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Abstract

This paper studies oligopolistic markets with differentiated products, with endogenous
union structures and quality improvement-R&D investments. In the context of a
dynamic game-theoretic 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). 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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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 gquantities. 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% stage, unions independently
decide to proceed with a centralized or decentralized bargaining strategy. At the 2™
stage, firms determine the optimal level of their R&D investments. At the 3 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
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at the 1% stage of the game. At the 4™ 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 paper is structured as follows: In Section 2 we present our
unionized oligopoly model. In the context of a dynamic game-theoretic analysis,
Section 3 demonstrates the conditions under which union centralized wage-setting
regime is sustained in equilibrium. In Section 4 and 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 6, our model endogenizes the selection of market
structure, while in Section 7 we proceed to the comparative analysis of the proposed

market structures. Our results are summarized in Section 8.
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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 Héckner (2000) its mathematical

expression? is the following:

pi(qi49;) =1—q; —yq; + hx; 1)
Where, p;, q; respectively are the price and output of firmi # j = 1,2 and y € (0,1)
denotes the degree of product substitutability : Asy — 1 the firms’ products become
more close substitutes. Additionally, x; presents the quality of products which is
derived from firms’ expenditures on R&D, while h € (0,1) is the consumer
evaluation of product quality: As h — 0 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?, with the labor productivity
being equal to one, for both firms, namely one unit of labor is needed to produce one
unit of product:

Li=q; (2)
Where L; and g; are the employment and the quantity respectively of firm i3

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

by w;. Firm also proceeds to R&D investments, denoted by x;2/2, in order to

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

! For simplicity, we assumed that both a and b are equal to one.

2 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.

® 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.
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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
bargaining®). 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, i’s objective being to maximize the sum of its member rents, as follows:

u;(wy, L) = wiL; (4)

Where, w; is firm i’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 [TC < TR (Balance
Budget®)]. Accordingly, the policy maker’s (or social planner’s) cost and revenue

functions are presented by the following equations, respectively:

* 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.

®> 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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TRPM = t( (6)

Where x2/2 denotes the expenditures on R&D in order to improve the industry’s

product quality and the factors ¢ and Q 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:

pf =pi+t @)

Where pf denotes consumer price of products, which is the sum of the product price
received by producers (denoted by factor p;) and the consumption tax collected by the
Social Planner (denoted by factor t).

Therefore, by substituting (7) for (1), we get the new inverse linear demand
function that firms’ face, which is:

pi(qq;) =1-q—yqj+hx—t ®)

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:

1

0= aTm ©)

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

+ At the 2" 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 3" 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 4™ 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 1% 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 2" stage, both unions simultaneously and independently decide whether

to collude or to compete in the stage of w-negotiations with their firms.
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+ The 3" stage and the 4™ stage of the present game remain the same with the

previously proposed one.

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, unioni’s threat is credible, if and
only if the following inequality is satisfied:

)

1 n
10
T3 (10)

g T-5"w

N
uidj +

Uy >
The first part of inequality presents the discounted union i’s utility when punishing
its rival’s single deviation from collusive play, while the second part shows the
discounted union i’s utility when it does not punish.
Simplifying the above inequality, we get:
N; = ufy, —ufy; >0 (11)
Where, the sign of N; denotes the credibility of union i’s threat. Thus, unioni’s

threat is credible if N; > 0 and lacks credibility if N; < 0.
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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
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:

;>0 ) .. ) ]
l } union collusion is sustained in

A. When both unions’ threat is credible, i.e. {N]- >0

equilibrium if the following condition is satisfied from both unions:

1 o)
N N N
Uic (1 — 5) > Ujg; — Uim (1 — 5) (12)
\ J U J
Discounted Dis?ofunted
Collusive Utility Deviated Utility

. W (N; <O : oo
B. When both unions’ threat lacks credibility, i.e. {N- < 0}, union collusion is
j

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

1 1
e (1 Z 5) > U (1 Z 5) (13)
N J \ J
Y
Discounted Discounted

Collusive Utility Deviated Utility

. . : o . . (N;>0 :
C. When unioni’s threat is credible, while its rival’s is not, i.e. {Nl < 0}, union
J

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

1 1
ut(7=5) > v (7=5) (4
1 [0)
o (7=5) > vl =i (75) )
\ J . J
Discounted Disa(unted
Collusive Utility Deviated Utility

The above findings are summarized in the following Proposition.
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Proposition 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:

1 8
; {Ni=uf¥n—u£¥u>0} o (K= ()~ =l (355) > 0

— N N
I\Ij—ujm—u]'di>0

Condition B:
N; = ufy, —ufy; <0 Ki =ul —ufy; >0
If N N , then _ . N N
Nj = Ujm — tjg; <0 Kj = wje = ujq; > 0
Condition C:
N N = ujy —upy
i {Ni = Upm — Ujgj > 0} h Ki =ujc —uig; >0 }
, then 1 s
N N _  N(\N__ N _ N (_O
Nj = ujpn — Ujg; <0 K = wje (1—5) Yjaj = Um (1—5) >0

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 1 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 2.

Union i
Collusion Competition
Collusion {ue we} {wiapwa,}
Union j
Competition {u;.*dj, ujdj} {uim, uim}

Table 1: The Matrix Game that unions deal with at the first stage of the game.
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Proposition 2:

(i) Collusion among unions is in a sub game perfect equilibrium, if and only
if Kyjy > 0 is applied.

(i) Union competitive play is in a sub game perfect equilibrium, if and only if
N;;, > 0 is applied.

(iii) Union Mix of Strategy configuration is in a sub game perfect equilibrium, if and
only if K;;) <0and Ny <0 is applied.

[Proof: See Appendix (A.1)]

The information contained in Proposition 2 can be arranged in a more informative

Table, as follows:

Kigy > 0 Kiy <0
Nash Equilibria: Nash Equilibrium;
Nigjy >0 Collusion and Competition Competition
Nash Equilibrium: Nash Equilibrium:
Nigjy <0 Collusion Mix of Strategies

Table 2: Conditions, under which the various union strategy combinations, emerge in

Nash Equilibrium.

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
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collusive play 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 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.

4.1. 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 (2) and (3), the firm’s i’s objective is:

x;® (16)
maxg, Iﬂi {= qi(l —yq; —w; + hxl-) - %}l

The first order condition (f.0.c.) in (16) provides the reaction function of firm i:

Ri(q)) = (1—yq; —w; + hx;)/2 (17)

Solving the system of both firms’ reaction functions, we get the optimal
output/employment rules in the candidate equilibrium:

( ) _ 2— Y — ZWi + Yw; + thl - yhx] (18)
Qe ) = C-N2+y
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Notice that firm i’s output level is negatively affected by union i’s wage rate and
rival firm’s R&D investment but it is positively affected by union j’s wage rates and
its R&D investment.

