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Is competition or collusion in the product market
relevant for labour markets?

Fabian Bergeés ~ and Stéphane Caprice ™

Introduction

This article analyses the interaction between oligopsonistic competition on
the labour market and oligopolistic price-setting on the product market.

Focusing on the labour market, Manning (2003) presents a model
that combines the job differentiation and search aspects. Hamilton et al.
(2000) study imperfect competition in the labour market when both work-
ers and firms are heterogeneous. These authors consider an industry with
firms producing a given homogeneous good that is sold on a competitive
market. ! However, analysis of oligopsonistic competition in the labour mar-
ket typically do not include explicit models of the product market or the
oligopolistic strategies of firms. Hence, such analysis are unable to investi-
gate the interactions between products and the structure and behaviour of
the labour market.

By contrast, if wages are bargained collectively, it is possible to con-
struct plausible and robust models to study the connections between the
labour and product markets. Davidson (1988) developed a model of wage
determination in unionized oligopolistic industries and used it to compare
the outcome of collective bargaining under different negotiation structures.
Horn and Wolinski (1988) analysed a duopoly situation in which firms
acquire inputs (labour). They combined a bargaining model with a duopoly
model to examine the effect of the industry’s structure on input prices
(wages) and profits, the demand relations among the final products, as well
as the nature of bargaining between unions and firms. 2 However, since union
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bargaining does not provide a full explanation of the wage setting process,
oligopsonistic competition in the labour market should also be considered.
Indeed, according to the quantitative analyses of Cahuc et al. (2006) and
Beffy et al. (2006), between-firm competition for labour services plays a
prominent role in the wage setting process.

In this context, our article can be regarded as an attempt to model the
interaction between product and labour markets in oligopolistic industries, a
structure widely neglected in the labour literature. > We consider a model of
wage-setting in the labour market and price-setting in the product market.

In our study, we address a number of questions, including whether an
increase in product market power and profitability can lead to increased
wages. This question is relevant since, even in the non-union sector, evi-
dence is found of monopoly rents being shared by workers in the form of
higher wages (Stewart, 1990; Blanchflower et al., 1996). We also investigate
how wage-setting in the labour market can be influenced by demand rela-
tions among the products or behaviour of firms in the product market. As
pointed out by Nickell (1999), a major problem with such an analysis is to
take into account of the endogeneity of the level of employment, and per-
haps more importantly, any changes in the quality or skill level of the
labour force. For instance, any fluctuation in the workers’ productivity or
skill level will typically induce parallel fluctuations in both wages and quasi-
rents. Product market characteristics do not only affect wage determina-
tion, but also the employment as well as the skill level of the labour force
and the firm’s productivity performance.

We take into account a qualified labour market where workers are
heterogeneous with respect to their specialisation and an unqualified labour
market where there is an infinite supply of labour. We consider a two-stage
game with two firms. Firstly, firms compete on the qualified labour market.
Productivity performance is related to the number of qualified workers,
that is, it increases with the number of qualified workers. Secondly, firms
set prices in the product market and then produce outputs. Qualified work-
ers and unqualified workers are employed for production. The numbers of
unqualified and qualified workers hired by the firms are thus endogenous.
At this stage, we should bear in mind that we are addressing the following
question: what happens to wages, employment and productivity if there is
a change in market power on the product market? We thus consider two
contrasting (or extreme) cases, in which firms either compete or collude on
the product market. This is a partial equilibrium issue, where unions do not
influence wage determination. We model the product market power (leading
to higher rents) by using a market behaviour approach.

3 See Wauthy and Zenou (2000) for a notable exception.
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We find that, under collusion, firms hire more qualified workers.
Wages in the qualified labour market are higher to attract workers. This
result is in accord with some studies showing that collusion on price
increases the firms’ incentives to make cost-reducing or quality enhancing
investments when they choose strategic variables other than production
and prices, like investment in capacity or R&D spending. * Collusion in
the product market intensifies competition on other strategic decisions,
such as the wages of qualified workers. In our study, the productivity
increases along with the number of qualified workers employed.

However, we also find that total employment (unqualified plus quali-
fied workers) decreases with collusion. We perform a numerical analysis to
compare the wage bill in a collusive and in a non-collusive framework.
Depending on product market parameters, the total wage bill is lower in a
collusive setting when the final demand for goods and degree of substitution
between goods are low. Thus, in a product market collusion setting, qualified
workers earn more, but less rents may be distributed to all workers. Further-
more, the wage gap between unqualified and qualified workers increases.

Some of the topics analysed here have also been explored in a number
of recent papers. Symeonidis (2005) examined the effects of collusion in the
product market when there is bargaining between downstream firms and
upstream agents (firms and unions) over the price of an input (such as
labour), while Lommerud et al. (2005 and 2006) investigated the profitabil-
ity of downstream mergers when each downstream firm is faced with an
input price unilaterally set by an upstream supplier. In our model, a down-
stream merger may correspond to the case of collusion by joint profit maxi-
misation. In contrast to our findings, these authors (op. cit.) propose that
joint profit maximisation in the product market will lead to lower input
prices (wages). However, our approach is very different. Most importantly,
we examine competition in the labour market, whereas previous authors
assumed bargaining (Symeonidis, 2005) or wages that were unilaterally set
by unions (Lommerud et al., 2005 and 2006). We also take into account the
distribution of skilled and unskilled workers, which results in productivity
changes for firms.

