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Introduction

Characteristic of many industries in many countries is that workers are not only organized as
a union at the industry level but also represented at workplaces. Institutions of employee participation at workplaces may appear under diﬀerent names including works councils (many
European countries), company unions, enterprise unions (Japan), ”shop committees” or ”joint
consultative committees” (Britain). Arguably, the most extensively researched are European
works councils, in particular, Germany’s Betriebsräte, but there is also a ”heightened American
interest in cooperation/participation at the workplace” (Addison et al., 1997).1
As an example, we brieﬂy introduce German works councils in the context of Germany’s dual
system of worker representation. In many German industries, notably material and manufacturing, there is a nation-wide trade union of workers. The union negotiates with the ﬁrms who are
represented by an employers’ association to reach a general labor agreement. Based on this general agreement, at the ﬁrm level, employers and their workers decide on speciﬁcs.2 Normally,
wage bargaining is the most important part of union-industry negotiation while ﬁrm level adjustments usually do not include wage renegotiation.
A works council is a ﬁrm level organization which represents a ﬁrm’s employees. In Germany,
the right to form a works council in ﬁrms having ﬁve or more employees is granted by the Works
Constitution Act.3 In addition to information and consultation rights, a works council is also
endowed co-determination rights with respect to a range of issues related to employees. Of
special interest to the current paper is its co-determination (or veto) rights on overtime working
and layoﬀs which directly inﬂuence the host ﬁrm’s employment level. A works council, however,
is not allowed to renegotiate on the wage rate that has been set in the general agreement unless
it is explicitly stated otherwise. Although workers’ interests may include various ﬁnancial or
non-ﬁnancial beneﬁts, we would like to focus on the inﬂuence of a works council on ﬁrm level
employment. In this paper, we assume that a works council primarily seeks to increase the
employment level of its host ﬁrm either directly through its co-determination rights on layoﬀs
and overtime working or indirectly through their other rights.
Given that the wage is determined in the collective bargaining between the employers and the
trade union, it seems natural to view that a works council’s main concern is more jobs. Firstly,
the growth of workforce will make current workers’ jobs more secure, especially when seniority plays a role in the process of workforce downsizing triggered by product market situations.
Elected by current workers, a works council shall reﬂect such a preference. Secondly, by representing more workers, a works council normally becomes more powerful. Thirdly, but more
1 Supporting

this view, Addison et al. (1997) cited the July 1996 special issue of Industrial Relations.
that opted not to join the employers’ association are not covered by the general agreement.
3 In Germany, a works council in ﬁrms that reach this threshold size is mandatory but not automatic. The ﬁne
diﬀerence is as follows. The law grants the workforce of such ﬁrms the right to form a works council but the employees
have to initiate the process of formation and to elect the councilors. The associated costs, however, shall be covered by
the employer, according to the law.
2 Firms
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importantly, a recent empirical study by Jirjahn (2009) ﬁnds that works councils are ”more likely
to be adopted in establishments with a very poor sales situation and poor employment growth”.
This is indicative of a works council’s main objective being promoting more jobs.
Related to this dual system of industry-labor practice, we introduce a two-stage wage and employment determination model featuring a trade union, N ﬁrms and their respective works
councils. At the ﬁrst stage the union bargains with the ﬁrms who are represented by an employers’ association over the wage that will be applied to all ﬁrms in the industry. At the second stage each ﬁrm and its own works council co-determine the ﬁrm level employment. While
the ﬁrst stage wage negotiation is modeled by a generalized Nash bargaining of industry-wide
workers’ interest and industry proﬁt, we highlight works councils’ co-determination rights at
the second stage by making a ﬁrm and its works council jointly maximize a convex combination
of ﬁrm proﬁt and ﬁrm level workers’ interest. The relative weight in such a combination will be
the measure of a works council’s co-determination power. Hence, the diﬀerences in the power of
workplace representations across ﬁrms as well as across diﬀerent industries and countries can
be captured.
Compared to using generalized Nash bargaining at the second stage again, such a modeling
strategy leads to tractable solutions and allows us to directly relate our model to the strategic
delegation literature. The wage bargaining and employment co-determination take place in an
environment where ﬁrms compete in quantity in a homogenous product market with a linear
demand function. With capital being ﬁxed, a ﬁrm’s employment level dictates its output. Therefore, a convex combination of proﬁt and employment resembles a ﬁnancial incentive scheme for
a manager that includes both ﬁrm proﬁt and product sales.
Our main research questions center on workers’ interests, namely the wage bargaining outcome
and the employment levels. Although union density (or the organizational degree of labor force)
varies, in this paper we assume that the union cares about the total employment of the industry
for simplicity. We do not expect our main results to change qualitatively when other meaningful
exogenous union densities are considered. As a works council is oﬃcially independent of the
union and is elected in a ﬁrm, it cares about its host ﬁrm’s employment only. Since both the
union and works councils are concerned with workers’ beneﬁts, it seems that with the union
taking care of the wage and additionally works councils demanding more jobs in ﬁrms, workers
have to be better oﬀ than in a setting where only the wage is bargained over. But, will works
councils’ quests for more jobs at the second stage backﬁre at the ﬁrst stage wage negotiation? The
argument is, if proﬁts become too low as a consequence of elevated outputs under the inﬂuence
of works councils, the ﬁrms will only agree on a low wage rate.
To have a complete picture of wage and employment outcomes, we provide a full characterization of wage and employment determination in this union-oligopoly-council model for all
parameter values of union’s bargaining power and works councils’ co-determination power. It
is found when the union’s bargaining power is suﬃciently strong, wage will ﬁrst increase then
5

decrease in works councils’ co-determination power. Although stronger councils will always
increase ﬁrms’ labor demand even under endogenous wage, a similar pattern applies to union
payoﬀ deﬁned as the product of wage and number of jobs in the industry. The switch point
of wage, however, occurs before that of union payoﬀ since workers as a union might be better
oﬀ having more jobs at a slightly lowered wage. When the union has an intermediate level of
bargaining power, wage will only decrease in council power while union payoﬀ may initially
increase when council power’s positive impact on jobs dominates but it will eventually decrease
when the wage becomes too low. When the union is weak, both wage and union payoﬀ will
decrease in council power because against powerful employers, not only jobs will only come at
the cost of a lower wage, but also wage reduction will be too large to justify any job growth. It
is also shown that an increase in the number of ﬁrms will push these thresholds of union power
upwards. So in an industry that is populated by many ﬁrms, works councils are more likely to
decrease the wage rate as well as to harm the workers as a union.
In conclusion, an increase in councils’ co-determination power will always result in more jobs
but if the union has a very strong bargaining power and if the councils are not overly powerful,
wage too can be raised. As to the question whether an increase in council power is good for the
workers as a union, the aﬃrmative answer also requires the union to be suﬃciently powerful and
the councils not overly strong. Otherwise, works councils’ co-determination power will backﬁre
in the wage bargaining stage leading to a lowered level of union payoﬀ.
From the perspective of an individual works council, a stronger council is always desirable since
the wage is ﬁxed at the second stage and a stronger council will bring about more jobs. This
individually rational pursuit of workers’ interest, however, will make product market competition ﬁercer and lead to a lower industry proﬁt at any given wage. When the union does not
have a suﬃciently strong wage bargaining power, ﬁrms will be able to shift the losses onto the
workers by demanding a lower wage. Therefore, for the workers as a union, strong councils can
have an adverse impact. When there are many ﬁrms in the product market, councils’ inﬂuence
is ampliﬁed and adverse eﬀects emerge quite easily. Ironically, a similar insight also applies to
the ﬁrms. Since the ﬁrms have identical wage costs, in equilibrium a ﬁrm with a strong council will make a higher proﬁt than those with less strong councils because it produces more. In
other words, a strong council will give its host ﬁrm a relative advantage over those with weak
councils. However, the stronger the councils are on average the lower the industry proﬁt will
be. This holds true even when the wage is endogenously determined.
The rest of the paper proceeds as follows. In Section 2 we relate our model to the literature of
works councils and to that of unionized oligopoly. The model is laid out and explained in Section
3. Section 4 analyzes the second stage product market competition and Section 5 the ﬁrst stage
wage bargaining. To derive our main results, we start in Section 6 with the limiting cases of
bargaining power and co-determination power both because they help to build intuition and
because they deserve a special attention. Section 7 presents our full characterization of works
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councils’ impact on wage, employment and union payoﬀ. Additional results with respect to
works councils’ impact on ﬁrms’ proﬁts are derived in Section 8. Our analysis is concluded and
further discussed in Section 9.

2

Relation to the literature

There is an extensive literature on workplace representations of workers, in particular works
councils, focusing on industrial relations, more speciﬁcally, the relation between management
and employees. Frege (2002) provides a critical assessment of the research on German works
councils. For the ontology and practice of works councils her piece and the references cited
therein are conclusive. Disagreeing with Frege (2002) on her assessment of economic analyses,
Addison et al. (2004) review more extensively the empirical economic research on works councils and oﬀer a more optimistic outlook. The main concern of this strand of empirical research
is the impact of works councils on ﬁrm performance. The results seem to be mixed in identifying the two contrasting views about works councils: productivity enhancing via an improved
cooperation/communication between managers and workers, and rent seeking/protection for
the workers.4
Despite of the vast interest in works councils, the large literature within industrial relations and
the smaller yet still sizeable empirical economic literature, theoretical studies remain scarce, in
particular with respect to wage and employment determination. Freeman and Lazear (1995)
explain how in several diﬀerent ways works councils can enhance productivity. The theory part
of Hübler and Jirjahn (2003) investigates when a works council will be more likely to be engaged
in productivity enhancing activities and when in rent seeking activities.
In this paper, we rather wish to abstract from this debate and focus on the consequences that
works councils can bring about to ﬁrms and in particular to workers, when they set out to promote workers’ interests at workplaces. The reason is two-fold. First, on the one hand, often it
is the case that only ﬁrm proﬁts not levels of productivity are empirically observable. On the
other hand, activities that are purely motivated by workers’ own interests can also increase ﬁrm
proﬁt. As one example, in our model, by demanding more jobs a works council may help its host
ﬁrm to gain an advantage over other ﬁrms as well as may increase ﬁrm proﬁt. It would be hard
to diﬀerentiate whether an increase in ﬁrm performance is a result of enhanced productivity or
merely a side-eﬀect of rent seeking activities. Second, being an organization of workers, a works
council is primarily after workers’ interests by deﬁnition. Whether its employer will be better oﬀ
or productivity will be enhanced in the end depends on situations at hand. Put diﬀerently, productivity enhancing might be the means but will not be the end for works councils. Therefore,
in the current paper, we do not consider productivity.
4 Arguably,