At the third stage, unions independently determine the wage (w;) that maximizes
its rents [given by (4)], taking as given the outcomes of the production game [given in
(38)].

maxy,,, [wi{= winq}l (19)

Getting the f.0.cs we get the unions’ i # j = 1,2, wage reaction functions which are
as follows:

Wim(ij) = (2 — Y+ yWjp + 2hxiy — thjm)/4 (20)

Observe that wages are strategic complements for the unions,
since: dw;/dw; =y/4 >0 Vy € (0,1).

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

., @Q-y)@+y)+hx(8-y?) —2yhx; (21)

Wim G-nGE+y)

Taking now as given the optimal output/employment rules and the equilibrium
wages in (18) and (21), respectively, at the second stage firms simultaneously and
independently determine the optimal level of their R&D investment. Thus,

substituting (3) for (18) and (21), we get firms’ maximization objective as follows:

Xim? (22)
maxy, [ni {= Qim (1 ~Yqjpy — Wimt hxim) - ”271 }]

The f.0.cs of (32) provides the reaction function of firm i to investments on R&D:

B0, = 4, (8h8 1) (4 + 1@ - 1)~ 2phyy)) @
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Where 4; = (4 +y)(2 —y)(4 —¥)?(2 + y)? — 8h?(8 — yz))_l >0Vyhe(0,1).
We derive the (candidate) equilibrium R&D investments by solving the system of

f.0.cs of that maximization, as follows:

Xim = A;1(8R(8 —¥?)) (24)

Substituting now (24) and (21) for (18), we get the firms’ output/employment levels

in the candidate equilibrium:

Gim = 412 -C+NEA-YE+7)) (25)

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

i, = A (4((64 —20y2 +y*)? — 8h%(8 —¥)?)) (26)

The candidate equilibrium union wages and rents are then derived from Equations

(21) and (4), respectively, as follows:

wim = A1 ((4 =@ +12 -2 +7)?) (27)

Uim = A°QMA -V @ +7)*C -2+ (28)

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 (17) and (18), respectively.
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At the third stage of the game, given the optimal employment rule in (18), union
i’s objective is the selection of optimal w; in order to maximize the sum of rents of its
members and the competitor firm’s union members:

max,, [w; +w{= wiq; + w;q;}] (29)
The union i’s wage reaction function is derived from the f.o.c of (29):
Wl-c(ch) = (2 =y + 2ywjc + 2hx;c — yhxj)/4 (30)

Solving now the system (30) we get the (candidate) equilibrium wages:

wie = (1 + hx;)/2 (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) for (18) and (31):

x: 2 (32)
Mmaxy,, [Hi {= Qic (1 — Y9~ Wict hxic) - %}]
Taking the f.0.cs of (32) we get the reaction function of firm i to investments in R&D:

h (2 - )/(1 + hxj)) (33)
22-h-y?)22+h)-y?)

R&D —
Ric xjc) -

The system solving of (33) provides the (candidate) equilibrium R&D investments:

h (34)
2Z-y)2Z+y)*—h?

*
Xic =

Taking into consideration Equations (31), (34) and (18), firms’ output/employment
levels and profits in the candidate equilibrium are derived:

. 2-y)2+y) (35)
T =@ - @ +r2-m)

_ Q2=y)*@Q+y)*—2h? (36)
4(2-y)2+7)2 —h?)*

*
ic

[15]



From Equations (31) and (4) the candidate equilibrium union wages and rents,

respectively, emerge as follows:

e __ @-ne +7)? 37)
“2(2-p@2+y)2-h2)
2-y)?2+y)? (38)

Ujc = 2
4(2-1Q2+y)2—h?)

4.3. Mix of Strategies (d;)

Allow now for the candidate equilibrium to be the union’ mix of strategies, in
where one union (let union j) 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
(18).

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 (30) and (21),
respectively. Solving now the system of union reaction functions, we get the

following optimal wages in the candidate equilibrium:

. _2-C+y)A+hx)
Wid]' - 8 — ,}/2

(39)

., @Q-y)@+y)+hx(8—y?) —2yhx

Wjdj 2(8 _ VZ) (40)

At the second stage, firms simultaneously and independently determine the level of
their R&D investment that maximizes their own profits [by (3)], given the optimal

output and wages rules in candidate equilibrium [in (18) and (39), (40), respectively].
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The system solving of f.0.cs of firm’s profit maximization provides the (candidate)

equilibrium R&D investments:
Xiq, = 2 A2(R((2 + V)8~ ¥*)(2 — ¥)* — 8h?)) (41)
Xja, = 2 4;(2R((2 + ) (4 +1)(2 — )? — 4h?)) (42)
Where 4, = (2((8 = y*)(4 —¥?)® + 4> (32 — 12y +y*) - 8h4)>_1 >0
Vy, he(1).
We obtain now the firm-specific output/employment levels and the profits in the
candidate equilibrium [by substituting (39), (40), (41) and (42) for (18) and (3)]:
Gia, = A2((4 —yD(Q + V(B -yD(2 —y)? — 8h?) (43)
Gja, = 242((4 =y +VE+ V2~ y)* - 4h?)) (44)
Mg, = 42 (4 =vD) = 203) (@ + @B -y -y)* —8r2)?)  (49)
Mg, = 44, (((4 =y —203)(@+ @+ -2 —4h»)?) (0

The candidate equilibrium union wages and rents formulae are the following [given in
(39), (40) and (4)]:

wig, = 24,(2 = *C+ )2 +12 -y)* - h?) (47)
wig, = 42(2 = ¥)?Q + X2+ @+ V2 - y)* - 4h%)) (48)
uig, = 24,2 (2 - P+ N*Q+ N2 -V? - r)(Q+ P2 -1)*(B ~y?) - 8h?) (49)

Wa, = 24,°((4 =y (@ + NG+ - ) - 40%)?) (50)

[17]



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 (3" 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 ¢
Collusion Competition
Collusion {uic, e} {uig, wa )
Union j
Competition {u;‘d]_, u}‘dj} {uim, wim}

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

Due to symmetry, the following is applied (u;*dj,u]’fdj) = (w4, 1;4) 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.

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

[18]



evaluation of the product quality. The explanation is simple, as market products tend
to be perfect substitutes (y — 1), 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 h increases (h — 1), the total labor demand increases; firms’
R&D investments are higher, thus consumer demand (market output level) is also
higher. Summarizing the above, the higher y is and the lower h is, 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 3.

Proposition 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 ¥ <y.(h)(<0.652) or 6§ < &,(h). 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. 96,/9y < 0 and 98,/9h > 0, respectively.
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6> 8,
Nash Equilibrium:

Unions’ collusion and competition

6< 6,
Nash Equilibrium:

Unions’ competition

Figure 1: The §(y, h) condition under which union collusion emerges in equilibrium.

Observe that 6,(y, h) € (0,1) Vy < y,(h) ¢ and the y, (h) critical values are depicted

below:

o
0o
1

0<6,(y,h) <1 Ya(h)

=
(o)}
1

L
H
1

o
N
1

8,(y,h) > 1

Degree of product substitutability (y)

o

0 0,2 0,4 0,6 0,8 1
Consumer evaluation of productquality (h)

Figure 2: The y(h) condition under which the 6,(y, h) € (0,1).

