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1. INTRODUCTION

With this work I want to analyze how the existence of non atomistic wage set-
ters, the unions themselves, with the power to set wages, affect countries’ eco-
nomic performance, and how monetary institutions affect the unions’ decisions
and through this, economic performance.

Dealing with the relationship between wage bargaining and economic perfor-
mance, the main work in the literature is the one of Calmfors and Driffill (1988)
who found an invertedU relation between centralization of wage bargaining (CWB)
and unemployment. Countries can be classified according to the centralization of
wage bargaining; in particular we say that one country is more centralized if the
wage bargaining occurs at national level; an intermediate case is that of sectorial
level and the decentralized case is referred to firm level. They say that economies
characterized by either few large unions (centralized economies) or many small
unions (decentralized economies) obtain low levels of unemployment. They claim
that the presence of unions causes some negative externalities (as prices’ increases
and unemployment’s increases). If the bargaining takes place at national level,
then the few large unions internalize these negative effects; on the contrary, at
firm level, it is natural to assume that the competition among products of the same
sector is quite high. Therefore firms can not increase too much prices as the la-
bor costs increase; otherwise they start to make negative profits. Hence unions,
knowing this, start to reduce their wage demand. They conclude that economies
characterized by intermediate levels of CWB are the ones that face higher levels
of inflation and unemployment. They assume that the elasticity of labor demand
towards every union goes to infinity once the number of unions increases, that
is, when we move towards decentralized economies. Therefore unions reduce
their wage demand once we deal with economies highly decentralized. Notice
that unions always evaluate higher gains in real terms against losses in unem-
ployment. In particular they can demand higher values of nominal wages (their
control variable) until the losses in unemployment are lower than the gains in real
wages. Obviously this can happen when the elasticity of labor demand is quite
low. This elasticity can be considered as a measure of the unions’ market power
(see Guzzo and Velasco (1999) and Lippi (2002)); therefore, in my opinion, it is
not so innocuous making assumption on this point. If we are assuming how insti-
tutional factors affect this elasticity, implicitly we are also assuming how different
degrees of centralization of wage bargaining affect countries’ economic perfor-
mance. Moreover notice that theCalmfors-Driffill effectrecently, has also been
chanlleged on the empirical side. In particular Blaney, using an index for cor-

7



poratism1 rather than one of centralization of wage bargaining, finds a negative
relation between economic performance and CWB. The OECD (1997), updating
the study of Calmfors and Driffill (1988), can not find any significant relation
between economic performance and CWB. They find that countries highly decen-
tralized are the ones whose wages are more unequal. Recently, Cukierman and
Lippi (1999), doing an empirical exercise, confirmed the Calmfors-Driffill effect.
They claim that it is fundamental to consider the interaction between wage bar-
gaining and conservatism of the Central Bank to fully understand the relationship
between wage bargaining and economic performance.

Another important element that has to be used to explain economic performance
of every country, in terms of unemployment and inflation, is given by the Central
Bank’s policy. As showed by Barro and Gordon (1983), when the market is char-
acterized by some imperfections, the equilibrium output can be below its natural
level, creating some incentives for the Central Bank to follow an expansionary
policy. This is the classicalinflation-biasproblem. Rogoff (1985) proposed, as
solution of the inflation-bias, the delegation of price control to an independent and
more conservative authority. There is a general consensus on the negative relation
between Central Bank conservatism (following the Rogoff’s idea (1985)) and in-
flation. Something not so clear is how monetary institutions can have real effects.
A sufficient set of assumptions under which the monetary rules have no effect on
real variables are:i) rational expectations,ii) perfect competitioniii) complete in-
formationiv) absence of nominal rigidities (see for instance Soskcie and Iversen
(2000)). What happens if we modify assumptionii)? As showed by the seminal
work of Blanchard and Kiyotaki (1987), money is still neutral when we introduce
monopolistic competition in the labor and good markets. It is the so called Rogoff
coefficient which can have real effects. Moreover Guzzo and Velasco (1999), in
their work, show that the best economic performance for a country can be obtained
by aPopulist Central Banker, the one who does not care at all about inflation. Can
we conclude that the Rogoff analysis is completely overcome? The answer is not.
As noticed by Lippi (2002), they solve a game betweenn different unions and
a Central Bank, where unions fix real wages instead of the nominal one. In this
case they loss some important aspects of the bargaining. Moreover almost all
the model present in the literature consider, as argument of the unions objective
function, real wages, unemployment among the unions’ members and inflation.
Including an inflation target, as noticed by Berger, Haan and Eijffinger (2001) it is
not so intuitive. If we consider centralized economies, with few large unions, able

1 For a definition of corporatism, see Tarantelli (1986) or the OECD (1997).
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to represent almost all the workers, then it makes sense, given that the society as
a whole, can be considered as inflation adverse. When we deal with many small
unions, it is quite hard to think that they care about interests concerning all the
society. Moreover, we can show that using a simple game between only one union
and a Central Bank, it is only the inflation target that generates real effects. Fi-
nally notice that so far economists did not reach an agreement on this point; in fact
Sockice and Iversen (2000), as well as Coricelli Cukierman and Dalmazzo (2000),
contrarily to Guzzo and Velasco (1999), find that a conservative Central Banker is
able to maximize the welfare of an economy. Cukierman and Lippi (1999) found
the classical trade-off between lower inflation and higher unemployment.

Hence, in economic literature there are some controversies on the effects of in-
stitutional factors, as different degrees of CWB and CBC on economic perfor-
mance; as I have mentioned sometimes these effects are due to the assumptions
used which are not always so innocuous and intuitive. Therefore for analyzing
the relationship between wage bargaining, Central Bank’s conservatism and eco-
nomic performance, it is fundamental to develop a general model. I proceed in
the following way: starting from the analysis of Barro and Gordon (1983), I de-
velop a game betweenn different unions, which organize all the labor force, and
a Central Bank. I introduce monopolistic agents in the labor market, (the unions
themselves) using, as Blanchard and Kiyotaki (1987), a Constant Elasticity of
Substitution (CES) production function and in the good market (firms), thanks to a
total consumption index with an imperfect substitutability between goods. It is the
imperfect substitutability between labor types which gives to unions their market
power. Using a CES function it has been possible make endogenous the unions’
market power. In fact we derive from the model the labor demand towards ev-
ery union and the elasticity of labor demand to nominal wages. Therefore, we do
not make any assumption on the elasticity of labor demand towards every union,
which is, in my opinion, a key element of the model.