these two views need not be mutually exclusive.
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The present paper is also related to the union oligopoly literature and more broadly to the research on labor unions. With employment negotiation included in the bargaining agenda, in
an ”eﬃcient bargaining” model (McDonald and Solow, 1981) unions and ﬁrms bargain oﬀ the
”contract curve”. In contrast, in a ”Right-To-Manage” (RTM) model (Nickell and Andrews, 1983)
unions and ﬁrms bargain over wages alone while leaving employment levels to the discretion
of the ﬁrms. In practice, labor agreements between unions and ﬁrms that also include employment levels are rare, while empirical evidence suggests that employment levels are usually oﬀ,
and to the right of, ﬁrms’ labor demand curves, i.e., not consistent with the RTM model. (See,
for example, MaCurdy and Pencavel, 1986; Christoﬁdes, 1990.)
This puzzle led to the contributions of Bughin (1995a; 1995b) who, in a unionized oligopoly setting which takes into account product market imperfection (Dowrick, 1989), uses the strategic
delegation argument of Fershtman (1985) and Fershtman and Judd (1987) to explain this inconsistency between the RTM model and the empirical evidence. One of the insights from the
strategic delegation literature is that in Cournot competition a ﬁrm may ﬁnd it advantageous to
commit itself to an objective function that also admits sales instead of being a pure proﬁt maximizer. By the same reasoning, assuming wage has been determined, Bughin (1995a) shows that
ﬁrms have an incentive to strategically concede some power to the union with respect to employment level. Therefore, in Bughin (1995a; 1995b) the additional employment compared to a usual
labor demand curve arises from a ﬁrm’s more aggressive behavior in quantity competition.
Once ﬁrms started to strategically concede power to unions, however, they invited themselves
into a prisoner’s dilemma. In equilibrium, each ﬁrm earns a proﬁt that is strictly less than in the
case of all ﬁrms each being a pure proﬁt maximizer. From the viewpoint of anti-trust research,
all ﬁrms would legally collude on zero power concession, especially when the number of ﬁrms
is small. In this paper, it is the work councils who are pushing employment levels to the right
of ﬁrms’ labor demand curves. As a works council would like to have as many jobs as possible,
its host ﬁrm no longer enjoys the discretion of to what extent ﬁrm employment enters into the
objective function. There was also no need in Bughin (1995a) for a complete bargaining model
that includes wage negotiation as a stage that precedes the power concession stage since in a
symmetric equilibrium duopoly model, wage determination is quite straightforward. Bughin
(1995b) solves a unionized duopoly model that incorporates wage bargaining (with endogenous
symmetric power concession decisions) and compares the outcomes to a standard RTM model.
He ﬁnds that decentralized ”company unions” would agree with the ﬁrms on maximizing an
objective function that also includes employment. The present paper, therefore, is diﬀerent from
Bughin’s (1995a; 1995b) contributions also in the regard that we have an industry-wide union
bargaining with N ﬁrms over wages in a collective fashion while each ﬁrm deals with its own
works council with respect to the employment level in the ﬁrm. Our union-oligopoly-council
model hence can be seen as a ”Right To Co-Manage” (RTCM) model that addresses the inconsistency between the RTM model and the empirical evidence.5
5 Workplace

representation therefore also oﬀers an alternative explanation to the empirical observation that ﬁrms
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In the unionized oligopoly literature, there is a distinction between centralized/collective bargaining and decentralized bargaining. In the former case, an industry-wide trade union and the
ﬁrms engage either in ”eﬃcient bargaining” or RTM bargaining. In the latter case, each ﬁrm
has its own labor union and each pair separately engages in either one of the two modes of
bargaining. Our RTCM model amounts to be the ﬁrst model wherein wage and employment
determination take place at diﬀerent levels of centralization in a sequential fashion.6
One diﬃculty related to centralized bargaining is the distribution of jobs over the ﬁrms. When
the number of jobs–either directly bargained over or implied by the wage outcome in a RTM
model–falls short of union membership, standard in the literature is to assume each member gets
an equal probability of being employed (see Oswald, 1985). But even when there are enough jobs,
workers in individual ﬁrms would still like to see more jobs available in their own ﬁrm because
of their concerns of job security. In this regard, works councils oﬀer an insight: co-determination
with employers at workplaces is a way in which workers of individual ﬁrms non-cooperatively
divide industry employment, parallel to the ﬁrms competing for their market shares.

3

The model and notations

Consider an industry in which N ≥ 2 ﬁrms, indexed i = 1, 2 . . . N , compete in quantities
(Cournot) on the product market. Market demand is linear and product price (p) is negatively
N
related to total industry output ( i=1 qi ):
p=A−

N


qi

(1)

i=1

where A, the market size, is a strictly positive constant and for the moment is assumed to be
large enough to accommodate the N ﬁrms. When wage is endogenously determined, we will
see market size merely works as a scaling factor. To highlight labor issues, one unit of labor (li )
is assumed to produce one unit of output (qi ) with capital being ﬁxed:
qi = li .

(2)

Labor is supplied by workers who are represented at the industry level by a trade union. In each
individual ﬁrm, workers also form a works council that promotes the interests of the workers of
its host ﬁrm.

are not always pure proﬁt maximizers.
6 The sequentiality part alone, however, is not exactly new. For instance, Manning (1987) explores the topic of sequential bargaining in a union-ﬁrm 2-player setting, i.e., in the absence of the oligopolistic structure of the current paper.
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3.1

Union-oligopoly wage bargaining

There are two stages. At the ﬁrst stage, the union and the ﬁrms who are represented by an employers’ association bargain over wages to maximize the Generalized Nash Product (G). In this
collective wage bargaining, the negotiated wage (w) will be applied to all N ﬁrms. We adopt a
N
simpliﬁed version of utilitarian union preference, namely, the industry wage bill, w i=1 li .7 The
N
employers’ association is concerned about industry total proﬁt, i=1 π i . Measuring the union’s
wage bargaining power relative to the ﬁrms’ is the parameter α ∈ (0, 1). In case of disagreement, workers obtain the non-industry speciﬁc competitive wage while the ﬁrm owners may
invest in the capital market. After normalizing both fall-back payoﬀs to zero, the Generalized
Nash Product reads
1−α
 N α  N


li
πi
.
(3)
G= w
i=1

3.2

i=1

Firm-Council employment co-determination

At the second stage, with the wage having been determined in the ﬁrst stage, ﬁrms compete on
the product market in quantity. Normally, a ﬁrm tries to maximize its proﬁt. A works council,
however, promotes workers’ interests. In the spirit of co-determination, we view the ﬁrm-council
entity as making a joint decision to maximize a convex combination of the ﬁrm’s proﬁt and the
plant level wage bill:
Fi = (1 − β i ) π i + β i wli
(4)
where β i ∈ [0, 1/2) is the measure of the co-determination power of ﬁrm i’s works council. If
β i = 0, this stage becomes a standard Cournot model and the two stages combined become a
(collective wage bargaining) RTM model. As the council’s power, β i , increases, more weight is
allocated to the employees’ interest, which is in more jobs for any given wage. We need council
power to be less than 1/2 to have an economically meaningful analysis. After all, a ﬁrm owner’s
interest should be more important than a works council’s concern of employment.
Since ﬁrm proﬁt is (p − w) qi , by treating qi = li as binding, i.e., ﬁrms cannot hire workers without letting them produce, there is only one decision variable in the objective function (4), say
qi . Allowing qi to be any non-negative real number, this second stage is an N -person noncooperative game with payoﬀs deﬁned in (4). This payoﬀ function clearly resembles that of a
strategic delegation game where product sales instead of plant wage bill would have entered.
Note, however, β i is not a choice variable in our model. Rather, it is exogenously given and
represents the co-determination power of a ﬁrm’s works council.

7 From a general utilitarian form to the wage bill preference one assumes risk-neutrality and that membership equals
employment. See Oswald (1985).
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4

Product market competition

We solve the model backwards. The second stage of a ﬁrm-council pair’s quantity or employment decision is analyzed in this section. For a given price p, the objective function (4) is
Fi
Fi
=⇒
1 − βi

=
=

(1 − β i ) (p − w) qi + β i wqi


1 − 2β i
p−
w qi .
1 − βi

(5)

Let F̃i := Fi / (1 − β i ) and more importantly we deﬁne our reverse measure of council power as
ri :=

1 − 2β i
.
1 − βi

The objective function (5) can then be seen as
F̃i = (p − ri w) qi .

(6)

Since ri decreases in β i , a more powerful works council makes the ﬁrm as if it had a more competitive labor cost. Note also for 0 ≤ β i < 1/2, 0 < ri ≤ 1. In the following, our results will be derived
in r. When we say ri is increasing, we mean ﬁrm i’s council’s co-determination power is decreasing or,
equivalently, it becomes weaker!
After taking into account market demand (1), for given outputs of other ﬁrms, the objective
functions (6) are, for all i,
⎛
F̃i = ⎝A −

⎞

N


q j − q i − ri w ⎠ q i .

j=1,j=i

Individual best response functions are
⎛
⎞
N

1⎝
A−
q j − ri w ⎠ .
qi =
2

(7)

j=1,j=i

Summing up these N best response functions and looking for Nash equilibrium quantities, industry total output (Q) is
N
N

N A − w i=1 ri
,
(8)
qi∗ =
Q∗ =
N +1
i=1
where ∗ denotes equilibrium value. Because of our production technology, Q∗ can also be interpreted as industry total employment. Making use of this total output, we can ﬁnd market
price by the market demand (1) and each ﬁrm’s equilibrium output or employment by the best
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response functions (7),
p∗

=

qi∗

=

N
A + w i=1 ri
,
N +1
N
A + w j=1,j=i rj − N ri w
N +1

(9)
.

(10)

In Section 3, we assumed A to be large enough to accommodate all N ﬁrms, i.e., no ﬁrm will
make a loss. We now can be more speciﬁc on this assumption. Essentially, we need the market
price to be high enough to compensate ﬁrms’ labor costs,
N
A + w i=1 ri
≥ w, i = 1, 2, . . . N,
N +1
which is equivalent to


A≥

N +1−

N



ri

w.

(11)

i=1

On the one extreme of zero council power in all ﬁrms (∀i, ri = 1), A only needs to be larger than
the wage w. On the other, when all councils are extremely powerful (∀i, ri → 0), ﬁrms become
very aggressive and the market becomes extremely competitive. In this case, we require A to be
no less than (N + 1) w to accommodate all ﬁrms. Note that condition (11) only depends on the
aggregate level of r. If one ﬁrm survives, all ﬁrms will survive. When the wage is endogenously
determined, industry proﬁt will be non-negative for all A > 0 (because the ﬁrms have their
fall-back payoﬀs of 0) so this condition will always be satisﬁed.