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:

® The mathematical expression of v, (h) is left out because of its wide extent. They are available by the
authors upon request.
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Proposition 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 y > y,(h)(< 0.652) and § > &,(h).

Otherwise, union competitive play is the unique Nash equilibrium.

[Proof: See Appendix (A.3)]

[EEY
J

Nash Equilibrium:

o
[

If6 €(0,6,) = Unions’ Competition
Ya(h)
If6 € (6,,1) = Unions’ Collusion

o
o))

o
>
1

Nash Equilibrium:

o
N
1

Union Competition

Degree of product substitutability (y)

o

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

Consumers’ evaluation of the products’ quality (h)

Figure 3: The y(h) and §(y) conditions under which each union’s strategy is unique

Pareto Optimal Nash equilibrium, as regards rents.

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 wage-
setting regimes [given in (25), (24), (27) and (35), (34), (37), respectively], we get

that [given in Proposition 4]:
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24,2-y)2+y)4—-y)@4+y), VE€E(0,6,) or/fandy € (0,vq)

q; = 2-y)2+y) (51)
20C -2+ - VS €y 1)andy € (¥, 1)

84:h(8 —y?), vé € (0,6,) or/andy € (0,v,)
xi = h Vo e, 1) andy € (y,1) (2)
@-Q@+y)2-h* @ ey E e

A(A—y)@+y)2-v)*Q2+vy):, VE€(0,8,) or/andy € (0,y,)

wi = Q2-y)2+7y)? (53)
2(2-y)2+y)? - h2)’ V&€ (8,1 andy € (v, 1)

Where A; = (4 +7)(2 —y)(4 —¥)?(2 + y)? — 8h?(8 — yZ))‘1 >0 Vyhe(01).

Our findings from the comparative evaluation of market equilibrium outcomes, i.e.
firms’ output level, product quality improvement and union wage rate [given in (51),

(52) and (53)] are summarized in Proposition 5.

Proposition 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 y <y,(h)(< 0.652)
or/and 6 < 6,(h), in where decentralized wage-setting regime emerges in
equilibrium, i.e. qim > qic and X, > X
The opposite applies for union wages, i.e. wi. > Wi,.

[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:
SW, =CS;+ PS;+UR; ; s=c,m (54)

Where ¢ and m denote collusive and competitive equilibria, respectively. The

elements of (54) are calculated by the followings equations:

[22]



CSs = —3—0s (59)
ps. = Lm _ o (56)
) i(Dem

URs = Z (WisQks) (57)
k=i,

Taking into consideration Proposition 4, equilibrium output rule, product quality
improvement and wage rate [given in (51), (52) and (53)], we get that Consumer
Surplus (CS), Producer Surplus (PS) and Union Rents (UR) are in equilibrium, as

presented below [given in (55), (56) and (57), respectively]:

4A,(1+y)4—-yH*(16 —y?H)?, v é € (0,8,) or/andy € (0,v,)

! (58)
cs = (1+y)(4—y?)? N Ve, andy € (yg 1)
4(2-yQ2+y)?-h?)

84:((4—y*)*(16 —y?)?* —8h*(8—y?)?),v 6 € (0,8,) or/and y € (0,y,)
_ 2)2 _ 2p2 (59)
PS = (4—vy)*—2h
> V§€E(byl)andy € (Vg 1)
2(2-»@2+y)?-h?)

4 A (4 + 1) (4 — )4 — D)3, v & € (0,8,) or/and y € (0,7,)
UR = (4—y?)*
202 -@+7)?2-h2)”

(60)

v 5 e (661.’ 1) and V E (Ya: 1)

Substituting now (65), (66) and (67) for (61), we get Social Welfare in equilibrium, as

it is presented by the following equation:

4A; A% v & € (0,6,) or/and y € (0,v,)

sw =4 (7+37)(4—yH* - 4h22, VS €y, 1)andy € (y,, 1) (61)
4(2 -9 +y)2 - h?)

Where 4, = (7 +y(1 — 1))(64 — 20y% + y*)* = 16h*(8 —=y2)* > 0 Vy,h € (0,1).
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Our findings from the comparative evaluation of market participant surpluses
[given in (58), (59) and (60)] and Social Welfare [given in (61)], are summarized in

the following Propositions.

Proposition 6: Consumer and Producer Surpluses are always higher under
sufficiently low product substitutability or/and discount rate, i.e. if y <y,(h)(<
0.652) or/and § < 8,(h), where union decentralization of wage bargaining emerges
in equilibrium, i.e. CS,,, > CS. and PS,,, > PS,

[Proof: See Appendix (A.5)]

Proposition 7: Pareto Optimal Union Rents emerge in equilibrium, if and only if
Y < ¥Y.(h)(< 0.652) or/and & > 6,(h). 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 8: Social Welfare is always higher under sufficiently low product
substitutability or/and discount rate, i.e. if y < y,(h)(< 0.652) or/and § < &,(h),
where union decentralized firm-based bargaining system emerges in equilibrium, i.e.
SW,, > SW,.

[Proof: See Appendix (A.7)]

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’
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products and the balance budget condition applies in the industry. Therefore, firm i’s
profit function is simplified and defined by:

o, = (p; — wigq; (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).

5.1 Competitive Play (m)

Under the assumption that unions behave competitively at the stage of w-
bargaining 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 (8) and (62), firm i’s new objective is:

maxqi[ﬂi{= qi(l —vqj —w; + hx — t)}] (63)
Where x denotes the quality of products from social planner’s R&D investments.
The f.o.c. of (63) provides firm i’s reaction function, as presented by the following
equation:

Ri(qj) = (1—yqj—wi+hx—t)/2 (64)

Solving the system of both firms’ reaction functions [given in (64)], the optimal
output/employment rules in the candidate equilibrium is derived:

2 -y)A+ hx —t) = 2w; +yw; (65)
QC-2+y)

qi (Wi) Wj) =
At the third stage, unions independently decide the optimal wage rate (w;). Getting

now the f.0.cs of their revenues’ objective in (19), given the optimal outcome in (65),

we take the wage reaction functions:

Win(Wim) = (2 = V)AL + hx = £) + ywj, ) /4 (66)
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Thus, the optimal wage rate is derived by solving the system of (66) and is presented

below:

*
im

@-p+hx—0) (67)
_ "

Observe that wy,,, > 0, if and only if 1+ hx —t > 0. So we conclude that the
proposed oligopoly market structure exists, if and only if the following condition is
satisfied:

t<1+hx (68)

We get union i’ rent and optimal output/employment level in the candidate

equilibrium by substituting (67) for (4) and (65), respectively:

. 2-y)2+hx —t)? (69)
Y =TT (E - p)?
, _ 2(1+hx—1t) (70)

im =+ PE-p

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 (64) and (65),
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 i’s objective function in (29),

given the optimal output rules in (65)], is as follows:

wiewie) = (@ =) + hx = £) + 2yw;. ) /4 (71)
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Solving now the system in (71) we get the candidate equilibrium wages:

wi=1+hx—-1t)/2 (72)

