοινωνικής πολιτικής που θα αποτρέπει τις επιχειρήσεις να
δημιουργήσουν καρτέλ και συγχρόνως θα τις ενθαρρύνει να προχωρήσουν σε a la
Bertrand ανταγωνισμό.

3 ο Κεφάλαιο
Ο κρίσιμος ρόλος τις ύπαρξης εργατικών συνδικάτων στην αγορά εργασίας και
των επενδύσεων σε R&D, καθώς και των καινοτομιών / βελτιώσεων που απορρέουν
από αυτήν, επιβεβαιώνεται και ενισχύεται από την πληθώρα τόσο θεωρητικών όσο
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και εμπειρικών μελετών που έχουν εκπονηθεί από οικονομικούς και πολιτικούς
αναλυτές.
Μία προσέγγιση για ανάλυση των ολιγοπωλιακών αγορών, με συνδικαλισμένες
αγορές εργασίας και επενδύσεις σε R&D, πραγματοποιήθηκε από τον Emmanuelle
Bacchiega (2007), υποθέτοντας ότι η ποιότητα των προϊόντων είναι σε άμεση
συνάρτηση της απασχόλησης εργαζομένων με υψηλές δεξιότητες. Αργότερα, ο
Συμεωνίδης (2003) ανέλυσε τις δυοπωλιακές αγορές, με διαφοροποιημένα προϊόντα
και επενδύσεις σε R&D – βελτίωσης της ποιότητας, ο οποίος περιορίστηκε στην
σύγκριση αποτελεσμάτων μεταξύ ανταγωνισμού τύπου Bertrand και Cournot και δεν
εμβάθυνε στην ανάλυση του κόστους των εισροών των επιχειρήσεων.
Πιο πρόσφατα, οι Μανασάκης και Πετράκης (2009) εξετάζουν τον αντίκτυπο των
εναλλακτικών δομών οργάνωσης των εργατικών συνδικάτων, στα κίνητρα των
επιχειρήσεων για επενδύσεις σε R&D υπό το ενδεχόμενο συνεργασίας στον τομέα
του R&D (Research Joint Venture). Μέσω του RJV γίνεται προσπάθεια να
εσωτερικεύσουν τις εξωτερικότερες που δημιουργεί η διάχυση της τεχνογνωσίας του
R&D. Οι συγγραφείς υποθέτουν ότι το R&D παρέχει βελτιώσεις στην παραγωγική
διαδικασία των επιχειρήσεων επιτυγχάνοντας έτσι μείωση του κόστους παραγωγής
τους. ‘Ένα από τα συμπεράσματά τους καταδεικνύει ότι οι επενδύσεις σε R&D είναι
χαμηλότερες (υψηλότερες) όταν τα εργατικά συνδικάτα δρουν ανταγωνιστικά
(συνεργατικά) στην αγορά, ο βαθμός διάχυσης είναι χαμηλός και οι επιχειρήσεις δεν
σχηματίζουν RJV.
Σε συμφωνία με τα αποτελέσματα της ανάλυσης του παρόντος κεφαλαίου
έρχονται τα συμπεράσματα των Menezes-Fillo και Van Reenen (2003), όπου με την
εμπειρική τους ερευνά έδειξαν ότι υπάρχει ισχυρός και αρνητικός αντίκτυπος των
εργατικών συνδικάτων στις επενδύσεις για R&D στην Νότια Αφρική, χωρίς να
14 | Σ ε λ ί δ α
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υπάρχει ανάλογο συμπέρασμα για την Ευρώπη. Τα παραπάνω ενισχύονται περεταίρω
και από μία σύντομη έρευνα του Jorg Lingens (2006), η οποία χρησιμοποιεί
πραγματικά δεδομένα και εστιάζει στον τρόπο που συσχετίζεται η συνδικαλιστική
δράση μίας χώρας με το ύψος των επενδύσεων σε R&D. Στην έρευνα
περιλαμβάνονται στοιχεία από 15 ευρωπαϊκές χώρες, τις Ηνωμένες Πολιτείες και την
Ιαπωνία. Ο Jorg Lingens προσπάθησε να παρουσιάσει διαγραμματικά την συσχέτιση
των επενδύσεων σε R&D (ως ποσοστό % του ΑΕΠ) με τους μισθούς κάλυψης των
εργατικών συνδικάτων. Η εμπειρική μελέτη τους δείχνει ότι υπάρχει αρνητική σχέση
μεταξύ των επενδύσεων σε R&D και των διαπραγματεύσεων των εργατικών
συνδικάτων στους μισθούς (w-bargaining). Ωστόσο ο Jorg Lingens συμφωνεί με τους
Menezes-Fillo και Van Reenen (2003) ότι δεν υπάρχει σαφής συσχέτιση των
επενδύσεων σε R&D και του βαθμού συνδικαλισμού της αγοράς εργασίας των
ευρωπαϊκών χωρών.
Στο κεφάλαιο αυτό εξετάζονται ολιγοπωλιακές αγορές με συνδικαλισμένες αγορές
εργασίας, διαφοροποιημένα προϊόντα, και επενδύσεις σε R&D με σκοπό την
βελτίωση της ποιότητας του τελικού προϊόντος. Η συνεισφορά της συγκεκριμένης
έρευνας στην σχετική βιβλιογραφία, δεν περιορίζεται μόνο στην αξιολόγηση του
ενδεχόμενου αντίκτυπου στην δομή οργάνωσης των εργατικών συνδικάτων και στην
ποιότητα των προϊόντων, αλλά επεκτείνεται και στην ανάπτυξη εναλλακτικών
κοινωνικών πολιτικών με σκοπό την βελτίωση των θέσεων των οικονομικών
μονάδων της συγκεκριμένης ολιγοπωλιακής αγοράς. Στο τέλος, οι υπεύθυνοι χάραξης
κοινωνικής πολιτικής αποφασίζουν ενδογενώς, με γνώμονα την βελτίωση της
κοινωνικής ευημερίας, αν θα υιοθετήσουν ρυθμιστική πολιτική στον βιομηχανικό
αυτό κλάδο ή αν θα τον αφήσουν να ρυθμιστεί από μόνος του.
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Το κεφάλαιο αυτό ακολουθεί την εξής δομή: Στην Ενότητα 3.2 παρουσιάζεται
αναλυτικά το μοντέλο ανάλυσης μίας δυοπωλιακής αγοράς με οργανωμένη αγορά
εργασίας σε εργατικά συνδικάτα. Στην Ενότητα 3.3 – 3.5, αναλύονται οι
εναλλακτικές δομές αγοράς, όπου ο κοινωνικός σχεδιαστής είτε απουσιάζει (Ενότητα
3.3), είτε αναλαμβάνει εξολοκλήρου τις επενδύσεις σε R&D (Ενότητα 3.4), είτε
επιδοτεί ένα μέρος των επενδύσεων σε R&D των επιχειρήσεων (Ενότητα 3.5) και
αναπτύσσονται τα αντίστοιχα παίγνια που ενσωματώνουν το σύνολο των αποφάσεων
των οικονομικών μονάδων της αγοράς. Στην συνέχεια, στην Ενότητα 3.6
ενδογενοποιείται η απόφαση του κοινωνικού σχεδιαστή σχετικά με την δράση του
μέσα στην ολιγοπωλιακή αγορά (εναλλακτικές δομές αγοράς). Στην Ενότητα 3.7
περιλαμβάνεται η συγκριτική ανάλυση των εναλλακτικών δομών της αγοράς. Τα
συγκεντρωτικά αποτελέσματα της έρευνας παρατίθενται στην Ενότητα 3.8..

