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Union structure and product quality differentiation

Nicola Meccheri*and Cecilia Vergari'

January 18, 2024

Abstract

This paper investigates the issue of how alternative unionization structures in labour markets
affect the choice of product quality differentiation by firms in product markets, and how this de-
termines relative welfare outcomes of different union structures. In the presence of decentralized
wage bargaining (firm-specific or coordinated unionization), increasing product differentiation
not only reduces competition between firms but it also affects wage setting. Instead, when wage
setting is centralized, wages do not depend on product quality differentiation in the product
market but when the bargained wage is sufficiently high, the high-quality firm monopolizes the
market. In turn, union wage setting does affect the endogenous choices by firms of the quality
level of their products: especially when unionization is decentralized and unions have high rela-
tive bargaining power, the average product quality in the product market increases remarkably.
However, as unionization reduces output, consumer surplus and overall welfare are always lower
with respect to the case in which labour market is perfectly competitive, and decentralized

unionization is generally welfare enhancing with respect to centralized unionization.

Keywords: unionization structures; vertical differentiation; welfare
JEL codes: J51; L13; L15
1 Introduction

The purpose of this work is to investigate the effect of alternative unionization structures on quality

differentiation in the product market and, as a result, on welfare outcomes. Indeed, a substantial
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body of economic literature exists which deals with interaction between imperfect labour markets
and imperfect product markets." However, the issue of how labour unions affect the strategic choice
by firms on the degree of product vertical or quality differentiation has not yet been considered
in the literature, although it is relevant to the concerns of industrial organization, management
strategy and labour economics.

Empirical evidence documents the presence of imperfect competition in both product and labour
markets at both industry and sectoral levels. Among others, Dobbelaere (2004), using firm-level
data over the period 1988-1995 for the Belgian manufacturing industry, investigates the relationship
between the degree of labour market imperfections and the price-cost margin of firms. She finds
that sectors with higher workers’ bargaining power typically show higher price-cost margins. More
recently, Soares (2020), using firm-level data between 2004 and 2012 for 11 countries of the European
Union, points out substantial heterogeneity between sectors in the levels of the price-cost margin
and union bargaining power and she also finds positive correlation between labour and product
market imperfections. Motivated by this empirical evidence, we wonder how imperfections in the
labour market affect firms’ quality competition and, in turn, the average quality in the market as
well as consumer and producer surplus.

It is well known that quality differentiation is widespread as a firm’s strategy to relax price
competition. More precisely, in a vertically differentiated duopoly with uncovered market, as quality
differentiation increases firms face a trade-off between a price effect and a demand effect. In the
benchmark model with competitive labour markets, Choi and Shin (1992) show that in the absence
of quality improvements costs, either firm has the incentive to choose the highest quality available
in the market. The other firm has the incentive to partially differentiate its variant by choosing
a lower quality that is, however, higher than the minimal quality available in the market: in this
way it can relax price competition without losing too much demand. Thus, at first sight, one could
guess that as the presence of labour unions makes milder the competition in the product market,
firms’ incentive to differentiate should reduce. Even assuming that this is the case, which, anyway,
has to be verified, it is not, however, clear whether a lower differentiation leads to a larger average

quality in the market.

'Booth (1995, p. 95) points out that “[i]t appears to be an empirical regularity that imperfections in the labor

market are correlated with imperfections in the product market”.



Indeed, the canonical argument about how unions affect product quality investment (or inno-
vation) is that unions, by raising wages, reduce profits and hence the return on investment (the
so-called hold-up problem). Moreover, the larger is the bargaining power of unions, the lower is
the rate of return for the firm and, as a result, the lower is the innovation investment (e.g., Ulph
and Ulph, 1998). Thus, it may well happen that, ceteris paribus, an increase of the quality induces
an increase of the wage set in the bargaining process thus refraining the high quality firm from
choosing the highest available quality. As far as the low-quality firm is concerned, unionization may
also modify its incentives to strategically choose its product (relative) quality, and union bargain-
ing power vis-d-vis firms is expected to play an important role in determining endogenous quality
differentiation and average quality in the product market. Moreover, unionization, by increasing
production costs, will reduce output in the market, hence it is further unclear the impact of union-
ized labour markets on consumer surplus (which positively depends on both output quantity and
quality) and overall welfare.

Unionization structure differs across industries and countries. At the industry level, a decentral-
ized wage setting structure, involving firm-specific unions, is commonly contrasted with a completely
centralized one, in which a single industry union bargains a standard wage for the entire industry
(e.g., Freeman, 1988; Calmfors, 1993; Nickell and Layard, 1999; Flanagan, 1999). In addition, an
intermediate structure also does exist, in which an industry union bargains wages at the firm-level,
hence adopting a discriminatory or coordinated wage setting strategy. Assessing the role of union
structure in affecting the strategic choices by firms on product quality differentiation and, as a
result, welfare market outcomes represents another important issue, which also assumes particular
importance in the light of the current policy debate on the more socially desirable unionization
regime (e.g., Cournede et al., 2016).

In order to formalize the above ingredients, we consider a vertically differentiated unionized
duopoly and we develop the following three stage game. First, firms choose the quality of their
variant. Second, wages are determined through a bilateral bargaining process according to three
unionization structures: decentralization, coordination and centralization. Finally, firms compete
by setting their prices.

Paper’s main results can be summarized as follows. When wage bargaining is decentralized

(i.e., in the presence of firm-specific unions or coordinated wage setting by an industry-wide union),



increasing product differentiation not only reduces competition between firms in the product market
but it also affects wage setting. In particular, while the bargained wage to produce the high quality
good is always increasing in its quality level, the bargained wage to produce the low quality good
proves to be non-monotone in its quality: initially, improving the low quality permits to increase
sales by stealing some consumers to the rival high quality firm and, by increasing employment and
reducing wage elasticity of labour demand, this leads to higher wages. However, when low quality
becomes sufficiently close to high quality, the effect of tough competition in product market also
translates to the wage setting process, which makes the wage of the low-quality firm decreasing as its
quality increases further. Moreover, while this holds true under both decentralized and coordinated
wage setting, in the latter case wages are ceteris paribus higher because the industry-wide union
internalizes the positive effect of increasing wages in a given firm on the rival’s employment.

Instead, when wage setting is centralized, the uniform wage set through (centralized) bargaining
does not depend on product quality differentiation in the product market. At the same time, it
affects the product market structure leading to either a duopoly or a monopoly. Specifically, when
the bargained wage is higher than a given threshold, the high-quality firm monopolizes the market.

The above discussed effects of quality differentiation on wages play a key role in determining
the choices by firms of the quality level of their products. In particular, although wages, ceteris
paribus, are increasing in the quality of the high-quality firm, the latter always (i.e., independently
of union’s bargaining power and unionization structure) opts for improving its quality as much
as possible.? Instead, the quality choice of the low-quality firm remarkably changes according to
unionization regime and union’s relative bargaining power.