The time moving is the following: unions in the first step fix nominal wages;
in the second one the Central Bank fixes the amount of money, and finally firms,
moving along their demand curve, determine the quantity of labor demanded in the
economy. Notice that introducing money, as Coricelli Cukierman and Dalmazzo
(2000) is not only a complication of the model; it is allows us to develop a model
closer to reality and to understand what is the channel through which monetary
institutions cause real effects. Finally notice that in our model we do not include
any inflation target in the unions’ objective function, that, as I mentioned, it is not
so intuitive and innocuous, as assumption.
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With our model, we can not confirm the so calledCalmfors-Driffill effect. Key
parameter is the elasticity of substitution between labor types, orσ. This affects
the unions’ market power, measured by the elasticity of labor demand to nominal
wages. According to the specific value ofσ unions can have higher or lower mar-
ket power when we move towards decentralized economies, whereas in Calmfors
and Driffil (1988) model, unions are less powerful in a decentralized economies.

Dealing with the conservatism of the Central Bank, the model shows that the
best solution is obtained by a conservative Central Banker rather than a populist
one. In fact unions always evaluate higher gains in real terms against losses in
unemployment. It emerges that the more conservative the central bank, the higher
the costs in terms of unemployment; therefore unions, in this case reduce their
wage demand.

Our model is close to the ones of Cukierman and Lippi (1999) and to the one of
Coricelli Cukierman and Dalmazzo (2000). Anyway we do not introduce an in-
flation target in the unions’ objective function, that, as we have seen, it is not so
innocuous as assumption; moreover, notice that the specification of the technol-
ogy used is a key element. We use a CES production function with an imperfect
substitution between labor types, whereas Coricelliet al. (2000) use a produc-
tion function where there is no substitutability between labor types. Cukierman
and Lippi (1999), according to their specification of the labor demand towards
every union, implicitly assume that the elasticity of labor demand with respect to
nominal wage goes to infinity once we move towards decentralized economies. In
our model, this is not always the case; it is related to the technological parameter
σ, or the elasticity of substitution between labor types, the parameter from which
unions derive their market power.

2. THE MODEL

2.1 The Underlying Economy

The basic elements of the model are the following: we develop a game amongn
different unions, which have the power to set wages, and a Central Bank, which
sets money. We assume that there is a continuum of individuals belonging to the
interval[0, 1]. Then unions organize all the labor force. Increasing the number of
unions, it means that there are more agents involved in the bargaining; therefore,
intuitively, we can think that we are moving towards decentralized economies.
Unions have a market power thanks to the specification of the production function
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used. As I will show later, there is an imperfect substitutability between labor
types; thanks to this, unions can set wages, and try to minimize a loss function
whose argument are real wages and unemployment among the unions’ member.
The Central Bank fixes the amount of money, minimizing a loss function whose
argument are inflation and unemployment. Finally there is a continuum of firms
which maximize profits; their control variable is the price of every good. Firms
derive their market power form the specification of the total consumption index
for every agent, given that there is an imperfect substitution between the different
good types. Given the assumption of perfect information and rationality, we solve
the game by backward induction, looking for a sub-game perfect equilibrium.
Therefore we start from the households’ problem, we move to the firms’ problem,
to the central bank’s problem and finally to the unions’ problem2.

2.2 The Households

Following Blanchard and Kiyotaki (1987), we assume that every agent in the econ-
omy faces the following utility maximization problem:

max
Ck(i),Mi

Ui =
(
CT

i

)γ
(

Mi

P

)1−γ

(1)

such that

∫ 1

0
[PkCk(i)] dk + Mi = Ii (2)

We assume that there is continuum of goodsk belonging to the interval[0, 1].
Notice thatγ is a parameter between zero and one,CT

i is the total consumption
for every individual,Mi is the money demand for the individuali, P is the aggre-
gate level of prices andIi is a given wealth (see Blanchard and Kiyotaki (1987),
Obstfeld and Rogoff (1996)) equal to

Ii = WiNi + Vi + M 0
i (3)

2 Recently Jerger (2002) has modified this assumption solving a non-cooperative game where
all agents move at the same time. He has been able to confirm that a populist Central Banker
(the one who does not care at all about inflation) leads to a first best only in some special cases,
confirming the analysis of the current literature in this field, contrarily to what found by Guzzo
and Velasco (1999).
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WiNi is labor income,Vi indicates the total profits earned by every agent, andM 0
i

is the given amount of money initially held by every agent. Notice that, as Obstfeld
and Rogoff (2000), in this model we do not introduce the interest rate, given that
we develop a static game; we justify the presence of money in the utility function
because we want to avoid the Say’s law, where the supply of goods generates
automatically its own demand. Here the presence of money gives the possibility
to people to choose between consuming and holding money.

The total consumption for every individuali, CT
i , is expressed by the following

CES index:

CT
i =

[∫ 1

0

[
Ck(i)

θ−1
θ

]
dk

] θ
θ−1

(4)

whereθ is the elasticity of substitution between goods (restricted to be> 1) and

P =

[∫ 1

0
[Pk]

1−θ dk

] 1
1−θ

(5)

is the corresponding price index3.

Solving the household’s problem we obtain the individual demand for every good
(see appendix A for details):

Ck(i) =

(
Pk

P

)−θ

CT (i) (6)

and

CT (i) =
γ

1− γ

Mi

P
(7)

We are now in a position to compute the total demand for every good; in particular
we have:

3 Notice that the price indexP is the minimum expenditureI =
∫ 1

0
PkCk(i)dk such that

CT
i =

[∫ 1

0

[
Ck(i)

θ−1
θ

]
dk

] θ
θ−1

= 1 (see Obstfeld and Rogoff (1996)).
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Yk =

∫ 1

0
Ck(i)di (8)

Using (6) and (7) we can rewrite (8) as:

Yk =

(
Pk

P

)−θ (
γ

1− γ

)[
M

P

]
(9)

where we have used also the aggregate conditions for money such that total money
demand equals money supply. Notice from (9) that the higher the price of a par-
ticular good is, the lower its demand will be.

2.3 The Firms

In the economy there is a continuum of firms distributed along the interval[0, 1].
Following Blanchard and Kiyotaki (1987), every firm produces by using a CES
production function, that is:

Yk =

[∫ 1

0

[
N

σ−1
σ

i

]
di

] σ
σ−1

1
α

(10)

σ is the parameter that measures the elasticity of substitution between different
labor types, restricted to be>1 andα is the inverse of the returns to scale in
production, restricted to be≥ 1. All the labor force lies contiguously in the inter-
val [0,1] (the range of the integral of (10)). Workers are organized inn different
unions (which have equal size,1

n). We are not interested in group formations,
but on different degrees of centralization of wage bargaining represented exactly
by then unions4. We assume that unions treat equally all their members, that is,
every individual belonging to the same union obtains the same wage. Obviously
if n → ∞ we obtain an atomistic setup with as many unions as individuals. We
assume that all the labor force is unionized; in this way if there are few unions,
able to represent almost all the workers, we say that we are in a centralized econ-
omy. On the other case, in a decentralized economy, the number of agents that
participate to the bargaining is high, and their representativeness is smaller.