Υπόδειγμα
Υποθέτουμε μία δυοπωλιακή αγορά όπου οι επιχειρήσεις ανταγωνίζονται a la
Cournot με οριζοντίως διαφοροποιημένα προϊόντα και με οργανωμένη σε εργατικά
συνδικάτα αγορά εργασίας. Στη αγορά λαμβάνουν χώρα επενδύσεις σε R&D, με
σκοπό να παραχθεί τεχνογνωσία τέτοια που να βελτιώνει την ποιότητα του
παραγόμενου προϊόντος και να το διαφοροποιεί καθέτως από τα υπόλοιπα της
αγοράς. Οι δύο τεχνολογικά πανομοιότυπες επιχειρήσεις αποφασίζουν τόσο το ύψος
των επενδύσεων τους σε R&D, όσο και το ύψος της παραγωγής τους εντός ενός a la
Cournot ανταγωνισμού.
Η τεχνολογία παραγωγής παρουσιάζει σταθερές αποδόσεις κλίμακας, με την
παραγωγικότητα της εργασίας να ισούται με την μονάδα.
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Τα μέλη της των εργατικών συνδικάτων κατέχουν μοναδιαία διαπραγματευτική
δύναμη (monopoly unions), με τους μισθούς να προκύπτουν μέσω των συλλογικών
διαπραγματεύσεων τους με την επιχείρηση που αντιστοιχούν.
Επιπρόσθετα, αναπτύσσονται δύο κοινωνικές πολιτικές με τον κοινωνικό
σχεδιαστή να παρεμβαίνει στη δομή της αγοράς. Στην πρώτη περίπτωση, υποθέτουμε
ότι ο κοινωνικός σχεδιαστής αναλαμβάνει εξολοκλήρου τις επενδύσεις σε R&D,
αντιμετωπίζοντάς την παραγόμενη από αυτήν τεχνογνωσία ως ήταν δημόσιο αγαθό
και διαθέτοντάς την στις επιχειρήσεις χωρίς κόστος. Στην δεύτερη περίπτωση,
υποθέτουμε ότι ο κοινωνικός σχεδιαστής ενισχύει οικονομικά, με την μορφή
επιδότησης, τις επενδύσεις των επιχειρήσεων σε R&D. Κοινή υπόθεση και στις δύο
περιπτώσεις κοινωνικής πολιτικής είναι ότι η χρηματοδότηση (άμεση ή έμμεση) των
επενδύσεων αυτών καλύπτεται από την επιβολή και είσπραξη έμμεσων φόρων στο
τελικό προϊόν, υπό την δέσμευση ενός ισοσκελισμένου προϋπολογισμού του υπό
εξέταση βιομηχανικού κλάδου.
Για την ανάλυση των στρατηγικών επιλογών κάθε μονάδας της αγοράς,
υποθέτουμε τρία στατικά παίγνια, ένα για κάθε ενδεχόμενη συμπεριφορά του
κοινωνικού σχεδιαστή.

