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Abstract
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ment fluctuations induced by unions’ monopoly power. In this context the monetary authority
uses inflation as a tax on unions’ rents. The optimal monetary policy rule targets unemployment
alongside inflation.

JEL Classification Numbers: EO, E4, E5, E6.

Keywords: optimal monetary policy, labour market unionization, threat points

*We thank conference participants at EES "Labour Market and the Business Cycle" at Kiel IfW and to the
Meetings of the Society for Computational Economics 2009.

fCorrespondence to: Department of Money and Macro, Goethe University Frankfurt, House of Finance, office
3.47, Grueneburgplatz 1, 60323, Frankfurt am Main, Germany. E-mail: faia@wiwi.uni-frankfurt.de. Webpage:
www.wiwi.uni-frankfurt.de/profs/faia.



1 Introduction

In most euro area countries labour unions and collective bargaining! play an important role in de-
termining labour market dynamics. It is often argued that centralized bargaining tends to dampen
wage dynamics and to amplify inefficient unemployment dynamics?>. While the presence of ineffi-
cient unemployment dynamics calls for active monetary policies, dampened wage dynamics might
hinder the effects of the monetary transmission mechanism. Despite the importance of those type
of labour market institutions for macroeconomic performance, they have been largely neglected for
the analysis of optimal monetary policy within DSGE models.

Those issues are addressed within a model with price rigidities and unionized labour markets.
The assumption of price rigidity allows us to account for a direct link between unemployment and
inflation. Workers’ unionization implies that the labour market is non-walrasian and that wages are
set as a mark-up over their reservation value. The presence of a wage mark-up produces a wedge
in the labour market equilibrium conditions which induces inefficient unemployment fluctuations.
In addition the model features persistent wage dynamics. Two elements are crucial in this respect.
First, unions set wages by maximizing a weighted average of the workers’ aggregate surplus from the
job and aggregate employment®. Workers’ surplus from the job is given by the difference between
the aggregate wage and the reservation wage, which represents unions threat points, namely the wage
process below which workers would not enter negotiations. We assume that reservation wages are
a geometric average of past and competitive wages. This assumption allows to introduce real wage
rigidity into the model in a tractable way and consistently with evidence in Blanchard and Katz
[7] and Ball and Moffitt [5]. Secondly, negotiations take the form of a right to manage bargaining:
after wages are set collectively, individual firms determine employment along the labour demand
schedule?. In this context the labour market equilibrium is obtained as solution to a Stackelberg
game between the union and the firm, this implies that neither of the two internalize the effects
of wage settings on employment dynamics. Indeed, since firms take wages as given, they react

to shocks by adjusting the employment margin. Such a mechanism tends to dampen wage and

YA recent survey conducted for 23 EU countries, the US and Japan by the Wage Dynamic Network of the ECB
and summarized by Du Caju, Gautier, Momferatou and Ward-Warmedinger [24] establishes that in most countries
negotiations take place at sectoral level and that unions play an important role.

2The relation between wage bargaining centralization and macroeconomic performance dates back to Calmfors
and Driffill [11].

3See Brown and Ashenfelter [10], Card [12], Carruth and Oswald [14], Dertouzos and Pencavel [21], Farber [28],[29)],
MaCurdy and Pencavel [41] for empirical support of this function.

*This follows the lines of the monopoly union model proposed in Dunlop [23] and Oswald [48], which is itself a
generalization of the sequential bargaining model proposed in Manning [44].



marginal cost dynamics and tends to amplify employment dynamics, consistently with empirical
evidence.

The design of optimal policy is done in two steps. First, the optimal path of variables is
characterized by following the Ramsey approach®. This approach allows to study optimal policy
in economies that evolve around a distorted steady state by relying on public finance principles.
Specifically the Ramsey planner maximizes household’s welfare subject to a resource constraint,
to the constraints describing the equilibrium in the private sector economy, and via an explicit
consideration of all the distortions that characterize both the long-run and the cyclical behavior
of the economy. A novel aspect, related to the use of a public finance approach, stems from the
fact that, to the extent that deviations from the flexible price allocation occur, positive volatility of
inflation can be interpreted as a tax on labour unions’ rents. Second, the optimal rule is obtained
by maximizing agents’ conditional welfare. Crucial in our analysis and in the evaluation of welfare
is the use of second order approximation of the full competitive equilibrium relations and of the
agents’ utility®. This allows us to account for the effects of second moments on mean welfare
which are particularly relevant in economies with large real distortions. All results are obtained by
simulating the model under productivity and government expenditure shocks.