4 This idea was already developed by Tarantelli (1986). He was interested in analyzing how
economies characterized by different degrees of“corporatism” (see also Cubitt (1995) and
OECD (1997)) for a definition of corporatism) affect inflation. In our model we only consider
one aspect of the definition of corporatism, that is, the centralization of wage bargaining.
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Every firm maximizes profits solving the following problem:

max
Pk

Vk = PkYk −
∫ 1

0
WiNidi (11)

s.t.

∫ 1

0
WiNidi = WY α

k

Yk =

(
Pk

P

)−θ (
γ

1− γ

)[
M

P

]

The second constraint, equation (9), comes from the consumer problem, once we
have aggregated the demand of a particular good for every individual.

The first one (see appendix B for details) comes from the cost minimization prob-
lem of firms. Solving that problem we obtain

Ni =

(
Wi

W

)−σ

Y α
k (12)

where

W =

[∫ 1

0
[Wi]

1−σ di

] 1
1−σ

(13)

Some important features come from (12). In fact we can see how labor demand is
an inverse function of its own wage. Moreover, combining (12) with (9) we can
see the relationship between real money balances and real economy. In particular
notice that the lower real money balances, the lower the labor demand.

Solving (11) with respect toPk we obtain, after some algebra:

Pk

P
=

[(
θ

θ − 1

)
α

W

P

(
γ

1− γ

)α−1 (
M

P

)α−1
] 1

1+θ(α−1)

(14)
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This is the firm price rule (Blanchard, Kiyotaki (1987)). Notice that the price
of a particular good is positively related to aggregate wages and to real money
balances. To keep the model simple, we did not use any rigidities in prices and in
wages; as the one of Blanchard and Kiyotaki (1987), this model has the property
of monetary neutrality.

From (14) we obtain the inflation rate. In fact plugging (14) into (5), we obtain
the following expression for the prices’ level

log P =
1

α
log W +

α− 1

α
log M + Q (15)

whereQ = 1
α

[
log

(
θ

θ−1

)
+ log α + (α− 1) log γ

1−γ

]
is only a term collecting

some constants. Now subtracting from both sides the level of prices of the previ-
ous period, we obtain the inflation rate:

π = log P − log P−1 =
1

α
log W +

α− 1

α
log (M) + Q− log P−1 (16)

2.4 The Problem of the Central Bank.

The Central Bank minimizes the following loss function5:

Γ = u2 + Aπ2 (17)

whose arguments areu, or unemployment andπ, or inflation.A is the key param-
eter representing the aversion to inflation of the Central Bank. The best solution
for the Central Bank would be to setΓ = 0 but she does not have two instruments;
only one, the quantity of money. The Central bank anticipates the firms’ behavior,
so she takes into account the price rule (equation (16)). Let’s see how we can
computeu; we can show (see appendix C) that

5 This kind of function is quite popular in the economic literature; similar expressions can be
found in Cukierman and Lippi (1999), (2001), in Coricelli Cukierman and Dalmazzo (2000a),
(2000b); moreover Woodford (1999) shows that, taking a second order Taylor approximation
of the consumer utility function, we obtain a function similar to (17).
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NT =

∫ 1

0
Y α

k dk (18)

Equation (18) represents the total amount of labor demanded by all firms. After
some algebra we obtain:

NT = Hα

(
W

P

) −θα
1+θ(α−1)

(
M

P

) α
1+θ(α−1)

(19)

whereH is a term collecting parameters (see again appendix D for details). Let
N 0 be the total labor supply in the economy. Therefore we derive a measure of
unemployment,u, computing:

u =
N 0 −NT

NT
' log N 0 − log NT (20)

Hence unemployment is a function of real wages and real money balances. The
Central Bank’s problem, taking into account inflation (equation (16)) and the ex-
pression for unemployment (equations (19) and (20)) can be written as:

min
M

[
log N 0 − log

(
Hα (W )

−θ
1+θ(α−1) (P )

θ−1
1+θ(α−1) (M)

1
1+θ(α−1)

)]2
+

+A
[ 1

α log W + α−1
α log M + Q− log P−1

]2
(21)

After some algebra we obtain the following reaction function of the Central Bank:

log M = −F
α2

α2 + A (α− 1)2 +
α2 − A (α− 1)

α2 + A (α− 1)2 log W (22)

whereF is a term collecting some parameters (see appendix E for details). From
(22) we can see the trade-off faced by the Central Bank. If unions increase their
wage demand, then the Central Bank can increase or decrease the quantity of
money, according to her preferences. In particular ifA < α2

(α−1) the Central Bank
will follow an accommodating policy, increasing the amount of money after an
increase of wages. On the other case, she will reduce money. If the Central Bank
gives more weight to unemployment, then she will increase money; in the other
case she will reduce the quantity of money.
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This confirms the analysis made by Cukierman, Rodriguez and Webb (1998), who
have studied how the monetary policy reacts to inflation increases. What they
found is exactly that the higher the Central Bank independence, the stronger the
reduction of money growth, as inflation increases.

2.5 The Unions’ Problem.

The unions’ problem is the last step to close the model. We assume that unions
have the following loss function:

Ωj = −2 log

(
Wj

P

)
+ Bu2

j (23)

Intuitively unions care about real wages for their members and dislike higher lev-
els of unemployment among their members. Hence they have sectorial interests.
To be consistent, we express the first argument in logarithms, given that, as it will
appear clear later, the unemployment rate is computed in logarithms. Moreover
this makes easier the solution of the unions’ problem. Equation (23) is a loss
function; therefore real wages enter negatively in it.uj is the unemployment rate
among the members of unionj; B is the weight that unions give to unemployment.

The control variable of every union is obviously the nominal wage. Similar ex-
pressions to (23) can be found, for instance, in Cukierman and Lippi (1999),
(2001), in Coricelliet al. (2000a)6.

Unions take into account the reaction function of the Central Bank and the infla-
tion rate (which is derived from the firms’ problem). To determine the unemploy-
ment rate among the union’s members we proceed in the following way: we know
the labor demand for every labor type; therefore taking (12) and summing over all
the members of every union, we obtain:

NTU
j =

∫ i+1
n

i
n

(
Wi

W

)−σ

Y α
k di (24)

where the upper indexTU stands for total labor demand towards every union;
plugging (14) into (9) and then into (24) we obtain:

6 Anyway, for I have mentioned in the introduction, I do not introduce an inflation target in
the unions’ objective function.
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NTU
j = Hα

(
W

P

) −θα
1+θ(α−1)

(
M

P

) α
1+θ(α−1)

∫ i+1
n

i
n

(
Wi

W

)−σ

di (25)

whereH (see appendix C) collects some terms. Once more, notice the positive
relationship between real money balances and labor demand.