(i)

Υποθέτοντας ότι ο κοινωνικός σχεδιαστής δεν παρεμβαίνει στη διάρθρωση της
αγοράς, αναπτύσσεται ένα στατικό παίγνιο 4 σταδίων, που εκτυλίσσεται ως
εξής:
1ο Στάδιο: Τα δύο εργατικά συνδικάτα ταυτόχρονα και ανεξάρτητα
αποφασίζουν

αν

θα

θέσουν

μισθούς

στο

στάδιο

των

διαπραγματεύσεων (w-bargaining) που θα μεγιστοποιούν την
κοινή ή μόνο την δική τους χρησιμότητα.
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2ο Στάδιο:

Οι δύο επιχειρήσεις ταυτόχρονα και ανεξάρτητα καθορίζουν το
ύψος των επενδύσεων τους σε R&D, συγκρίνοντας την αύξηση
των κερδών τους από την αύξηση της ζητούμενης ποσότητας
ενός ποιοτικά βελτιωμένου προϊόντος και του κόστους των
επενδύσεων αυτών.

3ο Στάδιο:

Ανάλογα με τις αποφάσεις των εργατικών συνδικάτων στο 1ο
Στάδιο, το κάθε εργατικό συνδικάτο ταυτόχρονα και ανεξάρτητα
του άλλου θέτει τους μισθούς του, ώστε να μεγιστοποιήσει είτε
την συνολική χρησιμότητα των μελών των δύο εργατικών
συνδικάτων, είτε μόνο την χρησιμότητα των δικών της μελών.

4ο Στάδιο:

Κάθε επιχείρηση προσαρμόζει την παραγωγής της (Cournot
Competition), προκειμένου να μεγιστοποιήσει τα κέρδη της.