Substituting now (72) for (4) and (65), we get the union i’ rent and its employment,

hence market outcome, in the candidate equilibrium:

, (A +hx—1t) (73)
Yie =40 1 )
. 14+hx—t (74)

5.3 Mix of Strategies (d;)

We propose the union mix of strategies as candidate equilibrium in this subsection.
Let union j be the one which plays competitively and union i 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 (65). Thus at the third stage of w-
negotiations, we get the optimal wages by solving the system of union reaction
function in (71) and (66), respectively, as follows:

Q-2+ y)A+hx—1t)

Wig; = 52 (75)
, _Q2-y)U+y)Q+hx—1t)
Wjdj - 2(8 _ VZ) (76)

Consequently, the union rents and employment level in the candidate equilibrium are

derived by substituting (75) and (76) for (4) and (65):

, _ Q-y)(A+hx-1t) (77)
R TGRS
. _ Q=)@ +y)*(Q+hx—t)? (78)
Yiaj = 22 +y)(8-y?)?

[27]



, l+hx—t (79)

, _(@+y)A+hx—1t) (80)
U4 = T2+ PNE—yD)

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 3 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 w-
negotiations with their specific firm. As market products tend to be perfectly
substituted (y — 1), 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 9.

Proposition 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., § < &,(y).
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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(4-y)?(4—y(24))

Where Sb(]/) = 2(2_y)(32—3]/2)

€ (0.155,0.5) Vy € (0,1) and its plot is presented in

Figure 4. Notice that as the products become less close substitutes, collusion among

unions becomes more unstable i.e. 96, /9y < 0.

1,00 -+

0,80 - Nash Equilibrium:
Unions’ collusion and competition

0,60 -

0,40 -

Nash Equilibrium:

0,20 - ., -,
Unions’ competition

Degree of discount rate (3)

0,00

0 0,2 0,4 0,6 0,8 1
Degree of product substitutability (y)

Figure 4: The §(y) conditions under which collusion among unions emerge in

equilibrium.

Observe that the game leads to multiplicity of equilibria when § > &, (y). 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 10.

Proposition 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 § >
6, (¥).

Otherwise, union competitive play is the unique Nash equilibrium.

[Proof: See Appendix (A.5)]
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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 (TRFM), minus total expenditures
on R&D for product quality improvement (T C*M):

SW = CS + PS + UR + TRPM —TCPM (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:

TCPM = TRPM (82)

Substituting now (82) for (81), we get that the refined social planner’s objective is
the following:

SW = CS + PS+ UR (83)

Where, elements of (83) are calculated by the followings equations:

1
€S = (1+hx)q; + (1 + hxj)q; — E(Qiz +q2+2yqiq;) — (i + g — (pj + t)q; (84)

PS = Z (o — widax) (85)
k=i,j
UR = Z (Wra) (86)
k=i,j

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 11:
(i) When é < &,(h), then union competitive play emerges in equilibrium and the

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

N 2h?
€ (0,0.67) and t, = m € (0,0.33),

Xt = 4h
¢ 2+y)(a-y)-2h?

respectively.
(i) When & > &,(h), then union collusive play emerges in equilibrium and the

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

hZ
2(2+y)—h2

2h

Xy =—""—
b ™ 22+y)-n2

€ (0,0.67) and t;, = € (0,0.33), respectively.

[Proof: See Appendix (A.6)]

Observe that under a low discount rate [§ < &, (h)], hence under union competition,

both product quality and taxation policy are higher, i.e. (t;, xz) > (t;, x3):

Xo— X} = 2yh(2 +y) >0 87
T TG (2 G —7) - 2r) ®7)
£ -t Y2 +y) (88)

= >0
P+ -(2+y)(@E—y) - 2k?)
According to Proposition 11, under each level of discount rate the Social Welfare in

equilibrium is defined by:
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(40 +y-7) _V 5 €(0,5,)
sw = (@+NW-y)-2n2) (89)
T+ V8 € (8, 1)
L(Z(z +y) — h?)?’ >

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

optimal levels of (t*, x*) for (67) and (70), respectively, in the equilibrium:

( 4oy
@G-z 2nz+¥ 0 € (0:0) 0
2+
L2(2+y)y—h2' V6 € (8,1)
( 2 V6 € (0,5,)
q = (2+Vi(4—]/)—2h2 1)
m, V5E(6b,1)

Consumer Surplus (CS), Producer Surplus (PS) and Union Rents (UR), given in

(84), (85) and (86), respectively, are presented below:

( WY vses,)
cs = 4 (2 +1yzr(4 —y) +2h?) (92)
| Y
eerpn-mz V0D
I{ i 5,V 8 € (0,6p)
pS = 4 (2+y)4—y)+2hr?) (93)
1 2
\Qz+7y) - )7 Vo€ (1)
( 42-y)2+y) V6 €08
UR = 4 (@+7y)(4—y)+2h2) (94)

L 2 +y) V6 e (5, 1)

(22 +y) —h?)*
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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 (91), Proposition 11 and (90), respectively], and market
participant surpluses, i.e. Consumer Surplus, Producer Surplus and Union Rents
[given by (92), (93) and (94), respectively]. Our findings are summarized in the

following Propositions.

Proposition 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 § < §,(h), in where decentralized wage-setting regime
emerges in equilibrium, i.e. gim > qic and x;, > Xjc.

The opposite applies for union wages, i.e. Wi, > Wip,.

[Proof: See Appendix (A.11)]

Proposition 13: Consumer and Producer Surpluses are always higher under
sufficiently lower discount rates, i.e. if § < 6,(h), where union decentralization of
wage bargaining emerges in equilibrium, i.e. CS,, > CS. and PS,,, > PS,

[Proof: See Appendix (A.12)]
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8 < 8y(h) _

Proposition 14: Pareto Optimal Unions Rents emerge in equilibrium, if {y <y.(h)
b

Or{s > &8,(h)

- Centralized Bargainin } when
Y > vp(h) g g

Decentralized Bargaining}

US. > US,,Vy>yp(h) 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)]

Where y,(h) > 07V h € (0,1) and is depicted below:

Ys(h)
1 -
z
2 08 -
g UR UR
I >
2 06 oo
2
@
g 04 -
B UR,, > UR,
o
% 0,2 -
8
§ 0 7 T T T T 1
0 0,2 0,4 0,6 0,8 1

Consumerevaluation of product quality (h)

Figure 5: The y(h) critical values for Union Rents comparison.
As consumer evaluation of the product quality increases, i.e.h —» 1, and
productsubstitutability decreases, i.e. y — 0, affects negatively the (u;. — u;y)
differential. The negative impact on utility differential may be such that the union

utility differential among competition and collusion can be reversed, i.e. u;,, > u;..

" The mathematical expression of y.(h) is left out because of its wide extent. It is available by the
authors upon request.
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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:

maxgy {SW,, SW,} (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.