LetN 0U
j be the total labor supply for the unionj; we can derive the unemployment

rate, uj, among the members of unionj as:

uj =
N 0U

j −NTU
j

NTU
j

' log N 0U
j − log NTU

j (26)

Now we can rewrite the union’s problem in the following way:

min
Wj pW−j

Ωj = −2(log Wj − log P ) + B [uj]
2 (27)

s.t.

uj = log N 0U
j − log NTU

j

π =
1

α
log W +

α− 1

α
log M + Q− log P−1

log M = −F
α2

α2 + A (α− 1)2 +
α2 − A (α− 1)

α2 + A (α− 1)2 log W

Every union, solving its problem, takes as given the nominal wage of the other
unions, anticipates the reaction function of the Central Bank, the firms’ price rule
and the firms’ labor demand. The first order condition gives us the following
expression:

−
(

d log Wj

dWj
− d log P

dWj

)
+ B [uj]

duj

dWj
= 0 (28)

After some manipulations, this expression can be rewritten as:
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− 1 +

{
d log P

d log Wj

}
+ B [uj]

{
−d log NTU

j

d log Wj

}
= 0 (29)

where the first term in brackets can be interpreted as the elasticity of prices to
union nominal wage, and the last term in brackets of (29) is the elasticity of labor
demand towards unionj to its own nominal wage. A more convenient way to
write (29) (see appendix E for details) is:

− 1 +
{

ε
P ;Wj

}
+ B [uj]

{
ε

Nj ;Wj

}
= 0 (30)

where the terms in brackets are the elasticities just mentioned. Let’s analyze the
first one. Considering (15) and taking the derivative with respect tolog Wj we
obtain:

d log P

d log Wj
=

[
α2

α2 + A (α− 1)2

]
1

n
≡ ε

P ;Wj
(n,A) (31)

Here we have used the result, as showed in appendix E, thatd log W
d log Wj

= 1
n . This

expression is quite important for our analysis; in particular equation (31) gives
us a measure of the unions’ contribution to inflation. Equation (31) is what we
call “strategic effect”(see Cukierman and Lippi (1999), (2001)). The smaller this
effect is, the more aggressive unions are. As we can see, (31) is a decreasing
function ofn andA. The intuitions are the following:

i) increasing the number of unions, the contribution to aggregate variables of ev-
ery union decreases (just considering equation (31) and computing the derivative
dεP ;Wj

dn ). Moreover if we are dealing with a conservative Central Bank, the reduc-
tion of money supply, due to an increase of wage demand, will be smaller. This
emerges considering the derivatived log M

d log Wj
(see equation (22)) whered log W

d log Wj
= 1

n .
Therefore unions reduce the losses in terms of unemployment.

ii) Higher values ofA make the Central Bank more conservative. Thanks to this,
prices will not change too much as nominal wages increase; therefore unions can
be more aggressive given that the negative effect of their behavior (the increase in
prices) will be smaller. In this way, unions obtain higher gains in real terms.

It is worth analyzing the structure of the elasticity of labor demand to nominal
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wage. We show (see again appendix E) that

duj

d log Wj
= −d log NTU

j

d log Wj
≡ ε

Nj ;Wj
(32)

This expression, following Guzzo and Velasco (1999) and Lippi (2002), (2000),
gives an idea of the “unions’ market power”. In fact, if the elasticity of labor
demand is quite high, then unions can not be too much demanding, because the
losses that they have to face in terms of unemployment are quite high. Substituting
(25) into (32) we obtain:

ε
Nj ;Wj

= σ
d log

(
Wj

W

)

d log Wj
+

(
θα

1 + θ (α− 1)

)
d log

(
W
P

)

d log Wj
−

(
α

1 + θ (α− 1)

)
d log

(
M
P

)

d log Wj
(33)

As we can see7 there are three effects: the relative wage effect, the aggregate
real wage effect, and the real money balances effect. Once an union increases its
wage demand, obviously its wage increases, but also the aggregate wages increase.
Anyway, knowing thatd log W

d log Wj
= 1

n , we can show that the first effect is always
positive. It is worth analyzing the parameterσ. This parameter affects directly the
unions’ market power; the higherσ, the higher the elasticity of labor demand. In
this case firms can easily substitute one labor type with another.

Considering the real wage effect, we can see that
d log(W

P )
d log Wj

> 0 given thatd log W
d log Wj

=

1
n and from (31) we haved log P

d log Wj
=

[
α2

α2+A(α−1)2

]
1
n whereA is non negative and

α ≥ 1 so
[

α2

α2+A(α−1)2

]
< 1. Therefore aggregate real wages go in the direction

of a reduction of the unions’ market power.

Real money balances can decrease for two reasons: first, because the level of
prices increases, and second becauseM decreases if the Central Bank is con-
servative (see what we have said dealing with equation (22)). In this caseM

P ,

7 Notice that equation (33) is obtained considering that all the members belonging to the same
union obtain the same wage. In particular:

d log
∫ i+1

n
i
n

(
Wj

W

)−σ

di

d log Wj

=
d log

(
1
n

) (
Wj

W

)−σ

d log Wj
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obviously, decreases, increasing the elasticity of labor demand and the level of
unemployment. Anyway, ifM increases, given a partial accommodating policy
of the Central Bank, we can show that the aggregate effect is still negative: in fact,

using (22) andd log W
d log Wj

=
( 1

n

)
, we obtaind log M

d log Wj
=

[
α2−A(α−1)
α2+A(α−1)2

] ( 1
n

)
< d log P

d log Wj
=

( 1
n

) [
α2

α2+A(α−1)2

]
.

Concluding all the elements of (33) reduce the unions’ market power. From (33)
emerges clearly the trade-off faced by every union between more wages and higher
levels of unemployment.

Once we have clarified these effects, we can solve (27) obtaining (at the symmetric
equilibrium as in Cukierman and Lippi (1999), or Guzzo and Velasco (1999)) the
following equilibrium relation for wages

log W =



−FF +

1

B

(
1− ε

P ;Wj

)

ε
N ;Wj





[
α2 + A (α− 1)2

]

α (α− 1) A
(34)

whereFF collects some terms (see appendix F). From (34) we can see that when-
ever unions are more concerned about the unemployment rate among their mem-
bers (the coefficientB), then the equilibrium wage is smaller.

