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Abstract

In this paper, we employ the agent-based macroeconomic Eurace@Unibi
model to study the economic implications of dierent degrees of de-centralization in the wage setting. Starting from a baseline scenario, corresponding
to a high degree of unionization, in which wages are fully centralized and
indexed on economy-wide productivity gains and ination, we investigate
how an increasing level of de-centralization aects the dynamics of output,
employment, inequality, and market concentration. We think of decentralization as wages being a weighted average of an economy-wide `union wage'
and a rm-specic component depending on the rm's productivity and the
experienced tightness of the labor market. Our ndings suggest that stronger
centralization of the wage setting process induces lower wage inequality and
stronger concentration on the consumption good market. Furthermore, due
to more physical investments, an economy with more centralized wage setting is characterized by higher productivity and faster economic growth.
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Introduction

One of the key challenges economic policy makers face is to foster economic growth
while at the same time keeping the dynamics of (income) inequality in focus.
Clearly, the evolution of income inequality is closely connected to the dynamics
of wage distributions, and recent empirical work (e.g. Card et al., 2013; Barth
et al., 2016) highlights that the increase in heterogeneity of wages across rms (respectively plants) is the most important factor driving increasing wage dispersion.
Concurrently, the last decades have been characterized by a decline in the degree
of unionization in many industrialized countries (see, e.g., Ebbinghaus and Visser,
1999; Visser, 2006; Firpo et al., 2018) and also institutional changes towards more
decentralized wage setting on the rm-level in countries like Germany (Dustmann
et al., 2014). The general narrative in this respect is that although these developments seem to contribute to an increase in wage inequality, they increase the
rms' competitiveness and thereby foster (local) economic growth.
In this paper, we study the eect of a decentralization of the wage setting
both on economic growth and on the evolution of wage inequality in a dynamic
macroeconomic model. The model captures the competition between rms, both,
on the labor and the consumption goods market as well as potential demand eects
induced by dierent wage-setting regimes. Furthermore, productivity dynamics in
our model are driven by endogenous technology choices of investing rms, such
that we can study how the wage setting regime inuences investment and the
speed of adoption of new technologies, and how these processes interact with the
endogenously emerging dynamics of industry concentration.
Existing models comparing the implications of centralized versus de-centralized
wage setting have to a large extent relied on models with static oligopoly-type product market interaction (Haucap and Wey, 2004; Blomgren-Hansen, 2012) or have
completely abstracted from product market competition between rms (Moene and
Wallerstein, 1997; Vona and Zamparelli, 2014). In an inuential early contribution
Calmfors and Drill (1988) provide an analysis of the eect of (de-)centralization
of wage bargaining in a setting with several industries with perfect competition in
each industry and output of the industries being partial substitutes on the product market. They assume that demand is xed independent from the households
wage income and establish that under certain conditions there is a hump-shaped
(inverse hump-shaped) relationship between the degree of centralization of wage
bargaining and the average wage level (employment).

1

With the exception of

Moene and Wallerstein (1997) all the mentioned studies take a static perspective
without considering how dierent wage setting regimes inuence the rms' investment decisions and technology choices.

1 See

2

Moene and Wallerstein (1997), focusing

Drill (2006) for a survey of the stream of literature building on this analysis.
papers have studied from a theoretical perspective the implications of centralization

2 Several
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entirely on the competition between rms on the labor market, show that in the
absence of product market competition more centralized wage setting yields higher
rm productivity but lower employment compared to de-centralized bargaining of
wages.
Our perspective in this paper is that the dynamics of output and wage distributions are crucially driven by the interplay between technological change, evolution
of industry structure, and the dynamics on the labor market.

Hence, we aim

to gain a better understanding of how dierent wage setting regimes inuence
this interplay. In order to capture these eects, we carry out our analysis in the
framework of the macroeconomic agent-based Eurace@Unibi model (see

Dawid

et al., 2019). This model, building on the original Eurace model (see Deissenberg
et al., 2008), combines explicit representations of the dynamic competition between rms on the labor and product market in a closed macroeconomic setting
with endogenous technology choices of rms and endogenous determination of demand. It has strong empirical micro-foundations for the agents' behavioral rules
(Dawid et al., 2019), and has also been shown to be able to reproduce a large set
of empirical stylized facts (e.g.,

Dawid et al., 2018b). The model has been used

as a framework for policy analysis in dierent policy domains (see Dawid et al.,
2018a; Deissenberg and van der Hoog, 2011), and has proved useful in understanding implications of dierent degrees of labor market exibility (Dawid et al., 2014)
and dynamic mechanisms determining wage inequality (Dawid and Gemkow, 2014;
Dawid et al., 2018b). More generally, our analysis contributes to the growing literature on agent-based macroeconomics (see Dawid and Delli Gatti, 2018), in which
recently several papers have considered macroeconomic eects of the institutional
setup in the labor market (Dosi et al., 2017, 2018; Caiani et al., 2019), and the
literature on the agent-based analysis of labor market dynamics (see Neugart and
Richiardi, 2018).
The starting point of our analysis is an economy with a workforce with (exante) uniform skills.