We find the following results. First, overall the presence of wage mark-ups and the dependence
of reservation wages on past wages dampens wage dynamics and amplifies employment dynamics
relative to a standard New Keynesian model with walrasian labour markets. Second, the Ramsey
planner will deviate from full price stability. The monetary policy in this environment faces two
main distortions. On the one side the model features sticky prices which call for zero inflation poli-
cies. On the other side, wage mark-ups induce inefficient employment fluctuations which call for an
active monetary policy (deviations from price stability). Indeed, at any point in time, monopoly
power allows unions to acquire monopoly rents, hence the policy maker can use inflation as a tax
on unions’ rent and can bring the economy closer to the Pareto efficient equilibrium. Moreover,
in our model firms and unions act non-cooperatively and the solution to their strategic interaction
is given by a Markov stationary process. Preventing firms and unions by pre-committing to a
full path of wage and employment schedules implies that neither firms not workers consider the
impact of their decisions on future marginal costs and inflation. This type of dynamic externality

increases the temptation of the policy maker to employ inflation surprises. As the monetary au-

5Several recent contribution apply Ramsey policies into New Keyensian models: see Khan, King and Wolman [37]
and Schmitt-Grohe and Uribe [59]. Several contributions have employed this approach to study optimal policies in
New Keynesian and RBC models with real frictions: see Faia [25].

fSee also Schmitt-Grohe and Uribe [58] and [59], Faia and Monacelli [26] and Faia [25].



thority is endowed with a single instrument, namely inflation, it must trade-off between stabilizing
inflation and stabilizing inefficient unemployment fluctuations caused by unions’ monopoly power.
In equilibrium it will deviate from full price stability. Third, the optimal volatility of inflation, in
response to both productivity and government expenditure shocks, is an increasing function of the
parameter relating reservation wages to past wages. This is so since an increase in the path depen-
dence of wages amplifies inefficient unemployment fluctuations by dampening wage adjustment and
protracting acquisition of unions’ rents. Finally welfare analysis shows that, in response to both
shocks, the optimal rule targets unemployment alongside with inflation. The existence of large
labour market wedges revives the role of monetary policy in stabilizing labour market conditions.

Our work is related to Maffezzoli [42], Zanetti [63] and Mattesini and Rossi [45]. All those
authors analyze models with labour unions. Maffezzoli [42] studies the dynamics of a real business
cycle model (RBC) in a non-walrasian labor market with monopolist unions. Zanetti [63] shows that
a DNK monetary model with a non-walrasian labor market, as induced by the presence of unions,
is able to replicate most of the key aspects of the European business cycle. Our formalization of
the unions behavior is more general as, for instance, the unions’ objective function considered in
model nests the one considered in Zanetti [63] for a certain specification of parameters. None of the
previous two papers considers the design of optimal policy and the welfare implications of a labour
market governed by unions. Finally, Mattesini and Rossi [45], study optimal monetary policy, by
deriving the central bank loss function as a second order approximation of the households’ utility
function and resorting on first order approximations for the model equations; in their model it is
assumed that the deterministic steady state is efficient. Due to both, the differences in the method-
ology to compute the optimal policy and the differences in the model specification, distortions,
such as union wage mark-ups, do not play any role in Mattesini and Rossi [45], in a way that the
optimal rule only responds to inflation (and with a mild coefficient to output), while no role is left
for labour market variables.

Our paper has several novel aspects. In terms of modeling assumptions, our model considers a
more general union’s objective function which nests several other models. Furthermore, we assume
a workers’ real reservation wage which nests the solution of the walrasian labour market and, at the
same time, allows us to introduce real wage rigidity endogenously. The main novelty of our paper,
however, comes from the approach we use to study optimal monetary policy, which as mentioned
above allows us to consider an economy which evolves around a distorted steady state. This leads

to novel implications for the design of optimal policy in presence of unions.



The paper proceed as follows. Section 2 describes the model. Section 3 provides a description
of the transmission mechanism which characterizes our model. Section 4 presents the analysis of
the optimal policy. Section 5 shows results from the search of an optimal rule and the welfare costs

for a subset of selected rules. Section 6 concludes. Tables and figures follow.

2 The model

There is a continuum of households who consume and invest. Households’ members organize
themselves in labour unions. The latter are atomistic and take prices as given. Unions set aggregate
wages based on a right to manage bargaining (see Nickell [47]) process that allows firms to set
employment along the labour demand schedule. The presence of a monopoly union generates
unemployment in equilibrium, hence in equilibrium workers can be either employed or unemployed.
As in large part of the literature (see Ireland [35] among others), each household consists of a large
number of individuals (members), each of them supplies labor inelastically and shares income
with other household members. This implies that consumption does not depend on a worker’s
employment status. Finally firms are monopolistic competitive, produce different varieties of goods

and face a cost of adjusting prices a’ la Rotemberg [56].

2.1 Households

The representative household is made up by a continuum of members represented by the unit
interval. The household’s lifetime utility depends on consumption C} and on the disutility of work

N; as follows:
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where Ep{} denotes the mathematical expectations operator conditional at information at time
t. Cy is a Dixit-Stiglitz [22] consumption basket, whereas N; denotes the number of employed
households at time ¢t. As is large part of the literature, each household consists of a large number
of individuals, each individual supplies one unit of labor inelastically and shares income with other

household’s members. This implies that consumption does not depend on a worker’s employment

status.” Thus the representative household maximizes its utility subject to the budget constraint:

"We abstract from any transiction in and out the labor force, which as in Merz [46] is assumed to be constant and
equal to one. Alternatively, as in Blanchard and Gali [8] we could have assumed that the equilibrium wage is set at
a level such that at all times all individuals are either employed or willing to work. The choice of one or the other
assumption does not change our main results.