2.5.1 The Behavior of the Elasticities

From (31) we can see how the elasticity of prices to nominal wages is a decreas-
ing function with respect to the number of unions, and with respect to the con-
servatism of the Central Bank; in the previous subsection we have already given
an intuition for these effects. Let’s see how the elasticity of labor demand to
nominal wage changes with respect to different degrees of centralization of wage
bargaining and with respect to different degrees of the Central Bank conservatism.
Solving explicitly (33) we obtain:

− d log NTU
j

d log Wj
≡ ε

N ;Wj
=

A (α− 1) α

α2 + A (α− 1)2
1

n
+ σ

(
1− 1

n

)
(35)

As we can see (35) is a function ofA, n and σ, the elasticity of substitution
between different labor types. Differentiating (35) with respect ton we obtain:
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dε
N ;Wj

dn
> 0 if σ >

A (α− 1) α

α2 + A (α− 1)2 (36)

This means that increasing the number of unions, ceteris paribus, the unions’ mar-
ket power decreases. This is called, following Cukierman and Lippi (1999), Lippi
(2002), (2000), “competition effect”.Moving to a decentralized economy (higher
values ofn), where the bargaining takes place at firm level, unions know that an
increase of the wage demand induces firms to reduce the labor demand8; as it
emerges from (36), in this case the unions’ market power decreases. Anyway this
is not always the case; in fact, if the elasticity of substitution between labor types,
σ, is smaller than A(α−1)α

α2+A(α−1)2
, increasing values ofn lead to an increase in the

unions’ market power. In this case unions know that firms can not easily substi-
tute one labor type with another; therefore the competition effect and the strategic
effect (see equation (31)) work in the same direction towards an increase of the
wage demand.

Differentiatingε
N ;Wj

with respect toA we can easily prove that:

dε
N ;Wj

dA
> 0 always (37)

The more conservative the Central Bank is, the smaller the unions’ market power
is. Let’s give an intuition of this result; for increasing values ofA, prices will be
more stable (see equation (31)). Therefore the gains in real terms for the unions
will be higher. In this way, firms will face higher costs, and the labor demand
will decrease as a consequence of an increase of real wages and a decrease of real
money balances (see equation (33)). In fact, as we have seen, higher values of
nominal wages lead to a reduction in real money balances and consequently to a
reduction of labor demand. All these effects decrease the unions’ market power
(see again (33)), and they are stronger the higherA is, as it emerges from (37);
concluding we can call this effect,“fear of unemployment”.

Notice that unions always evaluate gains in real terms against losses in terms of
unemployment. As it will emerge from the following sections, to understand how
institutional factors, as centralization of wage bargaining and monetary institu-

8 Remember that at firm level the competition takes place among firms of the same sector. In
this case competition among firms is quite high and they can not increase too much prices as
labor costs raise.
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tions, affect countries’ economic performance, we have to evaluate how they in-
fluence the unions’ behavior and their assessments of the gains in real terms and
of the losses in terms of unemployment.

3. DIFFERENT DEGREES OF CENTRALIZATION OF WAGE BARGAIN-
ING AND CENTRAL BANK CONSERVATISM

Let’s analyze how the equilibrium wage (equation (34)) changes for different de-
grees of centralization of wage bargaining and for different levels of Central Bank
conservatism. Given that equation (34) is quite complicated to be analyzed we
resort to a simulation of the results. The parameterization adopted is derived from
Guzzo and Velasco (1999);®; the inverse of the return to scale in production, is
equal to4

3; the elasticity of substitution between different labor types,¾;is equal
to 2: °; the fraction of a given income (Blanchard and Kiyotaki (1987)) spent on
consumption or held as money, is equal to1

2. A andB , the Central Bank con-
servatism and the weight given by unions to unemployment are fixed in the first
experiment and equal respectively to 5 and 4.

3.1 Increasing the Number of Unions.

The first experiment computed, has been to modify the number of unions; notice
that with the parameterization adopted, we are in the case for which¾is quite low.
Remember that in this case, ceteris paribus, the unions’ market power is stronger.
The results are summarized in the next proposition:

Proposition 1. If ¾is smaller than a particular threshold, then, ceteris paribus,
the higher the number of unions, the higher the unions’ wage demand. On the
contrary, for high values of¾, increasing values ofn reduce the unions’ wage
demand.

Plotting (34) for different values ofn we obtain, as it emerges from figure 1,
that the higher the number of unions, the higher the equilibrium wage. In this
particular case, for a givenA9 andB we can see how thestrategic effectand the
competition effectmove in the same direction, towards an increase of the wage
demand. In fact unions know that their contribution to inflation decreases (see
equation (3.31)); moreover notice that, in this case, the unions’ market power is
higher the more decentralized the economy is, as it emerges from equation (3.36)

9 Notice that, as it will appear clear analyzing section 3.4, this effect works for each value of
A:
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where we observe that
dε
N ;Wj

dn < 0.

Increasing the value of σ, that is, making the substitution between labor types
easier for Firms,

we obtain completely different results. In particular we can see how the wage
demand is a decreasing function for an increasing number of unions. This emerges
from Figure 2 where I set σ = 8 (see Guzzo and Velasco (1999)). The intuition is
quite clear: given that Firms can easily substitute one labor type with another, in
this case unions start to be less demanding and for higher levels of n, their market
power decreases, showing that the competition effect dominates the strategic one.
Notice that in this case, (36),

dε
N ;Wj

dn > 0.

Our results are quite different from the ones reached in the literature. From what
emerges in this section, we can not prove the existence of the so called Calmfors-
Driff.ill effect (1988).

3.2 Increasing the Conservatism of the Central Bank.

Nowwe analyze how the Central Bank conservatism affects behavior of the unions.
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As in the previous case, we simulate how equation (34) changes with respect to
different levels of A.

Proposition 2. For a given number of unions, increasing values of Central Bank
conservatism reduce the union wage demand.

Fixing the number of unions to 5, we obtain:

We can see that the higher the Central Bank conservatism, the lower the union
wage demand. The intuition is clear. Increasing values of A trigger two opposite
effects:

i) From one side the strategic effect changes. It becomes stronger the higher A is
(as we have seen from (31)).

ii) From the other side, the higher A, the higher the fear of unemployment effect
(see equation (37)). Considering the elasticity of labor demand to nominal wages,
we have seen how it is an increasing function of A. In this way the union market
power decreases. Therefore the higher A is, the smaller the union wage demand
is. Even if the gains in terms of real wage are higher for increasing values of
A, unions evaluate also the negative effects of higher real wages and smaller real
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money balances on labor demand (see equation (33) and the analysis developed at
that point). All the combinations of these effects lead to a reduction of the wage
demand with respect to increasing values of A.

3.3 The Effects on Labor Demand.

We have seen how the wage demand changes when we increase the conservatism
of the Central Bank. Using (18) and (9) we can see how the total demand depends
on real money balances. In fact:

NT =

Z 1

0

Y α
k dk

Yk =

µ
Pk
P

¶−θµ
γ

1− γ

¶µ
M

P

¶
and, as we have already shown, the labor demand can be expressed as (see also
appendixD):
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log NT = α log H− θα

1 + θ (α− 1)
log

(
W

P

)
+

α

1 + θ (α− 1)
log

(
M

P

)
(38)

The effects of Central Bank conservatism on labor demand can be summarized by
the next proposition:

Proposition 3. The higher the Central Bank conservatism (the parameterA), the
higher the labor demand in the economy.