4.1

Equilibrium output (employment) and product price

Here we can identify a few results for given wages. Recall that a more powerful works council
translates into a lower ri . Compared to the case of zero council power (∀i, ri = 1), Equations
(8) and (9) imply that works councils increase the total supplied quantity and total employment,
and decrease the product market price.
Turning to an individual ﬁrm and holding all other ﬁrms’ council power constant, the stronger
a ﬁrm’s works council is the more it produces (employs). Since quantities in a Cournot model
are strategic substitutes, other ﬁrms produce (employ) less. To verify this, note that −dqi∗ /dri =
wN/ (N + 1) while −dQ∗ /dri = w/ (N + 1). When the number of ﬁrms is relatively small, this
(equilibrium) externality to each of the other ﬁrms can be signiﬁcant. E.g., in the case of duopoly,
the impact of one ﬁrm’s council power on its own employment is of the order of 2w/3, while the
industry employment only increases in the order of w/3. The other ﬁrm whose council power
remained unchanged absorbs the diﬀerence by reducing employment accordingly. This is also
evident from the fact that −dqi∗ /drj = −w/ (N + 1).
12

Lemma 1 For a given wage, an increase in ﬁrm i’s council power increases its own and decreases other
ﬁrms’ output and employment. Total output and employment will increase and product price will decrease.
Remark 1 A works council promotes its own workers’ interest at the cost of workers in other ﬁrms.
As long as ﬁrms do not make losses, an additional entry should drive down the product market price. To compare our model to a standard Cournot model, we ﬁrst select an N ﬁrm case
and subsequently let one more ﬁrm, indexed N + 1, join the group. Adjusting condition (11)
accordingly, market price does not increase if
N
A + w i=1 ri
+ wrN +1
≤
N +2
N +1
N
A + w i=1 ri
, the pre-entry price.
rN +1 w ≤
N +1
A+w

⇐⇒

N

i=1 ri

(12)

The right hand side of condition (12) is just the market price in the N ﬁrm case. Since w is no
more than market price and rN +1 ≤ 1, condition (12) always holds. Moreover, because market
N
price is related to the average of council powers,
i=1 ri + rN +1 / (N + 2), an entrant with a
strong works council lowers the product market price further.

4.2

Firm proﬁt

N
Let R−i := j=1,j=i rj , the sum of all ﬁrms’ reverse measure of council power except that of
ﬁrm i. Firm i’s proﬁt in equilibrium then is
π ∗i = (p∗ − w) qi∗ =



A + wR−i + ri w
−w
N +1



A + wR−i − N ri w
N +1


.

(13)

Of particular interest to the industrial relation research is the impact of works council on ﬁrm
proﬁtability. From (13) it is clear that ﬁrm i’s proﬁt decreases when R−i decreases which means
when other ﬁrms’ council powers increase, ﬁrm i makes less proﬁt.
4.2.1

Firm-Council relations

The impact of own works council’s power, however, is not obvious. To investigate this, we take
a look at the derivative of a ﬁrm’s equilibrium proﬁt with respect to its own works council’s
co-determination power measured by r.
dπ ∗i
dri

=
=

dp∗
dq ∗
+ (p∗ − w) i
dri
dri
w
(qi∗ − N p∗ + N w) .
N +1

qi∗
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Therefore, the sign of own council power’s impact on proﬁt is given by
−

dπ ∗i
 0 ⇐⇒
dri
⇐⇒

qi∗ − N p∗ + N w  0
ri 

N + 1 (N − 1) (A + wR−i )
−
.
2
2N w

(14)

To check if condition (14) has any discriminative power, we set the value of A to (N + 1 − R−i ) w
which clearly satisﬁes the lower bound condition (11). Condition (14) then reads,
ri 

N +1
.
2N

(15)

The right hand side (RHS) of (15) ranges from 1/2 when N is extremely large to 3/4 in the
duopoly case. Since ri is in the interval of (0, 1], we know that own council power’s impact
on proﬁt can be in either direction.
What we can learn from condition (14) is that for a given industry environment, an increase in
its work council’s co-determination power may have diﬀerent directions of impact on the ﬁrm’s
proﬁtability. It can work in favor of the ﬁrm owner when its council currently is suﬃciently
weak (for a suﬃciently high ri , −dπ ∗i /dri > 0). It may also work against the ﬁrm owner when
its council is already quite strong (for a suﬃciently low ri , −dπ ∗i /dri < 0.) On the other hand,
a works council always wants to be more powerful so that ﬁrm employment would be higher
(Lemma 1). This highlights the relation between employers and their works councils. They are
neither in pure conﬂict nor in perfect harmony.
Proposition 1 When a ﬁrm’s works council is suﬃciently weak, an increase in council power can increase
the ﬁrm’s proﬁt; when it is suﬃciently strong, an increase of it can decrease the ﬁrm’s proﬁt.
An increase in council power has two eﬀects to the employer’s proﬁt: it increases ﬁrm output
which has a positive impact when product price is given; it, however, decreases product price
because output will be increased. The overall eﬀect depends on the market condition as well as
councils in other ﬁrms. In the example of A = (N + 1 − R−i ) w, when a council is weak (ri >
(N + 1) /2N ), its ﬁrm beneﬁts from an increase in council power because the positive quantity
eﬀect dominates the negative price eﬀect. When the council is strong already, a further increase
in council power harms the employer because the negative price eﬀect dominates.
Proposition 1 is formulated from the perspective of absolute payoﬀs. In a product market equilibrium, ﬁrms have identical price-cost margins, and hence ﬁrm proﬁts may diﬀer only in their
produced quantities. The stronger a ﬁrm’s council is, the more the ﬁrm produces. This is because from equation (10), one derives qi ≥ qj ⇐⇒ ri ≤ rj . Therefore, the ﬁrm that has the
strongest council will have the highest proﬁt.8 Of empirical relevance is that ﬁrms that host
8 This observation does not contradict Proposition 1, because that result is in terms of absolute proﬁts not relative
payoﬀs.
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stronger councils will have higher proﬁts due to their larger sizes of workforce and output.
Proposition 2 In a product market equilibrium, the stronger a ﬁrm’s works council is, the larger its size
of employment and the higher its proﬁt will be.
The equality part of condition (14) gives a ﬁrm owner’s most preferred level of council power
in the sense that it yields the highest proﬁt for any given other councils’ power (R−i ) and any
given wage cost (w). Excluding corner solutions, the RHS of (14) decreases in R−i meaning when
other councils become weaker, it pays for ﬁrm i to have a stronger council. This observation of
strategic substitution follows from Cournot competition. The RHS of (14) also decreases in A
meaning that a larger market makes the ﬁrms prefer stronger councils.
Remark 2 A ﬁrm prefers a stronger council when other councils become weaker and when the market
grows.
4.2.2

Dummy works councils?

If council power were a strategic variable of the ﬁrms, we could solve the N conditions in (14) for
equilibrium levels of council power. In general, for a given environment, a ﬁrm would prefer letting its council to have some power which is well understood in the strategic delegation context.
For instance, it is optimal for a ﬁrm’s owner to condition its manager’s ﬁnancial compensation
partly on the sales volume. See also Bughin (1995a; 1995b).
In the context of works councils, we do not think ﬁrms are able to freely choose values for this
parameter. First, as it is evident from our analysis, a works council always wants to have more
power while its ﬁrm does not want it to be excessively powerful. On the other hand, in many
countries there are laws protecting the rights of work councils. It is not at all clear how extensive
a ﬁrm can inﬂuence its works council’s power. Second, as in strategic delegations, although
each ﬁrm would prefer some council power, once that door is open, they invited themselves
into a ”prisoner’s dilemma”. With powers strategically conceded to works councils, all ﬁrms
make less proﬁts than without. In the view of competition policy research, especially when the
number of ﬁrms is small, ﬁrms would ”legally collude” on zero council power. We therefore
in the following analysis continue to treat councils’ co-determination power as exogenous and
proceed to a full characterization of model outcome.9
4.2.3

The limiting case of competitive market

The standard Cournot model has the desirable feature of its equilibrium converging to the competitive market equilibrium as the number of ﬁrms goes to inﬁnity. What can be said about this
9 It may be argued that council power is only one-sided rigid. It might be easy for a ﬁrm to increase its council’s
power but not the other way around. This is an interesting aspect to be explored in future research.
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issue in this model of ﬁrm-council co-determination? To address this, we disregard the lower
bound condition of market size. Rather, we need A < ∞ to have a meaningful argument. The
limit of product market price when N goes to inﬁnity is:
lim p∗N =

N →+∞

N
N
A + w i=1 ri
i=1 ri
= w lim
.
N →+∞
N →+∞
N +1
N
lim

Market price instead of converging to the wage rate (marginal cost) it converges to the ”average
council power” corrected wage. For the industry to survive at all, ﬁrms cannot have any council
power, at least on average. Hence, there seems to be an economic argument for Germany’s Works
Constitution Act not granting the right of establishing a works council to workers in ﬁrms that
have less than 5 employees.

5

Union-Oligopoly wage bargaining

The ﬁrst stage wage bargaining problem between the ﬁrms and the union is analyzed in this
section. Observe that for product price and market total output, only the average council power
N
is relevant; the composition is not. Let r be the average (reverse) council power
i=1 ri /N ,
r ∈ (0, 1].

5.1

Industry proﬁt and union payoﬀ

When the ﬁrms and the union bargain over wages, they anticipate the outcomes of the second
stage product market competition. The industry total proﬁt is
Π

≡

N

i=1

=

πi =

N


(p − w) qi = (p − w) Q

i=1

N [A − (N + 1 − N r) w] (A − rw)
(N + 1)

2

.