(ii)

Υποθέτοντας ότι ο κοινωνικός σχεδιαστής αποφασίζει να παρέμβει στη δομή
της αγοράς, αναλαμβάνοντας πλήρως το R&D και παρέχοντας την παραγόμενη
από αυτό τεχνογνωσία στις επιχειρήσεις χωρίς, αναπτύσσεται το ακόλουθο
στατικό παίγνιο 4 σταδίων:
1ο Στάδιο: Ο Κοινωνικός Σχεδιαστής καθορίζει το βέλτιστο, σε όρους
κοινωνικής ευημερίας, ύψος των επενδύσεων σε R&D και
έμμεσων φόρων στο ανά μονάδα προϊόν του κλάδου.
2ο Στάδιο: Τα δύο εργατικά συνδικάτα ταυτόχρονα και ανεξάρτητα
αποφασίζουν αν θα θέσουν εκείνους τους μισθούς στο στάδιο
των διαπραγματεύσεων (w-bargaining) που θα μεγιστοποιούν
την κοινή ή μόνο την χρησιμότητα των δικών της μελών.
3ο - 4ο Στάδιο: Παραμένουν ως έχουν.
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(iii) Υποθέτοντας ότι ο κοινωνικός σχεδιαστής αποφασίζει να παρέμβει στη δομή
της αγοράς, χρηματοδοτώντας μέρος των επενδύσεων των επιχειρήσεων σε
R&D, αναπτύσσεται ένα στατικό παίγνιο αποτελούμενο από 5 σταδία που
εκτυλίσσονται ως εξής:
1ο Στάδιο: Ο Κοινωνικός Σχεδιαστής καθορίζει το βέλτιστο, σε όρους
κοινωνικής

ευημερίας,

ποσοστό

χρηματοδότησης

των

επενδύσεων σε R&D και ύψος των έμμεσων φόρων στο ανά
μονάδα προϊόν του κλάδου.
2ο-5o Στάδιο:Παραμένουν όπως παρατίθενται στην περίπτωση (i) το 1ο – 4ο
Στάδιο.

Συμπεράσματα
Στο παρόν κεφάλαιο αναλύονται ολιγοπωλιακές αγορές με διαφοροποιημένα
προϊόντα, με επενδύσεις σε R&D για την βελτίωση της ποιότητας του τελικού
προϊόντος και με αγορά εργασίας οργανωμένη σε εργατικά συνδικάτα. Επιπρόσθετα,
η έρευνα επεκτείνεται με την υπόθεση ότι οι υπεύθυνοι χάραξης κοινωνικής
πολιτικής αποφασίζουν ενδογενώς, με γνώμονα την βελτίωση της κοινωνικής
ευημερίας, αν θα εφαρμόσουν ρυθμιστική πολιτική στον βιομηχανικό αυτό κλάδο.
Η ανάλυση καταδεικνύει ότι σε παίγνια στατικής ανάλυσης, η κοινωνική πολιτική
που θα εφαρμοστεί (ακόμα και αυτή που συνιστά την απουσία ρυθμιστικής πολιτικής
στην αγορά) δεν επηρεάζει τα κίνητρα των εργατικών συνδικάτων για συμπαιγνία,
καθώς κυρίαρχη στρατηγική τους είναι η ανταγωνιστική συμπεριφορά τους εντός της
αγοράς. Ωστόσο, η ανταγωνιστική συμπεριφορά των εργατικών συνδικάτων, έναντι
της συμπαιγνίας, βελτιώνει την κοινωνική ευημερία.
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Το πιο αξιοσημείωτο συμπέρασμα της έρευνας αποτελεί η επικράτηση της
κρατικοποίησης του R&D και της τεχνογνωσίας που απορρέει από αυτό στην τελική
ισορροπία, η οποία προάγει όλα τα σημαντικά μεγέθη της αγοράς, όπως την
παραγωγή των επιχειρήσεων, τους μισθούς των εργαζομένων, την ποιότητα των
τελικών προϊόντων και την χρησιμότητα όλων των οικονομικών μονάδων της αγοράς.
Η ερμηνεία έχει ως ακολούθως, η κρατικοποίηση του R&D επιτυγχάνει
εξοικονόμηση οικονομικών πόρων στην αγορά, αφού το κράτος επενδύει σε R&D για
την βελτίωση της ποιότητας και των δύο προϊόντων ταυτόχρονα, έναντι των
επιχειρήσεων που επενδύουν ξεχωριστά και αποκλειστικά για την βελτίωση της
ποιότητας του δικού τους προϊόντος.