SW,, > SW,

. 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
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R&D is a private good and each firm invests in R&D in order to improve only its own
product’s quality.
SW, > SW,

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 and
Proposition 10 and the Social Welfare outcomes in (61) and (89), the social planner
demonstrates the optimal market structure by using comparative analysis. Our

findings are summarized in the following Propositions:

Proposition 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 highi.e. & & (8,,8,) or ¥ € (¥sw» 1).

(i) 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. 6§ € (8,,68,) and y € (Y5, 1).

[Proof: See Appendix (A.14)]

Where ysy (h) € (0,0.78) V h € (0.087,1)8 and its plot is presented below:

® The mathematical expressions of 7y, is left out because of its wide extent. It is available by the
authors upon request.
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Figure 6: The y(h) condition under which R&D as a public good emerges in
equilibrium.
Proposition 16:

The union structure that emerges eventually in Nash equilibrium is:

(i) Decentralized wage-setting regime, under sufficient low discount rate, or average
8 € (6,6,)

G (ysw,l)}'

(if) Centralized wage-setting regime, under sufficient high discount rate, or average

8 € (0, Sa)}
Y € (0,¥sw))

discount rate and high product substitution, i.e. & € (0, §p) or {

discount rate and low product substitution, i.e. § € (8,,1) or {

[Proof: See Appendix (A.14)

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
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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 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 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. Qim > qic and Xjm > X
The opposite applies for union wages, i.e. wic > wj,.

» 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.€. @ip > Qia, Xip > Xig ANd Wip > Wi,.

[Proof: See Appendix (A.15)]
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Proposition 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.
CS,, > CS.and PS,, > PS,.

+ Independently of the market structure, Union Rent is higher under centralized than
decentralized wage-setting regime , if product substitutability is high enough, i.e.
USgc >USqm VY >yo(h)andUS, . > USp , VY >y (h).

« 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. CS}, >
cS,, PS, > PS,and UR, > UR,,.

[Proof: See Appendix (A.16)]

Where y, (h),y,(h) > 0V h € (0,1) and their critical values are depicted below:

Ys(h)
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E Ya(h)
= 0,6
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Consumer evaluation of product quality (h)

Figure 7: The critical values of y,(h) and y, (h).
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Proposition 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
itis a private one, i.e. SWp, > SWp o, SWy 1 > SW, (.

[Proof: See Appendix (A.17)]

8. Concluding Remarks

In the context of a dynamic game-theoretic of duopolistic Cournot competition
with differentiated products, the present paper 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
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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 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. 8 & (6p,8,) or ¥ & (¥5u, 1).

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.

6 € (6,6, and y € (Ysu, 1).
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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 [§ € (6,,8,)] and high product substitutability [y € (ys,,1)], 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 emerge in equilibrium.
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Appendix

A.1 Proof of Proposition 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:

Collusion Competition
. El E2
Collusion (* )* (* )*

Uni . {uiC'ujC} {uidi'ujdi}
=Rt N (E2) (E3)
Competition . . N

{uidj' ujdj} {uim' uim}

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

Due to symmetry, it is applied that (u;‘dj, u;dj) = (w4, u;4,) 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:

e (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 1, it
emerges in equilibrium if and only if K;;) > 0 applies.

e (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 1 and

(11), it emerges in equilibrium if and only if K;;) < 0 and Nj;) < 0 applies.
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e (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 (11), it emerges in equilibrium if and

only if Ny > 0 applies.

A.2 Proof of Proposition 3

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 (3" stage) with their specific firms, given its rival’s one.

Due to symmetry, it is applied that (ujg,uq,) = (wa, uig,) @nd 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 1, the condition type of union collusion depends on the
union threat credibility. Substituting equations (28) and (49) for (11), the union threat
credibility is applied:

Ny =ufy, —ujy; =By >0 vV y,he(01) (Al

The 3D plot of factor B,? is presented below.

® The mathematical expressions of B is left out, because it was complicated to be shaped as closed
forms.
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Taking into consideration (Al), collusive play among unions is sustained in
equilibrium if and only if the Condition A of Proposition 1 is satisfied. Thus, by

means of (28), (38) and (50), we obtain:

K = i (=) = e =i (=) (A2

Due to factor K;(y, h,8)’s complicated formula, its sign cannot be determined.
Additionally, as factor K;(y,h,&) is dependent on three variables it cannot be
represented diagrammatically. However, we determine the sign of factor K;(y, h, §)
using the Bolzano's Theorem™. In particular, we firstly find the critical value of & and
after we define K;(y, h, §)’s sign in intervals:
Ki(y,h,6) =0 < 8(y,h) = 6,(v, ) (A3)
Where §,(y, h) € (0,1) Vy < y,(h) 11 with the critical values of &§,(y, h) and y,(h)
are depicted in Figure 1 and Figure 2 of the main text, respectively. Taking now
specific values for variables &, y, h and checking the K;(y,h,&)’s sign, we obtain
that:
K;(y,h,6) >0 Vye@s,and 6 € (6,1) (Ad)
Vyey)
K;(y,h,8) <0 (A5)
ory € (y,,1)and 6 € (1,6,)
Summarizing the above results, by virtue of (A1), (A4) and (A5), we conclude that:
e According to (A1), (A5) and Proposition 2, wheny € (0,y,) or y € (y,, 1)

and & € (1, 8,), then union competition (E3) emerges in Nash Equilibrium,.

19 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.

! The mathematical expressions of 8,(y,h) and v, (h) are left out because of their wide extent. They
are available by the authors upon request.
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e According to (Al), (A4) and Proposition 2, wheny € (y,,1) and & € (6,4, 1),
then both union competition (E3) and collusion (E1) emerges in Nash

Equilibrium.

A.3 Proof of Proposition 4
By means of union utility level under collusion and competition [given in (28) and
(38), respectively], we obtain:
Uic < Ui Vye(0yv.) (AB)
Ujc > Ui VyeWal (A7)
Where y,(h) € (0,0.652) V h € (0,1) and is depicted in Figure 2 of the main text.
According to (A6), (A7), Proposition 3 and the criterion of Pareto Optimality, we
conclude that:
e Wheny € (y,, 1) and § € (6,4, 1), then union collusive play in w-negotiations is
the unique Pareto Optimal Nash equilibrium, as regards rents.
e Otherwise, i.e. wheny € (y,, 1) and § € (84, 1), union competitive play is the

unique Nash equilibrium, and consequently the Pareto Optimal one.