(16)

On the total proﬁt of the pooled ﬁrms, a higher wage has one direct negative eﬀect resulting from
a higher production cost (−w). It also has two indirect eﬀects. One comes from the output (Q)
and the other from the market price (p). The former is negative while the latter is positive. From
(16), however, it is clear that the negative eﬀects dominate and a higher wage always reduces
industry proﬁt.
In the last section, we analyzed the impact of a works council’s co-determination power on its
host ﬁrm’s proﬁt. The results were mixed. Here, we have a look at the industry level. Take the
derivative of industry proﬁt against the average (reverse) council power and make use of the
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lower bound of A (11), then
−

dΠ
dr

=
≤

−
−

N w [(N − 1) A + (N + 1 − 2N r) w]
(N + 1)
2

2

2

N w (1 − r)
≤ 0.
N +1

Note that for any given non-zero feasible wage, the equality holds only when r = 1. Therefore,
industry proﬁt will unequivocally decrease in council power making the pooled ﬁrms dislike
the councils even though individually, they may appreciate a certain degree of council power.
Lemma 2 For any given feasible non-zero wage, the stronger the councils are, the lower the industry
proﬁt is.
The union is interested in the industry wage bill which is the product of wage and industry total
employment,
N (A − rw)
.
(17)
wQ = w
N +1
For the union, the direct eﬀect of a higher wage is obvious. There is, however, a negative indirect
eﬀect which comes from the lower employment since a higher wage will have an adverse impact
on hiring. If the union has all of the bargaining power, it will act like a monopolist in the labor
market (under of course the constraint that the ﬁrms will at least be able to break even). Indeed,
equation (17) resembles the ”proﬁt” function of a zero cost10 monopoly facing a linear downward
sloping demand function with the ”optimal” wage being A/2r. In this case, a lower r (councils
are stronger on average) translates into a higher labor demand at any given wage rate which
seems to work in favor of the union. However, because stronger councils will reduce industry
proﬁt (Lemma 2), will it backﬁre for the union in the wage bargaining process? We will answer
this question in the next sections.

5.2

Generalized Nash bargaining

As speciﬁed in (3), the ﬁrms and the union are to reach an agreement on the wage rate that maximizes the Generalized Nash product with α being the measure of the trade union’s bargaining
power relative to the ﬁrms,
G

=
=

α

(wQ) [(p − w) Q]

1−α

= Qwα (p − w)

α

1−α

N (A − rw) w [A − (N + 1 − N r) w]
(N + 1)

2−α

(18)

1−α

.

(19)

Before deriving the bargaining solution, we emphasize the important observation that the composition of individual council power does not appear in the bargaining problem. Nevertheless,
10 This

is, of course, an artifact of fall-back payoﬀ normalization.
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it is a works council’s co-determination power relative to those of other councils that determines
the employment level of its host ﬁrm, see equation (10). The average council power determines
the industry employment via the following chain. For any given wage, it inﬂuences industry
output and industry proﬁt. Ultimately, it inﬂuences the wage outcome in the bargaining process. After the wage has been determined, total output and total employment are determined.
The distribution of the total employment over individual ﬁrms, however, is determined by the
composition of individual council powers. While workers of diﬀerent ﬁrms may exert direct
inﬂuences on the union management, another way of demanding more jobs is to exercise codetermination rights at the ﬁrm level. We argue this might be an important function of works
councils: distributing employment within the union over the ﬁrms.
Remark 3 While for any given number of ﬁrms, market size and the union’s wage bargaining power, only
the average of council powers inﬂuences the wage outcome and the industry total employment, it is the
composition of the council powers that determines the distribution of the total employment over individual
ﬁrms.
Remark 4 Workers in individual ﬁrms by engaging in ﬁrm level co-determination demand a larger share
of the industry total employment. The relative powers of individual councils dictate the distribution of
industry total employment.

5.3

The wage solution

In Appendix A.1, the wage bargaining outcome is derived by maximizing equation (19) with
respect to wage. First, we scale the wage solution in equation (46) by the constant 4/A. This
is equivalent to setting A to 4. As has been noted before, market size in this endogenous wage
determination setting is merely a scaling factor. Let
M := N + 1 − N r,
and adjust Δ̃ deﬁned in equation (45) accordingly.
Proposition 3 The solution to the wage bargaining problem (18) is
1 1+α √
+
− Δ
r
M

2
1 1+α
4 (1 − α)
Δ=
−
.
+
r
M
rM
w=

where
Proof. See Appendix A.1.
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(20)
(21)

We brieﬂy discuss a few points related to this wage solution. First and importantly, this wage
solution is continuous because the component functions are continuous. It is also diﬀerentiable
everywhere because for all parameters α ∈ (0, 1) and r ∈ (0, 1], Δ is strictly larger than 0. If
the boundaries of α were included, the wage solution would not have been diﬀerentiable when
α = 1 and r = (N + 1) / (N + 2).11 But when α = 1, the bargaining problem is not well deﬁned
because the ﬁrms’ fall-back option cannot be guaranteed.
Second, two parts in the solution stand out, 1/r and 1/M . The ﬁrst part is obviously related to
the average council power and the second one is coming from ﬁrms’ proﬁt margin. As we have
noted in Subsection 5.1, the ideal wage for the union without restrictions would be A/2r = 2/r.
The ﬁrms, on the other hand, always want to have a lower wage to increase proﬁts. The wage
bargaining solution thus will naturally include these two ingredients.
Third, note that

and

√



1 1 + α
,
Δ >  −
r
M 

1+α
N +1
1
≥
⇐⇒ r ≤
.
r
M
N +1+α

(22)

We can identify the following upper bound on the wage solution.
w

<
<
≤



1 1 + α  1 1 + α 
+
− −
r
M
r
M 


1 1+α
,
2 min
r M
N +1+α
,
2
N +1

(23)
(24)

where in the last step we used (22) to ﬁnd out the lower value in (23) and then applied (22) again.
The result that w < 2/r will prove useful in the analyses that follow.
The next three sections present our main results based on this wage solution.

6

Powers of labor: the union, and the councils in the limiting
cases

The understanding of the impact of works councils’ co-determination power on wage and industry employment requires an understanding of the eﬀects that the union’s bargaining power
has on wage and employment. We will also investigate in detail the limiting case of α → 1, that
is, when the union has almost all of the bargaining power. This analysis will prove helpful for
11 Found

by letting Δ = 0.
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the understanding of the general case studied in Section 7. This limiting case also deserves a
special attention as we will see some eﬀects that are present generally may vanish in this limit.

6.1

The eﬀects of union power

The impact of α is easy to evaluate. First, Δ as in equation (21) is decreasing in α. This is because
2 [3 (1 − r) N + 3 − (1 + α) r]
dΔ
=−
dα
rM 2
and 3 > (1 + α) r for α ∈ (0, 1) and r ∈ (0, 1]. Then, the wage solution (20) can be easily veriﬁed
to be strictly increasing in α. Therefore, we know that the lower and the upper bound on wage,
for a given r, are attained when α → 0 and 1 respectively. The wage solution then falls into the
following range.


2 4
2
,
(25)
0 < w < min
≤ .
r M
r
An increase in the union’s bargaining power will increase the wage, dw/dα > 0. Industry total
employment, however, is decreasing in wage. Nevertheless, the union’s interest, i.e., the industry
wage bill should be increasing in wage bargaining power; otherwise, the union would not have
asked for a higher wage. To gain some more intuition, we have a look at the derivative of the
union payoﬀ with respect to the wage for a ﬁxed r:
d (wQ)
4 − 2rw
=N
dw
N +1
Since w < 2/r for all 0 < α < 1, for any given r, an increase in wage strictly increases union
payoﬀ. Another way of understanding this is that the wage solution is always no higher than
the union’s ideal wage (2/r) for any given r. Therefore, although a higher wage causes a lower
employment level, moving closer to the ”monopoly” wage, the resulting job loss will be over
compensated by the direct wage increase eﬀect. The overall eﬀect of the union’s bargaining
power therefore is positive:
d (wQ)
d (wQ) dw
=
> 0.
dα
dw dα
This is to say, to the full extent of its power, the union wants to raise the wage rate. Of course, it
also means that an increase in ﬁrms’ bargaining power will strictly reduce the wage.
Lemma 3 Both wage and industry wage bill strictly increase in the union’s wage bargaining power, α.
Let us look closer to the special case of zero council power (r = 1). When r = 1, the model
becomes a (collective wage bargaining) ”Right To Manage” model. The wage in this case is
simply

w = 2 + α − α2 − 4α + 4 = 2 + α − (2 − α) = 2α.
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Note if the union has all of the bargaining power (α → 1), a wage of 2 is the union’s ”monopoly
price” of labor with product market price being 2 (N + 2) / (N + 1) and total output or employment 2N/ (N + 1). Product market price is higher than the wage since the ﬁrms will mark up
(double marginalization in Cournot competition). The mark up is decreasing in N . Because the
union cannot fully internalize the revenue generated in the product market, the product price
and the output are ”ineﬃciently” high and low, respectively. Product market revenue maximization requires both product price and output to be 2.
With zero council power, the wage 2α is a convex combination of the union’s ideal wage (which
is 2) and the ﬁrms’ ideal wage (which is 0) weighted by the measure of their relative bargaining
power. In terms of the sum of their respective payoﬀs, when will this be an eﬃcient solution for
the two parties involved? The sum of the union payoﬀ and industry proﬁt, i.e., the entire revenue
generated in the product market is maximized if the wage is set to 2 (N − 1) /N , i.e., the wage
that gives rise to the price of 2 in the product market. Therefore, if α = (N − 1) /N , the pie that
the union and the ﬁrms are dividing is maximized. When N is large, this requires a powerful
union. In the case of duopoly though, if the union and the ﬁrms are equally powerful, they
indeed can maximize the pie and then divide it through a wage of 1. When α < (N − 1) /N , i.e.,
a less powerful union, product price will be lower than 2 meaning market supply will be larger
than the product market monopoly output. When α > (N − 1) /N , product price will be higher
than 2 as we know from the limiting case of α → 1. Hence, the ”eﬃcient” outcome in this RTM
model requires a level of balance in the parties’ relative bargaining power.

6.2

The impact of works councils when there is an upstream monopoly of
labor

The analysis of works councils’ co-determination power is much more involved. We start with
the limiting case of α → 1. One point should be noted is that this is not the case wherein the
union totally controls the ﬁrms as in vertical integration. Here we have a limiting case of the
union’s bargaining power such that in the limit the ﬁrms view the wage being unilaterally set
by the union and as given. The implication is that the ﬁrms can always revert to their fall-back
option if the wage is too high. The limiting case of the ﬁrms having all of the bargaining power
is less illuminating since the wage will be set close to 0, the level to which the union’s outside
option has been normalized.