There is a fully centralized wage setting, where workers

have a uniform wage, labeled as union wage, which is updated over time taking
into account ination and average productivity growth in the economy. We then
compare the dynamics emerging in such a setting with scenarios, in which at some
given point in time the binding power of the centrally determined union wage is
reduced and rms have the option to oer individual wages, which deviate from
collectively agreed wage, to job candidates. More precisely, we assume that wage
oers made to applicants are a weighted average of the centralized wage and a
rm specic wage oer, which is determined according to a wage setting rule that

of wage bargaining on rms' innovation incentives (e.g. Haucap and Wey, 2004; Mukherjee
and Pennings, 2011; Basak and Mukherjee, 2018), however this stream of literature focuses on
hold-up issues rms face when bargaining with labor unions after investment and, therefore, is
quite distinct from our agenda in this paper.
3

takes into account the expected productivity of the worker and the frequency
with which the rm has been rationed on the labor market in the past.
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The

weight on the union wage then decreases during a transition phase till a certain
long run degree of wage centralization is reached. We interpret this process as a
reduced form representation of a de-unionization of the workforce or changes in the
institutional setup of the labor market, which allows for rm specic agreements
that deviate from outcomes of industry wide bargaining. The long run weight the
union wage has in the workers' individual wages captures how strong the degree
of de-unionization respectively the exibility in local rm-level wage agreements
are. In our experiments, we vary this long run weight from a value of one, which
corresponds to the benchmark of fully centralized wage setting throughout to a
value of zero, which implies that in the long run wages are fully decentralized and
rm specic.
We nd that in the considered setting a centralized determination of wages
does not only reduce wage and income inequality, but also induces faster growth
in output and productivity in the economy, compared to scenarios with more
decentralized wage setting.

The main driving force underlying these results is

that under centralized wage setting rms that already perform well prot from
a uniform wage in terms of lower unit labor costs.

These translate into lower

prices they can charge compared to their competitors which increases their market
share and spurs further investments. Hence, average productivity and output in
the economy grow faster than with a de-centralized wage setting where individual
market shares of rms are more volatile and investment behavior is spread among
a larger fraction of rms and overall lower.
Although these ndings about the positive dynamic eects of wage centralization clearly should be seen in the context of the assumptions underlying our
experiments, for example the homogeneity of workers with respect to their general
skills, our analysis highlights several channels through which the degree of centralization aects economic dynamics, which so far have not been recognized in the
literature.
The paper is organized as follows. In Section 2 we give a brief description of
the structure of the Eurace@Unibi model with particular focus on the wage setting
mechanism and the aspects that are dierent in this paper from the standard
version of the model.

The setup of our simulation experiment as well as the

results of our analysis are discussed in Section 3. Concluding remarks are given in
Section 4, and in the Appendix we provide the parameter setting underlying our
analysis.

3 The

rule determining the rm specic wage component corresponds exactly to the wage
setting rule used in the standard version of the Eurace@Unibi model as documented in Dawid
et al. (2019).
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2

The Model

2.1

Overall Structure

In a nutshell, the Eurace@Unibi model describes an economy with an investment
and a consumption goods sector, and a labor, a nancial, and a credit market
in a regional context.

Capital good rms provide investment goods of dierent

vintages and productivities. Consumption good rms combine capital and labor
of varying degrees of general and specic skills to produce a consumption good that
households purchase. Households' saved income goes into the credit and nancial
markets through which it is channeled to rms nancing the production of goods.
In this paper, we use a one-region setup of the Eurace@Unibi model to analyze
the economic implications of dierent levels of wage centralization, where in the
standard version of the model, the wage setting is fully decentralized. More precisely, the wages of workers are determined at the rm level, on the one hand, by
the expectation at the time of hiring the employer has about the level of specic
skills of the worker, and, on the other hand, by a base wage variable. The base
wage is driven by the (past) tightness of the labor market and determines the
overall level of wages paid by a particular employer.
In order to address aspects of wage centralization, we extend the Eurace@Unibi
model by modifying the wage setting protocol of the labor market. In particular,
we introduce a labor union that determines a collective wage proposal. This union
wage is adjusted over time, on the one hand, in order to compensate for ination
and, on the other hand, to claim a share of the economy-wide productivity gains
to the workers.