(1+i;) ' By + C Py — Ty = WyN; + By + 1, (2)

where B; are nominal holdings of one period discounted bonds, W; are nominal wages, T; are
government net transfers and II; are the profits of monopolistic firms, whose shares are owned by
the households. Households choose consumption {C;}{°, and bonds {B41}72, taking as given the
set of processes { P, Wy, i:}72, and the initial wealth By so as to maximize (1) subject to (2).

For any given state of the world, the following efficiency condition must hold:

(1+¢g)‘5. -

Tt+1

Cy = EyCiqq (5

where m; = Pi - is the inflation rate. Equation (3) describes a set of optimality conditions for bond

holding. Optimality requires that the Euler condition, (3) is satisfied alongside with a no-Ponzi
condition on nominal bonds. Notice that, as in large part of the recent literature, money plays the

role of nominal unit of account®.

2.2 Final Good Sector
A continuum [0, 1] of intermediate goods are aggregated into the final good using the following
1 7T
0—
technology: Y; = / Y, (z)Tl di .The final good sector operates in perfect competition. Profits

0
maximization yields the following optimal demand for final goods:

Yi (5) = (P;% "y, (4)

1
where 6 represents the elasticity of substitution across varieties and P; = / P, (i)lf@ di
0

2.3 Intermediate Good Sector

A typical firm produces a differentiated good with a technology represented by the following de-

creasing return to scale production function:

Y; (i) = ANy (i)° (5)

8See Woodford [62], chapter 3.



where i € (0,1) is a firm specific index and A; is an aggregate productivity shock, which follows an
AR(1) process of the (log-linear) form log A: = p, log A;—1 + &f, with p, < 1 and f ~ N(o,0,).

Each firm ¢ has monopolistic power in the production of its own variety and therefore has leverage
in setting the price. In doing so it faces a quadratic cost of adjusting nominal prices (measured in
terms of the finished goods), % ( Pi(li()i)
rigidity. The firm chooses {P; (), N¢(7) }$2, to maximize the sum of expected discounted profits:
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where Y, = C; + G; is the aggregate demand, G; is exogenous government expenditure and
At = C; 7. Let’s define mc;, the Lagrangian multiplier on the demand constraint, as the real
margin cost. Since all firms will charge the same price in equilibrium, symmetry is assumed ex-

ante. The following first order conditions, with respect to labor demand and prices, hold:

Wi smeNT (i) Ay (6)
Py
0 = [1—(1—me)b] — i, (my — 1) T +
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Equation (7) leads to a traditional Phillips curve in expectations.

2.4 Labour Unions

In this model households’ members supply their labor to only one firm and try to extract some
producer surplus by organizing themselves into a monopolist firm-specific trade union”. This means
that, the economy is populated by a continuum of trade unions, labeled by i € (0,1). Therefore,
each union is too small to influence the outcome of the market. Unions negotiate the wage on behalf
of their members by maximizing a non-linear function of wages and employment. Specifically they
maximize a Stone-Geary utility function. This choice is motivated by three observations. First,

the literature on labour union resorts extensively on this type of objective function'’. Second,

9As in large part of the literature we do not model explicitly the process of union formation. On this point see
Horn and Wolinsky [33] and Westermark [61].

19See Pencavel [49] and, more recently, De la Croix et al. [20], Raurich and Sorolla [52], Chang et al. [15] and
Mattesini and Rossi [45].



there is some strong empirical evidence that unions act based on this type of non-linear objective

11

functions'*. Third, as argued in Dunlop [23] and Ross [55], the alternative utilitarian approach,

first considered by Oswald [48] in which unions maximizes the sum of workers’ utility defined over
wages, does not allow for political and institutional considerations.

Unions choose wages, W;,Ei), to maximize the following modified Stone-Geary utility:

V() = () e ®

The objective function of the union includes both excess wage, in which g represents the

reservation wage and employment'?. As in Mattesini and Rossi [45], the parameters v and ¢ are

Wi(i)  W{

7, i and to

respectively the elasticities of the union’s objective V(:) to the excess wage

the employment level N; (7). In other words, if unions are wage oriented then v > ¢, on the other
hand if they are employment oriented v < ¢. The larger the difference ¢ — 7, the more the union
approaches the extreme of a democratic (or populist) union. When v = 1, ¢ = 1, the union becomes

risk neutral as in Maffezzoli [42] and Zanetti [63].

The real reservation wage, %{, is the minimum wage that workers would accept or the one at
which workers are indifferent between taking a job or remaining unemployed, hence its functional
form rationalizes labour force participation constraint. Under this perspective the reservation wage
must be larger or equal to a wage norm which states that voluntary participation will occur to the

extent that the wage norm covers at least for the welfare costs of labour disutility:

W Wy
P, = P

= (xernvy) (9)

The assumption that the alternative wage norm considered by the unions is the one realized
under a competitive labor market is also consistent with evidence provided by Card [12]. Further
considerations supported from empirical evidence in Blanchard and Katz [7] and Ball and Moffitt
[5] lead us also to assume that reservation wages also depend on past wages. Hence the overall
functional form for reservation wages, assuming that they are the same across unions, reads as

follows:

—_— = UN 1
= (P) (xcr N7 (10)

Such a functional form bears also the advantage of allowing direct comparison of the model with

''See Brown and Ashenfelter [10], Card [12], Carruth and Oswald [14], Dertouzos and Pencavel [21], Farber [28],[29)],
MaCurdy and Pencavel [41] among others.
12This is consistent with a study by MaCurdy and Pencavel [41].



the walrasian competitive equilibrium, which can be easily obtained by setting unions’ bargaining
power and the wage stickiness parameter, ¢,,, to zero.'?