6.2.1

Wage solution

When α → 1,

√



1
2 
.
Δ →  −
r
M
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To determine the wage, we need to diﬀerentiate two cases. First, if
r≤

N +1
1
2
=⇒ ≥
,
N +2
r
M

(26)

the wage solution (20) in the limit of α → 1 approaches 4/M = 4/ (N + 1 − N r). It is straightforward to see that in this case the wage increases in r, meaning a weaker council, will increase the
wage. Since condition (26) requires the councils to be suﬃciently strong, this ﬁnding says overly
powerful councils will indeed force the union to reduce the wage. The intuition is that when the
councils are quite strong, ﬁrms will make losses if they produce at high wages. To keep them
producing, the union cannot ask for its ideal wage 2/r. Instead, it sets a wage that makes them
just break even. To see this, note that the proﬁt margin, p − w, when the wage is 4/M becomes
zero.
Second, if r > (N + 1) / (N + 2), the wage solution approaches 2/r in the limit of α → 1. Hence,
the union obtains its ideal wage, that is, the solution to the ”unconstrained” maximization problem of (17). This wage decreases in r which means when councils are suﬃciently weak, an
increase in councils’ co-determination power will actually increase the wage. The rationale is as
follows. With zero council power (r = 1), the wage 2/r = 2 is optimal for the union. In this case,
2
the ﬁrms will make a proﬁt of 4N/ (N + 1) . Even though the union could further slightly increase the wage without worrying about the ﬁrms making losses, this wage increase will be over
weighted by the resulting reduction in employment. When council power is increased, however,
the union would like to increase the wage ultimately because now labor demand elasticity is decreased. To see this,
rw
dQ w
=
(27)
−
dw Q
A − rw
which decreases when councils get stronger.
For all r > (N + 1) / (N + 2), the wage 2/r is available. The product market price is always
p=

A + N rw
2 (N + 2)
=
N +1
N +1

which means the total employment stays at 2N/ (N + 1) and the revenue generated stays at
2
4N (N + 2) / (N + 1) . Therefore, when the councils get stronger, the wage increases, the employment stays constant, the industry wage bill increases, the product market revenue stays
constant and industry proﬁt decreases. When r goes down to (N + 1) / (N + 2), the wage rises
to the product market price and the ﬁrms just break even. When r goes further below, 2/r becomes so high that the ﬁrms will not product under this wage. The union therefore, sets the
wage to 4/M .
Let us try it in another direction. Starting from r being close to 0 (really strong councils), when
r increases, wage ﬁrst increases because the wage that makes the ﬁrms break even increases.
When r hits (N + 1) / (N + 2), 2/r becomes feasible and from this point on the union opts for
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this option. With r continuing to rise, 2/r decreases, the wage decreases.
Lemma 4 When α → 1, wage ﬁrst increases then decreases in r. The switching point is (N + 1) / (N + 2).
6.2.2

Industry employment and union payoﬀ

The union cares about employment in addition to the wage. As we have explained, when
r > (N + 1) / (N + 2) the total output or employment remains at 2N/ (N + 1). When r ≤
(N + 1) / (N + 2), however, the break even condition is binding and the industry employment
level
4N (1 − r)
(28)
Q=
N + 1 − Nr
2

changes in r. The derivative of (28) reads −4N/ (N + 1 − N r) which means employment will
decrease in r, or will increase in councils’ co-determination power.
Lemma 5 When α → 1, industry employment decreases in r when r ≤ (N + 1) / (N + 2), and remains
constant when r > (N + 1) / (N + 2).
We now check the union payoﬀ which is measured by the industry wage bill. When the wage is
4/M , i.e., when r ≤ (N + 1) / (N + 2), it is
wQ =

16N (1 − r)
(N + 1 − N r)

2,

with its derivative against r being
N 16 (N − 1 − N r)
d (wQ)
=
3 .
dr
(N + 1 − N r)

(29)

Therefore, the industry wage bill is increasing in r if r ≤ (N − 1) /N . It means that when councils
are strong enough such that r ≤ (N − 1) /N more powerful councils will not only decrease the
wage level, they also decrease the industry wage bill. On the one hand, this is surprising because
councils’ pursuit of workers’ interests will actually harm the workers as a union. On the other
hand, this is an example of negative externalities. By demanding more jobs, councils left the
union no choice but to lower the wage since the latter has to keep the ﬁrms active. If the councils
collectively restrain from exercising too much power of co-determination, the workers could
have been better oﬀ as a union. In this case, council power backﬁres. When (N − 1) /N < r ≤
(N + 1) / (N + 2), the RHS of (29) is negative which means the industry wage bill will decrease
in r. In other words, in this region stronger councils will increase the industry wage bill even
though the wage will decrease.
When the wage is 2/r, i.e., when r > (N + 1) / (N + 2), union payoﬀ is 4N/ [(N + 1) r] which is
decreasing in r so that for suﬃciently weak councils, an increase in co-determination power will
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Figure 1: Wage and industry wage bill in the duopoly case when α → 1

increase workers’ interest as a union. The intuition behind this result has been oﬀered before.
When councils are suﬃciently weak, the union gets its ideal wage 2/r without worrying about
the ﬁrms not being active. In this case, both the wage and the industry wage bill increase in
council power. We summarize the above analysis in the following proposition.
Proposition 4 When α → 1, more powerful councils will increase wage and union payoﬀ when r >
(N + 1) / (N + 2); decrease wage but increase union payoﬀ when (N − 1) /N < r ≤ (N + 1) / (N + 2);
decrease wage and union payoﬀ when r ≤ (N − 1) /N .
Figure 1 is a plot of the wage and the industry wage bill in the duopoly case. We can see wage (the
dashed line) is increasing in council power when r > (N + 1) / (N + 2) = 3/4 and decreasing
when r ≤ 3/4. Industry wage bill (the solid line) is increasing in council power until r decreases
to (N − 1) /N = 1/2. There seems to be a kink in the wage graph at r = 3/4 resulting from the
in-diﬀerentiability of the wage solution (20) at this point when α = 1. Since we bounded α away
from 1, we are not concerned about this.
Note also that both of the two threshold levels in Proposition 4 are increasing in N and approaching 1 when N goes to inﬁnity. Therefore, when N is large, to have any positive impact on either
wage or union payoﬀ, r needs to be very close to 1.
Remark 5 The more ﬁrms are there in the product market, the more likely works councils’ co-determination
power will be harmful to the workers as a union.
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6.2.3

Comments on vertical industrial relations

We have argued that ﬁrm-council co-determination resembles managerial incentive contracts in
the strategic delegation literature. What we have presented in this limiting case of union bargaining power can also be interpreted as how an upstream monopoly could optimally set prices
for its product when it faces N oligopolistic downstream ﬁrms who use this product as an input,
especially when the ﬁrms in the downstream practice either delegation or co-determination. In
particular, when sales related managerial incentives are very strong, the upstream monopoly
cannot charge a very high price because then the downstream ﬁrms will not produce. When
sales related incentives are low, the upstream ﬁrm might be able to take advantage of the downstream delegation practice and hence set higher prices and extract more end product market
revenue from the downstream ﬁrms for the same arguments in this section.

7

Powers of labor: a full characterization

We now have understood councils’ impact on wage and union payoﬀ in the limiting case of full
union power. The central theme is when councils are suﬃciently weak an increase in council’s codetermination power is beneﬁcial to the workers as a union. When council are suﬃciently strong,
it would backﬁre. The main task in this section is to check if and how far we can generalize this
insight for the general case of union power.

7.1

On wage determination

To this aim, we carry out a general analysis of wage behavior in Appendix A.2. Here goes the
intuition. Recall that in Lemma 4 we show that in the case of α → 1, wage ﬁrst increases then
decreases in r. The turning point occurred at (N + 1) / (N + 2). What happens if α is slightly
lowered? In the zero council power case, r = 1, the wage is 2α instead of 2. When r decreases, the
same arguments in the case of α → 1 apply. When r gets smaller, the elasticity of labor demand
(27) decreases and therefore, the union will be able to get a slightly higher wage. The union is
able to do so, so long as r is suﬃciently large, so that industry proﬁt is no less than the ﬁrms’
”fair” share according to their bargaining power. Therefore, the wage continues to increase until
industry proﬁt cannot be further lowered. After this point, wage decreases to compensate the
ﬁrms. This line of arguments apply until α is suﬃciently low such that industry proﬁt when
r = 1 is already the ﬁrms’ ”fair” share. For an even lower α, industry proﬁt becomes more
important, and hence council power would not help to increase the wage.
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Indeed, we have the following general result. Let

(N + 1) 1 − 1−α
N

,
rw :=
N + 1 + α − 2 (1 − α) N


where N + 1 + α − 2

(30)

(1 − α) N can be veriﬁed to be positive.

Proposition 5 Wage is increasing in council power when r > rw , decreasing in council power when
r < rw .
Proof. See Appendix A.2.
This result says when councils are suﬃciently strong (r < rw ), decreasing council power will
increase the wage. Otherwise, an increase in council power will increase the wage. Therefore,
the highest wage is attained when r = rw . Let us check if this condition admits the limit of
α → 1 as a special case. In this case, rw as in (30) is indeed approaching (N + 1) / (N + 2). Then
Proposition 5 says when r < (N + 1) / (N + 2), wage is increasing in r; otherwise it is decreasing
in r. We have obtained this result in Lemma 4.
In general, for the interval (rw , 1] to be non-empty we need the following condition. Since N +

1 + α − 2 (1 − α) N > 0,

⇐⇒


(N + 1) 1 − 1−α
N

<1
N + 1 + α − 2 (1 − α) N
N −1
.
α>
N

(31)

It is then evident that the union needs to be suﬃciently strong for wage ever to increase in works
councils’ power. If α = (N − 1) /N , rw = 1. So when α < (N − 1) /N wage will always be
decreasing in council power. When α > (N − 1) /N wage ﬁrst increases in council power but
eventually it will decrease when r goes below rw . We know wage will eventually decrease in
council power because in Appendix A.3 we show that rw is decreasing in α, and hence when
α → 1, rw approaches its inﬁmum (N + 1) / (N + 2). Therefore, for all α, the interval (0, rw ] is
non-empty.
Proposition 6 When α > (N − 1) /N , the level of council power for the highest wage increases in the
union’s bargaining power, i.e., drw /dα < 0. When α ≤ (N − 1) /N , the highest wage is attained when
r = 1.
Proof. See Appendix A.3.
This means, provided that α > (N − 1) /N , when the union’s bargaining power is increased, the
switching point rw will decrease. More speciﬁcally, starting from r = 1 and α = (N − 1) /N ,
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when α gradually increases, rw gradually decreases. When α → 1, rw goes to (N + 1) / (N + 2)
not further below.
Proposition 6 is also interesting in its own right. It recovers that, union bargaining power and
council co-determination power are in a way complements. Only when the union is suﬃciently
powerful, can it take advantage of a less elastic labor demand. Otherwise, councils by demanding more jobs will bring about lower wages. Moreover, the amount of council power that the
union can utilize to increase the wage also depends on the union’s own wage bargaining power.
The more powerful the union is, the more council power the union can utilize to increase the
wage. We will continue on this point when we analyze union payoﬀ. Note, however, that as
N → +∞, α ≤ (N − 1) /N must hold and hence under perfect competition the highest wage
attainable comes with no council power at all.