In particular, under decentralized unionization, the presence of firm-specific unions makes the
overall effect of increasing quality on the price-wage margin stronger than in a perfectly competitive
(non-unionized) labour market and leads the low-quality firm to increase its quality level. As a
result, average quality in the market is greater than with perfectly competitive labour markets
and it increases with unions’ relative bargaining power. A similar outcome also applies when

unionization is coordinated but, in this case, the choice of low-quality level is not monotonically

2 As specified below, this outcome (which confirms that obtained in a standard framework without unions) depends
also on the fact that, in order to concentrate the analysis on the role of union wage bargaining, no other production

or investment costs are considered.



increasing in the union’s bargaining power: when union’s bargaining power is sufficiently high,
increasing it further leads to lower low-quality (and, in turn, average quality) level. Interestingly,
when union has all the bargaining power vis-d-vis firms, the same outcome of perfectly competitive
labour markets is obtained. Finally, centralized unionization entails complete different outcomes.
First, a duopoly market arises only if the ratio between the minimum quality standard and the
maximal achievable quality is not excessively low, otherwise the bargained wage is such that the
high-quality firm monopolizes the market. Furthermore, when a duopoly arises, the low-quality
firm always (i.e., independently of the industry-wide union bargaining power) opts for the lowest
(minimum standard) quality, hence maximal quality differentiation derives.

Clearly, the quality choices by firms have implications on equilibrium welfare outcomes and
comparisons among different unionization structures. While common wisdom seems to suggest
that wages increase and profits decrease with the degree of union centralization, in the presence
of (endogenous) product quality differentiation wages and profits are not always monotone with
respect to the degree of wage setting (de)centralization, depending on the union relative bargaining
power and the endogenous degree of quality (vertical) differentiation. In particular, when the max-
imal achievable quality is large enough with respect to the minimal quality standard, a centralized
wage setting structure leads to both higher wages and higher profits, but this occurs at the expense
of consumers. Surprisingly, in some circumstances, firms may even benefit from imperfect labour
markets by gaining higher profits than in the benchmark case without unions. More in general,
even if unionization may increase the average product quality in the market, it always decreases,
by reducing output, consumer surplus and overall welfare with respect to a perfectly competitive
(non-unionized) labour market. Furthermore, a higher degree of union centralization generally
entails lower consumer surplus and overall welfare.

The remaining part of the paper is organized as follows. Section 2 describes the contribution of
this work with respect to the received literature. In Section 3, the basic framework is introduced,
while equilibrium outcomes under alternative unionization structures are derived and discussed
in Section 4. In Section 5, equilibrium product qualities and welfare outcomes obtained under
alternative unionization structures are compared and discussed. Section 6 concludes while technical

details and proofs are relegated to the final Appendix.



2 Related literature

The interaction among imperfectly competitive labour and product markets is considered by the
literature on unionized oligopolies (see the seminal works of Davidson, 1988; Dowrick, 1989; Horn
and Wolinsky, 1988), which investigates how endogenous wage setting can affect the decision on
strategic variables by oligopolistic firms and how this reflects on final market outcomes and social
welfare. In this theoretical framework, there is a vast literature studying the interplay between
unions and firms’ incentives to innovate leading to controversial results. The main issues pointed
out are that higher wages set by powerful unions increase firms’ production costs and, in turn, may
induce firms to invest more in labour-saving technologies; also, larger labour protection may lead
workers to increase their effort and, as a result, a larger labour productivity. At the same time,
however, powerful unions may reduce the returns firms get from investments in innovation thus
reducing the incentives to innovate because of the hold-up problem.

The seminal contribution by Haucap and Wey (2004) emphasizes the role of the unioniza-
tion structure: they consider a homogeneous good Cournot duopoly to analyze how the degree
of wage setting centralization affects both the hold-up problem associated with unionization and
the strategic interaction between firms.? More precisely, they consider two firms racing to be the
first to introduce a cost-reducing technology incurring a sunk investment cost and find that firms’
investment incentives are largest under the centralized union structure and smallest under the co-
ordinated one. The intuition being that under the coordinated structure the monopoly union, via
discriminating wages set for the two firms, is able to appropriate a large part of firms’ returns from
the investment. In contrast, under centralized wage determination, the union is constrained to
set a uniform wage thus reducing the union’s hold-up potential more than under the decentralized
structure. Manasakis and Petrakis (2009) also focus on firms’ incentives to invest in cost-reducing
R&D in the presence of monopoly unions. They compare decentralized and centralized wage setting

structures and point out the role of spillovers in R&D. They show that, instead, for high enough

3In unionized oligopolies literature, outcomes obtained under alternative unionization structures are also compared
in the presence of part foreign-owned firms (Bércena-Ruiz, 2003), licensing, foreign direct investment and cross-
border merger incentives (Leahy and Montagna, 2000; Mukherjee and Pennings, 2011; Mukherjee and Suetrong,
2012; Mukherjee and Zhao, 2016), union’s care about environmental protection (Asproudis and Gil-Molté, 2015),

capacity choice commitment (Fanti and Meccheri, 2017) and biased managers (Meccheri, 2023).



spillovers, R&D investments are higher under the decentralized rather than under the centralized
regime. Calabuig and Gonzalez-Maestre (2002) also compare decentralized and centralized union
structures considering, however, a wage bargaining between the firm and the union. They show that
with a large enough market size, the incentive to adopt a cost-reducing innovation is higher under
a decentralized union structure than under an industry-wide union. The reverse occurs for a small
market size, that is for sufficiently drastic potential innovation; in this case the new technology is
more likely to be adopted in the centralized structure.

While most of the papers in this literature analyze cost-reducing process innovations, there are
a few exceptions which consider instead quality product innovation. Vlassis and Varvataki (2014)
study the impact of unions’ decisions regarding their structure, i.e. decentralized or centralized
wage-setting regimes according to whether they decide to collude on product quality improvement
innovation, the latter being modelled as an increase of the linear demand intercept.? They show
that union collusive play (coordinated structure) decreases product quality and output level with
respect to decentralization. More recently, Berton et al. (2021) also consider product innovation
modelled as an increase of demand and analyze a Cournot duopoly model where labor productivity
is allowed to differ across unionized and non-unionized sectors due to collective voice mechanism,
that is, based on some empirical evidence, they assume that the union presence may increase labor
productivity. They find that the unionized sector may outperform the non-unionized sector in
terms of both process and product innovation thanks to the voice mechanism.® Finally, Basak and
Mukherjee (2018) also focusing on monopoly unions, in a Cournot duopoly, study the incentives for
firms to become multiproduct, that is to develop a new product in addition to the existing ones.
They compare the centralized and the decentralized structures and they find that when products
are symmetrically differentiated the latter structure provides higher incentives than the centralized
one. However, when the products are asymmetrically differentiated, the centralized union can be

more conducive to innovation than the decentralized one.