The bargaining process is modeled following the tradition of the right to manage approach
introduced by Nickell [47]. The employment rate and the wage rate are determined in a non-
cooperative dynamic game between unions and firms. We restrict the attention to Markov strate-
gies, so that in each period unions and firms solve a sequence of independent static games. Each
union behaves as a Stackelberg leader and each firm as a Stackelberg follower. Therefore each union
maximizes equation (8) subject to the labor demand (6). Once the wage has been chosen, each
firm decides the employment rate along its labor demand function. Since unions are small at the
economy level they take aggregate variables as given.

Since the labor demand elasticity with respect to the real wage, ﬁ

, is constant, first order con-
ditions of the union’s maximization problem with respect to W (i), deliver the following wage

schedule:
Wy WY
Pt - /Lw Pt

where p,, = m > 1 whenever the non-negativity constraint is respected, i.e. ¢ > v (1 —9).

(11)

Notice that, ag—;“ < 0 while 85‘—;“ > (. The real wage chosen by the monopolist union is a markup

I, Over the real reservation wage. Unions’ markup is a function of d, and also of the parameters
~v and ¢, that is, of the relative importance that unions give to wages and employment. Figure 1
shows the effect on wage markup of varying 7, when ¢ is set equal to 0.5 (the same parameter was
chosen by Dertouzos and Pencavel [21]) As expected the higher is the value of +, i.e. the weight

that unions attach to the excess wage W}’;Ei) — W?:T

, the higher is the wage markup'* and the rent
that the unions extract.

Two observations are in order at this point. First, the presence of a wage mark-up renders
the allocation, under non-walrasian labour markets, inefficient compared to the one under the
competitive market. We will return on this important point more extensively later. Second, the
assumption that the reservation wage is indexed over both past wages and competitive wages
allow us to introduce real wage rigidity in a tractable way. The importance of real wage rigidity
for macro models has been widely recognized in recent theoretical and empirical studies (see for

instance Smets and Wouters [60] and Hall [31] among others).

31t is worth to notice that if the real wage set at time ¢ — 1 satisfies the partecipation constraint (of the same
period), then for small values of the shocks, the real reservation wage at time ¢ will also satisfy the actual participation
constraint. In other word, the real wage path would not violate the partecipation constraint.

"1f the union is risk neutral as in Zanetti [63] and Maffezzoli [42], i.e., if we set v = 1, ¢ = 1, then the wage markup

e _1
IS fly, = 5-



2.5 Equilibrium Conditions

After imposing market clearing and aggregating, the resource constraint reads as follows:

ANS = Co+ Gy + % (m — 12, (12)

2.6 Competitive Equilibrium and Wedges

Definition 1. For given nominal interest rate {i;}7°, and for given set of the exogenous processes
{A+, G¢}22, a determinate competitive equilibrium for the distorted competitive economy is a se-
quence of allocations and prices {Cy, m, mey, %,Nt};’io which, for given initial By satisfies equa-

tions (3), (7), (6), (11), (12).

The economy considered is distorted by the presence of a wedge in the labour market. Equilib-
rium in the labour market is obtained by equalizing labour demand schedule, as given by equation
(6), with the optimal wage set by the union, as given by equation (11). As in the standard right to
manage bargaining model for given wages firms set the level of employment based on their labour

demand schedule. The resulting firms’ marginal cost is given by:

1 (N wr
mct:f( t) S t

6 A s—v(1-9) P

(13)

Several considerations on the labour market equilibrium arise.

First, as shown by equation (13), firms marginal cost is directly affected by unions’ monopoly
power and by the dynamic properties of the reservation wage. In this respect, and contrary to
standard new keynesian models, labour unitary costs do not depend solely on labour productivity
but are distorted by union mark-up.

Second, as long as reservation wages respond persistently to shocks, due to indexation on past
wages, marginal costs do so as well. The persistent response of marginal costs feeds then into
inflation through the Phillips curve relation. This is the sense in which right to manage bargaining
models allow for a direct link between wage persistence and marginal cost and inflation persis-
tence. Sluggish response of wages, marginal costs and inflation tends to dampen the transmission
mechanism of monetary policy, hence to render the inflation stabilization objective more difficult
to achieve.

Let’s now look at the role of the union monopoly wedge for employment dynamic. Employment

in equilibrium is obtained using equations (6), (11) and (18), or equivalently, equation (10) and

10
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First, consider the case of zero wage rigidity, ¢,, = 0. In this case the employment level is
given by:
1
0A =5+
N = |2 (] (15)
w

Let’s now compare this level with he one arising in the walrasian labour market. The latter is

obtained by merging equations (6) and (9):
1
N = [6Aymce (XC'f)(fl) tote (16)

Two considerations emerge from the comparison. First, the employment level under the
monopoly union is lower than the one arising under the competitive market, N/’. Given the
existence of unions’ rents, the monetary authority can use an inflation tax to restore competition
and increase employment. Indeed, in a sticky price model marginal costs, which are given by the
inverse of monopolistic firms’ mark-ups, become pro-cyclical: an increase in demand reduces the
mark-up due to the sluggish adjustment in prices. Since the level of employment, as from equation
(15), is positively related to marginal costs at any point in time, an increase in demand, achieved
through an easing of the monetary stance, reduces inefficient unemployment fluctuations.