7.2

On industry total employment

Now let us study industry total employment. In the limiting case of α → 1, employment increases in council power when the councils are suﬃciently strong. For weak enough councils,
the industry total employment remains constant. In this part, we argue that the constant part of
the above ﬁnding is rather a special case of limiting behavior. In general, an increase in council
power always increases industry total employment even when wage too is increasing.
The impact of council power on endogenous industry total output or employment is
dQ
dr

=
=

∂Q ∂Q dw
+
∂r
∂w
 dr

−N
dw
w+r
.
N +1
dr

For council power to increase total employment, we need
−dQ/dr > 0 ⇐⇒ w + r

dw r
dw
> 0 ⇐⇒ −
< 1.
dr
dr w

Therefore, the council power elasticity of wage needs to be less than 1, i.e., inelastic. Indeed, this
elasticity is less than 1 in general and we have the following result.
Proposition 7 An increase in council power always increases industry total employment although in the
limit of α → 1 when r > (N + 1) / (N + 2) this positive eﬀect vanishes.
Proof. See Appendix A.4.
Propositions 5 and 7 together answer the question raised in the title. Stronger works councils
will always lead to more jobs in the industry irrespective of their current co-determination power
and the union’s wage bargaining power. However, the impact on wage may not be monotonic. In
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fact, when the union has a suﬃciently strong wage bargaining power and the councils originally
are weak, an increase in council power can increase the wage.

7.3

On union payoﬀ

We have identiﬁed the conditions under which an increase in council power will increase or
decrease wage. We also know that an increase in council power will always increase output
and employment. When councils are weak enough, r > rw , both wage and employment are
increasing in council power. But when they are strong, an increase in employment comes at the
cost of a lower wage. To the union, it is then a question of which one of the two eﬀects, namely
the wage eﬀect and the employment eﬀect, dominates the other. We have seen in the special case
of a very powerful union, when council power increases, union payoﬀ keeps on rising after wage
hits its maximum level until it is getting so low that employment increase is no longer justiﬁable.
We now have a look at the councils’ impact on union payoﬀ in general,
−



N
d (wQ)
dw
=
+ w2 .
− (4 − 2rw)
dr
N +1
dr

(32)

An increase in council power will cause the wage to change as well as increase jobs whose impact
has the magnitude of w2 N/ (N + 1) because jobs are gained at the rate of wN/ (N + 1) and each
job is valued for w.
When wage is increasing in council power, dw/dr < 0, the RHS of (32) is certainly positive. This
is also because when r > rw , both wage and employment increase in council power. When
council power passes the threshold, for (32) to be positive, dw/dr cannot be too positive.
7.3.1

Analysis

Before we carry out the analysis, we establish the following identity.

⇐⇒
⇐⇒

√

1 1+α
+
r
M

2
√
1 1+α
+
w2 + Δ + 2w Δ =
r
M
√
1 2
4α
− w .
w Δ=
rM
2
w+

Δ=

(33)

We look for the condition for union payoﬀ to increase in r.
d (wQ)
dw
w2
≥ 0 ⇐⇒
≥
⇐⇒
dr
dr
4 − 2rw

√
(2 − rw) [w (M − N r) + 2 (N − 1 − α)] ≥ rM w Δ
28

⇐⇒



(3N r − N − 1) rw2 − 4w + 4wr (1 + α) + 8 (N − 1 − α) ≥ 8α

(34)

where dw/dr was substituted by (48) in Appendix A.2 and identity (33) was used to substitute
√
out Δ.
Because of the similarity between the LHS of (34) and the ﬁrst order condition (47) which can be
written as
(N + 1 − N r) rw2 − 2w (N + 1 − N r) − 2wr (1 + α) + 8α = 0,
we add the FOC to (34) to obtain
(N r + N + 1) rw2 − 8N rw + 8 (N − 1) ≥ 0.

(35)

Condition (35) is a U shaped quadratic in w. If its discriminant is no larger than zero we then
know that this condition will always hold, namely when
2

⇐⇒

(8N r) − 4 (N r + N + 1) r · 8 (N − 1) ≤ 0
N −1
.
r≤
N

This is of course only a suﬃcient condition for an increase in r to increase industry wage bill.
Lemma 6 When r ≤ (N − 1) /N , union payoﬀ increases in r.
What happens when r is larger than (N − 1) /N ? Then condition (35) says we need w to be
either less than the smaller root or larger than the larger root of (35). Note that condition (35)
does not depend on α. Therefore, for a given r, whenever a wage is larger than the larger root,
the wage when α → 1 should of course be larger than the larger root. This implies (35) is satisﬁed
for this r when α → 1. However, we have seen in Subsection 6.2 that this is not true for all r >
(N − 1) /N . There we have concluded that union payoﬀ will decrease in r when r > (N − 1) /N .
See Proposition 4. Hence, no wage could be larger than the larger root of (35).
On the other hand, if the wage is smaller than the smaller root of (35), denoted by wu , then even
if r > (N − 1) /N , union payoﬀ can be increasing in r. Condition (35) then reduces to


w

≤
=

4N 2 r2 − 2 (N r + N + 1) r (N − 1)
(N r + N + 1) r



2
2N
(2N )
2 (N − 1)
2
−
≡ wu .
−
2
Nr + N + 1
(N r + N + 1) r
(N r + N + 1)
4N r − 2

Write out our wage solution,
1+α
−
N + 1 − Nr



1
1+α
−
r
N + 1 − Nr
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2
+

4 (1 − α)
r (N + 1 − N r)

(36)



≤

4N
−2
Nr + N + 1

4N 2
(N r + N + 1)

2

−

1
2 (N − 1)
− .
(N r + N + 1) r
r

(37)

The LHS of (37) is increasing in α and we know that this condition will not be satisﬁed when α is
large enough and r > (N − 1) /N . On the other hand, when α → 0, the wage goes to 0 meaning
condition (35) is satisﬁed. We, of course, can check this with respect to condition (36). The RHS
of (36) is always larger than zero for r > (N − 1) /N . This is to say for a really small α, for all r,
an increase in r will increase union payoﬀ.
In principle we can explicitly solve this inequality but the solution is not meaningful enough to
be reported here. Instead, we ﬁrst have a look at the special case of r = 1. In this case, condition
(37) reduces to
√
2N − 2N + 2
=: α∗ ,
(38)
α≤
2N + 1
where we have denoted the solution to the equality version of (37) in terms of α in the case of
r = 1 by α∗ . α∗ can be veriﬁed to be less than (N − 1) /N . Since when α ≤ α∗ < (N − 1) /N ,
wage is increasing in r, a smaller r leads to a lower wage. Therefore, when α ≤ α∗ , condition
(36) is satisﬁed for all r ≤ 1.
7.3.2

The arguments for the general case

To understand condition (36) in general, further analyses are needed. Recall that wage is increasing in α and in r when r < rw . We start at r = (N − 1) /N . In this case all wages for α
below 1 satisfy condition (36) because for the wage at α → 1 it is just binding. Now we make r
slightly higher. In this case, the wage when α → 1 is larger than wu . On the other hand, when
α ≤ α∗ , wage is low and condition (36) is satisﬁed. By continuity and monotonicity, there is one
and only one α ∈ [α∗ , 1) such that at this α the condition changes state. Above (below) it, union
payoﬀ is decreasing (increasing) in r.
Now we switch our perspective. For a given α, we look at the gap between the wage solution
and wu , wu − w. First, in the appendix we show dwu /dr < 0.
Lemma 7 The smaller root of (35) is decreasing in r, i.e., dwu /dr < 0.
Proof. See Appendix A.5.
When r = (N − 1) /N , condition (36) holds, i.e. w ≤ wu . We now diﬀerentiate three cases
according to a.
1. When α > (N − 1) /N , at rw , condition (36) cannot hold, i.e., w > wu . When r < rw wage
is increasing in r, d (wu − w) /dr < 0. Because (wu − w) is continues and monotonic in r
when r ≤ rw , we can ﬁnd the unique solution to wu = w and denote it as r∗ (α). We know
r∗ (α) < rw .
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2. When α∗ < α ≤ (N − 1) /N , at r = 1 we see from (38) w > wu . Since in this case wage is
also increasing in r, d (wu − w) /dr < 0. Again, because (wu − w) is continues and monotonic in r we can ﬁnd the unique solution to wu = w. Therefore r∗ (α) continuous in this
case and we know r∗ (α) < 1.
3. When α ≤ α∗ , we know condition (36) is satisﬁed for all r ≤ 1. Let r∗ (α) = 1 in this case.
We name the point where r hits r∗ (α) as (r∗ (α) , α). Because whenever r < r∗ (α), wage is
increasing in r, all points with a smaller r and a smaller α will satisfy condition (36). In other
words, the set of points that satisfy condition (36) in (0, 1) × (0, 1] is comprehensive. Therefore,
α∗ as identiﬁed in the r = 1 case is the highest α that sees r∗ (α) being constrained by 1. If not,
the assumption that the wage at some α > α∗ and r = 1 satisﬁes condition (36) implies the wage
at α = α∗ and r = 1 strictly satisfy condition (36). It thus contradicts with the fact we found α∗
by the equality version of (37).
Although r∗ (α) is only implicitly given by the solution to the equality version of (37), we do
know it is decreasing in α when α > α∗ . This is because wage is strictly increasing in α, and
in r when r < rw or α < (N − 1) /N . Meanwhile, wu is strictly decreasing in r. Start from one
(r∗ (α) , α), say in the case of α → 1, r∗ (α) = (N − 1) /N . When r is slightly increased, the wage
is larger than wu at this r. If we move α downwards, it will meet with wu at the α that will make
r∗ (a) equal this slightly increased r. This argument continues until r∗ (a) converges to r∗ (a∗ )
which is 1.
Indeed, the derivatives of the two sides of w = wu are as follows:

⇐⇒

dw dα dw
dwu
+
≡
dα dr
dr
dr
dwu
dw dα
dw
=
−
.
dα
dr
dr
dr

 
+

−

+

The sign of dw/dr holds because either r∗ (α) < rw or α < (N − 1) /N . It is then apparent that
dα/dr∗ (a) < 0, and hence dr∗ (a) /dα < 0, provided that α > α∗ .
Proposition 8 When α > α∗ , the level of council power optimal for the workers as a union increases in
the union’s bargaining power, i.e., dr∗ (a) /dα < 0. When α ≤ α∗ , it is best for the workers as a union to
have zero co-determination power.
We continue our discussion on the complementarity of a union’s wage bargaining power and
councils’ co-determination power. The locus given by (r∗ (α) , α) which includes the lower part
of the r = 1 line (α ≤ α∗ ) indicates the best ”choice” of council power for the workers as a union
for any given level of wage bargaining power. When the union is weak, councils’ quest for more
jobs can only harm the workers as a union because when the ﬁrms are more or less in control,
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they can secure their share of proﬁt. When the union has a suﬃciently high bargaining power,
some level of council power can be beneﬁcial for the workers. Moreover, the more powerful
the union is, the more council power it can take advantage of. Therefore, our discussion on the
complementarity of wage bargaining power and co-determination power in wage determination
also applies when union payoﬀ is concerned.