4As first shown by Hickner (2000), a demand system d lao Dixit (1979) and Singh and Vives (1984) can be
generalized to the case of two firms producing goods of different qualities. Correa-Lépez (2007) also adopts the same
demand system to analyze the choice of price or quantity competition with exogenous vertical product differentiation

in a vertical structure with input suppliers.
5Their theoretical results are also supported by an empirical analysis they conduct on a large representative sample

of Italian firms.



In contrast with the above discussed works, our contribution is based on the vertically dif-
ferentiated model ¢ la Mussa and Rosen (1978), and quality improvement product innovation is
modelled in terms of endogenous vertical differentiation.® Moreover, we consider in turn different
unionization structures where a Nash bargaining over the wage(s) takes place. Indeed, to the best
of our knowledge, Bacchiega (2007) is the only paper that studies Nash bargaining over wages in a
vertically differentiated duopoly even if its focus is on a different issue, namely the welfare effects

of non-competitive behaviours in the labour market for the high quality good.

3 Model

We consider a vertically differentiated industry with two unionized firms: firm H produces and
sells the high quality good at price py and firm L produces and sells the low quality good at
price pr. Manufacturing the final good requires labour as unique input and, as usual in the
literature, we assume that one unit of labour is embodied in each unit of output (perfect vertical
complementarity): x; = L;, where z; and L; denote the level of firm i’s output and employed
labour, respectively, with i = {H, L}.

On the demand side, there is a continuum of consumers indexed by 6 which is uniformly dis-
tributed in the interval [0, 1]. Thus, parameter § measures consumers’ taste for quality. Consumers’
preferences are standard (e.g., Mussa and Rosen, 1978; Gabszewicz and Thisse, 1979), namely, con-
sumers are willing to purchase if and only if they get non-negative utility from buying. Formally,

consumer 6’s utility from buying and consuming good ¢ takes the following form:

U (0) = 0u; — p; (1)

with ug > ur indicate the qualities of the two goods. The consumer indifferent between buying
the low-quality good and not buying at all is:

_n
ur,

0r,

5Some recent contributions (e.g., Chen, 2017; Brito et al., 2019; Wang and Wang, 2021; Wang, 2022) study
models of downstream vertical differentiation in vertically-related markets with input supplier(s). However, they
differ with respect to this work for two reasons. First, they do not consider union wage bargaining under alternative
unionization structures. Secondly, and most importantly, while this work studies the endogenous choice by firms of

quality differentiation, they consider the latter as exogenous.



while the consumer indifferent between buying the low and the high quality good is:
05 = bH —PL '
UH — UL

As a result, assuming an uncovered duopoly, the demands for the goods are x;, = 0y — 01, and
xpg = 1—0p. As we aim to enucleate the effects of wage bargaining under alternative unionization
structures on product quality differentiation, we abstract from any firms’ costs (including quality
production costs) other than wages, hence the profit of firm i is m; = (p; — w;)x;, where w; is the
wage rate paid by firm i to its workers.”

We develop a three-stage game with the following timing. In the first stage, firms choose
the optimal quality of their variant whose possible range is assumed to be the exogenous interval
[Umin, Umaz): Wmin > 0 represents the minimal quality standard required (e.g., institutional defined
product requirements) and g, the maximal achievable quality given the current state of know-
how.

In the second stage, wages are determined through a bilateral bargaining process according
to three unionization structures: decentralization, coordination and centralization. In the former
scenario, there are two firm-specific unions and wages are set independently through a bilateral
bargaining between each firm and its union; in the second scenario, there is an industry-wide
union that negotiates wages with the two firms simultaneously; and, in the last scenario, there is an
industry-wide union that negotiates an uniform industry wage with a representative of the industry
employers.

In the third stage, the firms engage in a Bertrand-Nash pricing game. At the end of the last
stage, the consumers make purchases. As usual, the game is solved according to the backward

induction logic.

4 Equilibrium analysis

We start with the price competition; we proceed with the wage setting stage, where we consider in

turn the three unionization structures; we conclude with the quality competition.

"It is worth noting that the nil quality cost assumption is in line with other contributions in the literature on

vertical product differentiation (e.g., Tirole, 1988; Choi and Shin, 1992; Wauthy, 1996).



4.1 Price competition
Given qualities chosen at the first stage, uy, v, and the wages chosen at the second stage, wgr, wr,
standard price competition at the last stage leads to the following prices:

2(ug —up) + 2wy + wr,
4UH —uy,

(2)

PH =UuHg

uL(uH — uL) +urwyg + 2ugwry,
4UH—UL '

3)

pL =

As well-known, prices increase in the quality gap (ug —ur). Furthermore, they also increase in

the wage levels (wgy,wr). Substituting third-stage equilibrium prices (2) and (3), we find the third
stage equilibrium demands for the goods:

2(uH — UL)UH — (2uH — UL)U)H + ugwy,
(upg — ur)(dug — ur)

(4)

rg =

UH [UL(UH — uL) +urwyg — (2’LLH — uL)wL]
(ug —up)(dug —ur)ur, ’

()

xrr —

Note, also for future reference, that, as expected, for given qualities, the demand for good H

(resp., L) decreases with wp (resp., wp).

4.2 Wage setting

Wages are determined, for given qualities, according to a bilateral bargaining which arises from the
three possible unionization structures.

Let 3 € [0,1] be the union’s bargaining power vis-d-vis firms® and we apply the Nash bargaining
solution to each bilateral negotiation (e.g., Oswald, 1985; Pencavel, 1985; Booth, 1995).

In what follows, we analyze wage determination according to the unionization structure, starting
from the more decentralized to the more centralized structure. Note that, in each scenario, during
the bargaining process, the parties involved anticipate the effect of wages on third-stage equilibrium

prices and, in turn, demands as well as profits.

8Clearly, the particular case 8 = 0 corresponds to a (perfectly competitive) labor market without unions where
workers are paid the competitive wage, which is normalized to zero. Instead, the opposite polar case with § = 1

represents the monopoly union model, in which unions can unilaterally set wages to maximize their objective function.
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4.2.1 Decentralized union structure

In the decentralized structure, each firm- specific union negotiates independently the wage with its

firm to maximize the following Nash product:
1—
NP = {wixi(wi,w]’?)}ﬁ {mi(wi, wP)} g

where z; (which coincides with the employment level of firm i) depends on both wages w;, w;, with
j={H,L} and j #1i.

Specifically, during the bargaining to determine w;, both parties take w; as given, anticipating
correctly, its equilibrium value w; = wJD , so that w; affects the negotiations only indirectly through
its effect on x; and, in turn, on ;. Moreover, since without an agreement production does not take
place by firm 7, disagreement payoffs are zero for both parties.

From the first order condition of Nash product maximization,”

using some algebra we can
obtain the following (standard) condition for the bargained wage, which must equalize percentage
marginal benefits and percentage marginal costs weighted for each party relative bargaining power

(e.g., Booth, 1995):

B =Pne+ (1= B)nx (6)

Oy w;
ow; x;

om; w;

and n; = — S

where 1, = — represent firm ¢’s wage elasticity of labor demand and profits,
respectively.