Some other recent studies focus on issues that are complementary to
the ones analysed here. For example, technology spillovers are endogenous
through labour mobility, and certain authors have studied the links between
product markets and technology spillovers. Fosfuri et al. (2001) analysed
technology spillovers due to worker mobility from multinationals to local
firms. Gersbach and Schmutzler (2003) investigated how endogenous spill-
overs through R&D-employees’ mobility can influence incentives to invest

For example, see Fershtman and Gandal (1994). Along the same lines, Horn et al. (1994) show that —
contrary to popular belief — there may be a negative relation between the competitiveness of the product
market and effort incentives in R & D.
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in cost-reducing innovations. Fosfuri and Rgnde (2004) and Combes and
Duranton (2006) studied the functioning of industrial clusters in cases where
technology spillovers arise through labour mobility. Our analysis is comple-
mentary to previous studies, which consider only the diffusion of knowledge
as endogenous, viewing the initial recruitment of strategic workers as an
exogenous investment. By contrast, although our study does not examine the
diffusion of knowledge, we consider that only the generation of knowledge is
endogenous due to the recruitment of strategic workers.

Lastly, our model contributes to the extensive literature on strategic
technological choices. Hiring qualified workers is a form of strategic invest-
ment that allows a firm to lower its marginal cost before competition takes
place on the product market (Vives, 1989; Mills and Smith, 1996).

This article has the following structure. The first section describes the
model. The second section presents equilibria for the two "extreme" situa-
tions, in which i) firms compete on both prices and wages and ii) firms col-
lude on product market prices, but compete on the labour market. Note
that the strategic labour market is made up of qualified workers. The third
section compares the two situations in terms of wages, productivity and
total employment, while also presenting a numerical analysis of the wage
bill. The last section is a conclusion.

1 The model

We consider a partial equilibrium model with two differentiated goods, each
one produced by a different firm (i = 1,2). We assume a dual labour market.
There is an infinite supply of unqualified labour at a wage w and the two
firms compete for hiring qualified workers. The firms play a two-stage game
(competition on qualified workers’ wages and price setting). Although qual-
ified workers are not needed by the firms to be able to produce later on, pro-
ductivity at the second stage results from the number of qualified workers
hired at the first stage.

1.1 The two-stage game

In the first stage, firms set the wages of their qualified workers and then hire
them. The wage w of unqualified labour is normalized to unity, without loss
of generality. The wage proposed by firm ¢ to qualified workers is denoted
by 1 + w;, where w; is the gross premium over the market wage for unqual-
ified labour taken as equal to 1. In the following, we refer to the premium
chosen by the firms as the strategic wage since the wage for unqualified
labour is non-strategic. We assume c; is the constant labour requirement per
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unit of output for firm 4. Hiring qualified workers reduces this firm’s unit
labour requirement; c; decreases as a linear function of the number of qual-
ified workers [; according to:

(1)

C; =
0 otherwise

{1 -1 if [ <1
At the end of this first stage, firms are ready to operate and production
facilities are set up. In the second stage, price setting takes place (p, and p]-)
and firms produce their output. Qualified workers and unqualified workers
are employed for production during this period.® Firms hire unqualified
labour, s;, to produce the corresponding quantity g,(p;p,) , such that:

li+s; = Cyquj(piipj) if ;< Ciqi(pyj9pj) (2>

There is a possibility for the firm to hire ‘too many’ qualified workers,
resulting in a lack of unqualified recruitment. This strategy is ruled out in our
model since the symmetric equilibrium is defined for a positive value of s;. ¢

Wages are then paid for qualified and unqualified workers. The profit
of firm 7 is the sum of its revenues on the product market minus the wages
paid, that is: p,q(p;p) —s;— (1 + w,)l;. Using (1) and (2), the profit of firm
1 can be rewritten as:

T,=(p;—¢;) qi(piapj) —wll-¢) (3)

The structure of the game and its timing are summarised in Figure 1.

Stage 2:

1:
Stage Price Competition

Strategic Wage Competition
Time

- Setting of qualified workers’ wages - Setting of prices
- Hiring of qualified workers - Hiring of non qualified workers
- Setting-up of firms’ productivity - Production takes place

- Wages are paid (qualified and
non qualified workers)

Figure 1: Timing of the game

As suggested by one anonymous referee, we could instead assume that qualified workers do not contribute
directly to the production, but operate for instance as "team supervisors" or "foremen". The unit labour
requirement still decreases, but only unqualified workers participate in the production process. This would
not change the nature of our results.

We thank the two anonymous referees for pointing out this problem. We checked that the interior solution
in prices is a global maximum at the symmetric equilibrium such that s; > 0 (a proof can be provided upon
request). The condition s;> 0 is transposed into equations (C3) and (C3’), which are available in Annexes
B and C.
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The timing is consistent in the sense that hiring qualified workers is
a way for firms to invest firstly in production facilities: qualified workers
contribute to the internal knowledge of the firm and thus its productivity.
Hence, it is appropriate that competition for qualified workers occurs in
stage 1, whereas price setting and production takes place in stage 2 (as
described in Combes and Duranton, 2006). Furthermore, hiring qualified
workers is often less flexible than hiring unqualified workers. The problem
of matching between qualified workers and the activities of firm 4 can be
seen as much more complex: qualified workers may require some training
cost to work in firm 1.