The wage bargaining between rms and the union is modeled

in reduced form by assuming that the actual wage that a rm has to pay is a
linear combination of the centralized union wage and the rm-specic wage. The
weight used in the linear combination is thereby an exogenous model parameter and
reects the power of the union in the wage negotiation. Since it also determines
the degree of wage centralization, we will employ this parameter as the policy
parameter in our analysis.
A complete description of the model is provided in Dawid et al. (2019). Due to
space constraints here no full treatment of the model is given. Rather, we describe
only the main aspects of the model, which are crucial for the understanding of the
mechanisms driving the policy results discussed below.

4

Capital goods of dierent quality are provided by capital goods producers with
innite supply.

The technological frontier (i.e. the quality of the best currently

available capital good) improves over time, where technological change is driven
by a stochastic (innovation) process. Firms in the consumption goods sector use

4 Note

that the description of the model provided here is to a large extend identical to the
ones given in Dawid et al. (2018c,b).
5

capital goods combined with labor input to produce consumption goods. The labor market is populated with workers that acquire specic skills on the job, which
they need to fully exploit the technological advantages of the capital employed in
the production process. Every time when consumption goods producers invest in
new capital goods they decide which quality of capital goods to select, thereby
determining the speed by which new technologies spread in the economy.

Con-

sumption goods are sold at a central market platform (called mall), where rms
store and oer their products and consumers come to buy goods at posted prices.
Labor market interaction is described by a simple multi-round search-andmatching procedure where rms post vacancies, searching workers apply, rms
make oers and workers accept/reject.
and rms and give credits to rms.

Banks collect deposits from households

The interest that rms have to pay on the

amount of their loan depends on the nancial situation of the rm, and the amount
of the loan might be restricted by the bank's liquidity and risk exposure. There is
a nancial market where shares of a single asset are traded, namely an index bond
containing all rms in the economy. The allocation of dividends to households is,
therefore, determined by the wealth of households in terms of their stock of index
bonds.

The dividend paid by each share at a certain point in time is given by

the sum of the dividends currently paid by all rms. The central bank provides
standing facilities for the banks at a given base rate, pays interest on banks'
overnight deposits and might provide at money to the government. Finally, the
government collects income and prot taxes at xed rates and pays out social
benets to unemployed households.
Firms that are not able to pay the nancial commitments declare illiquidity.
Furthermore, if the rm has negative net worth at the end of the production cycle
insolvency bankruptcy is declared.

In both cases it goes out of business, stops

all productive activities, and all employees loose their jobs. The rm writes o a
fraction of its debt with all banks with which it has a loan and stays idle for a
certain period before it becomes active again.
The choice of the decision rules in the Eurace@Unibi model is based on a systematic attempt to incorporate rules that resemble empirically observable behavior
documented in the relevant literature. Concerning households, this means, for example, that empirically identied saving rules are used. Furthermore, purchasing
choices are described using models from the Marketing literature with strong empirical support. In particular, in several parts of the model, decision makers are
described by logit models. These models are well suited to capture decisions where
individuals try to maximize some objective function which depends on some variables common to all decision makers and are explicitly represented in the model,
as well as on aspects that are idiosyncratic to each decision maker and captured
in the model by a stochastic term. With respect to rm behavior we follow the
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'Management Science Approach', which aims at implementing relatively simple
decision rules that match standard procedures of real world rms as described
in the corresponding management literature. A more extensive discussion of the
Management Science approach can be found in Dawid and Harting (2012).
Agent actions can be time-driven or event-based, where the former can follow
either subjective or objective time schedules.

Furthermore, the economic activ-

ities take place on a hierarchy of time-scales: yearly, monthly, weekly and daily
activities all take place following calendar-time or subjective agent-time. Agents
are activated asynchronously according to their subjective time schedules that is
anchored on an individual activation day. These activation days are uniformly randomly distributed among the agents at the start of the simulation, but may change
endogenously (e.g., when a household gets re-employed, its subjective month gets
synchronized with the activation day of its employer due to wage payments). This
modeling approach is supposed to capture the decentralized and typically asynchronous nature of decision making processes and activities of economic agents.

2.2

Agents, Markets, and Decisions

2.2.1 Output Decision and Production
Consumption goods producers need physical capital and labor for production.
A rm i has
v = 1, ..., Vt ,

a capital stock
where

Vt

Ki,t

that is composed of dierent vintages

denotes the number of available vintages a time

v
t.

with
The

accumulation of physical capital by a consumption goods producer follows

where

δ

v
v
v
Ki,t+1
= (1 − δ)Ki,t
+ Ii,t

(1)

v
Ii,t
≥0

v.

is the depreciation rate and

is the gross investment in vintage

The production technology in the consumption goods sector is represented by
a Leontief type production function with complementarities between the qualities
of the dierent vintages of the capital good and the specic skill level of employees
for using these vintages. Vintages are deployed for production in descending order
by using the best vintage rst. For each vintage the eective productivity is determined by the minimum of its productivity and the average level of relevant specic
skills of the workers. Accordingly, output for a consumption goods producer
time

t

Qi,t =

Vt
X

"

"

v
min Ki,t
, max 0, Li,t −

v=1
where

i

at

is given by

Li,t

is labor input,

Vt
X

##
k
Ki,t

· min [Av , Bi,t ] ,

(2)

k=v+1

Av

is the productivity of vintage

v

and

Bi,t

denotes the

average specic skill level in rms as explained in more detail in Section 2.2.3.
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The fact that the considered production function takes into account the vintage
structure of the capital stock and that rms select among dierent available vintages enables us to capture the eect of workers' skills on the incentives of rms
to invest into new technologies (see Section 2.2.4).
Once every month each rm determines the quantities to be produced and delivered to the mall.