In particular, in the choice of firm-specific wage which maximizes the Nash product, negotiators
trade off a positive income effect of increasing wages for a given level of employment (weighted for
the union’s relative bargaining power)!? against a negative demand effect (weighted for the union’s
relative bargaining power) —due to the fact that as w; increases, firm i’s employment is reduced—

and a further negative effect (weighted for the firm’s relative bargaining power) on firm i’s profit.!!

9The first order condition for the firm-specific bargaining process is:

8.%‘1'
8w¢

-8B 871'1'

} + [wi(wi,w]p)wir (1 - B)m; I =0.

-1
771-1765 [mi(wi,wyp)wi} [wi(wiawjp) +wi

10K eeping employment constant, a one percent wage increase leads to a one percent total wage bill increase.
"Note that, in case of monopoly union (8 = 1), the last effect disappears, hence it does not play any role in

determining union’s wage choice.
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Simultaneous bargaining leads to the following second-stage (subgame) equilibrium wages as a

function of qualities:
wy — 2BCun —ur)[(2+ Bluy — urlug
L 16u?, — (16 + S2)upur, + 4u?

wry - Pun(ur —up)Bum — (4 = Bus]
= 16u2, — (16 + 2)upgur, + 4u?

(7)

(8)

It can be easily verified that, as expected, ceteris paribus, wages increase with the union’s
bargaining power, 5. Moreover, wages (wy and wy,) are increasing in ug. Indeed, for a given up,
an increase of uy softens competition between firms (as their products become more differentiated).
This also translates in lower competition between unions, which leads to higher wages.'?

Instead, an increase of uy, for a given uz, makes competition fiercer, which leads to a reduction
of wyy, while the behavior of wy, proves to be non-monotone: it initially increases with uy; and
then it decreases. Indeed, when wuy, is sufficiently lower than ug, firm L, by increasing its product
quality, can steal some consumers to firm H and, as a result, increase its employment. As higher
employment corresponds to a point along the labour demand curve where wage elasticity is lower,
this also leads to a higher bargained wage. However, when uy, is sufficiently close to up, the effect
related to tougher competition prevails and wy becomes to reduce as uy, increases. Note that the
higher is 3, the higher is the uy’s value, for which wy begins to decrease as the low quality level

increases.

4.2.2 Coordinated union structure

In the coordinated structure, there is an industry-wide union that negotiates the wages with the
two firms simultaneously. As in Horn and Wolinsky (1988), we consider that in the negotiation
between the union and firm 4, the parties anticipate correctly the wage from the other negotiation,
cho and the the disagreement point is (0, ijo:L.JCo)'lS The objective Nash bargaining to maximize

with respect to w; is then:

NEO = {ai(wi, w§)w; + a5 (w;, ws®

; ; Jwse — wcox]cg}ﬁ {mi (wi, wc")}lfﬁ .

J J J

12Considering condition (6) that must be satisfied with Nash wage setting, on the one hand, wage elasticity of
labor demand increases because, with higher wages, employment ceteris paribus decreases. On the other hand, wage

elasticity of profits is reduced.
133ee Horn and Wolinsky (1988) for greater details.
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Similarly to the case with decentralized unions, from the first order condition of Nash product

maximization,'* we can obtain the following condition for the bargained wage:
Co
8.’1} W
1+ 22 ) =8n,+(1- 9
B < ow; B + ( B) 9)
@
where %% captures, for given ch" and x;, the (percent marginal) effect of increasing w; on the

demand of the rival good j, as also this one contributes to the Nash product through the union
wage bill.
Simultaneous bargaining leads to the following wage levels as a function of qualities:

_ Blug —ur)2(1 + B)ug — urug

T TR 2(4 t Pugug, + 243 (10)
_ PBug(ug —up)dug — (2 — Blug]

Y TS A+ Purur + 202 (11)

where the behavior of wy and wy, with respect to product qualities (and ) parallels that already

discussed above for the decentralized wage setting case.
However, by comparing condition (6) with condition (9), as giui > 0, it is worth noting that
the firm-specific wages set in the coordinated negotiations are expected to be larger than the

corresponding wages bargained by decentralized unions.

4.2.3 Centralized union structure

In a centralized structure, there is one industry-wide union that negotiates an uniform industry
wage, say wy = wy, = w, with a representative of the industry. In this case, the disagreement point

is (0,0), and the Nash bargaining product to maximize with respect to w is then given by:
N = {wlzn(w) + zr ()} {rm(w) + mr(w)} 7.

Given the uniform wage, third stage equilibrium demands (4) and (5) reduce to:

2ug —w U
:z;H:H7>O <= w<—H
dug — ug, 2

14The first order condition from Nash bargaining with a coordinated union is:

p-1 Ox; Ox;
1— c Coy C Co_C c c
M A3 [wi(wi7 wi w; + x5 (ws, wy Ywi® — wj 'x; 0] |:33i(wi7wj )+ w; 8wl, + w; oawj.
k3 T
Co Coy Co Co_Col? _g Om;
—+ [mi(wi,wj )’UJi —+ zj(wi,wj )w]- —w; T :| (1 — B)ﬂ'l Dw. = 0.
k3
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-2
unlu =) o v
(dup — ur)ur, 2

Ty =

For both demands to be positive we need the second and more stringent condition to hold, i.e.

w < ur/2. If, instead, w € [%, %] the low quality firm is not active in the market. As a result, in
the choice of w, the centralized union might also strand the low quality firm out of the market.

Suppose first that w < uy, /2. We call this case centralized duopoly and the first order condition

of Nash product maximization writes:

ow Ow
aTI'H +87TL] -0

s+ i P B + 1)) [@H Fon e <8xH ’ auﬂ

+uw(zg +20)° (1 = B) [y + 7] P [ 9w | ow

from which we can obtain:
B = Bl + (1 = B)ix (12)

9z,

where 7, = — (gﬁj + aw) Y — and 7, = — (g’g + %) W Through wage bargaining, the

TH+TL TH+7TL

centralized union and the employers’ representative take into account (percent marginal) benefits
and costs of increasing wages on overall industry.

The unconstrained maximization implies an interior solution that is greater than uy /2, so that
we conclude for the corner solution w = uy/2 — €, with € > 0 negligible,'® which implies that the
demand for the low quality good is positive but negligible.

Suppose next that w € [%, %], so that 27, = 0 and the high quality firm monopolizes the

product market. We call this case centralized monopoly and, in wage bargaining, the Nash product

reduces to (wzx H)ﬁwifﬁ . Third stage equilibrium price is py = %, and in turn, the demand is
vy = "= while the bargained wage at the second stage is w = 3%Z. Note that this “candidate”
H

equilibrium wage satisfies the initial assumption w € [%, “*) if and only if ZTL, < B.