Second, due to the right to manage structure of the bargaining process, the employment
schedule is derived after the wage schedule. This increases the sensitivity of employment to shocks
as firms and unions act non-cooperatively and fail to recognize the dynamic consequences of shocks
on employment. Since employment and output fluctuate beyond the Pareto efficient level, the
monetary authority is tempted to use surprise inflation to foster growth and stabilize the economy.

This is the sense in which non-walrasian labour markets call for active monetary policies.

Given the structure of our economy, the monetary authority faces a tension between inflation
and employment stabilization. On the one side, it is optimal to offset the cost of adjusting prices,
% (¢ — 1)2 , by setting gross inflation equal to one. Replicating the flexible price allocation would
indeed eliminate nominal frictions. On the other side, it is optimal to use surprise inflation in order
to move the economy toward the Pareto frontier. As the monetary authority is endowed with a

single instrument, overall optimality requires setting inflation at an intermediate level between zero

and the level that would push employment toward the Pareto frontier.

11



Proposition 1. For the model economy described in Definition 1, a flexible price allocation
s mot feasible, therefore not implementable under zero inflation policies.
Proof. Consider the economy with constant return to scale production function and prefer-

ences with constant labour elasticity'®. In this economy the wage equation reads as follows:
0—1 Wt

0 A

which implies that wages must adjust one to one with productivity. In a non-walrasian setting,

(17)

as the one emerging from a model with labour unions, such an allocation is not feasible. Consider

the reduced form of the Phillips curve in our model:

_ L(Ny)'° Wi\ [ s \ (100
0 = [1 (1 g At S—7 1—5) Pt (XCtNt7> 0

A Y;
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After imposing zero inflation policy the above expression becomes:
0; — 1 1 (Nt)1_§ S Wi S ( & (1-¢y,)
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From equation (19) it stands clear that the marginal cost (therefore the mark-up) in our model
can never be constant in response to productivity shocks.

In response to a positive productivity shock unions will adjust the wage by less than the in-
crease in productivity. The reason for this is twofold. First, due to the assumption of indexation
on past wages, real wages are contingent to the past history. The path dependence which charac-
terizes real wages in this model reduces the elasticity of firms’ marginal costs to output, therefore
induces persistent dynamics. Second, due to the right to manage bargaining structure, firms choose
employment along the demand schedule by taking real wages as given. In this context real wages
loose their allocative role and the effect of shocks is absorbed mainly by employment fluctuations.

The non-implementability of the constant mark-up policy implies the non-implementability of

the zero inflation policy.

3 Response to Shocks Under Taylor Rules

Before turning to the analysis of the optimal policy problem it is instructive to consider the dy-

namic properties of the model under different monetary policy rules. This is done by showing

" This is the benchmark case for which Adao, Correia and Teles [1] prove the optimality of zero inflation policies.

12



impulse response functions to productivity shocks for a set of selected variables (output, inflation,
employment, marginal cost, wages and interest rates). In this context monetary policy sets the
nominal interest rate by following a standard Taylor rule with coefficients of 1.5 on inflation and
0.5/4 on output. The rest of the calibration of the model is done as follows.

Preferences. Time is measured in quarters. The discount factor § is set to 0.99, so that the
annual interest rate is equal to 4 percent. The parameter on consumption in the utility function o is
set equal to 2 and the parameters on labour disutility, y and ¢, are both set equal to 1. Sensitivity
checks have performed on alternative preference parameters spaces: results are unchanged.

Production. Following Basu and Fernald [6], the value added mark-up of prices over marginal
cost is set to 0.2. This generates a value for the price elasticity of demand, 6 of 6. The cost of
adjusting prices is translate into an equivalent Calvo probability!®, i.e. op = %, this
allows to generate a slope of the log-linear Phillips curve consistent with empirical and theoretical
studies. The parameter 1 is set equal to 0.5 (as in Christiano et al [17]) and represents the
probability that firms do not revise prices in the Calvo model.

Labour markets. The output elasticity of labour, 9, is set to 0.72 following Christoffel et al.
[18]. Knowing the value of 4 and assuming that ¢ > 7 (1 — §) and a wage mark-up of 1.5, calibration
for the unions’ objective elasticity is set as follows: ¢ = 0.5 and v = 0.6. The baseline calibration
captures the idea that unions tend to put higher weights on wages as shown by empirical studies.
In the analysis of optimal policy, results are derived also under alternative parameters spaces. The
baseline wage stickiness parameter, ¢,,, is calibrated to 0.4 a value compatible with estimates by
from Smets and Wouters [60].