7.4

General results

We summarize our results and provide explanations for them in this subsection.
When α ≤ α∗ , we now know that both wage and union payoﬀ always increase in r.
When α∗ < α ≤ (N − 1) /N , wage always increases in r. However, somewhere before 1, the
unique switching point, (r∗ (α) , α), appears and union payoﬀ starts to decrease in r. From r∗ (α)
to 1, even though wage is increasing, the negative eﬀect of employment loss is too high so that
union payoﬀ decreases. When α → α∗ , r∗ (α) converges to 1 .
When α > (N − 1) /N , there will be cases wherein the wage is decreasing in r, namely when
r > rw . At that point, the switching point of union payoﬀ, (r∗ (α) , α), has already appeared.
Therefore, before r∗ (α) both wage and union payoﬀ increase in r. From r∗ (α) to rw , wage is
increasing but union payoﬀ is decreasing in r. After rw , both wage and union payoﬀ decrease
in r. When α → 1, r∗ (α) converges to (N − 1) /N .
We provide the full characterization of wage and union payoﬀ outcome in Proposition 9. All
results are derived for increasing r meaning decreasing council power while holding α and N
constant.
Proposition 9 A decrease in council power (an increase in r) 1) increases both wage and union payoﬀ
when 0 < r ≤ r∗ (α), 2) increases wage but decreases union payoﬀ when r∗ (α) < r ≤ rw , 3) decreases
both wage and union payoﬀ when rw < r < 1, where r∗ (α) is given by the equality version of (37), and
when 0 < α ≤ α∗ case 2 and 3 do not exist, when α∗ < α ≤ (N − 1) /N case 3 does not exist, when
(N − 1) /N < α < 1 all three cases apply. This characterization of wage and union payoﬀ behavior is
reinterpreted in terms of an increase in council power in Table 1.
Figure 2 is a graphical representation for the duopoly case where r∗ (α) has been plotted using
the implicit function w = wu . We have also presented the results in terms of increasing council
power. In the upper right corner, the union is powerful in wage bargaining and the councils are
relatively weak. In this area we see both wage and wage bill are increasing in council power.
The large area of the lower left part is where either the union’s bargaining power is weak or the
councils are strong. In this area, an increase in council power would decrease both the wage and
the wage bill. In the strip in between, wage is decreasing while wage bill is increasing. When
the number of ﬁrms increases, all threshold levels of α and r converges to 1 meaning the the
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0<α≤

N −1
N

Wage ↓, Union Payoﬀ ↓

Wage ↓, Union Payoﬀ ↓

Wage ↓, Union Payoﬀ ↓

/

Wage ↓, Union Payoﬀ ↑

Wage ↓, Union Payoﬀ ↑

(1−α)N

√

(1−α)N

<r<1

/

/

Wage ↑, Union Payoﬀ ↑

N +1+α−2


 √
(N +1) 1− 1−α
N

Table 1: Impact on wage and union payoﬀ when council power decreases

2N − 2N +2
2N +1

√

<α≤

<α<1

√
2N − 2N +2
2N +1

N −1
N

N +1+α−2

The impact of council power on wage and union payoﬀ

 √
(N +1) 1− 1−α
√ N
0 < r ≤ r∗ (α)
r∗ (α) < r ≤
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Figure 2: Wage and wage bill outcomes diﬀerent powers of labor

large area of the lower left part will progress. In the limit of N → ∞, council power could only
decrease the wage and harm the workers. Therefore, Remark 5 applies in general.

8

Works councils and industry proﬁtability

Important to the industrial relations research is the impact of works councils on ﬁrm/industry
proﬁtability. While previous studies have approached this question with exogenous costs, in
particular wage costs, with the help of the current model we can provide additional answers
with endogenously determined wages. In Section 5.1 we learned that for any given feasible
wage, industry proﬁt will decrease in council power because strong councils make product
market more competitive. Now with the wage endogenously negotiated, we have to consider
co-determination power’s eﬀect on wage.
In the limiting case of α → 1, we explained that the industry zero proﬁt condition is binding
when councils are strong. This is case when the union has to lower the wage to keep the ﬁrms
active. When the councils are suﬃciently week, i.e., r > (N + 1) / (N + 2), the union obtains its
ideal wage 2/r and allows the ﬁrms to make some proﬁts. The ﬁrms beneﬁt from an increased
proﬁt margin when the union demands 2/r for wage.
In general, industry total proﬁt is
Π

=
=

(p − w) Q =


N
(N + 1)

2

N (A − M w) (A − rw)
(N + 1)

2


16 − 4 (M + r) + rM w2 .

After rewriting and substituting the rM w2 part by the FOC (47) we have
2

(N + 1)
Π = 8 − 4α − w (N + 1 − N r − αr + r) ,
2N

(39)

which means the derivative dΠ/dr is
2

dw
(N + 1) dΠ
= − [N (1 − r) + (1 − αr) + r]
+ w (N + α − 1) .
2N
dr
dr

(40)

Now we know that dw/dr < 0 when r > rw . In this case, the RHS of (40) is necessarily positive.
We therefore have the following result.
Lemma 8 When r > rw , industry proﬁt increases in r.
When r < rw , dw/dr > 0 so the RHS of (40) might be negative. In the limiting case of α → 1,
however, industry proﬁt remains zero for all r < rw . On the other extreme, when α → 0, the
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wage will tend to be 0 so councils will hardly have any inﬂuence on industry proﬁtability. In this
case, ﬁrms compete with zero marginal cost. Product market price and industry total output are
A/ (N + 1) and N A/ (N + 1) respectively.
In general, Proposition 7 states endogenous output and employment always increase in council
power. One way of investigating industry proﬁt would be to link it to total output. To this end,
ﬁrst note that
A − Mw
Q,
N +1

Π

=

(p − w) Q =

Q

=

N
(A − rw) .
N +1

We can then use these relations to back out M w and rw. Equation (39), therefore, can be transformed as follows.
2

(N + 1)
Π
2N

=
=
=

8 − 4α − wM − wr (1 − α)




(N + 1) Π
(N + 1) Q
8 − 4α − 4 −
− (1 − α) 4 −
Q
N
(N + 1) Q
(N + 1) Π
+ (1 − α)
.
Q
N

We write out Π in Q.

⇐⇒

N +1
Π
Q
Π=
+ (1 − α)
2N
Q
N
2 (1 − α) Q2
.
Π=
(N + 1) Q − 2N

The derivative of Π w.r.t. r then is


dQ
2 (1 − α) Q
dΠ
=
[(N + 1) Q − 4N ]
.
2
dr
dr
[(N + 1) Q − 2N ]

(41)

(42)

We, however, know that (N + 1) Q − 4N < 0 because Q = N (A − rw) / (N + 1) and
N (4 − rw) − 4N < 0
holds obviously.
According to Proposition 7, dQ/dr < 0, hence dΠ/dr > 0 always holds. We should, however, be
cautious in the limit case of α → 1 because equation (42) contains the part (1 − α). We discuss
this case separately. When α → 1 and when r > (N + 1) / (N + 2), Q does not change in r in the
limit. The proﬁt margin, however, is increasing in r. For r ≤ (N + 1) / (N + 2), Q decreases in
r but the proﬁt margin remains 0. So industry proﬁt is at least non-decreasing in r in this case.
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We generalize Lemma 8 to the following Proposition.
Proposition 10 Industry proﬁt always increases in r although when r < (N + 1) / (N + 2) in the limit
of α → 1 this eﬀect vanishes.
In consequence, even when wage is endogenously negotiated, strong councils will always decrease industry proﬁt. On the other hand, as we have discussed in Subsection 4.2, a ﬁrm with a
strong council makes a higher proﬁt than a ﬁrm with a weak council because of its higher output
in equilibrium. Thus, a ﬁrm with a strong council has a relative advantage over those with weak
councils.

9

Conclusion

In this paper we have introduced a two-stage union-oligopoly-council model of wage and employment determination wherein at the ﬁrst stage wage is negotiated through collective bargaining and at the second stage employment in each ﬁrm is co-determined by the employer and
its works council. It diﬀers from an ”eﬃcient bargaining” model in that wage bargaining precedes employment determination. It diﬀers from a ”Right-To-Manage” model in that ﬁrm level
employment is co-determined.
Although works councils increase employment for any given wage, whether the workers as a
union are able to take advantage of it depends critically on the union’s wage bargaining power.
When the union’s bargaining power is suﬃciently strong, it is able to negotiate a higher wage
with the help of some council power. In this case, workers enjoy both a higher wage and more
jobs. When the union is weak, however, councils’ quest for more jobs will backﬁre in the wage
bargaining stage and will result in a lower wage. Workers as a union will be worse oﬀ even
though they have more jobs. In between, there also exists an interval of wage bargaining power
where wage decreases in council power but industry wage bill may increase. This is the case
when the positive eﬀect of more jobs dominates the negative eﬀect of a lower wage. In all cases,
overly powerful works councils could never help the workers as a union because of their strong
adverse impact on wage. The beneﬁcial eﬀects of works councils also depend on market structure. The more ﬁrms are there in the market, the less likely are these beneﬁcial eﬀects.
From the perspective of workers in individual ﬁrms, engaging in co-determination and demanding more jobs are justiﬁable. This is because at the second stage wage is ﬁxed. Co-determination
helps to gain more jobs for their own ﬁrm at the cost of workers in other ﬁrms. In equilibrium,
ﬁrms with stronger councils hire more and produce more. This positive impact on ﬁrm size allows these ﬁrms to make more proﬁts than others. Therefore, in equilibrium, there is a positive
correlation between council power and ﬁrm proﬁt across ﬁrms within the same industry. This
correlation is likely to disappear once ﬁrm size is controlled for. This advantage of a stronger
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council is only in relative terms, however. A stronger council does not necessarily maximize its
host ﬁrm’s proﬁt. Moreover, it is found that the stronger the councils are, the lower industry
proﬁt will be. Therefore, after controlling for market conditions, there is a negative correlation
between average council power and industry proﬁt across diﬀerent industries.

A

Appendix

A.1

Derivation of the wage solution

In the following, we search for the solution to this problem
G̃ = max (A − rw) wα [A − (N + 1 − N r) w]
w

1−α

.