Η εξοικονόμηση αυτών των οικονομικών

πόρων μεταφράζεται σε πλεόνασμα για την αγορά το οποίο μοιράζεται μεταξύ των
οικονομικών της μονάδων, επιτυγχάνοντας έτσι αύξηση των χρησιμοτήτων τους.

4 ο Κεφάλαιο
Σχετικά πρόσφατα έχουν ενταχθεί στην βιβλιογραφία της Βιομηχανικής
Οργάνωσης, δοκίμια που επικεντρώνονται στην διερεύνηση οικονομικών ζητημάτων
σχετικά με τις επενδύσεις σε R&D και της δομής οργάνωσης της αγοράς εργασίας σε
ολιγοπωλιακές αγορές. Ωστόσο, η συνεισφορά τους περιορίζεται σε στατική ανάλυση
του ρόλου των εργατικών συνδικάτων στα κίνητρα των επιχειρήσεων να επενδύσουν
σε R&D, με θεωρητικές και εμπειρικές μελέτες.
Οι απόψεις επί του θέματος διίστανται, καθώς ο κάθε μελετητής ερευνά το ίδιο
θέμα από διαφορετική οπτική, με αποτέλεσμα να υπάρχουν υποστηρικτές που
ισχυρίζονται ότι όσο συγκεντρωτική γίνεται η δομή οργάνωσης της αγοράς εργασίας
τόσο μειώνονται οι επενδύσεις σε R&D, καθώς επίσης και το αντίθετο. Ωστόσο,
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αναγνωρίζεται ότι η σχετική βιβλιογραφία στερείται δυναμικής ανάλυσης στο
ανωτέρω θεματικό πεδίο.
Το κεφάλαιο αυτό προτίθεται να καλύψει το κενό της σχετικής βιβλιογραφίας, με
την δυναμική ανάλυση μίας Cournot δυοπωλιακής αγοράς, ερευνώντας τον αντίκτυπο
που έχει η ενδογενοποίηση της δομής οργάνωσης των εργατικών συνδικάτων στα
κίνητρα των επιχειρήσεων για επενδύσεις σε R&D, και κατά συνέπεια στην ποιότητα
των τελικών προϊόντων της αγοράς. Η έρευνα επεκτείνεται με την σχεδίαση ενός
εναλλακτικού σεναρίου σχετικά με την δομή της αγοράς μετατρέποντας το R&D από
ιδιωτικό αγαθό σε δημόσιο. Από τα κυριότερα αποτελέσματα που απορρέουν είναι
ότι αποτελούν κοινωνικά βέλτιστες δομές (α) η ανταγωνιστική δομή των εργατικών
σωματείων και (β) η κρατικοποίηση του R&D ως δομή της αγοράς.
Το παρόν κεφάλαιο δομείται ως ακολούθως: Στην Ενότητα 4.2 παρουσιάζεται
αναλυτικά το μοντέλο δυοπωλιακής αγοράς, όπου η αγορά εργασίας οργανώνεται σε
εργατικά συνδικάτα. Στην Ενότητα 4.3 παρουσιάζονται οι συνθήκες που πρέπει να
ικανοποιούνται προκειμένου η συμπαιγνία των εργατικών συνδικάτων να οδηγεί σε
δυναμική ισορροπία. Στην Ενότητα 4.3 και 4.5, αναπτύσσονται εναλλακτικές δομές
αγοράς όπου το R&D και η τεχνογνωσία που απορρέει από αυτής αποτελεί ιδιωτικό
ή δημόσιο αγαθό, αντίστοιχα. Στην Ενότητα 4.6, η έρευνα ενδογενοποιεί την
απόφαση του κοινωνικού σχεδιαστή σχετικά με της δομή της αγοράς και αναδεικνύει
αυτή που επιτυγχάνεται στην ισορροπία. Στην Ενότητα 4.7 πραγματοποιείται
συγκριτική ανάλυση των οικονομικών μεγεθών