A.4 Proof of Proposition 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:

qis = 4js = (s (A8)
Xis = Xjs = Xs (A9)
Wis = Wjs = Ws (A10)
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Where s = ¢,m

By means of equilibrium outcomes formulae [given in (51), (52) and (53)], we

obtain that:
Gm — qc = B, (128 + y(64 —y(2 + ¥)(20 — y?) — 4h?)) > 0 (Al1)
Xm—Xc=2B, h2+7y)(16 —y(4 +7)) >0 (A12)

w, —w,, = B,(2 +7) ((16 —yD@-P)@+y)?+2h*(16-5(2+5))) > 0 (AL3)

Where B, = 4;(y(2 —y)(2 + y))/(z((z — Q2 +7y)? - hz)) >0V y,he (0,1)

Summarizing now our findings in (A11), (A12) and (A13), we get that:

Qim = q;fm =qm > qic = q;c =qc (A14)
Xim = Xjm = Xm > Xic = Xjo = X¢ (A15)
Wic = Wje = W. > Wiy = Wiy = Wiy (A16)

According to Proposition 4, we conclude that if y < y,(h)(< 0.652) or/and § <

8,(h), then g* and x* are higher. The opposite applies for w*.

A.5 Proof of Proposition 6
According to (55) and (56), Consumer Surplus and Producer Surplus, under

decentralized and centralized wage-setting regimes, are given by the following

equation:
1+
€Sy = =0 (A17)
2
PS, = % — X{)s (A18)

Where s = ¢, m and Q is the sum of the firms’ output level.
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Regarding Consumer Surplus and given Proposition 5, it is straightforward that:
Qn,>0Q. > CS,,>CS, vV h,y € (0,1) (A19)
By virtue of Proposition 4 and (59), we obtain the Producer Surplus that:
PS,, —PS. = B3 >0 Y hy € (0,1) (A20)

Where, B; >0V vy, € (0,1)12 and its 3D plot is presented below.

T 7T ot
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Summarizing the above results, we get that:
CSy, > CS, v h,y € (0,1) (A21)
PS,, > PS, Vv h,y € (0,1) (A22)

Consequently, we conclude that if y < y,(h)(< 0.652) or/and § < §,(h), then

both CS and PS are higher.

A.6 Proof of Proposition 7

Total Union Rents is defined to be the sum of both unions utility, as follows:
UR; = Z Ugs ;o Ss=c¢,m (A23)
k=i,j
Assuming the absolute symmetry of unions and their strategies, it is applied that:
Uis = Ujs = Us

i s=c,m (A24)

Given (A24), we get the following refined Union Rents formula: -

12 The mathematical expression of Bj is left out because of its wide extent. It is available by the authors
upon request.
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UR, = 2ug ; S=c,m (A25)

According now to (A6) and (A7), we easily conclude that:
UR. < UR,, V y €(0,y,) (A26)
UR. > UR,, Vye(,l) (A27)
Where y,(h) € (0,0.652) V h € (0,1) and it is depicted in Figure 2 of the main text.
Combining our results from Proposition 4, (A26) and (A27), we get that:
e Ifye(y,1) and 6 € (6,,1), centralized wage-setting regime emerges in Nash
equilibrium, which is also the Pareto Optimal one.
e If ye(y,1) and 6 € (0,5,), decentralized wage-setting regime emerges in
Nash equilibrium, which is not the Pareto Optimal one, as UR, > UR,,,.
o« If y€(0,y,), decentralized wage-setting regime emerges in Nash

equilibrium, which is also the Pareto Optimal one.

A.7 Proof of Proposition 8
Taking into consideration Proposition 4 and Social Welfare in equilibrium [given
in (61)], we get that:
SW,, —SW,. =B, >0 v h,y € (0,1) (A28)

Where, B, > 0 V h,y € (0,1)13 and its 3D plots are respectively the following:

13 The mathematical expression of B, is left out because of its wide extent. It is available by the authors
upon request.
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According to Proposition 4, we conclude that if y < y,(h)(< 0.652) or/and § <

6, (h), then SW is higher.

A.8 Proof of Proposition 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 (69), (73),
(77) and (78) in Subsections 5.1-5.3.

Taking the same path as Proposition 3’s proof, firstly we investigate the credibility
of union threats ( N;) and secondly the satisfaction of appropriate factor K;’s formula
(condition for collusive play) in Proposition 1. According to Proposition 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.

It is derived that union threats are credible, by substituting equations (69) and (77)
for (11):

. . v*Q2-y)’ (1 + hx —t)?

By virtue of (Al), we get that collusive play among unions is sustained in equilibrium

if and only if Condition A of Proposition 1 is satisfied:

Ki = e (75) = i — uim (5 )=B2(1 + hx — 1)? (A30)

4-1)%(4-y(2+7))
2(2-y)(32-3y?)

Where B, >0 V 6 > 6,(y), with 6,(y) = € (0.16,0.5) and its plot

is presented in Figure 4 of the main text, so we get that:
K; >0 vV §€(d,1) (A31)
K; <0 v 6€(0,6,) (A32)
Summarizing the above results, by virtue of (A29), (A31) and (A32), we conclude

that:
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e According to (A29), (A32) and Proposition 2, whené € (0,5,), the union
competition (E3) emerges in Nash Equilibrium,.
e According to (A29), (A31) and Proposition 2, when § € (5,,1), both union

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

A.9 Proof of Proposition 10
Taking into consideration the union utility level under collusion and competition in
(69) and (73), respectively, we get that:

_ y? (A +hx—1t)?
Hm =2+ ) — )2

U — >0 v y€(0,1) (A33)

Consequently, by virtue of (A33), Proposition 9 and the criterion of Pareto
optimality, we conclude that
e If§ € (6p, 1), unioncollusive play in w-negotiations is the unique Pareto Optimal
Nash equilibrium, as regards rents.
e Otherwise, i.e. if§ € (0,6,), union competitive play is the unique Nash

equilibrium.

A.10 Proof of Proposition 11

At the top (1%) stage of the game, the social planner aims to determine the optimal
level of R&D investments [TCPM] and indirect taxation [TRPM] that maximize Social
Welfare, under the assumption of a Balanced Budget policy [TCPM = TRPM],
Substituting the equations of TCP™ and TRP™ [given in (5) and (6)] in the Balanced

Budget equation [given in (82)], we obtain that:

0= (A34)



Where Q is the sum of the firms’ output level.
For convenience, taking into consideration Proposition 10, we investigate the two

potential Nash Equilibria separately as follows:

«  When the discount rate is sufficiently low, i.e. & € (0, 8p):

If 6§ € (0,6,), then unions’ competitive play emerges in equilibrium and the
optimal industry output level is given by the following equation [by (65) and (67)]:

4(1+ hx —t)

= ZINGE—7) (A33)

The optimal levels of R&D investments and indirect taxation on market products
are derived by substituting the optimal market output rule in (A35) for the Balanced

Budget condition in (A34):

t, = %(2 +2hx — 4+ 2x(ah + 2hZx — (A— Q2+ 1)) (A3D)

t, = %(2 +2hx + 4+ 2x(ah + 2h2x — (4= N2 +1)0))  (A3)

Consequently, the objective of the social planner is defined by the following
maximization problem:

max,, [SW{= CS + PS + UR}] (A38)
S.t. t = tli tz
The above maximization problem gives the following solutions:

fq - o € (0,0.33)w
| - V)(447l o ( (A39)
= =)+ 2m2 € (0067
( - )
; e J(FZV-)'-(ZL)L;V) J]:)th €(1,1.33) | o
\x; T2+ —y)+2r2 € (0,0.67)J
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It arises that the solution (t;, x7) is the only acceptable one, as the solution (t3, x3)
is rejected, because it does not satisfy the condition of oligopoly existence in (68).