Ezogenous shocks and monetary policy. The process for the aggregate productivity shock, Ay,
follows an AR(1) and based on the RBC literature is calibrated so that its standard deviations
is set to 0.008 and its persistence to 0.95. Log-government consumption evolves according to the
following exogenous process, In (%) = pyIn (%) +¢ef, where the steady-state share of government
consumption, g, is set so that % = 0.25 and £/ is an ii.d. shock with standard deviation o,.
Empirical evidence for the US in Perotti [50] suggests o, = 0.008 and pg = 0.9. Interest rate
smoothing is set based on empirical studies for US and Europe (see Clarida, Gali’ and Gertler [19],

Angeloni and Dedola [3] and Andres, Lopez-Salido and Valles [2] among others) and set ¢, equal
to 0.9.

" Remember that with decreasing return to scale, in the production funtion of the intermediate good-producing
firms, the coefficient which multiplies real marginal costs in the log-linearized NK Phillips curve is equal to kK =

(1_“’)1(;_’”@ 5+0(6175)7 which collapses to k = (l_w)fpw for 6 = 1, i.e. with constant return to scale.
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Figure 2 shows impulse response functions to 1% increase in productivity under flexible wages,
¢, = 0, and under wage rigidity, ¢,, = 0.4, a value compatible with estimates by Smets and
Wouters [60]. The qualitative responses of variables is similar in both scenarios. An increase in
productivity raises output and real wages and reduces inflation. Due to sticky prices employment
falls; since prices adjust slowly in the short run, firms take advantage of the productivity increase by
reducing labour demand. The fall in employment brings about a fall in firms’ marginal costs. The
fall in inflation is associated with a fall in interest rates as the monetary policy reacts according to a
Taylor type rule. The quantitative response of variables is instead different under the two scenarios.
When wages adjust slowly, employment tends to be both more volatile and more persistent as it
is more severely affected by the shock. Marginal costs depend both on wages and employments
dynamic: while the first adjust more slowly, the second tends to be more volatile in presence of wage
stickiness. The effect coming from the employment dynamics tends to prevail, therefore marginal
costs also tend to be more volatile under wage rigidity. On the other side inflation inherits more
the persistence stemming from the wage dynamic.

Figure 3 shows the response of selected variables to 1% increase in productivity under two
different values of the wage mark-up, p,,, 1.1 and 1.8. Given a value of ¢ = 0.5, those vales for the
wage mark-up imply a v equal respectively to 0.1 and 0.8. Once again the qualitative response of
variables tends to be similar across the two scenarios. Quantitatively instead, higher wage mark-ups
induce higher persistence on wages and inflation and higher volatility in employment and output.
Higher mark-ups arise when labour unions place higher weights on wages relatively to employment.
This allows firms to adjust employment more aggressively in response to shocks. Overall higher
mark-ups, by increasing the labour market wedge, tend to increase inefficient unemployment fluc-
tuations and to dampen wage dynamics. On the one side, history dependence in wage dynamics
induces higher persistence in marginal costs and inflation, on the other side high unemployment
volatility brings about high volatility in output.

For brevity results for the government expenditure shocks are not reported. Results for this
shock are in line with the ones shown for the productivity shocks. Overall higher wage mark-ups and
higher indexation to past wages tend to dampen wage and inflation dynamics and tend to amplify
employment and output dynamics. It is worth mentioning that in all cases output and employment
show a hump shaped response implying that the model is able to reproduce the persistent responses

shown in the data.
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4 Optimal Monetary Policy

The optimal policy is determined by a monetary authority that maximizes the discounted sum of
utilities of all agents given the constraints of the competitive economy. Such an approach allows to
analyze economies which evolve around a distorted steady state as it is in our case and to analyze
the second order effects of such distortions (see Khan, King and Wolman [37], Schmitt-Grohe
and Uribe [59], Faia [25]). We assume that ez-ante commitment is feasible. The first task is to
select the minimal set of competitive equilibrium conditions that represent the relevant constraints
in the planner’s optimal policy problem following the primal approach described in Lucas and
Stokey [40]. In most New Keynesian models it is not possible to combine all constraints in a
single implementability constraint, hence an hybrid approach is followed in which the competitive
equilibrium conditions are summarized via a minimal set of equations, which in this case can be

summarized as follows:

(17¢w)
wi = pr, (wi1)* (xC7NY) (20)
Wy = 5mctNt671At (21)
0 At+1 Yt
=[1— (1 —mec) 0] — ¢, (my — 1) w1 + @, BE; "y (M1 — 1) T+ Ty (22)
AN = Ci+ Go+ 2 (m — 1) (23)

where w; = %t. The monetary authority will choose the policy instrument, namely the inflation
rate, to implement the optimal allocation obtained as solution to the following Lagrangian problem.
Few observations are in order concerning the choice of the constraints. First, as fiscal policy is
passive (only lump sum transfers occur), the government budget constraint does not enter the set
of constraints. Second, given the absence of liquidity frictions, the Ramsey plan delivers a real
equilibrium which is determined for given nominal interest rate. This allows us to exclude the
Euler equation.