1.2 The strategic (qualified) labour market

We assume a qualified labour market where there is a continuum of workers
with the same level of general human capital, but with heterogeneous skills.
Workers are heterogeneous in the type of work they are best suited for, but
there is no kind of ranking in these types of work. Workers’ skill types are
denoted by z and, for simplicity, the common level of general human capital
is ignored. Our modelling of the qualified labour market is closely related
to that due to Hamilton et al. (2000). "

The relevant characteristics of a given (qualified) worker with respect
to firms are summarised by his or her skill. Each firm has a specific tech-
nology such that workers can produce output only when they fully match
the firm’s skill requirement. Since workers are heterogeneous, they have dif-
ferent matches with the firm’s job offer. Thus, if firm ¢ hires a worker whose
skill differs from z;, the worker will need to be trained. The cost of training
to meet the firm’s skill requirement is a function of the difference between
the worker’s skill z and the skill requirement z;; The more distant the skill
of a worker from the firm’s skill requirement, the larger the training cost.
More precisely, the training cost is given by a linear function ¢|z — z;| of the
difference between the worker’s skill  and the firm’s skill requirement z;,
where ¢ > 0 is a parameter inversely related to the efficiency of the training
process. Besides, t could also be related to the degree of competition
between firms on the qualified labour market. In the limit case where
t — 0, the training process has no cost; this limit case is equivalent to per-
fect Bertrand competition on wages. For simplicity, we assume that quali-
fied workers’ skills are uniformly distributed along a segment [71,711] . The
constant uniform density is , which expresses the thickness of the market. 8

For a model in which workers are heterogeneous with respect to general human capital, see Sattinger
(1993).

In our modelling, the segment length should be at least 2 to reflect a labour market that is not fully covered.
To be precise, a qualified labour market size equal to 2 implies ze [71,1] , since the uniform density is h. A
direct consequence is that the number of qualified workers can vary.
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Note that the wage proposed by firm 4 to qualified workers is 1 + w;,
so an individual with characteristic  and taking a job in firm ¢ has a net
utility that is given by:

w;—t|z— 1z . (4)

Each firm requires a specific specialization profile and we assume that
these profiles are located around 0, the centre-line of specialization. For the

sake of simplification, the skill requirements are taken as z, = -% and
=1
Ty = 3.
W W,
: Increase
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Figure 2: The qualified market and the effects of increasing w,

For interior strategic wage solutions, given that firm ¢ proposes w; and
its rival firm w;, the number of qualified workers accepting the job is given
by (see Annex A for details):

(Bw;—w;+ 1)

W) = U2 i i = {13
t<w;+w; and wﬁt(%—%. (5)

For the symmetric equilibrium in wages, where w;, = w, = w, we can
note that the conditions in (5) amount to:
1

% <w< t(}—l— L) Which is relevant if h< 1. (6)
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An increase in the strategic wage offered by firm ¢ has two different
effects. Firstly, this pay rise allows firm 4 to increase its market share on
the qualified labour market by convincing workers who were employed by
firm j to obtain a job in firm 4. This is illustrated in Figure 2, which shows
that z is shifted to the left (for a given rise of w,). Secondly, an increase in
w; also persuades some qualified workers who were not employed in the stra-
tegic labour market to take a qualified job in firm 4. This is because their
net utility then becomes positive owing to the higher w,’. Thus, the total
number of qualified workers employed (both in firms i and j) increases
because of this latter effect.

1.3 The product market

At stage 2, firms set prices on the product market and the goods produced
are considered as imperfect substitutes by consumers. Inverse demand func-
tions are classically given by:

p; = a—qi_BQj and p; = a—q]'_ﬁ%: (7)

where g¢; is the quantity consumed of the good produced by firm i, with
oa>1 and 0<PB<1. Rearranging terms leads to the following linear
demand functions:

Wen) = TEgt i T i s L ®

The parameter o can be interpreted as reflecting the market size,
whereas P is an inverse-index for the degree of differentiation between the
two goods. In the particular case where B = 0, firms are in a monopoly posi-
tion in their markets, whereas the limit case B — 1 is equivalent to Bertrand
competition with homogeneous goods.

2 Two-Product Market Equilibria

Product market power (leading to higher rents) is captured by considering
two extreme cases: firms competing on the product market, and, on the con-
trary, firms colluding on the product market. The first case is considered
here as the benchmark situation.

Such an effect is absent when considering a fully covered labour market with inelastic labour supply.
Indeed, any increase in strategic wage results in an increase of the firm’s market share.
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2.1 The benchmark case:
competition on the product market

In the following, we derive the equilibrium in prices and wages when firms
compete firstly in the strategic labour market and then on the product market.
The game consists of two stages:

- In the first stage, firms offer bonus wages of w, and w, to qualified workers.
Wage offers are assumed to be public.

- In the second stage, firms compete in prices on the product market.