Thence, the Social Welfare in equilibrium is defined by:

- 4(7+y(1-v))

_ A4l
(2 +7y)4—p) +2h2)° (A4)

«  When the discount rate is sufficiently high, i.e. § € (6, 1):

If § € (6,,1), then union competition emerges in equilibrium and the optimal
industry output level is given by (72) and (74), as follows:

*_1+hx—t

A42
2+y ( )

Given now the Balance Budget condition in (A34) and the equilibrium output in

(A42), we get the optimal indirect taxation rule on market products:

t: =%(1+hx—\/1+2hx—x2(2(2+y)—h2)) (A43)

tz=%(1+hx+\/1+2hx—x2(2(2+y)—h2)) (A44)

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)]:

max,, [SW{= CS + PS + UR}] (A45)
S.t. t = tl’ tz
The solution of the above maximizing problem is presented below:

( h2 ( )\
t; = ————— € (0,0.34
2(24+y) — h?
oh (A46)

VCI = 2(2-}-—]/)—}1,2 € (0,067))
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(.__22+p )

4 t; = m € (1,1.33) ¥ ad7)
. 2h
lxz T T (0,0.67)J

We reject the solution (t;,x;) because it does not satisfy the condition of
oligopoly in (68). The accepted solution is(ty, x;), under which Social Welfare in

equilibrium is given by the following equation:

_ 7+ 3y
(22 +y) - h?)?

SwW (A48)

A.11 Proof of Proposition 12

Due to the absolute symmetry of unions and their strategies, (A8), (A9) and (A10)
are applied in equilibrium outcomes under centralized or decentralized wage-setting
regimes. Comparing now the formulae of market equilibrium outcomes in (91),

Proposition 11 and (90), we obtain that:

m —q4c = rZ+y) >0 vV h,y € (0,1) (A49)
22 +y)-r)(2+y)4—y) - 2h?) ’ ’
Yo — 2yh(2 +y) v hy € 01) (A50)

= aCin-mCinG-p—zm) "

o vy +7)2+y - h?) -0
T Q+y) - h)(Q2+ )@ —y) - 2h2)

W, —

Vv h,y € (0,1) (A51)

Summarizing now our findings in (A49), (A50) and (A51), we get that:

Tim = Djm = dm > Qic = Qjc = 4¢ (A52)
Xim = Xjm = Xm > Xje = Xjo = X¢ (A53)
Wie = Wje = W > Wiy = Wiy = Wiy (A54)
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According to Proposition 11, we conclude that if § < &,(h), theng* and x* are

higher. The opposite applies for w*.

A.12 Proof of Proposition 13
The formulae of Consumer Surplus and Producer Surplus are given in (55) and
(56) and their outcomes under decentralized and centralized bargaining are given in
(92) and (93), respectively.
According to (55) and (A52), we get about the Consumer Surplus that:
Qn >0, = CS, >CS, V hy € (0,1) (A55)

Using now comparative analysis of (93), we obtain about the Producer Surplus that:

2y +y)(2+y)(B8—y) — 4h?
PSpn — PS. = 4 y( 4 ! ) 2>0Vh,)/€(0,1)(A56)
(Qe+r - (@+rE—y)—2h2))

Summarizing the above results, we conclude that:
CS,, > CS, Vv h,y € (0,1) (A57)
PS,, > PS, vV h,y € (0,1) (A58)

Consequently, we conclude that if < &, (h), then both CS and PS are higher.

A.13 Proof of Proposition 14
The total Union Rents is defined to be the sum of both union utilities, [given in
(A23)] and due to absolute symmetry of unions and their strategies, its simplified
mathematical expression is presented by the following:
UR; = 2ug ;o s=c,m (A59)
By means of union utility levels under centralized and decentralized bargaining

[given in (69) and (73), respectively], we get that:
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Uie < Ui vV y€(0,v) (A60)
Ujc > Ui Vy€ Wyl (A61)
Where y, (h) € (0,1) V h € (0,1) is depicted in Figure 5 of the main text.
Consequently, we easily conclude that:
UR. < UR,, Vv y€e(0,y) (A62)
UR. > UR,, YV y€(y,l) (A63)
Combing our results from Proposition 11, (A62) and (A63) we get that:
e« If y€(0,y,) and & € (0,6,), decentralized wage-setting regime emerges in
Nash equilibrium, which is also the Pareto Optimal one.
e If y€(yp 1) and & € (0,6,), decentralized wage-setting regime emerges in
Nash equilibrium, which is not the Pareto Optimal one, as UR, > UR,,.
e« Ify € (0,y,)and § € (8,,1), centralized wage-setting regime emerges in Nash
equilibrium, which is not the Pareto Optimal one, as UR,,, > UR,.
e Ifye(y,1)and § € (5,,1), centralized wage-setting regime emerges in Nash

equilibrium, which is also the Pareto Optimal one.

A.14 Proof of Proposition 15 and Proposition 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:
maxgy {SW,, SW,} (A64)
Where the indexes (a) and (b) denote the market structure where the R&D

investments are undertaken by firms’ or the social planner, respectively.
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According to (61) and (89), Social Welfare under each market structure is defined

by the following equations:

SW, =

SWb=<

(SWym =445 A%, v 6 € (0,8,) or/and y € (0,y,)

_ (7+3y)(4—y?)? —4n? (A65)

Sw, 5,V 8 € (6g,1) and y € (y,,1)

U 4(@-n@e+y)r-h)

Where

rSWb,m __ 7+va-y) ~,V 8 € (0,6,)

(@+7V)@—-y)—2h2) (AG6)
sw,, = —— 3 5 € (5,1
P T 22 +y) — kD) V6 €1

A =G+ -PE—1)?Q+7y)? -8h2(8—y?)) >0 Vy,he (0,1)

and Ay = (7 +y(1—7))(64—20y2 +y*)* —16h*(8—42)" >0 Vy,he (0,1).

The in

dexes (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:

Where

_yQ+(Q+y)B—-y)(B+3y) +4h*(1 +y — h?))

SWy. = > >0 (A67)
(22 +y) —r?)?((2+y)(4 —y) — 2h?)
SWam —SWoe=B,>0 (A68)
SWym —SWym =Bs >0 (A69)
SWye—SWy e =Bg >0 (A70)
SWye—SWym = B; >0, vV y € (0,y) (A71)

B, > Vy € (0,ys) with yg, € (0,0.78) V h € (0.087,1) and its plot is

presented by Figure 6 in the main text. Moreover, it is applied that B, > V y € (0,1)
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and its 3D plot is presented in subsection A.7, while Bs, B, > 0 and their 3D plots are

presented below?4:

Summarizing the above, the following order configurations among Social Welfare
arise:
SWim > SWy e > SWym > SW, ., vV vy € (0,75, (R)) (A72)
SWiym > SWym > SW,, . > SW,, V y € (Yo (R), 1) (A73)
Arranging now 6 (y) and y (h) critical schedules in descending order, we obtain that:
8a(y) — 6p(y) = Bg > 0, v y,h€(0,1) (A74)

Where Bg >0V y,h € (0,1)!5 and its 3D plot is the following:

While, the descending order of y(h) critical schedules is presented below,

mathematically and diagrammatically:

 The mathematical expressions of B,, Bs, B, B, and y, are left out because of their wide extent.
They are available by the authors upon request.