των εναλλακτικών δομών της

αγοράς. Τα αποτελέσματα της έρευνας παρουσιάζονται συγκεντρωτικά στην Ενότητα
4.8..
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Υπόδειγμα
Υιοθετούμε το μοντέλο της Cournot δυοπωλιακής αγοράς που εισαγάγαμε στο
προηγούμενο κεφάλαιο, όπου τα προϊόντα είναι διαφοροποιημένα και η αγορά
εργασίας οργανώνεται σε εργατικά συνδικάτα. Επιπρόσθετα, πραγματοποιούνται
επενδύσεις σε R&D με σκοπό την παραγωγή τεχνογνωσίας για την βελτίωση της
ποιότητας των τελικών προϊόντων του βιομηχανικού κλάδου. Η τεχνολογία
παραγωγής παρουσιάζει σταθερές αποδόσεις κλίμακας, ενώ η παραγωγικότητα της
εργασίας ισούται με την μονάδα.
Η έρευνα επεκτείνεται με την ανάπτυξη ενός εναλλακτικού σεναρίου σχετικά με
την δομή της αγοράς. Πιο συγκεκριμένα, υποθέτουμε ότι οι υπεύθυνοι χάραξης και
εφαρμογής κοινωνικών πολιτικών έχουν στην διάθεσή τους την δυνατότητα να
κρατικοποιήσουν το R&D και να παρέχουν στις επιχειρήσεις την τεχνογνωσία που
απορρέει από αυτήν για να βελτιώσουν από κοινού το τελικό προϊόν τους. Στην
πραγματικότητα, η προκειμένη κοινωνική πολιτική προτείνει την μετατροπή της
τεχνογνωσίας, που παράγεται μέσω της διαδικασίας του R&D, από ιδιωτικό αγαθό σε
δημόσιο με ότι αυτό συνεπάγεται. Η χρηματοδότηση των επενδύσεων αυτών θα
καλύπτεται αποκλειστικά με την επιβολή και είσπραξη έμμεσων φόρων στα τελικά
προϊόντα του συγκεκριμένου κλάδου, υπό τον περιορισμό όμως ενός ισοσκελισμένου
προϋπολογισμού.
Η διαφοροποίηση του υποδείγματος του παρόντος κεφαλαίου έναντι του
προηγούμενου δεν εντοπίζεται στη ανάπτυξη της δομή του αλλά στην ανάλυση του, η
οποία είναι δυναμική με την επ’ άπειρον επανάληψη του παιγνίου.
Οι στρατηγικές επιλογές των οικονομικών μονάδων της αγοράς αναλύονται σε δύο
δυναμικά (απείρως επαναλαμβανόμενα) παίγνια, δηλαδή ένα για κάθε ενδεχόμενη
απόφαση του κοινωνικού σχεδιαστή.
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Υποθέτοντας ότι ο κοινωνικός σχεδιαστής δεν παρεμβαίνει στη διάρθρωση της

(i)

αγοράς, υιοθετείται το παίγνιο (i) του 3ου κεφαλαίου, όπου αναλύεται δυναμικά
με την επ’ άπειρον επανάληψη του.

(ii)

Υποθέτοντας ότι ο κοινωνικός σχεδιαστής αποφασίζει να παρέμβει στη δομή
της αγοράς, αναλαμβάνοντας το R&D για την βελτίωση της ποιότητας των
παραγόμενων προϊόντων και διοχετεύοντας την τεχνογνωσία στις επιχειρήσεις
του βιομηχανικού κλάδου χωρίς επιβάρυνση, υιοθετείται το παίγνιο (iii) του 3ου
κεφαλαίου, όπου αναλύεται δυναμικά με την επ’ άπειρον επανάληψη του.