Actual demand for the product of a rm in a given month

is stochastic (see below) and there are stock-out costs, because consumers intending to buy the product of a rm move on to buy from a dierent producer in
case the rm's stock at the mall is empty.

Therefore, the rm faces a produc-

tion planning problem with stochastic demand and stock-out cost. The simplest
standard heuristic used in the corresponding Operations Management literature
prescribes to generate an estimation of the distribution of demand and then choose
the planned stock level after delivery such that the (estimated) stock-out probability during the following month equals a given parameter value which is inuenced
by stock-out costs, inventory costs and risk attitude of the rm (see, e.g., Silver et al., 1998). Firms in the Eurace@Unibi model follow this simple heuristic,
thereby generating a target production quantity for the considered month. Based
on the target production quantity the rm determines the desired input quantities
of physical capital and labor. Realizing this production plan might induce the need
to buy new physical capital, hire new labor or to obtain additional credit. The
rm might be rationed on the labor and credit market, in which case it adjusts its
production quantity downwards.

2.2.2 Pricing Decision
Consumption goods producers set the price of their products once a year which
is consistent with empirical observations (see, e.g.,

Fabiani et al., 2006).

The

pricing rule is inspired by the price setting described in Nagle et al. (2011, ch.6),
a standard volume on strategic pricing in the Managerial literature. Firms seek
for a prot-maximizing price taking into account the trade-o between price, sales
and costs.
To obtain an indication of the eect of price changes on sales the consumption goods producers carry out
pp.

304).

simulated purchase surveys

(see Nagle et al., 2011,

A representative sample of households is asked to compare a rm's

product with the set of the currently available rival products for a range of prices.
Households' answers are based on the same decision rules they use for their real
purchasing decisions. Based on the resulting demand estimations and cost considerations rms choose the price which maximizes their expected discounted prot
stream over their planning horizons.

8

2.2.3 Adjustment of Specic Skills of Workers
The productivity of a worker
skill level

bh,t .

h is determined by an endogenously increasing specic

It is assumed that during the hiring process the specic skills of job

candidates cannot be observed by potential employers. They become observable
during the production process. Workers increase the specic skills over time during
production by a learning process. The speed of learning depends on the average
quality of the technology

Ai,t

used by employer

i:

bh,t+1 = bh,t + χS · max[0, Ai,t − bh,t ].
Here

bh,t

are the specic skills of worker

speed of adjustment of specic skills.

5

h

in period

t

and

(3)

0<χ<1

denotes the

2.2.4 Technological Change
The supply of the capital goods and the process of technological change is modeled
in a very simplied way. We recur to a single capital good producer that oers
dierent vintages of the capital good

Av .

v = 1, ..., Vt

that have distinct productivities

Alternatively, our representation of the supply of capital goods can be inter-

preted as a market with monopolistic competition structure, where each vintage
is oered by a single rm, which uses the pricing rule described below.
New vintages become available over time following a stochastic process.

To

avoid spurious growth eects, due to stochastic dierences in the dynamics of the
technological frontier between runs, we use identical realizations of the stochastic
process governing the emergence of new vintages in all runs.
To keep the description of this sector as simple as possible, no explicit representation of the production process and of the needed input factors is introduced.
To account for the cost dynamics, it is assumed that the main factor of production
costs is the wage bill and, since wages increase on average with the same rate as
productivity grows (see Subsection 2.2.6), the growth rate of productivity is used
as a proxy for the increase in production costs of the capital goods.
The pricing of the vintages pv,t is modeled as a combination of cost-based
value
(see, e.g., Nagle et al., 2011):
and value-based prices pv,t

pv,t = (1 − λ)pcost
+ λpvalue
t
v,t .
Due to our assumption above,
economy.

pcost
t

pcost
t
(4)

increases with the average productivity of the

For the value-based price component the average general and specic

5 In

the general version of the model heterogeneity of the learning speed across individuals
is captured and it is assumed that the speed of adjustment positively depends on the level of
general skills (see Dawid et al., 2018d). In the context of the policy analysis in this paper we
abstract from the explicit representation of the heterogeneity of general skills.
9

skills in the economy are determined rst.