To find the sub-game perfect Nash-equilibrium, the game is solved by
backward induction. The program of firm ¢ according to (3) is given by:

mft)lI(pi— ) Qi(piapj) —wi(l-¢,) 9)
1
s/t ¢; = 1-1, and ¢(p,p) = L B Di— D;-
J 1+B 1—62 J 1_62

The first-order conditions on price give the following equilibrium in
terms of price and quantity for firm

al-B)  _2c+Be

Pz‘(%cj) = 2_B 2+p)2-P) (10)
PN Bei—(2-B)e, .
W) = GTRATP  erpe-paspa-p Y

The profit of firm 7 in terms of production costs is therefore:
2 2
niepey = LEHRAPI B CoPIel o) )

2-B)°2+B)*(1+B)(1-B)

At this stage of the game, c; is considered as fixed because the wage
w; was already set in the previous stage. We now turn to the Nash-equilib-
rium in strategic wages. Since ¢; depends on w; and w;, the expression of firm
7’s profit relative to wages is given by:

Tci(wifwj) = nl(pi(ci<wiij)7Cj(wi’wj))vpj(ci(wi’wj)7cj(wi7wj))7ci(wi7wj)vwi). (13)

The first-order condition with respect to w; is written as:

dc;dw; dc;dw,

LI a_ﬂ[a_pa_ N a_pja%} Somde, omy
Ip; dp; de;dw;  Jw; . (14)
—_—
=0
Considering only symmetric Nash-equilibria, we can then determine
the equilibrium strategic wages.
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PROPOSITION 1: Assuming that firms compete on the product mar-
ket, the interior equilibrium in strategic wages is given by:

2 h .
' —A(o—-1+2)t _@R2
w¥ = 2 where A = 12+20 - 6B 5>0.
ha =5t (1+B)(2+B)(2-P)
The comparative statics results are summarised as follows:

dw?* dw* dw* dw?*
—_— —_— —_— d — .
d0c>0’ ap <0, dh>0 an T <0

Proof. See Annex B. Conditions for interior solutions and existence
are also provided.

The variations in equilibrium wage appear quite intuitive in relation
to the model parameters. When the market size increases, each firm shows
a rise in profitability and hires more on the qualified labour market. This
competition for qualified workers makes the equilibrium wage increase.
When goods on the product market become increasingly substitutes, equi-
librium prices decrease so the firm has to cut the wage bill. This leads to
hiring less qualified workers who are expensive, and thus the equilibrium
wage decreases. These results fit with the common view that wage determi-
nation is positively influenced by the employers’ ability to pay. We find
that rent-sharing income increases with market size, but decreases with the
degree of substitutability between products. This occurs independently of
union bargaining, since we have no union in this model.

For any increase in the size of the qualified labour market, each firm
benefits equally from the increased numbers of qualified workers hired and
thus competition on the labour market leads to a rise in the strategic wage.
This seems to be counter-intuitive in the sense that an increase in the num-
ber of workers usually implies lower wages. It is not the case in our model
because a larger qualified labour market increases the marginal supply of
qualified workers, for a given increase in the wage offered. Finally, an
increase in the matching cost of employees turns this labour market to be
less competitive. Each firm exerts its market power on qualified workers
and therefore lowers the strategic wage offered.

2.2 Collusive agreement on the product market

The difference with the benchmark competing situation only arises in the
second stage of the game when firms collude in prices. However, as previ-
ously described for the first stage, firms continue to compete on the quali-
fied labour market. Collusion only takes place on the product market.

The price equilibrium in the second stage can therefore be obtained
from the joint profit maximisation program:
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ElaX [(pi,_ Ci) qi,(pisp]’) - wi(l - Ci)] (15)
Pbpﬁ
i=1
o , B
B 1o 1op

The first-order condition computations give the following collusive
equilibrium in prices and quantities:

s/t ¢; = 1-1; and q(p,p) = 5D, -

pe) = Ja+e), (16)

g(cuc) = =2 Be;— ¢,
S 214 B) 201+ B)(1-B)
The profit of firm 4, expressed only in terms of cost parameter, can be
rewritten as:

(17)

(0= c)’ = Bla—c)(o—c)
4(1+PB)(1-B)

The profit of firm 7 in the collusion framework expressed with respect
to w; and w; can be written as:

m(csc) = —w(l-c,). (18)

7 1;7: (ciw;, wj) ) Cj( w;, wj) ), I;j (ci(w;, wj) ) Cj(wz'a wj) ), w;, wj) ) wz) (19)

where p; and p; are the price solutions of the joint profit maximisation on
the product market.

When there is collusion on the product market, the first-order condi-
tion determining the wage equilibrium of firm i can be written as:

omy Opde; | Ip;d¢;| Omydpde;  Ipjdey| OmIe; Om o,
dp;| dc;0w; dc;dw;| dp;ldc;,dw; dc;dw;| dc,dw; dw;

Considering only symmetric Nash-equilibria on the qualified labour
market, we can then determine the equilibrium strategic wages.

PROPOSITION 2: Assuming that firms collude on the product mar-
ket, the interior equilibrium in strategic wage is given by:

L = Cla-1+Dt 3_
v s e Ve O st

Comparative statics results are summarised as follows:

T >0, B Z 0, i >0 and 7

<0.
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Proof. See Annex C. Conditions for interior solutions and existence
are also provided.

The effects contributing to the variation of the equilibrium wage with
respect to parameters o, h and t are the same as in the previous section.
The sign of d[“;—ﬁ is not constant. '°

According to the firms’ behaviour in the product market, we compare
both framework outcomes to see whether collusive agreement on the prod-
uct market is relevant or not.