Συμπεράσματα
Στα πλαίσια της δυναμικής ανάλυσης μίας Cournot δυοπωλιακής αγοράς, το
κεφάλαιο αυτό εστιάζει την έρευνα του στον αντίκτυπο που έχει η ενδογενοποίηση
της δομής οργάνωσης της αγοράς εργασίας στα κίνητρα των επιχειρήσεων για
επενδύσεις σε R&D, και κατά συνέπεια στην ποιότητα των τελικών προϊόντων της
αγοράς.
Όσον αφορά την δομή οργάνωσης των εργατικών συνδικάτων, η ανταγωνιστική
συμπεριφορά τους διαφαίνεται να υπερέχει έναντι της συμπαιγνίας τους, καθώς
τονώνει όχι μόνο την συνολική παραγωγή του κλάδου, αλλά και τις επενδύσεις σε
R&D, άρα και την ποιότητα των προϊόντων. Επιπρόσθετα, η ανταγωνιστική
συμπεριφορά των εργατικών συνδικάτων έναντι της συμπαιγνία,. αυξάνει τα
πλεονάσματα τόσο των καταναλωτών, όσο και των παραγωγών. Σε αντίθεση με την
κοινή γνώση, υπό ορισμένες τιμές υποκατάστασης των προϊόντων και ίσως του
συντελεστή προεξόφλησης, τα εργατικά συνδικάτα μέσω της ανταγωνιστικής τους
συμπεριφοράς επιτυγχάνουν αύξηση της χρησιμότητας τους στην τελική ισορροπία.
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Όσον αφορά την δομή της αγοράς, αποδεικνύεται ότι η κρατικοποίηση του R&D
και της τεχνογνωσίας που απορρέει από αυτό, αν και συνδυάζεται με φορολογία και
στρεβλώσεις στην αγορά, προάγει όλα τα σημαντικά μεγέθη της αγοράς, όπως την
συνολική παραγωγή (απασχόληση) του κλάδου, τους μισθούς των εργαζομένων, την
ποιότητα των τελικών προϊόντων και την χρησιμότητα όλων των οικονομικών
μονάδων της αγοράς. Η ερμηνεία έχει ως ακολούθως, η κρατικοποίηση του R&D
εξοικονομεί οικονομικούς πόρους για την αγορά, καθώς το κράτος επενδύει σε R&D
για την βελτίωση της ποιότητας και των δύο προϊόντων ταυτόχρονα, έναντι των
επιχειρήσεων που επενδύουν ξεχωριστά και αποκλειστικά για την βελτίωση της
ποιότητας του δικού τους προϊόντος.
Με την οπισθογενή ανάλυση του παιγνίου, προκύπτουν οι ακόλουθες ισορροπίες:


Αν ο βαθμός υποκατάστασης είναι χαμηλός, αλλά ο συντελεστής προεξόφλησης
δεν είναι ούτε σχετικά χαμηλός, ούτε σχετικά υψηλός (δεν λαμβάνει μεσαίες
τιμές), τότε ο κοινωνικός σχεδιαστής εφαρμόζει κρατικοποίηση του R&D
(δημόσιο αγαθό).



Αν ο βαθμός υποκατάστασης είναι υψηλός και ο συντελεστή προεξόφλησης είναι
σχετικά χαμηλός ή σχετικά υψηλός (λαμβάνει μεσαίες τιμές), τότε ο κοινωνικός
σχεδιαστής συνιστά την απουσία ρυθμιστικής πολιτικής στην αγορά, και
επομένως επικροτεί την ιδιωτικοποίηση του R&D (ιδιωτικό αγαθό).
Παρατηρείται ότι παρότι η κρατικοποίηση του R&D προάγει την κοινωνική

ευημερία, δεδομένου της δομής οργάνωσης των εργατικών συνδικάτων, δεν είναι
κυρίαρχη στρατηγική των υπευθύνων χάραξης και εφαρμογής κοινωνικής πολιτικής.
Ο λόγος είναι ότι όταν ο βαθμός υποκατάστασης είναι υψηλός και ο συντελεστής
προεξόφλησης λαμβάνει μεσαίες τιμές, η κρατικοποίηση του R&D ενισχύει τα
κίνητρα των εργατικών συνδικάτων για συμπαιγνία, ενώ η ιδιωτικοποίηση του R&D
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όχι. Δεδομένου ότι η κρατικοποίηση του R&D και η ανταγωνιστική συμπεριφορά
των εργατικών συνδικάτων είναι κοινωνικά επιθυμητά αποτελέσματα σε όρους
ευημερίας, ο κοινωνικός σχεδιαστής, υπό αυτές τις προϋποθέσεις, θα επιλέξει
ιδιωτικοποίηση του R&D, προκειμένου να εμποδίσει μία συμπαιγνία μεταξύ των
εργατικών συνδικάτων και έτσι να αυξήσει συνολικά την Κοινωνική Ευημερία.
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