In a next step the discounted pro-

ductivities for each vintage are calculated for a rm that employs workers whose
value
human capital is equal to the average of the economy. The value-based part pv,t
is proportional to this estimated eective productivity of the vintage. The motivation for this rule is that the capital good producer tries to estimate the value of
each vintage, in terms of eective productivity, for its average customer. Furthermore, it is assumed that the capital good producer is able to deliver any demanded
quantity of any vintage.
The reason why we choose such a simplied representation of the capital goods
sector is our focus on the interaction of labor market and consumption goods market dynamics. Therefore, we try to keep all other sectors as simple as possible. Not
explicitly modelling the hiring and ring decisions of the capital goods producer
has two main implications.

First, there are no wage payments from the capital

goods producer to households. However, in order to close the model, all revenues
of the capital goods producer are channeled back to the households through dividends on the index bonds. Second, the capital goods producer is never rationed on
its input markets, in particular on the labor market. The qualitative implication
of explicitly capturing the capital goods producer's hiring process would be that
in periods when labor market tightness is high there would be a relatively high
probability that the capital goods producer is rationed on the labor market. Being
rationed the rm would not be able to deliver the full amount of capital goods
that is demanded by the consumption goods producers.

This would slow down

the expansion of these consumption good producers relative to their plans. Such a
qualitative eect is already present in the model since consumption good producers need to hire labor themselves whenever they want to expand their production.
Through this channel a tight labor market has already a hampering eect on rms'
expansion and potential rationing of the capital goods producer would not add a
qualitatively dierent eect.

2.2.5 Investment and Vintage Choice
If consumption good producers have a target output level which cannot be produced with their current capital stock, they acquire new capital. To this end, a
consumption goods rm has to choose from the set of available vintages. For the
decision in which vintage to invest the complementarity between specic skills and
technology plays an important role: due to the inertia of the specic skill adapv
tation, the eective productivity of a vintage with A > Bi,t is initially below its
v
quality. It converges to A over time as the specic skills of workers at the rm
catch up to the quality of the vintage. Therefore, the rm computes a discounted
sum of estimated eective productivities over a xed time horizon
skill evolution is estimated for each time step within

10

[t, t + S]

S.

The specic

using (3), where

the rm inserts its average specic skill values. A logit choice model based on the
ratio of the estimated eective productivity and price for each available vintage
determines which vintage is ordered.
Capital goods are produced on demand, and as consumption goods producers may nd it more suitable for their production plans not to employ the latest
vintages, the capital good producer keeps on delivering also older vintages as the
technology frontier grows. Note, that the way we model the capital good producer
it is a proxy for a more dierentiated market with dierent rms supplying different vintages. In this sense, we capture vertical dierentiation in the supply of
capital goods. Having an elaborated vintage supply is crucial for our contribution
given that the dynamics of the model unfold through the interaction of heterogeneous labor and capital as inputs to competing consumption goods producers. In
particular, our approach allows to capture the eects of the skill endowment in a
region on the vintage choice of rms and therefore on local technological change,
which is an important mechanism in our analysis.

2.2.6 Labor Market Interaction
If the current workforce of a rm is not sucient to produce its target output, the
rm posts vacancies for production workers. The wage it oers is a combination
U
O
of a rm-specic wage oer w̃i,t and a centrally determined wage component wt .
The rm specic wage oer has two constituent parts. The rst part is the
base
market driven base wage wi,t . The base wage is paid per unit of (expected)
specic skills of the worker. If the rm cannot ll its vacancies and the number of
unlled vacancies exceeds some threshold
by a fraction

ϕ

v > 0 the rm raises the base wage oer

to attract more workers, i.e.

base
base
wi,t+1
= (1 + ϕ)wi,t
.

(5)

The second part of the rm-specic wage oer is related to an applicant's expected
level of specic skills. Since the specic skills represent the (maximal) productivity of the employees, the wage

wi,t

is higher for higher (expected) specic skills.

Because the specic skill level of a job applicants is not observable rms use the
average specic skills of all their employees to estimate that skill level and would
oer a wage of

O
base
w̃i,t
= wi,t
× min[Ai,t B̄i,t−1 ]
where

B̄i,t−1

(6)

are the average specic skills of all employees in the rm. A rm can

observe the specic skill levels of all its current employees, however, this information will not be transferred to a competitor in case a worker applies there.
U
The second wage component wt is determined by a labor union and is, therefore, the same for all rms. The aim of the union is to equalize the wage inequality
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that emerges from rms' heterogeneity with respect to productivity. Furthermore,
the workers should benet from the productivity gains in the economy and should
be compensated for real income losses due to ination.

Altogether, we assume

that the union wage is adjusted over time by

U
wtU = wt−1
(1 + max [0, π̄t + ḡt ]) ,
where

π̄t

is the mean monthly ination rate and

ḡt

(7)

the average economy-wide

productivity growth per month, both averaged over the last year.