To understand how the Central Bank conservatism affects the labor demand, we
have to consider how the elasticity of labor demand to nominal wages varies with
respect to increasing values ofA. In particular we have shown (see equation (37))
that:

dε
N ;Wj

dA
> 0

Hence the more conservative the Central Bank is, the smaller the unions’ market
power is. Considering (33) we can see that for higher nominal wage demands:

i) real money balances decrease;

ii) aggregate real wages increase.

If A is high, then prices will be more stable; therefore the incentive to demand
higher values of nominal wages will be stronger. In this way the negative effects
of real wages on labor demand will be even worse. When unions make their
decisions, they consider these aspects. Therefore for increasing values ofA, they
decide to reduce the wage demand, causing an increase in labor demand10.

Let’s see now how the labor demand changes once we modify the number of
unions:

Proposition 4. For a given level of Central Bank conservatism and forσ quite
small, an increasing number of unions reduces the labor demand in the economy.
If the elasticity of substitution between labor types is high, then the labor demand

10 Figure 8 is obtained forσ = 2. Making the elasticity of substitution between labor types
higher, then the positive effect on labor demand is going to be smaller and smaller. Intuitively,
if unions do not have a lot of market power, their wage demand is low. Therefore the gains,
deriving by a reduction of real wages are smaller and the effects on labor demand are very poor
and small.
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increases with respect to higher values of n.

In fact the wage demand, for σ quite low, is an increasing function of n. In this
case the strategic effect and the competition effect work in the same direction
towards an increase in the union wage demand. As it emerges from subsection
2.5.1, in this case the higher the number of unions, the higher their market power,
making the unions themselves more aggressive. This behavior leads to a reduction
of labor demand and consequently to an increase of unemployment, as it emerges
from Figure 5. This is the trade-off faced by unions: higher wages at the price of
higher unemployment.

In this case the perception of increases of prices (the strategic effect, see equation
(31)) is lower, the higher n is. Therefore unions have a higher perception of
how much their real wages can increase and a lower perception of how much
real money balances can decrease as a consequence of higher wage demands.
Remember that d logMd logWj

= α2−A(α−1)
α2+A(α−1)2 ·

d logW
d logWj

(with d logW
d logWj

= 1
n) is negative for

a conservative Central Bank (see equation (22)), but, as we can see, this effect is
smaller the higher the number of unions is. These are incentives to ask for higher
nominal wages which lead to higher levels of unemployment.
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Notice that with high values of σ, if a union j increases its wage demand, then
dε
N ;Wj

dn > 0, increasing the unemployment among the members of unions. In this
setup, increasing values of n lead to a decrease of the market power of unions,
inducing the unions themselves to moderate their wage demand. The competition
effect dominates the strategic one. In this case, as we can see from Figure 6, the
labor demand is an increasing function of the number of unions.

3.4 Real Effects: Ultra Liberal Versus Ultra Conservative Central Bank

From the last subsections we have obtained two important results:

i) the Rogoff parameter (in our case A) always reduces the level of prices.

ii) the monetary institutions have real effects.

With our model we show what suggested by Rogoff (1985) as solution of the
classical inFlation-bias problem. Moreover we have seen how the higher A, the
higher the labor demand in the economy. The mechanism underlying this result is
the following: when an union j decides to increase its wage demand, three effects
occur.
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i) First, aggregate real wages
¡
W
P

¢% increase (see equation (33)).

ii) Second, the real wages of the other unions decrease, making all the other unions
more competitive

³
W−j
P

´
&. In fact we have shown (see equation (31)) how the

price level increases with respect to higher nominal wages and, solving the game
for a given nominal wage of the other unions, then

³
W−j
P

´
decreases.

iii) Third, real money balances decrease for higher values ofWj, that is,
¡
M
P

¢ &
(see again (33)).

When an union makes its decision, it evaluates the gains in real terms (highlighted
by the strategic effect) against the losses in unemployment (highlighted by the fear
of unemployment effect). In fact in equation (34) both the price elasticity and the
labor demand elasticity to nominal wage appear.

What happens if we consider a stronger Central Bank? As suggested by Berger
et al. (2001), to correctly evaluate the real effects and the advantages of an ultra
liberal or ultra conservative Central Bank, we have to consider carefully how in-
creases in wage demand affect the labor demand towards a particular union. When
a union j increases its wage demand, then, as it emerges from (33), real wages in-
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crease. This effect is higher the more conservative the Central Bank is (given
that for higher values ofA, prices will be more stable, see equation (31)). More-

over the losses in competition will be reduced given that
(

W−j

P

)
will decrease in

a smaller way. This aspect suggests to the unionj to increase its wage demand.
Anyway the labor demand (equation (38)) is a decreasing function of real wages
and an increasing function of real money balances. In particular notice that the

higherA, the smaller
(

M
P

)
. In fact we can prove that

d log(M
P )

(d log Wj)dA < 011. There-
fore the higherA, the smaller the labor demand and the higher the unemployment
rate. We have shown how the unions’ market power is always a decreasing func-
tion of A (see equation (37)); hence we can conclude that for higher values of
A, unions give more weight to the losses in terms of labor demand (thefear of
unemployment) than to the gains in real terms (thestrategic effect).

We have found that the monetary institutions have real effects and moreover that
an ultra conservative Central Bank is able to obtain the best economic performance
as low inflation and high labor demand, confirming what found empirically by
Soskice and Iversen (2000) and theoretically by Coricelliet al. (2000a). Notice
that the introduction of money in this model has not been only a complication; on
one side we have developed a model closer to reality; on the other side, we have
had the possibility to understand and clarify the channel through which monetary
institutions affect real economy12 Thanks to the inclusion of money, we have seen
how the losses in unemployment are so high for unions, that they decide to reduce
the wage demand, something that does not emerge in Lippi (2000), or in Cukier-
man and Lippi (1999) where a conservative Central Bank reduces inflation to the
price of higher unemployment. In this case our results diverge completely also
from the work of Guzzo and Velasco (1999) where they found that an ultra liberal

11 Considering equation (33) and the relative discussion, we can prove that
d log(M

P )
d log Wj

=
[

−A(α−1)

α2+A(α−1)2

]

that is negative given thatα ≥ 1, and taking the cross derivative with respect toA we obtain:
d log(M

P )
d log WjdA

< 0. Therefore the higherA is, the higher the reductions of real money balances
are, as a consequence of an increase in the wage demand.

12 Recently Lippi (2000) developing a model without money, found a non monotonic relation
on how the elasticity of labor demand changes for different levels of Central Bank’s conser-
vatism. Unions evaluate the negative effects of higher real wages against the smaller losses in
competition (the relative wages for the unionj are smaller, the higherA is). In our case, using
money, we have shown how the elasticity of labor demand is always a decreasing function of
A (see equation (3.37)).
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Central Bank is able to maximize the welfare of a society13.