Definition 2. Let A1, A2 t,A3,¢, Aa ¢ represent the Lagrange multipliers on the constraints (20),
(21), (22) and (23) respectively. For given By and processes for the exogenous shocks { A, G415,
the allocations plans for the control variables =y = {Cy, Ny, mey, mp, wi }72 and for the co-state
variables Ay = {14, Aat, A3t, At }io represent a first best constrained allocation if they solve the

following maximization problem:

Min{At}fioMax{Et}fioEO {Z BtU(Ct,Nt)} (24>

t=0
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subject to (20), (21), (22) and (23).

Notice that constraint 22 exhibits future expectations of control variables. For this reason the
maximization problem is intrinsically non-recursive!”. We follow the approach illustrated in Marcet
and Marimon [43], which allows to write the problem in a recursive stationary form by enlarging
the planner’s state space with additional (pseudo) co-state variables, which bear the meaning of
tracking, along the dynamics, the value to the planner of committing to the pre-announced policy

plan. The co-state variable x5, obeys to the following law of motions, % = A3t

4.1 Long Run Optimal Policy

We asses the optimal monetary policy design in the long-run by looking at the long run uncon-
strained optimal inflation rate. In analogy with the Ramsey-Cass-Koopmans model, such steady
state amounts to computing the modified golden rule steady state. The unconstrained optimal
long-run rate of inflation (arising from the modified golden rule) is the one to which the planner
would like the economy to converge to if allowed to undertake its optimization unconditionally. It
is obtained by imposing steady state conditions ex-post on the first order conditions of the Ramsey
plan. In particular the following result arises:

Lemma 1. The (net) inflation rate associated with the unconstrained long run optimal policy

18 zero.

Proof. Consider the first order condition with respect to inflation of the Ramsey plan’:
0= (A3 = x3)(1 = B)(2m — 1) — Ag0(m — 1) (25)

Since in steady state A3 = x3, and given that 6 > 0 and that A3 > 0, it follows that 7 = 1.

Hence the Ramsey planner would like to generate an average (net) inflation rate of zero. The
intuition for why the long-run optimal inflation rate is zero is simple. Under commitment, the
planner cannot resort to ex-post inflation as a device for eliminating the inefficiency related to the
labor markets. Hence the planner aims at choosing that rate of inflation that allows to minimize

0

the cost of adjusting prices as summarized by the quadratic term 5 (7 — 1)2.

4.2 Ramsey Policy in Response to Shocks

Let’s now analyze the dynamic properties of the Ramsey plan in a calibrated version of the model.

The dynamic responses of the Ramsey plan are computed by taking second order approximations!®

'"See Kydland and Prescott [38].
'8See Schmitt-Grohe and Uribe [58].
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of the set of first order conditions around the steady state. Calibration of the model follow the one
outlined in section 3.

Figure 4 shows impulse response functions to a one percent positive productivity shock for
consumption, employment, marginal costs and inflation. Due to the increase in productivity output
and consumption increase. The monetary policy in this environment faces two distortions, sticky
prices and a labour market wedge which induces inefficient employment fluctuations. The first
distortion calls for zero inflation policy to close the gap with the flexible price allocations, while the
second distortion calls for an active monetary policy. The temptation to stabilize the labour market
is even stronger as employment fluctuations are amplified by the right to manage bargaining process.
As the monetary authority is endowed with a single instrument, it must trade-offs between the two
competing distortions. As a result optimal policy deviates from full price stability. Specifically the
monetary authority wants to take full advantage of the productivity increase, therefore it reduces
inflation to support higher demand. Interestingly inflation shows a significant overshoot after a few
periods. This captures the value of commitment as the monetary policy tries to influence future
expectation to obtain faster convergence toward the steady state.

In response to government expenditure shocks (Figure 5) optimal monetary policy implies a
fall in consumption and inflation. An increase in government expenditure crowds out consumption
demand. As demand falls, this triggers a fall in inflation. Overall however the deviations of the
price level from the full price stability case are rather small. This is so since the shock does not
affect directly labour productivity.

To fully assess the properties of optimal policy, the optimal volatility of inflation is analyzed
under different parameter settings. Figure 6 shows that the optimal volatility of inflation increases
when the wage stickiness parameter increases. An increase in the degree of wage path dependence
has two effects. On the one side it increases wage mark-ups, therefore it increases the labour market
wedge and amplifies inefficient fluctuations in employment. On the other side, higher indexation
to past wages, by dampening wage dynamic, tends to amplify inefficient employment fluctuations.
Both effects tend to tilt the balance of the monetary authority toward larger deviations from price

stability.

5 Welfare Analysis and Optimal Rules

The Ramsey plan, as specified above, delivers the optimal policy function of variables for the

economy considered and in response to shocks. In practice however most central banks follow simple
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operational rules that respond to endogenous and observable variables. The analysis of optimal
policy in this section is therefore devoted to obtain a specification for the optimal operational
policy rule. Such a rule is obtained by searching, within the class of Taylor-type rules, for the
parameters that maximize households welfare subject to the competitive equilibrium conditions that
characterize the model economy. The class of rules considered satisfies the following criteria: a) they
are simple since they involve only observable variables, b) they guarantee uniqueness of the rational
expectation equilibrium, ¢) they maximize the expected life-time utility of the representative agent.