4.3 Quality competition

Given the second stage equilibrium wages, each firm ¢ chooses the equilibrium quality maximizing

its profit m;(ug, ur) = [pi(um,ur) — wi(ug,ur)] x;(ug, ur), that is, anticipating the effect of u; on

15This is proved by verifying that the first order condition is positive in w = ur /2. Also note that this wage is

independent of distribution of the bargaining power [.
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wages and prices. The first order conditions for firms H and L write as, respectively:

Ory  (Opg Owy Oryg

dun (8uH auH> v+ o = wn) o =0 (13)
aﬂ'L B 8pL 8wL al'L o

dur <8uL auL> Lt (pr —wr) 5o =0 (14)

As in the standard model of vertical differentiation (see, Choi and Shin, 1992), that can be here
considered as the benchmark case of perfectly competitive labour markets without union where
workers are paid the (exogenous) competitive wage, (for a given uy) firm H faces a positive price
effect (gﬁ—g > 0) because competition is softened, and a negative demand effect (gz—z < 0) since
increasing uyg leads some consumer with intermediate taste for quality to switch from firm H to
firm L. However, due to the presence of union wage setting, there is a further negative effect: as
upy increases, ceteris paribus, also the wage set in the second stage increases and this lowers the
price-wage margin. Nevertheless, it can be easily verified that, independently of the unionization
structure, the standard outcome that firm H’s profit is monotonically increasing in uz holds true.
Accordingly, we can state the following result, where the apexes D, Co, C'd and C'm refer to the
different unionization (and market) regimes (decentralized, coordinated, centralized duopoly and

centralized monopoly, respectively).

PROPOSITION 1. In equilibrium, regardless of the wage setting and the negotiators’ bargaining

power, the high quality firm chooses the maximal quality available in the market, that is, ug =

u%o = u%d = ugm = Umaz -

As far as the rival firm L is concerned, the choice of product quality proves to be more elaborated

(and interesting). Indeed, as uj, increases there is, similarly, a price effect ( g%), a demand effect

89:L

(5u=) and a wage effect (—2uL

Tur ) but they differ according to the unionization structure.

In the decentralized union, the demand effect is positive as in the standard model: for given
up, firm L, increasing the quality of its variant, steals some consumers to firm H. Relative to
the price effect, it is non-monotone with respect to the quality gap: it is positive as long as the
quality gap is large enough and becomes negative when the quality gap is low and price competition
intensifies. While this result is qualitatively similar to the one detected under quality competition
in the standard model, it is important to point out that with decentralized unions the price effect

is positive for a wider range of qualities and the threshold for the quality gap is increasing in the
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union’s relative bargaining power 3. Moreover, as described in Section 4.2.1, the wage effect is
also non-monotone, with unions’ relative bargaining power that positively affects the threshold for
the sign of the wage effect. Overall, the net effect of uy on the price-wage margin is such that it
increases in uy, if and only if uy, /ug is sufficiently low.!” As a result, this implies a stronger positive
effect of uy, on the price-wage margin with respect to the standard model, resulting in a larger up,
chosen at equilibrium.

The following proposition summarizes the above results and, while a formal proof is provided

in the final appendix, Figure 1 shows a graphical representation of them.

PROPOSITION 2. In the presence of decentralized wage setting, the quality level chosen by the low
quality firm is greater than with perfectly competitive labor markets and it increases with the union’s
relative bargaining power. In particular, it ranges from %umm, when B = 0 and labour markets are
perfectly competitive (unions have no bargaining power) to %umaz, when 8 =1 and unions have

all the bargaining power.
Proof. See Appendix A.1. O

In the coordinated union, the demand effect is also positive. As far as the price and the wage
effects are concerned, they are non-monotone as in the decentralized union case, unless g = 1.
In this latter case, the price effect is always positive and the wage effect is always negative: as
uy, increases, both pr and wy, increase. In particular, the novel result that py increases with ug,
even when quality differentiation becomes small depends on the fact that the wage wy, set by the
coordinated union is always increasing in uy, and, since the price is positively related to the wage,
this drives firm L to increase its price too.'® Interestingly, these two opposite effects perfectly
offset so that the net effect of uy, on the price-wage margin is the same as in the standard model.
In other words, as the union becomes very powerful (8 — 1), the further positive effect of uy,
on the price-wage margin disappears: the monopoly union fully appropriates the benefit from a

quality improvement through a higher wage. This, in turn, induces the low quality firm to reduce

1611 the standard model, g% >0 <= wur/um < 0.53; in case of decentralized bargaining, according to f, this

threshold is in the interval (0.53,0.64).
17 Again, we find a threshold for uz /um that increases with 8 and falls in the interval (0.53,0.6).
8Note that when goods becomes strict substitutes, that is, ur, — um, we have that p; — w; for any i, hence (as

expected) firm profit goes to zero.
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Figure 1: Optimal low quality choice under decentralized wage setting

Note: Q = urL/Umaz With Umaee = 1; FP (Q; B) = 0 denotes the first order condition for the quality L maximization

problem under decentralized unionization

its quality. Formally, for the particular case 8 = 1, this net effect increases in uj; if and only if
ur/ug < 0.53, that is the same that holds for g = 0.

For any bargaining power € [0, 1], the net effect of u;, on the price-wage margin of the firm
L is again non-monotone: it increases in uy, if and only if ur, /ug is low enough.'® Such results are

summarized in the following proposition and shown by Figure 2.

PROPOSITION 3. In the presence of coordinated wage setting, the balance between the non-monotone
price-wage margin effect and the positive demand effect leads to an interior solution for ur, which
is a non-monotone function of the union relative bargaining power: it increases for low [ and it
decreases for high (. Interestingly, at the two extremes (competitive labor market with 8 = 0 and
monopoly union with = 1), the resulting equilibrium quality chosen by the low quality firm is

equal to %um(m .

Proof. See Appendix A.2. O

Note that such threshold for ur,/ug is non-monotone in 3, it is however in the interval (0.53,0.58).
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Figure 2: Optimal low quality choice under coordinated wage setting

Note: Q = urL/Umaz With Umaes = 1; FCO(Q; B) = 0 denotes the first order condition for the quality L maximization

problem under coordinated unionization

In the centralized union, quality competition takes place only in the centralized duopoly. In this
case, where the second stage uniform wage is set such that the demand for the low quality good is
positive but negligible, the demand effect is insignificant (it tends to zero as € goes to zero). As for
the price and the wage effects, the former is always positive and the latter is always negative. In
contrast with the previous scenarios, the negative wage effect more than compensates the positive
price effect, so that the profit of the low quality firm is monotonically decreasing in ur.?’ As a
result, maximal vertical differentiation arises and ugd = Umin for any level of 5. Indeed, given its
very low demand, firm L prefers to differentiate as much as possible to attenuate price competition.