> The mathematical expression of Bg is left out because of its wide extent. It is available by the
authors upon request.
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Ysw(h) > v (h), v h e (0,1) (AT75)
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Combing now the above information, given in (A72), (A73), (A74) and (A75), we

conclude that:

« If8§ < 6,(y), the social planner’s optimal selection is to set R&D as a public
good and thus decentralized unions in the frame of w-negotiations are formed in
equilibrium.

o« If&>6,(y)oréd € (8,6, and y < ygy, the social planner’s optimal selection
is to set R&D as a public good and thus centralized unions in the frame of w-
negotiations are formed in equilibrium.

« If6 € (6p,6,) and y > yq,, 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:

SWym vé e (0,6,
SW ={SW, V6 € (Sy,1)or 8§€(8,6,),7 € (0,Vs) (A76)
SWam V6 E€E(6,,064),Y € Vswr1)

[59]



A.15 Proof of Proposition 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 (Al4),

(A15), (A16) and (A52), (A53), (A54), respectively], we get that:

Gim > e (A7)
x,’;,m > x,*;'c (A78)
W o > W;’m (A79)

Where k = a, b denotes the market structure.
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:

4h2(32 — 16y2 +y%) . (A80)

*

* _ — A
Qb,m da,m 1((2+)/)(4—]/)—2h2)

. R (2 - y?) o (A81)
e ™ e = 0@ 1Y) - (@ -2 +7y)? - h2)

. — 16h3(8 —y2) +4h(4 —y)(2 +y)(48 — 18y2% + y%) 0 (A82)
Tom = Fam =0 (@+nE—y) - 2r?) g

. e h((2+y)(B—-y? —h?) 0 (A83)
Abe = Xee =@ 1) (@2 - N2 +7y)? - h2)
W Wt = 2h2(2 + y)(Z — y)(32 — 16}/2 + )/4) >0 (A84)

b AT 22+ ) — k) (2 - y)(2 +¥)? — h?)

) RQ2+y)2-v?) (A85)

Woe = Wae = G ) — G -2 41 =)

Where 4, = (4 + )2 —1)(4 — )2 +7)? —8h2(8 —y?)) " >0Vy,h € (0,1)

Summarizing the above results, we conclude that:
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dbs > qas (A86)
Xps > Xgs (A87)
Whs > Wgs (A88)

Where s = m, ¢ denotes union structures.

A.16 Proof of Proposition 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
market structure [given in (A21), (A22), (A26), (A27) and (A57), (A58), (A62),

(A63), respectively], we get that:

CSkm > CSic (A89)
PSym > PSi . (A90)
URgm > URie, ¥V v <yi(h) (A91)

Where k = a, b 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 (55) and (A86), we get the Consumer Surplus by:
Qbs > Qus = CSps> CSas v hy € (0,1) (A92)
Where s = m, ¢ denotes the union structures.
Regarding Producer Surplus and Union Rents, we get that:

PSym — PSgm = B9 >0 V hy € (0,1) (A93)
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PS;}C _PS;,C = BlO > O
UR;;’m - URZ’m = Bll >0

URZ,C - UR;;,C == BlZ > O

vV h,y € (0,1)

vV h,y € (0,1)

vV h,y € (0,1)

(A94)

(A95)

(A96)

Where By, Big, Bi1, Bi2 > 0V y,h € (0,1)16 and their 3D plots are the following:

Summarizing the above results, we conclude that:
CSps > CSqs
PSp s > PSg s
URps > URg s

Where s = m, ¢ denotes the union structures.

(A97)
(A98)

(A99)

1% The mathematical expression of By, By, By, and By, are left out because of their wide extent. They

are available by the authors upon request.
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A.17 Proof of Proposition 19
Taking into consideration the descending order of Social Welfare under each
combination of unions and market structures, given in (A72) and (A73), we obtain
that:
SWhy,s > SW, s V h,y € (0,1) ; S=c,m (A100)
SWim > SWy. ¥ hy€(0,1) ; k=ab (A101)
Where indexes s and k denote union structures (c or m) and market structures (a or b),

respectively.

[63]



References

Bacchiega, E. (2007). Wage Bargaining and Vertical Differentiation. International
Review of Economics, pp. 35-52.

Dixit, A. (1979). A Model of Suopoly Suggesting a Theory of Entry Barriers. Bell
Journal of Economics, 10, pp. 20-31.

Friedman, J. (1971, January). A Non-Cooperative Equilibrium for Supergames.
Review of Economic Studies, Vol. 38, No. 1, pp. 1-12.

Hackner, J. (n.d.). A Note on Price and Quantity Competition in Differentiated
Oligopolies. Journal of Economic Theory 93, pp. 233-239.

Lin, P., & Saggi, K. (2002). Product Differentiation, Process R&D,and the Nature of
Market Competition. European Economic Review 46, pp. 201-211.

Lingens, J. (2009, June). Union Wage Bargaining and the Incentive to Innovate.
Journal of Institutional and Theoretical Economics , Vol. 165, No. 2, pp. 260-
280.

Manasakis, C., & Petrakis, E. (2009, May). Union Structure and Firms Incentives for
Cooperative R&D Investments. Canadian Journal of Economics, Vol. 42, No.
2, pp. 665-693.

Menezes-Filho, N., & Van Reenen, J. (2003). Unions and Innovation: A Survey of
Theory and Empirical evidence. In J. T. Addison, & C. Schnabel,
International Handbook of Trade Unions (pp. 293-334). Cheltenham, UK:
Edward Elgar Publishing Limited.

Petrakis, E., & Vlassis, M. (2000). Endogenous Scope of Bargaining in a Unio-
Oligopoly Model: When Will Firms and Unions Bargain Over Employment?
Labour Economics 7, pp. 261-281.

Petrakis, E., & Vlassis, M. (2004). Endogenous Wage-Bargaining Institutions in
Oligopolistic Industries. Economic Theory 24, pp. 55-73.

Singh, N., & Vives, X. (1984, Winter). Price and Quantity Competition in a
Differentiated Duopoly. Rand Journal of Economics, Vol. 15, No. 4.

Symeonidis, G. (2003). Comparing Cournot and Bertrand Equilibria in a
Differentiated Duopoly with Product R&D. International Journal of Industrial
Organization 21, pp. 39-55.

Tirole, J. (1988). The Theory of Industrial Organization. Cambridge MA: MIT Press.

[64]