3.5 Joint Variations of the CB Conservatism and the Number of Unions.

We are now interested in analyzing contemporaneous changes of the Central Bank
conservatism and of the number of unions:

Proposition 5. If σ is small, then the best economic performance is obtained by a
conservative Central Bank and by a high degree of centralization of wage bargain-
ing. If σ is high, then the best result is obtained by a low level of Centralization
of wage bargaining, associated with a conservative Central Bank.

Figure 7 gives us the results for the First part of this proposition:

13 Notice that the wage bargaining among n different unions is essential in our model to get
real effects. In fact if we set n = 1 or n −→ ∞ we lose some important elements of the
bargaining. In particular if there is just one union, then obviously the union can not affect the
real wage of the other unions, and the same happens with an atomistic setup (see Lippi (2000)).
So the decisions of unions are alterated, as well as their evaluations of how the preferences of
the Central Bank can affect their decisions.
Computing a simulation of this result, it emerges exactly that for n = 1 or n→∞ the labor

demand does not change with respect to the Central Bank conservatism.
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Notice that, again contrarily to Guzzo and Velasco (1999), a stronger Central Bank
is a good incentive to reduce the unions’ wage demand. In fact for each level of
centralization of wage bargaining, higher values ofA lead to decreasing values of
W and, through equation (16), to a reduction of inflation. On the other case, tak-
ing as given the Central Bank conservatism, and increasing the number of unions,
we can see how increasing values ofn lead to more aggressive unions’ policies.
The worst solution is obtained when the Central Bank’s conservatism is very low
and the economy is highly decentralized. In this way we confirm what Tarantelli
(1986) said, that is, if a country is highly decentralized, then this country will face
higher levels of inflation, because no union wants to pay for price stability by re-
ducing its wage demand. Intuitively the higher isn the lower is the perception
of how much inflation and aggregate nominal wages can increase as consequence
of higher unions’ wage demands (see equation (31)). In this way unions obtain
higher real wages and can decrease the negative effect of higher unemployment
rates due to lower levels of real money balances14. Only a strong conservative
Central Bank in this case can be the instrument to reduce their inflationary behav-
ior.

Notice that we have computed this experiment forσ quite small. In this case
unions have a strong market power. Increasingσ, or the elasticity of substitution
between labor types, we confirm what found in the previous section; doing a sim-
ulation it is possible to show that for every level ofA, increasing the number of
unions, the wage demand and inflation decrease. Moreover it emerges that always
the Centra Bank conservatism reduces the unions’ wage demand.

14 Remember that from equation (38), we know thatM
P

affects directly the labor demand. More-

over notice thatd log M
d log W

= α2−A(α−1)

α2+A(α−1)2
· d log W

d log Wj
and that d log W

d log Wj
= 1

n
. Therefore the smaller the

unions’ contribution to aggregate variables, the smaller the reduction of money supply.
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4. CONCLUSIONS

As shown by the OECD (1997), economic performance among countries has var-
ied a lot during the last two decades. With our model we have tried to explain
this fact focusing in particular on how wage bargaining and Central Bank con-
servatism affect economic performance. Our model starts from the seminal work
of Barro and Gordon (1983) who have shown the incentives of a Central Bank
to inflate when output is below its natural level (the classicalinflation-biasprob-
lem). We have introduced, as market imperfections, the presence of monopolistic
agents in the labor market (unions) and in the good market (firms) with the power
to set wages and prices respectively. To reach this goal we have followed the idea
of Blanchard and Kiyotaki (1987) who have introduced monopolistic competition
in the labor market by using a Constant Elasticity of Substitution (CES) produc-
tion function and monopolistic firms in the good market by using a CES index for
consumption.

The presence of monopolistic agents in the labor market produce some nega-
tive externalities, as higher prices and higher unemployment rates. Calmfors
and Driffill (1988) show that economies characterized by either few (centralized
economies) or many (decentralized economies) unions, can reach low levels of
unemployment. In fact few large unions, able to represent almost all the workers,
internalize the negative externalities. On the other extreme case (decentralized
economies) the bargaining takes place at firm level. In this case, it is logical to as-
sume that the competition among firms of the same sector is quite high; therefore
firms can not increase too much prices as labor costs increase. Therefore unions
become less aggressive. They conclude that the worst condition is reached by
an intermediate level of centralization of wage bargaining. In fact they found an
invertedU relation between wage bargaining and economic performance. Implic-
itly they are assuming that the elasticity of labor demand goes to infinity when the
number of unions increases. In our model this does not occur. We consider the
elasticity of labor demand as a measure of the unions’ market power (see among
others Lippi (2002)); the higher this elasticity, the lower the unions’ market power.
Unions evaluate gains in real wages against losses in unemployment. Obviously
they can be more aggressive when they can increase their wage demand without
too many losses in unemployment, that is when the elasticity of labor demand is
quite small. Hence, it seems quite strong to make assumption on this point. Using
a CES production function, we derive from the model the labor demand towards
every union and their market power. We show that the elasticity of labor demand is
bounded. The key parameter is the elasticity of substitution between labor types,
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σ. With small values ofσ, unions know that firms can not easily substitute one
labor type with another; moving to decentralized economies, each union knows
that its contribution to aggregate wages and inflation is smaller. Hence they have
a clear incentive to increase their wage demand given the higher gains in real
wages. Ifσ is quite high, then firms can substitute quite easily one labor type
with another. Hence, in this case, unions are less aggressive in a decentralized
economy than in a centralized one. Using this mechanism we show that ifσ is
quite small, then decentralized economies face higher rates of unemployment and
inflation. The opposite occurs with high values of the elasticity of substitution
between labor types.

Rogoff (1985) proposed to delegate to an independent and more conservative au-
thority the price control in order to reduce inflation. With our model we have
confirmed this analysis. Moreover we have found that monetary institutions also
have real effects. In fact we have proved that the more conservative the Central
Bank is, the lower real money balances and labor demand will be. The mechanism
can be explained in the following way: when we deal with a conservative Central
Bank, prices are more stable. Unions know that they can obtain higher gains in
real terms. We have called this effectstrategic(see Cukierman and Lippi (1999)
among others). The paper shows that an increase in nominal wages leads to higher
raises in real wages. Moreover it emerges that, for increasing values of the Central
Bank conservatism, the level of real money balances is smaller, making the level
of the labor demand lower and that of unemployment higher. In this case we speak
of fear of unemployment effect. We have proved how the fear of unemployment
effect is always higher than the strategic effect, inducing unions to moderate their
demand for increasing values of the Central Bank conservatism. Therefore we
obtain that the Rogoff coefficient has real effects and moreover that the welfare
of a society is maximized by an ultra conservative Central Bank. In this case our
model reaches conclusions that are completely different from those of Guzzo and
Velasco (1999) who claim that a populist Central Banker can reach the first best
solution (zero inflation and the maximum amount of labor demand).