3 Is product market competition relevant
for labour market outcomes?

Following the review carried out by Nickell (1999), the basic relationship
between the labour and the product markets relies on sharing of the monop-
oly rents. However, to share the rents, we require a rule or an institution,
and models including the effect of unions yield a positive relationship
between market power and wages. An increase in market power implies
more monopoly rent to share via union negotiations on wages.

There is no union involved in our model, and wage levels arise from
the imperfect competition between firms in the labour market. Considering
collusion on the product market, the result is a rise in prices and more rents
to share. Nevertheless, the effect of collusion may be ambiguous, since this
means that each firm produces less and therefore hires fewer numbers of
workers. An intuitive conclusion would be that collusion leads to lower
wages in the labour market. However, since collusion gives more rents to
share, firms have a larger return on investment when they employ more
qualified workers. ' Hence, collusion may lead to more competition on the
qualified labour market.

We successively compare the wage as well as the level of employment
and productivity performance. A numerical analysis is performed to com-
pare the wage bill.

ok
The factthat 22— »0 needs some explanation. Usually, collusion on the product market should completely

internalise the substitution parameter between products because firms act as if they were a downstream
multiproduct monopoly. In our model, total demand (g, + g,) depends on B and this creates the well known
bias of B operating on market size. See Irmen (1997) for a documented criticism on this kind of linear
demand function. Therefore, the sign of this derivative does not depend on any relevant economic expla-
nation.

Such an effect arises because of the intrinsic link between productivity and the number of qualified workers
present in the firm.
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3.1 The effect of collusion on wage,
productivity and total employment

Employing qualified workers implies an efficiency effect for the firm since it
helps to reduce the unit production cost. Collusion implies higher profits in
the product market, because of higher final prices. Firms may thus be prone
to increase wages in a collusion setting, since they have a larger return on
investment (qualified workers). Indeed, the marginal value (in terms of
product) is higher under collusion, which pushes up strategic wages.

PROPOSITION 3: Collusion on the product market leads to higher
wages in the qualified labour market.

Corollary 1. Collusion on the product market leads to an increase
in productivity, via the recruitment of qualified workers.

Proof. See Annex D. We also provide necessary conditions on param-
eters to obtain comparable interior solutions.

The classic effect of collusion is price rise and production decrease.
But productivity also matters in this model. Collusion decreases production
and also causes firms to hire more qualified workers in order to benefit from
the resulting increased margin. This strategy allows them to raise produc-
tivity and reduce costs. In this way, firms not only charge higher prices, but
also have decreased unit production costs, thus raising their final margin.

Despite expectations of a positive correlation between competition and
productive performance 2, we find a negative link. Such a result is in line with
the theoretical work of Freshman and Gandalf (1994), who show that collu-
sion on prices can increase the firms’ incentives to carry out cost-reducing
investments when prices are not the only relevant strategies adopted by firms.
Besides, following Schumpeter (1962), it has been argued that less competi-
tion implies more R&D expenditure since firms face less market uncertainty,
resulting in a larger and more stable cash flow for firms.

In our model, the first effect of collusion is to raise the wages of the
qualified employees, and consequently increase the productivity of the firm.
This could generate a potential conflict in a normative analysis of collusion
because enhanced productivity represents a benefit that is opposed to inef-
ficiency in the product market. Concerning the total employment level, we
need to consider the qualified and unqualified components of the labour
market. The opposite effects resulting from collusion are, firstly, to increase
the number of qualified workers and secondly, to reduce the number of non-
qualified workers, since production decreases. The total effect on employ-
ment is therefore ambiguous.

PROPOSITION 4: Collusion on the product market leads to a decrease
of total employment level.

2 See Nickell (1999) in section IV.
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Proof. See Annex E.

Collusion on the product market leads to a drop in the quantities pro-
duced, but unit productivity increases because the firm hires more qualified
workers. Therefore, firms need fewer unqualified workers to produce less
quantities since they have higher numbers of qualified workers and each
worker is more efficient. > Hence, the total employment level decreases.

A second effect revealed by the normative analysis of collusion is a
reduction in total employment, which is clearly not a benefit. Moreover, for
many governments, total employment level (rather than qualified employ-
ment alone) is the relevant statistic.

It has been currently established that there may be two conflicting
effects on the wage bill when total employment level decreases. With falling
levels of employment, the wage bill may nevertheless increase due to an
increase of competition on the qualified labour market. This last effect may
thus be larger when the product market size increases, and thus collusion
on the product could lead to a higher wage bill.

3.2 A numerical illustration of wage bill variation

Due to the complex analytical expressions of wages and productivity, there
is no clear conclusion on how the total wage bill paid by firms varies accord-
ing to collusion. The argument stated above describes two conflicting
effects, but the result remains ambiguous. To obtain a deeper insight on
how the model parameters affect the wage bill, we propose two graphical
representations according to the set of parameters for the product market
(0,p) and the (qualified) labour market (h,t). We set h = 1% and t = é
to illustrate the wage bill variation according to the product market param-
eters, and use o0 = 15 and f = % to characterise the wage bill with respect
to the labour market parameters.

By fixing such parameters, we can compute symmetric equilibrium
wages and then derive quantities as well as prices, and thus the number of
qualified and unqualified workers. Figure 3 shows the wage bill variation —
whether there is collusion or not — as a function of product market param-
eters, while Fig. 4 is relative to labour market parameters. *

Note that the production function of firm i is given by: li+s; = cuq,. Consequently, if g; decreases and ¢;
increases, the total effect is ambiguous. However, we can demonstrate that the decrease in quantities is
more marked than the efficiency gain with collusion. Therefore, because c;q; decreases in collusion and /;
increases, we can conclude that s; is lower.