Cd

Then, the candidate wage equilibrium is w*® = uy,;, /2. Instead, in the centralized monopoly, the

candidate wage equilibrium is wém = Bumaz/ 2.21

4 up (up —ur,)

20Formally, given the wage stage, at the quality stage firm L’s profit is 7, = PP G T

that is decreasing in
ur, .

21This is due to the fact that firm H maximizes its profit 7y =

2
# by choosing ug equal to the maximal

available quality.
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Accordingly, we are now in the position to check the condition that permits to establish which
of the above candidate equilibria is actually the wage equilibrium of the centralized wage setting
scenario. In particular, the Nash product under the centralized duopoly, for € that goes to zero, is:

B

NCd _ (Umaz — umin)liﬂumm
4

whereas under the centralized monopoly (implementable for ;‘:ﬁ < B) it is:

m [(2 - /3>2Uma$]17ﬁ[(2 - B)/Bumam]ﬁ
NCm = 5 ,

Hence, we can conclude that the negotiators prefer to set w? = wmin /2 as long as N/ Cd < NCm™

and *min < 3 Accordingly, the following proposition can be stated (see also Figure 3).

Umaz

PROPOSITION 4. In the presence of centralized wage setting, a duopoly product market arises when
the ratio between the minimum quality level, Umin, and the mazrimal achievable quality, wmaz, sSay
QF = %, is not excessively low. Otherwise, only firm H operates as a monopolist in the market.
In addition, as the union relative bargaining power decreases, the threshold for Q* (above which
a duopoly arises) becomes increasingly low (e.g., a duopoly always emerges when B = 0). In this

(duopoly) case, firm L always (i.e., independently of B) opts for the lowest quality level iy, hence

mazximal vertical differentiation applies.

Proof. See Appendix A.3.

5 Product quality and welfare outcomes comparison

Following the previous analysis, we next compare the three unionization structures in terms of
quality differentiation and welfare outcomes.?> We define the consumer surplus and overall welfare

as, respectively:
0y 1
cS = (QUL — pL)d9 +/ (QUH —pH)Cw
9L 9H

22Qubgame perfect Nash equilibrium (SPNE) outcomes are obtained by substituting back the equilibrium qualities
for each unionization scenario. For the sake of space they are all reported in the final Appendix A.4. We also check

that at each SPNE the market is an uncovered duopoly.
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Figure 3: Centralized duopoly and centralized monopoly

Note: QF = Umin/Umaz With Umaz =1

i i
Before proceeding, as a benchmark, we recall the equilibrium values for § = 0, that is the

standard model without union, where wages are set at the competitive level, i.e. wy = wr = 0.

. 5 4 - 7 - 1 ~ 1 - 7 - 11
UH = Umaz, UL = ?umamﬂrH = 478Umara7TL = 478umazaps = Eumaxa S = QZumaxa W = Zzumam'

For sake of space and given their importance, in the comparisons we will focus on the two
particular cases mostly widespread in the literature: S = 1/2, in which the union and the firms are
equally powerful in the wage bargaining, and S = 1, which represents the monopoly union model,
in which unions have full bargaining power and can set wages unilaterally. Importantly, recall that,
as shown in Proposition 4, in the former case, under centralized unionization a duopoly is active
as long as Q* = Z:ﬁ > 1/3, while, in the latter case, in the centralized union case, a duopoly is
active if and only if @* > 1/2.

Table 1 and Figures 4-623 display the rankings that can be easily verified looking at the equilib-

rium variables reported in Appendix A.4. These rankings give rise to some interesting conclusions

23Figures 4-6 refer to the cases in which rankings are not stable and change in some range of Umin/Umaz-
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that we gather and discuss in what follows, distinguishing between concerns related to product

qualities differentiation and welfare outcomes.

Low quality
Wages
Profits

Consumer surplus

D _ ,C ~
up =up°® >ur
Cm Co D Co D
w > W > wg > wpt > wyr
g >aGm > ah > abe > 7l > 7y > fe

CS > CcsP > osCo >~ cgcém

B=1/2
0<Q*<1/3 1/3<@* <1
High quality ug = u%" = u%m = UH = Umaz ufl = ug" = u%}d = UH = Umaz

uLD = ugo > up > ugd = Umin

w > whe > wh > wfe > wP
see Fig. 4

CS > CSP > s > s

Consumer surplus

Welfare

CS > CcsP > ¢sco >~ cgém
W > WP > wCo > yom

Welfare W > WP > wce > wom W > WP > woe > wod
6=1
0<Q*<1/2 1/2<Q*<1
High quality ug = u%o = u%m = Uy = Umaz ug = u%" = u%d = UH = Umaz
Low quality u? > ugo =uy ug > u(Ljo =uy > ugd = Umin
Wages wé™m = wgo > wg > wg" > wLD see Fig. 6
Profits TH > ng > Wg > W%}O > 7 > 7T[l? > ﬂgo see Fig. 5

CS > csP > sl > ¢g§Ce
W > WP > wod 5 yylo

Table 1: Welfare outcomes comparison for 5 =1/2 and 5 =1 (Q* = Umin/Umaz)

5.1 Qualities and vertical differentiation

Comparing equilibrium qualities in the alternative unionization structures, the following holds in

both cases of equal distribution of bargaining power and monopoly union.

PROPOSITION 5. As long as the minimal quality standard in the market is not very far from the
mazximal available quality, i.e., Q* is large enough, the centralized union structure leads to a lower
average quality and a larger quality differentiation with respect to the decentralized and the coordi-
nated structures as well as with respect to the competitive labour market case. Otherwise, for Q* low

enough, the centralized union structure leads to a higher average quality than the decentralized and
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Figure 6: Wages for 8 =1 and Q* > 1/2

Note: In all figures, Q" = Umin/Umae With Umin =1

the coordinated structures and quality differentiation reduces with respect to the case of competitive

labour markets.

Interestingly, the initial guess according to which imperfectly competitive labour markets by

reducing the toughness of price competition should reduce the quality differentiation chosen by
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firms does not always hold. Indeed, under a centralized union, when the gap between the minimal
and the maximal available qualities is low enough, the uniform wage bargained for both firms
induces a limit situation where the demand of the low quality firm is negligible so that this firm
has incentive to differentiate from the high quality as mush as possible: maximal differentiation
arises at equilibrium. In all other cases, vertical differentiation reduces with respect to the case of

competitive labour markets with an increase of the average quality in the market.

5.2 Welfare outcomes

We next assess how the effects on equilibrium qualities feed back into welfare components, namely

wages, consumer surplus, profits and overall welfare.

PROPOSITION 6. Relative to welfare outcomes, the following results can be stated:

e In case of equal distribution of bargaining power, B = 1/2, independently of Q*, wages increase
whereas consumer surplus and social welfare decrease with the degree of union centralization.
In case of monopoly union, = 1, the ranking of wages, consumer surplus and overall welfare

depend on Q* and they may be non-monotone in the degree of union centralization.

o The ranking of profits depends on Q*, and it may be non-monotone with respect to the degree

of union centralization.