The actual

wage oer of a rm is then

O
O
C U
wi,t
= (1 − λC
t )w̃i,t + λ wt ,
where

λC
t ∈ [0, 1]

(8)

captures the level of centralization in the wage determination.

Note that this wage setting is a reduced form representation of a bargaining process
C
between rms and the labor union, where λt is a time variant policy parameter
that represents the negotiation power of the labor union.
Similarly, we assume that the adjustment of wages of incumbent workers depends on the level of wage centralization.
worker

h

that works for employer

i

Formally, we have for the wage of a

in the two consecutive periods



wh,i,t = wh,i,t−1 (1 + max 0, ḡt + λC
t π̄t ).

t−1

and

t
(9)

Thus, if the wages are determined fully decentralized, then the wages of incumbent workers increase with the speed of productivity growth.

If, however, the

wages become more centralized, then wage adjustment of incumbent workers better accounts for ination.

In case of full centralization, all wages of incumbent
U
workers correspond to the union wage wt .
An unemployed worker considers the wage oers posted by a random sample
R
of searching rms and compares them with her reservation wage wh,t . A worker h
O
R
only applies to rm i if it makes a wage oer wi,t > wh,t .
The level of the reservation wage is determined by the current wage if the worker
is employed, and in case of an unemployed worker by her previous wage, where the
reservation wage declines with the duration of unemployment.
wage never falls below the level of unemployment benets.

The reservation

If the unemployed

worker receives one or more job oers she accepts the job oer with the highest
wage oer. In case she does not receive any job oers she remains unemployed.
In case the workforce of a rm is too large relative to its target output level,
the rm adjusts its number of workers. The set of dismissed workers is random.
Additionally, there is a small probability for each worker-employee match to be
separated in each period. This should capture job separations due to reasons not
explicitly modeled.
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2.2.7 Consumption Goods Market Interaction
The consumption goods market is represented by a mall at which the consumption
goods producers can oer and sell their products to their customers. Households
go shopping once a week and try to spend their entire weekly consumption budget
for one good. The consumption budget is determined using a (piecewise) linear
consumption rule according to the buer-stock approach (see Carroll, 1997; Allen
and Carroll, 2001). At the beginning of their shopping procedure they get information about the prices of all available goods at the mall, but they get no information
about the available quantities. The decision which good to buy is described using
a logit-choice model with strong empirical foundation in the Marketing literature
(see, e.g., Malhotra, 1984). We assume the most important factor governing the
consumers choice is the price sensitivity of consumers and therefore the intensity
of competition between the consumption good producers.
The consumption requests for the dierent goods are collected by the mall and,
if the total demand for one good exceeds its mall inventory level then the mall has
to ration the demand. In this case the mall sets a rationing quota corresponding to
the percentage of the total demand that can be satised with the available goods.
Each household receives the indicated percentage of the requested consumption
good.
After the shopping activity, rationed households may still have parts of their
consumption budget available. Those households have the opportunity to spend
the remaining budget for another good in a second shopping loop. In this case the
shopping process is repeated as described above.
The production of the consumption goods rm follows a xed time schedule
with xed production and delivery dates. Even if the mall stock is completely sold
out it can only be relled at the xed delivery date. Consequently, all the demand
that exceeds the expected value of the monthly sales plus the additional buer
cannot be satised.

2.3

Parametrization and Validation

In order to determine the values and ranges of parameters to be used in the policy
experiments we follow an approach that combines direct estimation of parameters for which empirical observations are available with an indirect calibration
approach. This is done in order to establish condence in the ability of the model
to capture economic mechanisms which are relevant for real world economic dynamics. Standard constellations have been identied, where values of parameters
are chosen to reect empirical evidence whenever possible and where a large set
of stylized facts can be reproduced. Furthermore, the fact that the development
of the Eurace@Unibi model follows as far as possible the Management Science
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approach, briey discussed above, provides empirical grounding to individual decision rules, thereby addressing the important point of empirical micro-foundations
for modeled behavior.
The set of macroeconomic stylized facts that have been reproduced by the
standard constellations of the Eurace@Unibi model includes persistent growth, low
positive ination and a number of important business cycle properties: persistent
uctuations of output; pro-cyclical movement of employment, consumption and
investment, where relative sizes of amplitudes qualitatively match those reported
e.g.

in Stock and Watson (1999), counter-cyclical movement of wages and rm

mark-ups.

On the industry level the model generates persistent heterogeneity

in rm-size, prot rates, productivity and prices in accordance with empirical
observations reported e.g. in Dosi et al. (1997). Also labor market regularities,
like the Beveridge curve, are reproduced by the model with benchmark parameter
constellations. The reader is referred to Dawid et al. (2012) for a more detailed
discussion of this issue.