Relevant constraints to obtain interior solutions for symmetric wages are indicated as bold lines on both
figures.
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WRBComp > WWRColl

0.2 0.4 0.6 0.8 1 B

Figure 3: Wage bill on the product market with h = 11(—) and t = %

te

WBComp > WBColI

0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure 4: Wage bill on the labour market with o = 15 and B = T%
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For a given o, when substitutability between products is low, the
wage bill paid by each firm under competition is higher than the wage bill
paid under a collusion agreement on the product market. We can give the
following explanation. On the one hand, when products are differentiated,
this means that each firm has some market power on its good and thus pro-
duction is lower, irrespective of whether there is any collusion. In other
words, the wage bill increases with the parameter B in both frameworks.
On the other hand, collusion increases the wage bill because the qualified
workers receive higher wages. However, with decreasing substitution of
products, this latter effect is weaker because collusion on the product mar-
ket has a lower impact due to the higher differentiation between final goods.
For a given threshold, the effect of collusion via qualified workers compen-
sates the effect of substitutability via the quantities produced.

With respect to labour market parameters, namely the training cost ¢ and
the size of labour market h, numerical simulations show that the threshold
varies in the following way. For a given size of the labour market, when the
training cost t increases, there is less competition resulting in lower wages
for qualified workers. A weaker competition on the qualified labour market
softens the impact of collusion on the product market. This effect becomes
more and more important with increasing ¢. Hence, collusion on the product
market is less pronounced, leading to a lower wage bill compared to the
competition case. For a given training cost ¢, any increase in the labour
market size translates into more competition on the qualified labour mar-
ket. The collusion impact is reinforced by this effect, and increasingly so
with higher values of h.

The two important results of this analysis are that total employment
may decrease because of collusion, and the total wages paid to workers can
increase. However, even if the total wage bill increases, inequalities among
workers are stronger because of the wider gap between the wages of quali-
fied and non-qualified workers (or unemployed). Therefore, the normative
analysis may depend on the social criteria used, and more precisely on
whether the gap between qualified and non-qualified workers is taken into
account.

4 Conclusion

The present article investigates the relation between labour and product
markets, taking into account imperfect competition in both markets. The
labour market is divided in qualified and unqualified market, which results
in an endogenous productivity for firms. The first result of our study is that
collusion in the product market leads to higher wages in the qualified labour
market. This result is obtained without considering any union for negotiating
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wages, because our model assumes wages are determined in a competitive
game. Collusive practices on the product market lead to a decrease in total
employment. Nevertheless, the number of qualified workers rises, implying an
increase of the firms’ productivity. As total employment decreases because of
collusion, we should expect a decrease in the wage bill paid by firms. How-
ever, when products are close substitutes or when the market size is large
enough, there is an increase in the total wage bill paid to workers. This arises
from competition on the labour market for qualified workers, leading to
higher qualified wages while unqualified wages remain constant. Hence, col-
lusion creates more inequality among workers.

This study draws attention to the interaction between product and
labour markets. Although economists are not accustomed to thinking in
these terms, our article leads to some possible implications of competition
policy that can affect workers. !> By modifying the level of competition on
the product market, antitrust authorities may influence the firms’ require-
ments for skilled and unskilled workers, and therefore the labour market
structure. Productivity performances are also changed.

Our work could be extended to deal with technology spill-overs and
the location of firms. In our model, the same firms are present both on the
labour and product markets. This implicitly assumes that the product mar-
ket is made up of non-traded goods. By contrast, assuming that the product
market is larger, considering different locations for the labour market would
therefore change the product market competition. Product market compe-
tition does indeed depend on the labour markets where firms hire. There-
fore, considering the firms’ location, the benefits of spatial clustering in the
same labour market could then be different according to whether there is
product market competition or collusion.
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Annexes

A Qualified labour market supply relative to wages

The labour market is horizontally differentiated across qualified workers’
skills. Workers are uniformly distributed along the segment 11} and firms
are located at =, = - and s = 1 . The situation on the qualified market is illus-
trated on Figure 2 in the main text.

The worker indifferent between being hired by firm 1 or firm 2 satis-
fies the condition:

wl—t(%+9 = wQ—t(%—~)<:>§ wl;th.

The worker indifferent between working for firm 1 or not working sat-
isfies the condition:

wl—t(—%—xf)=()<:>xf = —(%+9.
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The worker indifferent between working for firm 2 or not working
satisfies the condition:
Wy

wQ—t(x;—lQ:O@m; =

DN =

Given wages w, and w, and a uniform density h, the number of qua-
lified workers hired by each firm at such wages can be obtained as follows:
3w —wy+t

2t

Bwy—wy + 1t

and L(wp,wy) = h(zy —7) = h 5

L(wywy) = h(z—1,) = h

In order to remain in the case where the qualified market is not fully
covered, it is necessary to satisfy the condition |m7| < %L This is expressed by
w; < t(%-%) . Besides, for the firms; to be effectively competing for qualified
workers, the worker with a skill z must have a positive utility. It follows
that w, — t(%+ z)>0, but since = 2“2 the wages must satisfy
w; + wy > t. Moreover, the previous conditions imply that h<1 is a pre-
requisite for competition on the qualified labour market in the case where
the labour market is not fully covered.