Under wage bargaining with equal power of parties, wages are monotonically increasing with
the degree of wage setting centralization. Indeed, the wage in the coordinated union structure is
higher than the wage set in the decentralized structure as in the former the cross effect of the firm-
specific wage on the demand of the rival firm is also taken into account by the union. Moreover,
under the centralized structure, as long as a duopoly arises, negotiators’ objective basically consists
of maximizing the value of industry production. With this aim, the wage is set such that the
production of the low quality good tends to zero. For this to happen the centralized wage is higher
than in the other duopoly scenarios. Anticipating the wage setting, the low quality firm sets its
quality as low as possible with the result that the equilibrium uniform wage is w¢? = dmin
Moreover, as the average quality in the market and total output are lower under centralized

duopoly than in the other union structures, it is quite intuitive that, consumer surplus and total
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welfare turn out to be lower too. The same result, however, holds even when a centralized monopoly
arises at equilibrium, hence the average quality is higher under wage setting centralization than in
the other structures. The reason now is that a monopoly output is too low.

Results differ in case of monopoly union where the wage is set in order to maximize the wage
bill given that firms do not have any bargaining power. The implication is that wages set by the
coordinated union for the high-quality firm are higher than in the case of centralized union because,
through wage setting discrimination, the former is able to fully appropriate the firm’s benefit from
high-quality. Moreover, also under decentralized unionization, wages set for the high-quality firm
can be higher than under a centralized structure, especially when the average quality is sufficiently
large and competition between firms, as well as between unions, is soft. In other words, the uniform
wage (institutional) policy adopted by a centralized union restraints the possibility to exploit its
full bargaining power to fix higher wages to more profitable (because high-quality) firms.?*

As for consumer surplus and social welfare, it is worth noting that their value can be minimal
under the coordinated structure. Indeed, this holds true when, under centralized wage setting,
a duopoly structure arises at equilibrium. This is because, under coordinated wage setting, the
monopoly union is able to fully appropriate the benefit from a quality improvement by setting
higher wages thus inducing the same average quality in the market as in the standard model but
with higher market prices and, in turn, lower market coverage with respect to the other union
structures.?®

As far as profits are concerned, the expected outcome that they increase with the degree of union
decentralization is obtained as long as the maximal available quality (chosen by the high quality

firm) is not very far from the minimal quality that is available in the market. This ranking is quite

intuitive for 5 = 1/2 and it reflects the fact that wages decrease with the degree of decentralization.

24Regarding wages for low-quality firm, instead, the centralized uniform wage is always higher than the decentralized

wage. Instead, in comparison with the coordinated wage, the latter becomes larger when mqz is high enough.
25This result is somewhat in line with Brito et al. (2019), that compare the monopoly pricing strategies (either

uniform pricing or input price discrimination) of an upstream producer selling an essential input to a vertically
differentiated downstream market. They find that the uniform pricing regime, that corresponds to our centralization
structure, as long as it does not lead to an unconstrained monopoly is welfare improving with respect to input price
discrimination (that corresponds to our coordinated structure). They focus, however, on a monopolist input supplier
with full bargaining power and take exogenous the qualities in the downstream market. As we show, considering

labour as the essential input, this result ceases to hold when firms have some bargaining power.
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It also holds for § =1 even if for uy,q, low enough, w%o > wC,

However, when w4, is much larger than w,,;,, it is the centralized structure that ensures the
highest profit for the high quality firm.?® The intuition is that as g, increases relative to wmin,
the positive effect of serving (almost) all consumers willing to buy (either because the demand
of firm L is negligible or because firm H becomes a monopoly) prevails. This also leads to the
result that the centralized union structure with a uniform wage is not always characterized by a
conflict of interest between the union and the industry: they may both gain when moving from a
decentralized to a centralized structure. Clearly, this occurs at the expense of consumers.

Finally, relative to profits, it is also worth comparing the results obtained under alternative
unionization structures with those in a (perfectly competitive) labour market without unions. As
one could guess, with monopoly unions, firms always suffers from unionization: the presence of
unions, by increasing production costs reduces firms’ profits with respect to the benchmark case
without unions. Interestingly, this does not always hold under bargaining with parties that have

equal power (see Table 1 and Figure 4), as highlighted by the following corollary.

COROLLARY 1. When parties have equal bargaining power, the profits of the high quality firm are
higher under centralized unionization than in a perfectly competitive labour markets without unions
when a duopoly arises in the product market and Umq, s large enough with respect to Upmin. The
presence of unions can also increase the profits of the low quality firm and this actually applies

under decentralized bargaining with firm-specific unions.

The rationale for which a centralized union structure may be beneficial for the high quality
firm is that, in a centralized duopoly, the presence of the union, by inducing a positive limit wage
that is proportional to the minimal quality standard, involves two opposite effects as compared
to the benchmark case. On the one hand, it implies larger productions costs but, by constraining
the demand for the low quality good (that is negligible), on the other hand, it also relaxes price
competition and allows the high quality firm to further increase its price. For given minimal quality

standard, this latter positive effect increases with the maximal quality and it overcompensates the

26Note that the ranking of the overall producer surplus follows the ranking of firm H’s profit. Also this ranking is
qualitatively the same under bargaining (8 = 1/2) and under monopoly union (8 = 1) as displayed in Figure 4 and
Co
H

Figure 5. Note, however, that for 8 = 1 the positive difference between 75 and 7§° is larger than for 8 = 1/2, so

that the ranking in the intermediate interval of umqz is clearer than for 8 =1/2.
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negative one when 4, becomes sufficiently high.?” As for the low quality firm, it can also benefit
from the presence of unions. In particular, this happens under decentralized bargaining because,
even if this firm suffers from a higher (unionized) wage, its quality increases inducing a higher price

and a higher demand with respect to the case with § = 0.

6 Conclusion

Unions in labour markets play a prominent institutional role and the interaction between imperfec-
tions in labour markets and imperfections in product markets are relevant from both a theoretical
and an empirical point of view. With this motivation, we have investigated the effects of alternative
institutional unionization structures, typically observed all around the world, on product quality
differentiation and welfare outcomes.

Alternative union wage setting regimes prove to affect crucially and differently the choice by
firms on product quality and, as a result, the degree of vertical differentiation in the product
market. Indeed, when unionization is decentralized or coordinated, vertical differentiation generally
decreases with respect to the case in which labour markets are perfectly competitive without unions.
However, under decentralized unions, average quality in the market always increases with unions’
relative bargaining power while, under coordinated union, there is a non-monotone relationship
between them. By contrast, when unionization is centralized, wage setting can affect the product
market structure, determining either a duopoly or a monopoly, and when a duopoly arises the
low-quality firm opts for the minimal quality, which increases vertical differentiation.