Tables with the list of parameter values used in the

simulations underlying this paper are provided in the Appendix.

3

Policy Analysis

3.1

Experimental Setup

Our simulation experiment addresses the long-term economic implications of a
decentralization of the wage formation process. The starting point of our analysis
is a baseline scenario that describes an economy with a fully centralized wage
setting. Full centralization means that there is a uniform union wage from which
rms cannot deviate to pay wages that would take rm specic characteristics into
account. This baseline scenario is contrasted with policy scenarios in which at a
D
specic point in time t = T
a decentralization process is initiated that leads to
more exibility in the wage setting thereby facilitating rms to deviate from the
centrally set wage.
The narrative of this experimental setup is that the economy is initially characterized by a centralized collective wage setting, and then undergoes substantial
changes in the institutional setup of the labor market and/or a de-unionization of
the labor force that leads to less centralization in the wage formation process. The
policy scenarios we analyze dier from each other in terms of the extent to which
reductions in the centralization are realized. In the context of our model, the reC
ductions can be achieved by decreasing the parameter λt governing the degree of
centralization of the wage bargaining process.

0

In our experiments, we distinguish three time phases. In the pre-policy phase
< t < T D , we assume that the wage formation is fully centralized with λC
0 = 1.0,
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which corresponds to the situation observed in the baseline scenario. At period
t = T D , the decentralization process starts through which λC
t declines from its
C
C
initial level λ0 to a scenario specic level λ̄ < 1.0. In order to capture that it
takes some time before the reforms are fully eective, we assume a policy phase
C
C
in which λt decreases gradually until it reaches the target level λ̄ . We assume
that the adjustment is on a yearly base with step size ∆λC . Thus, the policy phase
D
D
covers the period from t = T
to t = T̄ , where

T̄

D

=T

D


C
λC
0 − λ̄
.
+ 12 ·
∆λC


(10)

D
All following periods t > T̄
constitute the post-policy phase. Put formally, the
C
evolution of λt can be described by

 C
λ


 0C
λt−1
λC
t =
λC − ∆λC


 t−1
λ̄C

t < T D,
T D ≤ t < T̄ D
T D ≤ t < T̄ D
t ≥ T̄ D .

and
and

t mod 12 6= 0,
t mod 12 = 0,

(11)

Since we focus on a long-term perspective, we consider the eects of a decentralization of the wage formation emerging after a relatively long time horizon of
1000 months. Moreover, we apply the policy treatment after a pre-policy phase of
D
1000 iterations (i.e. T
= 1000) in order to ensure that no transient eects distort
our policy analysis. Overall, we consider a time horizon of 2000 iterations where
the pre-policy phase is used as transient period and will not be considered in the
following analysis.
Besides the baseline scenario in which the wage setting is kept fully centralized
over the full time horizon, we explore 10 policy scenarios with dierent target levels
λ̄C . The analyzed values range from λ̄C = 0 corresponding to a scenario with full
C
decentralization to λ̄
= 0.9 representing a high level of centralization, with a
step size of 0.1 in between. We run for each of the 11 scenarios 100 Montecarlo
simulations.

3.2

Results

3.2.1 The baseline scenario
We start the discussion of our results with a brief description of some key characteristics of our baseline scenario where the wage setting is kept fully centralized
over the full time horizon. Once the behavior of the baseline model is described,
we will go into the policy analysis applying the decentralization policies to our
model.
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Time series of total output (a), and productivity (b) of the baseline

scenario.

Figure 1 shows time series for aggregate output (panel a) and productivity
(panel b).

The economy features an increase in total output driven by a con-

stant increase in productivity.

The average annual growth rate is around 1.4%

for total output and 1.44% for productivity.

Figure 2 shows the time series for

the unemployment rate (panel a) and the Herndahl index (panel b)  a measure
for industry concentration.

Panel (a) indicates a stationary unemployment rate

that uctuates around a level of 11%. The Herndahl index stays in a corridor
between 0.0155 and 0.017. Given that the model has been set up with 80 rms,
the simulated values for the Herndahl index suggest a competitive industry with
only a moderate tendency towards market concentration.

6

Altogether, the base-

line scenario with a fully centralized wage formation describes an economy with
a competitive industry characterized by technology-driven economic growth and
persistent unemployment.

3.2.2 The long-term eects of a decentralized wage setting
Let us rst consider the eects of a less centralized wage setting on growth and
employment. In order to illustrate the simulation outcomes we use boxplots where
each boxplot represents the distribution of a variable over the 100 batch runs for
the considered levels of de-centralization from from 0% (baseline scenario) to 100%
(full de-centralization).