B Wage equilibrium with competition
on the product market
The first-order condition (FOC) with respect to w; is given in equation (14).

We only consider symmetric wage equilibria where w; = w; = w, hence it
follows that the FOC is given by:

12+ 2B — 6B

>0.
(1+B)(2+PB)(2-B)°

(h(2w+ £)

5 +0c—1)A—(5w+t)=0whereA=

We can then write:

£~ A(o-1+t
hA 5t

w¥ =

The asymptotic stability of the symmetric Nash-equilibrium is ful-
filled as long as the second-order conditions (SOC) are satisfied:

’n, LW 2n 2 2 ) 9%
L(wzﬂ) <0 (SOC1) and 2 nl(w;’wj) 2 n1(w‘,,w])_a mwpw) 9 mw) (50C2).
0w o’ Bwf dw;dw; dw;0w;

1

This is true when:

2 2
1> BB =6=B) _ (s00).
6(4-pB*) (1-p%

and
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> MOB-3BNS A=) g 206+B-3BY2-B-B)  (g0cp).
T(4-B) (1B 5(4-B") (1)

Since 0 <P <1, these three conditions amount to:
oo W6+ B 3B’ )8+ 18 (500).
7(4- B ) (1- [3 )

To compute comparative statics, we apply the implicit function the-
orem to the first-order condition:

JIFOC

dw* _ T3, .. JFOC
d_y = —aFéC Wlth aw <O (SOCI)
Jw

This leads to:

L2 >0, since 2£9¢ = A>0 with Be [0,1];

<O because
IFOC _ (h(?w*+t)+a_1) 8_A<O
ap 2t 9B, with B e [0,1];
>0 <0

dﬁ

: IFOC _ Qu*+t) : . d
7}?>0 since == = =57—A4>0 with Be [0,1]; and ;Ut <0 because

az;(t)c _ h_zng—1<O with B e [0,1].

For the labour market to be globally elastic (and thus not completely
covered), the number of qualified workers hired by each firm should be such
that: [,(w*) <1. This condition is equivalent to:

2ho A
t>——— (C1).
(10-3h) (C1)

Besides, we need to maintain w* > % to have effective competition on
the labour market. Applying this condition at the equilibrium with the
FOC, we obtain:
2(h+a-1)A

¢
< 7

(C2).

Lastly, we can rewrite the condition that the number of unqualified
workers hired in the second stage must be positive (s* >0 < I < ¢*¢*):
Ah[(2+B(1 - B))(3h+ 10(1-o))+(o+ B)(-=3h+10(1 —a))] (C3),

9h* + 100(1 — o) + 30h(o + B(1 - B))

t>

with B = Ja2+4(a—1)+B(l—B)(2oc+B(1—|3)).
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Note that, since 0 < h<1, there always exists a non-empty set of
values of ¢ defined by conditions (C1), (C2) and (C3).

C Wage equilibrium with collusion
on the product market

The first-order condition (FOC) with respect to w; is given in equation (20).

We consider a symmetric wage equilibrium where w; = w; = w leading to
the FOC:

(h(2w+ £)

57 +(x—1)C—(5w+t)=0where0=¢>0.

2(1-B)(1+B)

This leads directly to an equilibrium wage with collusion on the product
market, which can be written as:

* %

£~ Clo—1+Dyt
W = = e D

hC-5t
The asymptotic stability of the symmetric Nash-equilibrium is ful-

2 2 2 2 2
filled as long as Z’L";""’L)«] (SOCI’) and ) th(ug,w]) 9 nz(w;m])ia m(wyw) 9 n,(wi,w])>0
Jw; dw du’ dw;0w; dw;dw,

(SOC2).
This is true when:

t> 234D 50c1).
8(1-B%)
Condition (SOC2’) can be re-expressed as:
8h(9 + 3B —2B°)
4(1—BA)(51 — 13B + /81 — 2166p + 729B°)

t>

8h(9 + 3B - 2B°)
4(1- B%)(51 - 13 — 4/81 - 2166 + 729B°)

or t<

(SOC2)).

Since 0 < B <1, these three conditions amount to:

. MM{ b3+ ). 8h(9 + 3B — 2B } (500,
8(1-B") 4(1 - B?)(51 - 13p + /81 — 2166p + 720B%)

For computing comparative statics, we apply the implicit function
theorem to the first-order condition:



Fabian Bergés and Stéphane Caprice 295

JdFOC
dw*”* _ oy ... 0FOC R
3y - aroc with o <0 (SOCY).
Jw

This leads to:

*k

dw o AFOC _ : duw” _
7—>0, because “5-= = >0 with B e [0,1f; 5 <0 when B e [0,3-2.4/2],

*

.
d;UB > (0 otherwise since

and

dFOC _ h(2w**+t)+a_1 a0 .
op 2t ap ’

>0

* 5k *k

ok
dw . AFOC _ RQuw +1) . . dw .
——>0, because 5= = 57— >0 with Be [0,1[; and =—<0, since

h,w)‘UF .
Q%?—C = —7—0— 1<0 with Be [0,1].