The ﬁrst order condition (FOC)12 reads
2r (N + 1 − N r) w2 − [(N + 1 − N r) + (1 + α) r] Aw + αA2 = 0.

(43)

As a ﬁrst step, we have a look at the (modiﬁed) discriminant of this quadratic,
Δ̃

=
=

2

[(N + 1 − N r) A + (1 + α) rA] − 4 · 2r (N + 1 − N r) αA2
A2
2
[(N + 1 − N r) − (1 + α) r] + 4 (1 − α) r (N + 1 − N r) .

(44)
(45)

Since α ∈ (0, 1), r ∈ (0, 1] and N + 1 > N r, Δ̃ is clearly strictly positive. Should the ﬁrst part of
(45) be zero, there still is the strictly positive second part. This proves the existence of real roots
to the ﬁrst order condition. The solution to the quadratic (43) is
w

=
=

(N + 1 − N r) + (1 + α) r ±
A
4r (N + 1 − N r)



Δ̃


!
Δ̃
A 1
1+α
+
±
.
4 r
N + 1 − N r r (N + 1 − N r)

To identify which of these two roots is our solution, we check the second order derivative of the
maximization problem evaluated at the two roots. After some simpliﬁcation,
$%
"
#
A
wα−1 − [N A + (α − 3) N rw] − (1 + α) N r N +1−N
r −w
d2 G̃
|F OC=0 =
.
α
dw2
(N + 1 − N r) [A − (N + 1 − N r) w]

12 Since

this is a Generalized Nash bargaining problem, the second order condition is implied.
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We want to identify the condition for a negative second order derivative,
d2 G̃
|F OC=0 < 0
dw2

⇐⇒
⇐⇒



A
−w >0
[N A + (α − 3) N rw] + (1 + α) N r
N + 1 − Nr


1+α
A 1
+
w<
.
4 r
N + 1 − Nr

It turns out that the solution to the maximization problem, i.e., the wage determined in the
collective bargaining, is the smaller root,

!
Δ̃
1+α
A 1
+
−
w=
4 r
N + 1 − N r r (N + 1 − N r)

(46)

where Δ̃ is the discriminant deﬁned in (45).

A.2

Council power’s impact on the wage solution

Instead of directly investigating the wage solution, we start from the ﬁrst order condition of the
Nash wage bargaining. After new notations are incorporated, the FOC reads,
rM w2 − 2 [M + (1 + α) r] w + 8α = 0.

(47)

Take total derivative of the LHS of the FOC,
d (F OC)
dr

=
=

∂F OC
∂F OC dM
∂F OC dw
+
+
∂M dr
 ∂r 2
∂w dr 
M w − 2 (1 + α) w − N rw2 − 2w
dw
(2rM w − 2M − 2 (1 + α) r) .
+
dr

Set this total derivative to zero, dw/dr can be solved and simpliﬁed to
dw
dr

=
=

M w2 − 2 (1 + α) w − N rw2 + 2N w
2M + 2 (1 + α) r − 2rM w
w2 (M − N r) + 2w (N − 1 − α)
.
2 [M + (1 + α) r] − 2rM w

We ﬁrst investigate the denominator.

2 [M + (1 + α) r] − 2rM w
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(48)



1 1+α
+
−w
2M r
r
M
√
2M r Δ > 0.

=
=


(49)
(50)

From equation (49) to (50), we have used the fact that we are interested in the smaller root of
(47). The sign of dw/dr, therefore, will be the same as the numerator of (48).
We proceed to identify the parameter values that would give a positive impact of council power
on the wage rate, namely dw/dr < 0,

⇐⇒
⇐⇒

w2 (M − N r) + 2w (N − 1 − α) < 0


M − Nr 1 1 + α √
+
− Δ + (N − 1 − α) < 0
2
r
M


√
1 1+α
+
(M − N r)
+ 2 (N − 1 − α) < (M − N r) Δ.
r
M

(51)

Because we do not know the sign of either side of (51), we have to discuss two possible cases.
Case 1: when councils are strong,
r≤

N +1
⇐⇒ M − N r ≥ 0.
2N

In this case, both sides of (51) are non-negative. Continue from inequality (51),


Since r ≤

N +1
2N

<

2

⇐⇒

(M + N r) [M − (1 + α) r]
rM

⇐⇒

[M − (1 + α) r] < (M − N r)

N +1
N +1+α

2

2

#
√ $2
< (M − N r) Δ
1−α
.
N

=⇒ M − (1 + α) r > 0, the above condition is
⇐⇒
⇐⇒

&
1−α
M − (1 + α) r < (M − N r)
N

(N + 1) 1 − 1−α
N

=: rw .
r>
N + 1 + α − 2 N (1 − α)

(52)

Because rw and the case condition (N + 1) /2N has the following relation

=


(N + 1) 1 − 1−α
N
2N

N + 1 + α − 2 N (1 − α) N + 1

N + N − 2 N (1 − α)

> 1,
N + 1 + α − 2 N (1 − α)
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(53)

rw is larger than or equal to (N + 1) /2N . Therefore, these two intervals do not cross each
other. In consequence, when r ≤ (N + 1) /2N , then r < rw , and hence wage is increasing in r,
dw/dr > 0.
Case 2: when councils are weak,
r>

N +1
⇐⇒ M − N r < 0.
2N

In this case, both sides of (51) need to be negative. From (51) we would need
√
(M + N r) (M − (1 + α) r)
< (M − N r) Δ
rM
which asks for the necessary condition
M − (1 + α) r < 0 ⇐⇒ r >

N +1
.
N +1+α

(54)

The above condition continues,

⇐⇒

(M + N r) [M − (1 + α) r]
rM
2

2

#
√ $2
> (M − N r) Δ
1−α
N
1−α
N

2

⇐⇒

[(1 + α) r − M ] > (N r − M )
&

⇐⇒

(1 + α) r − M > (N r − M )

(N + 1) 1 − 1−α
N

= rw .
r>
N + 1 + α − 2 (1 − α) N

⇐⇒

(55)

We now show that rw is larger than (N + 1) / (N + 1 + α) so that when condition (55) is satisﬁed,
the necessary condition (54) is automatically satisﬁed. This is the case because the following
holds. First, for the use in (57), note that

⇐⇒


2 (1 − α) N
1−
>0
N +1+α
2
[N + (3α − 1)] + 8α (1 − α) > 0.

(56)

Hence, the quotient of rw and (N + 1) / (N + 1 + α) is

⇐⇒


(N + 1) 1 − 1−α
N
N +1+α

>1
N + 1 + α − 2 (1 − α) N N + 1

1 − N1 N (1 − α)
√
>1
2 (1−α)N
1 − N +1+α
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(57)

⇐⇒
⇐⇒


1
2
N (1 − α) <
(1 − α) N
N
N +1+α
1 + α < N.

The last step holds trivially.
Note also that rw is larger than (N + 1) /2N so the case condition is satisﬁed too. Hence, we only
need condition (55) to hold. It is also easy to verify that when r < rw , dw/dr > 0 and that only
when r = rw , dw/dr = 0.
In conclusion, wage is decreasing in r when r > rw ; otherwise, the wage is increasing in r.

A.3

Proof of rw being decreasing in α

In this part, we provide the proof for the result of rw being decreasing in α. After noticing directly
taking derivative of rw against α can be rather complicated, we perform the log transformation
of rw ,


&

log rw = log (N + 1) + log 1 −

1−α
N



#
$

− log N + 1 + α − 2 N (1 − α) .

The derivative of log rw is
d (log rw )
dα

=

=

=

1
2N



N
1−α



−

1+



N
1−α



N + 1 + α − 2 N (1 − α)

rw
N
1
N
N +1 1 +
1−α
2N
1−α


−
1 − 1−α
1 − 1−α
N
N

rw
rw
1
N
2N − N +1
1−α − N +1

.
1 − 1−α
N
1−



1−α
N

A suﬃcient condition for d (log rw ) /dα < 0 is

⇐⇒

rw
1
−
<0
2N
N +1
N +1
.
rw >
2N

This condition, however, has been established in inequality (53). This proves drw /dα < 0.
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A.4

Council power’s impact on industry total employment

In this part, we prove
−

dw r
< 1.
dr w

From (48) and (50), we have
w2 (M − N r) + 2w (N − 1 − α) r
<1
2 [M + (1 + α) r] − 2rM w w
w (M − N r) + 2 (N − 1 − α)
√
−
<1
2M Δ
√
√
M
+ (N + 1) Δ − N r
Δ + w + 2N − (1 + α) > 0
r
√
M
1+α
+ (N + 1) Δ −
N r + N − (1 + α) > 0
r
 M 
1
M
+ N + (N + 1)
−w >0
r
r
2
> w.
r
−

⇐⇒
⇐⇒
⇐⇒
⇐⇒
⇐⇒

In the derivation, we used the wage solution several times. The condition in the last step holds
strictly when α < 1 according to the upper bound derived in (25). Therefore, an increase in
council power always increases total employment.

A.5

Proof of Lemma 7

In this part, we show dwu /dr < 0. To this aim, we start from the quadratic (35). Denote
S := (N r + N + 1) rw2 − 8N rw + 8 (N − 1) .
Recall that wu is the smaller root of this quadratic. Take the total derivative with respect to r and
set it to zero,

⇐⇒

dS
∂S
∂S dwu
=
+
≡0
dr
∂r
∂wu dr
(2N r + N + 1) wu2 − 8N wu
dwu
=
.
dr
8N r − 2rwu (N r + N + 1)

Since we are interested in the smaller root,
8N r − 2rwu (N r + N + 1) =



64N 2 r2 − 32 (N − 1) (N r + N + 1) r

where
64N 2 r2 − 32 (N − 1) (N r + N + 1) r
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(58)

is strictly larger than zero when N > (N − 1) /N . So the sign of dwu /dr is the same as the
numerator in (58). Because wu is always larger than zero we left out one wu .

⇐⇒
⇐⇒
⇐⇒
⇐⇒

(2N r + N + 1) wu − 8N < 0
8N
wu <
2N r + N + 1

4N
4N 2
8N
2 (N − 1)
−2
2 − (N r + N + 1) r < 2N r + N + 1
Nr + N + 1
(N r + N + 1)

4N 2
2 (N − 1)
2N (2N r + N + 1)
− 4N < (2N r + N + 1)
2 − (N r + N + 1) r
Nr + N + 1
(N r + N + 1)

2
4N
2 (N − 1)
−2N (N + 1)
< (2N r + N + 1)
2 − (N r + N + 1) r .
Nr + N + 1
(N r + N + 1)

The last step holds trivially. We, therefore, conclude dwu /dr is strictly less than zero.
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