Finally, relative to welfare comparisons, wages and profits are not always monotone with respect
to the degree of wage setting (de)centralization, depending on the union relative bargaining power
and the endogenous degree of quality (vertical) differentiation. Furthermore, even if unionization
generally increases average product quality, it always lowers consumer surplus and overall welfare
because the negative impact on output quantity outweighs the positive impact on output quality.
At the same time, a more decentralized union structure is generally welfare superior than a more

centralized one.

2"Note that this result does not extend to the case of centralized monopoly. Indeed, when an unconstrained
monopoly arises as a result of centralized wage setting, the bargained wage is proportional to %mqs and the larger

market revenue does not compensate anymore the larger production cost of the high quality firm.
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A Appendix

A.1 Proof of Proposition 2

Given ug = Umqz, COMputing g%, we find that 7, first increases and then decreases in uy,. More

L ¢ (0,1), the first order condition for this maximization problem is of

u
Umazx

the form FP(Q;3) = 0, with:

precisely, denoting Q =

FP(Q;8) = 128(2 + §) — 8(120 + 5(36 — S(2 + §)))Q + 2(640 + 5(72 + (2 — 5)5))Q*

—(800 — (40 — B(32+ 36)))Q° + (240 — (44 — 178))Q" — 2(14 — (4 — B))Q".

FP(Q;B) is a fifth-degree polynomial in @ with a unique root in the interval (0,1). Also it is

7

non-negative in @ = % (that is also the root of FP(Q;0) = 0), and it is non-positive in Q = 10

(that is also the root of FP(Q;1) = 0) so that the optimal quality is such that QP (3) € [2, ;5] and
it is increasing in 3. Indeed, although we cannot find a closed-form solution for Q” (), applying
the implicit function theorem, in the interval of interest we verify that:2®

aQ _ OF/0p S

dpg 0F/0Q ’

As a result, the optimal low quality choice, indicated as uf (8) is an increasing function of 3, and

it is equal to %umw for the particular case § = 0 and equal to %umaw for the other extreme 8 = 1.

A.2 Proof of Proposition 3

Given u%}o = Upmaqz, cOMputing g%, we find that nj, first increases and then decreases in uj,. More

precisely, denoting Q) = u“m—L € (0,1), the first order condition for this maximization problem is of

axr

the form FC°(Q; 3) = 0, with:
FOQ; B) = 64(—2 + %) + 16(30 — B(6 + 88 — 8%))Q — 4(160 — (62 — B(5 — 2(1 — 8)B)))Q*

+(400— (220 — B(116 — (26 — 8)3)))Q° — (120 — B(82 — B(53 — 178)))Q"* + (2— B)(T—2(1 - 3) B)Q".

FC(Q;B) is a fifth-degree polynomial in @ with a unique root in the interval (0,1). Also it
is non-negative in Q = % (that is also the root of FY°(Q;0) = 0), and it is non-positive in

Q= % (that is also the root of F€°(Q;1) = 0) so that the optimal quality is such that Q“°(8) €

28Gee also Figure 1 in the main text for a graphical proof of Proposition 2.
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[%, %]. Although we cannot find a closed-form solution for Q“°(3), numerical simulations show

that it is non-monotone. In particular, we verify that Q“°(0) = Q“°(1) = 4/7 as well as that
Q°(0.8) = 0.68. As a result, the optimal low quality choice, indicated as ugo(ﬁ) is such that
ugo(ﬂ) € [%umaz, %umaz] and it is equal to %umax for the particular case S = 0 and for the other

extreme 3 = 1.29

A.3 Proof of Proposition 4

Denoting Q* = ;=i we find that

max

— B2\ 1-B((9 — B
NCL < NOm ((2-5) )24(;2 8)B) B % (1 _ Q*(lfﬁ)) Q*(ﬁ) > 0.

Although we cannot find a closed form solution for Q* as a function of 3, say Q*(3), Figure 3 in
the main text displays the implicit plot of the above condition showing that N¢4 < N¢™ «—
Q* < Q*(B). As verifiable from this Figure, Q*(3) is increasing: as the union becomes relatively
more powerful, the centralized monopoly is more likely to arise. For instance, note that for 5 =0
(benchmark standard model), @Q*(0) = 0 and the centralized duopoly arises for any value of Q; for
B = 1/2 (equal distribution of bargaining power between the union and the firms), Q*(1/2) = 1/3
and the centralized duopoly arises iff Q* > 1/3; finally, for § = 1 (monopoly union), the centralized
duopoly arises iff Q* > 1/2.

A.4 Equilibrium outcomes

In the centralized union case, whenever the quality ratio Umin/Umas is large enough, at equilibrium
the centralized duopoly arises. Note that while the threshold on the quality ratio depends on the
level of the bargaining power, equilibrium variables are independent of 8 and they are, with € that

tends to zero:

de _ Umin . Umin
2 2
2eu 1 € 1
oG e gogea L, e 1
dUmazUmin — Upin 2 QUmaz — Umin
2 2
7T0d . 4e“Umax (umaac - umin) -0 7_‘_C'd . (umaac - umin)(umin — 2e — 4umaz) Umax — Umin
L — 3 H —
umin(_4umaa: + umin)2 4(_4Uma:v + Umin)2 4

29Gee also Figure 2 in the main text for a graphical proof of Proposition 3.
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1
CSYt = gumaz

WCd = gumaaz .

In contrast, whenever the quality ratio wmin/tUmaes 1S low enough at equilibrium the centralized

monopoly takes place. Equilibrium variables are then:

p
ow = Eumax

2 —
z¢m =0, x%’”:izlﬁ, 2 afm <1

2 B)2
O,ng = ( 165) Umaz

o 2
CSCm _ (2 3218) Unma

om _ (2= PB)(6+8)
w = 3—2umaw.

wgm =

As for the other two unionization structures, equilibrium variables depend on 8 and they are

reported for the two cases analyzed in the text.

Equal distribution of bargaining power. For § = 1/2, equilibrium variables turn out to be

the following. In the decentralized structure:

3 L T3

w[l? = %umax‘v W = %umaaz
31 12
D D D D
TL = qo0 TH T 950 TL T T 900 <
11 17
775 = %Umaam 71—[2 = TOOUmax
csP =5,
= g Ymaz
109
b= Twumax-
In the coordinated structure:
2 41
wgo = %umaza w]?[ = %umax

36 477 383

Co _ 29 Co _ Co Co _ 2%

LT 1950 TH T 1000 TE TTH T 5p0
oo 19 oo 21

T = mumam T = Tmumam

<1
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Monopoly union. For 8 = 1, equilibrium variables turn out to be the following. In the decen-

tralized structure:

159 59
wf = mumax, w[?( = @umax
19 341
D D D D
= — = — e — 1
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19 11
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1000 "
In the coordinated union case, they are:
2 1
wgo = ?umawy wgo = iuma:v

Co [ Co [ Co Co [ 1
T TS’ TH 7217 Ty, +xH 7]6 <
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cse =Ty
96 max

29
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