Finally, notice how the introduction of money has not been only a complication; in
fact, from one side we have developed a model closer to reality and from the other
we have clarified how the preferences of the Central Bank affect real economy.
Recently Lippi (2000), developing a model closer to the one seen in this chapter
but without money, finds a non monotonic relation between Central Bank conser-
vatism and unemployment. Using money we have seen how the negative effects,
produced by low levels of real money balances, are so high to induce unions to
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moderate their wage demand. Therefore we can confirm what found empirically
by Soskice and Iversen (2000) and theoretically by Coricelli Cukierman and Dal-
mazzo (2000a) that the best economic performance for a society is reached by an
ultra conservative Central Bank.
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5. APPENDIX

5.1 Appendix A: The Household Problem

Every agent maximizes his utility in order to choose the demand for every good,
and to allocate a given wealth between consumption and holding money. We
follow Blanchard and Kiyotaki (1987) considering the following utility function:

max
Ck,Mi

(
CT

i

)γ
(

Mi

P

)1−γ

(39)

with CT
i , P defined by equations (4) and (5) in the text. The Lagrangian has the

following expression:

max
Ck,Mi

L =

[∫ 1

0

[
Ck(i)

θ−1
θ

]
dk

] θγ
θ−1

(
Mi

P

)1−γ

+λ

[
Ii −

∫ 1

0
[PkCk(i)] dk + Mi

]

(40)

where the aggregate price level is given by equation (5). Taking the ratio of the
two first order conditions (given that we have as many first order conditions as
goods) we obtain;

Pk = C
− 1

θ

k

(
CT

i

) 1−θ
θ Mi

γ

1− γ
(41)

and now plugging (41) into (5), we obtain:

PCT
i = Mi

γ

1− γ
(42)

Hence, combining the last two expressions, we obtain:

Ck =

(
Pk

P

)−θ

CT
i (43)

To obtain the total demand of a particular good we have to plug (42) into (43)
and the resulting expressions into equation (8), using the aggregate condition for
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money, that is

∫ 1

0
Midi = M (44)

After some algebra we obtain the total demand of every good in the economy as
function of money, as in (9).

5.2 Appendix B: The Firms’ Problem

The monopolistic firms try to minimize their total costs. The problem they solve
is the following

min
Ni

∫ 1

0
WiNidi (45)

subject to the technology (equation (10)):

The Lagrangian is

min
Ni

L =

∫ 1

0
WiNidi + ϕ

[[∫ 1

0

[
N

σ−1
σ

i

]
di

] σ
σ−1

− Y α
k

]
(46)

The first order conditions are a system of equations, one for every differenti, plus
the derivative with respect to the Lagrange multiplierϕ. Taking the ratio between
two differenti we obtain:

Ni =

(
Wi

Wj

)−σ

Nj (47)

Now plugging (47) into the constraint
[∫ 1

0

[
N

σ−1
σ

i

]
di

] σ
σ−1

= Y α
k , and using the

aggregate relation for nominal wages:

W =

[∫ 1

0
[Wi]

1−σ di

] 1
1−σ

(48)

we obtain:
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Ni =

(
Wi

W

)−σ

Y α
k (49)

As we can see, the demand for every input is positively related to the total demand
of a particular good, but it is negatively related to its wage. Moreover notice that
using (45), (49), and again (48), we can compute the total cost for every firm:

∫ 1

0
WiNidi =

∫ 1

0
Wi

(
Wi

W

)−σ

Y α
k di = WY α

k (50)

5.3 Appendix C: Total Labor Demand

In this subsection we compute the total labor demand. Starting from (see Blan-
chard and Kiyotaki (1987))

NTW ≡
∫ 1

0

[∫ 1

0
NiWidi

]
dk (51)

and using the cost function for every firm, equation (50) we can rewrite (51) as

NTW =

∫ 1

0
WY α

k dk (52)

so rearranging we obtain:

NT =

∫ 1

0
Y α

k dk (53)

Now using (53) and (9) we obtain:

NT = Hα

(
W

P

) −θ
1+θ(α−1)

(
M

P

) 1
1+θ(α−1)

(54)

whereH collects only some terms and it is equal to:
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H =

(
γ

1− γ

)1+ (1−α)
1+θ(α−1)

(
θ

θ − 1
· α

) −θ
1+θ(α−1)

(55)

5.4 Appendix D: The Central Bank Problem

Solving the Central Bank problem (see equation (17) in the main text) we obtain
after same tedious calculus:

log M = −F
α2

α2 + A (α− 1)2 +
α2 − A (α− 1)

α2 + A (α− 1)2 log W (56)

where

F = − log N 0
c + α log H + φ ·Q (57)

φ =
(θ − 1) α

1 + θ (α− 1)
+ A

(α− 1)

α

5.5 Appendix E: The Problem of the Unions

The first order conditions of (27), in the main text, lead to the following expres-
sion:

−
(

d log Wj

dWj
− d log P

dWj

)
+ B [uj]

duj

dWj
= 0 (58)

that can be rewritten as:

− 1

Wj
+

d log P

dWj
−B [uj]

d log NTU
j

dWj
= 0 (59)

Multiplying everything byWj and rearranging we obtain:

− 1 +
dP

dWj

Wj

P
−B [uj]

dNTU
j

dWj

Wj

NTU
j

= 0 (60)

Notice that
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dP

dWj

Wj

P
=

d log P

d log Wj
= εP ;Wj

(61)

−dNTU
j

dWj

Wj

NTU
j

= −d log NTU
j

d log Wj
= εNj ;Wj

that are the expression in the main text.

To understand the contribution of every union to aggregate wages, consider the
aggregate index for wages:

W =

[∫ 1

0
[Wi]

1−σ di

] 1
1−σ

(62)

Now considering the derivativedW
dWj

for a given nominal wage of the other unions:

(
dW
dWj

)
|W−j

= 1
1−σ

[∫
i∈j W 1−σ

j di
] 1

1−σ−1
·

·
{[∫

i∈j (1− σ) W−σ
j

(
dWi

dWi

)
di

]
+

[∫
i/∈j (1− σ) W−σ

−j

(
dW−i

dWi

)
di

]} (63)

Given that (63) is computed for a given nominal wage of the other unions, this
expression can be rewritten as (using again (62)):

dW

dWj
=

(
W

Wj

)−σ

· 1

n
(64)

and evaluating (64) at the symmetric equilibrium we obtain

dW

dWj
=

1

n
(65)

as in the main text.

5.5.1 Appendix F: Solution of the Unions’ Problem

Solving the union’s problem (equation (27) in the main text) with respect toWj

we obtain, after some tedious algebra, equation (34) in the main text, where
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FF = log N 0U
j −α log H +

(1− θ) α

1 + θ (α− 1)
Q+F

α2

α2 + A (α− 1)
+ log n (66)

whereH has been defined in appendix C,Q in the main text andF in appendix
D.
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