For the labour market to be globally elastic (and thus not completely
covered), the number of qualified workers hired by each firm should be such
that [,(w"") < 1. This condition is equivalent to:

2hoC
t>——— (C1).
(10-3h) (C1)
Besides, to have effective competition on the labour market, we need
to assume w*” >§. Applying this condition at the equilibrium with the
FOC, we obtain:

<2(h+0c—1)C

! 7

(C2).

Lastly, if the number of unqualified workers hired in the second stage
is positive (s >0 [ < ¢ ¢""), we can rewrite the condition as follows:

_ OhI2(1+ B)(Bh+ 100 —a)) + (4 D)=3h+ 1001 =01 (g
9h% +100(1 — o) + 30h( 0 + 2B) ’

t

with D = Jo +4(0—1) + 4B(a+B).

Note that, as in the competition case, since 0 < h< 1, there always
exists a non-empty set of values of ¢ defined by conditions (C1’), (C2’) and
(C3).
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D The effect of collusion on wages

In each symmetric equilibrium defined on wages, particular conditions
apply for interior solutions, profit maximisation and stability. When com-
paring wages between the two frameworks, we first need to define which
conditions are the more stringent. It is straightforward to show that (C1’)
is more binding than (C1), so t>- mhc (C1’°). (C2) is more binding than
(C2’°), and hence t< M (02) leevvlse (C3’) is more binding than
(C3), and thus:

Ch[2(1+[3)(3h+10(1 o))+ (ot+ D)(=3h+10(1-a))]
9h° +100(1 — o) + 30A(ct + 2P)

t>

(C3).

Finally, the comparisons between (SOC) and (SOC’) lead to

. ap2 2
> MO P 3BEH B (SOC) since Be [0,1]]
74-p> (1-p))
We now turn to the wages comparison. Let us define:
£~ y(oa—1+Dt

0(y) = T
It follows that:

2
do _ ¢ (3h+10(-1 +20c)) >0 because of a0 >1
dy 2(= 5t + hx)

Thus, ¢ is strictly increasing. Since C > A for Be [0,1], it follows
that:

0(C) = w'>0(4) =

E The effect of collusion on employment structure

We aim to prove that collusion on the product market leads to a decrease
of employment level. Our outline proof is the following: since collusion
implies a decrease of unit cost, the total employment level decreases
(because c¢- ¢ = I+ s) if collusion on the product market leads to a decrease
of the quantity of output (¢"* < ¢*). In this way, we merely demonstrate
that ¢"* < ¢*.
The number of qualified workers hired by firm ¢ is given by:

(Bw;—w;+ 1)

l(w, wj) = 27

h with i#j = {12.

At the symmetric equilibrium in wages, this expression becomes:



Fabian Bergés and Stéphane Caprice 297

Quw+1)
(w) = ==Z7—h.
The symmetric equilibrium wage can then be rewritten as follows:
4 t, 1
= —-=+- —=+-(1- =1l-c.
w 5 + hl 5 + h( ¢) because [ c

When there is collusion on the product market, the first-order condi-
tion on the labour market is:

h(2w+ t) _ 3-B) B _
<—2t + o 1)2—(1—[3)(1“‘3) (bw+t) =

Using the previous expression of the symmetric equilibrium wage and
the number of qualified workers, we can rewrite the first-order condition as
follows:

(" () + gl - [5(- 4+ fa-c @) + 1] = 0,

where ¢"*(¢) is the unit cost at equilibrium. In the collusion framework,
the quantities chosen by firm 7 are such that:

Be,—¢;
2(14'[3) 2(1+B)(1-B)

But since ¢; = ¢; = ¢ at the symmetric equilibrium, it follows that:

c**(q**) — 0L—2(1+[3)q**.

The expression of ¢"*(¢"*) with respect to quantities can then be sub-
stituted into the first-order condition, thus giving:

gi(cicy) =

FOC (g = El_%) **—[5(——+ Q21 +PB)g " —o+ 1)) +t} 0.(21)

We carry out the same operations for the case where there is compe-
tition on the product market. The first condition can be written as:

(W—;);—t)+oc—1)/1—(5w+ f =
which leads to:
(@ +od-[5(- Lt exan) o] = 0.

In the competition framework, the quantities produced by firm 7 at
equilibrium are given by:

o, Be-@2-P)e
2-B(1+B) 2+P2-BA+B(1-B)’

q,(c, Cj) =
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leading to:
¢H(g*) = a—(2-B)(1+PB)g*.

The initial first-order condition on wages can then be expressed with
respect to quantities:

Comp, .\ _ (12+2B76B2) I = t E R _
Foc e« I [ mit o —aer) 0. @2
Therefore, while equation (21) is evaluated in terms of quantities
assuming collusion on the product market, the first-order condition in the
competition framework (cf. equation (22)) can be reformulated as:

Comp, xxy _ (12+QB—6B2)_ (S—B)_ _t * %
roe )_[(2+B)(2—B) ((I—B) BB o

- on2 2
Because ¢ > 20 +ﬁ**‘[‘2’§8+45;45 ) (SOCQ), as explained in Annex D, this
T(4-p7) 1-p)

implies FOC“°™(¢"*) > 0. Therefore, owing to the concavity of the objec-

tive function, ¢"* < ¢*.

From Proposition 3, collusion generates an increase in productivity:
k% kx

(¢ < (¢ . Because ¢ < q*7 we have ¢ = I"+s" < "¢ = "+ S*
and thus collusion results in a lower total employment.