A crucial role acquires in our context the appropriate definition of welfare. The model economy
considered features large distortions and in this context stochastic volatility affects both first and
second moments of those variables that are critical for welfare. Hence, one cannot safely rely on
standard first order approximation methods to compare the relative welfare associated to each
monetary policy arrangement. Since in a first order approximation of the model’s solution, the
expected value of a variable coincides with its non-stochastic steady state, the effects of volatility on
the variables’ mean values is by construction neglected. Hence policy arrangements can be correctly
ranked only by resorting to a higher order approximation of the policy functions'®. Additionally
one needs to focus on the conditional expected discounted utility of the representative agent. This
allows to account for the transitional effects from the deterministic to the different stochastic steady
states respectively implied by each alternative policy rule. Define 2 as the fraction of household’s
consumption that would be needed to equate conditional welfare W, under a generic interest rate
policy to the level of welfare )/NVO implied by the optimal rule. Hence €2 should satisfy the following

equation:

W(LQ = FEy {ZﬂtU((l -+ Q)Ct)} = Wo
t=0

Under a given specification of utility one can solve for €2 and obtain:

Qzexp{(ﬁofwo) (1—,8)}71

The analysis of the optimal rules and the welfare comparison with ad hoc rules is done based

on the following Taylor-type class of rules:

19See Kim and Kim [36] for an analysis of the inaccuracy of welfare calculations based on log-linear approximations
in dynamic open economies.
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In (?) - (1—¢,) (qﬁﬂ In (%) + ﬁy In Gf) + % In (‘Zﬁ)) (26)
o (i)

The class of rules considered features deviations of each variable form the target. As the model
features a real distortion in the labour market, we consider the class of rules which targets employ-
ment alongside with inflation and output. This is the relevant mean of comparison as currently
most central banks follow, implicitly or explicitly, strict inflation targeting or price stability rules.

The monetary authority search for the optimal rule by maximizing the welfare of agents subject
to the constraints represented by the competitive economy relations. Numerically, the search is
conducted over the parameter space given by {qﬁ,r, Gy P d)r} 20 and delivers both the coefficient of
the optimal rule as well as a welfare comparison across alternative rules.

The optimal rule features the following coefficients: ¢, = 7,9, = 0,¢,, = 0.8,¢, = 0.3. The
following considerations arise. First, the optimal rule features an aggressive response to inflation.
Despite the presence of real frictions, nominal frictions remain an important distortion in this model
and they are also exacerbated by the presence of wedges in the wage setting process. In this model
the effectiveness of monetary policy is abated to the extent that the dynamic of wages and inflation
is dampened. Hence stabilizing inflation requires a more aggressive response. Second, the optimal
rule features no response to output. This result is consistent with previous studies (see Schmitt-
Grohe and Uribe [57], Faia and Monacelli [27]) who argued that in presence of a distorted economy
the appropriate definition of output gaps requires correct estimates of potential output. Targeting
alternative output gap measures leads to welfare losses. Third, the optimal rule features a positive
coefficient on employment, ¢, = 0.8. The emergence of inefficient unemployment fluctuations due
to unions’ monopoly power requires that the monetary authority acquires a role in stabilizing the
labour market. Finally the optimal rule features only a mild response to past interest rates. Indeed
a reaction to past interest rates would add persistence to an economy characterized by an already
high degree of path dependence due to the sluggish wage dynamics.

To conclude in figure 6 we report the conditional welfare gains of changing the parameters
on inflation and employment. For this experiment we hold the parameters on output and interest

rate constant at their optimal level and we vary the parameters on inflation and employment in

*"For the grid we consider the following intervals: ¢, € (1,7),¢, € (0,1),¢,, € (0,1),¢, € (0,0.9). The is the large
possible grid given the empirically relevant range for the policy parameters. For this experiment the wage mark-up
has been set to 1.2 and the parameter on past wages, ¢,,, has been set to 0.6.
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a close interval of the optimal value. Consistently with previous results, the figure shows that
welfare gains reach a maximum for ¢, = 0.8, however welfare gains decrease for larger values
of this parameter indicating that excessive focus on labour market stabilization might be welfare
detrimental. Interestingly the figure shows that welfare gains from targeting inflation beyond a

value of 2 are very mild.

6 Conclusions

The design of optimal monetary policy when wages are set by trade unions has important impli-
cations, mostly in euro area countries in which collective bargaining and union power are deeply
entrenched. We use a New Keynesian model in which labour unions negotiate wages collectively
through a right to manage bargaining. In equilibrium wages are given by a mark-up over a reser-
vation level, which in turn depends on past wages and aggregate employment. Overall the model
produces, consistently with empirical evidence, higher volatilities of employment and higher per-
sistence in wages, marginal cost and inflation compared to a standard New Keynesian model.
Importantly the model induces inefficient unemployment fluctuations that call for active monetary
policies. The design of optimal policy, which is done through Ramsey policies, implies that cyclical
inflation must deviate from zero, the more so the higher the degree of wage rigidity. The optimal
monetary policy rule should target employment alongside with inflation, this is so as the monetary
authority must trade-off between closing the gap with the flexible price allocation and stabilizing

inefficient fluctuations in the labour market.
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Figure 2: Impulse responses to productivity shocks under standard Taylor rule. Solid line ¢,,

dashed line ¢,, = 0.6.
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