Figure 3 shows boxplots for the average annual growth

6 In

fact, the smallest possible Herndahl index in an industry with 80 is 0.0125, describing a
situation in which all 80 rms have the same market share.
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Figure 2: Time series of unemployment rate (a), and Herndahl index (b) for the
baseline scenario.

rate of total output (left panel) and the unemployment rate. The growth rate is
computed for the entire time horizon and the unemployment rate is the average

7

over the last 20 months.

From Figure 3 (a) one can see that a decentralization of the wage setting
results in a negative growth eect. The size of the eect is declining in the degree
of exibility meaning that a small to medium change in de-centralization causes
stronger growth reductions whereas any further exibility in the wage setting leads
only to minor additional losses in output growth. Panel (b) demonstrates that the
lower growth is not driven by negative employment eects. The reduction in the
centralization of the wage setting does not change the unemployment rate in the
long run.
Figure 4 illustrates the eects of an increasing de-centralization on inequality,
where panel (a) depicts the eect on wage inequality, and panel (b) the eect on
income inequality. Since wage inequality considers only labor income of employed
households and, at the same time, we do not distinguish dierent types of workers,
the inequality of wages is zero when wages are collectively negotiated.

In fact,

every worker receives the same labor income regardless of the characteristics of
the employer or the tenure of the job. With an increasing decentralization of the
wage setting process, however, rms have more scope to oer wages that reect
specic properties of the rm such as the rm-specic productivity prole and the

7 Note

that for expositional convenience the scale used for the boxplots describes a variation
from (1 − λ̄C ) × 100.
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Eect of a de-centralization on average output growth (a), and the

unemployment rate at the end of the simulations (b).

perceived tightness the rm faces on the labor market. Consequently, the more
decentralized the wage setting becomes, the more individualized are the wages
resulting in an increasing wage inequality. Qualitatively, there is a similar picture
for income inequality, which, besides wages, also includes unemployment benets
and capital income.

Income inequality, which is already present in case of fully

centralized wages, tends to increase with a larger decentralization, however only
up to a degree of decentralization of 60%. After that income inequality slightly
decreases as the wage setting becomes more decentralized.
Now, we turn to the implications of a de-centralized wage setting process for
industry dynamics. Panel (a) of Figure 5 shows how the industry concentration is
aected by a change in the wage centralization. One can see that the Herndahl
index is the highest in the baseline scenario and decreases as the wage setting
becomes less concentrated. Thus, de-centralization is associated with less industry
concentration in the long run. Panel (b) of that gure depicts the average number
of ranks a rm moves up or down along the order by rm size in each period, which
we use as an indicator for the dynamics of market shares. The gure suggests that
the rm order shows the highest persistence in the baseline scenario and otherwise
follows an inverse U-shaped relation, i.e.

the volatility of market shares is the

highest at medium levels of wage centralization.
In Figure 6 (a) we show the average size of the capital stock of rms at the
end of the simulation. Apparently, the average capital stock of rms is the largest
in the baseline scenario in which we have observed the highest output growth.
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Figure 4: Eect of a de-centralization on inequality of wages (a), and income (b)
at the end of the simulation (measured as percentage standard deviation).

This gives a clear indication that the higher long-term growth under a centralized
wage setting emerges through heavier overall investments by rms giving rise to
larger capital stocks and faster replacement of old vintages. As a result, there is a
higher productivity growth in the economy, which is indeed evidenced in panel (b)
plotting the annual growth rate of the productivity of rms employed capital stock.
This suggests that the negative eect of a de-centralization on output growth is
driven by a slower pace of technical change, which in turn is the consequence of
less capital investments of rms.
What stands behind these observations? First of all, it should be noted that
rms compete on two markets, the goods market and the labor market. On the
goods market, rms compete on prices to generate demand, where the cost structure of a rm eventually determines whether it is protable to set a higher or
a lower price compared to the competitors.

On the labor market, rms bid for

workers and the main distinguishing feature between rms is the wage that they
oer to potential applicants.
A fully centralized wage has two implications. First, the competition on the
labor market is turned o as rms can only oer the uniform union wage in the
hiring process.

In fact, if there are no dierences in the wage oer, then job

seekers are indierent between any potential employer and choose the rm to apply
randomly. The second implication is that uniform wages give rms with a high
productivity a strong competitive advantage in the goods market. If wages are fully
equal, the unit labor costs of a rm are entirely determined by its productivity,
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Figure 5: Eect of a de-centralization on the Herndahl index at the end of the
simulation (a), and the rm size dynamics measured by rms' average change per
period of ranks in the rm order determined by output size (b).

which enables high-tech rms to set prices more aggressively.
If, in contrast, the wage setting becomes more de-centralized, then wages become increasingly correlated with the productivity level of rms. This, however,
weakens the cost advantage of high-tech rms as the higher wages counteract the
cost-reducing eects of a higher productivity. At the same time, more exibility
in the wage setting strengthens the importance of base wage oers for the level
of unit labor costs. As described in Section 2.2.6, the base wage oer reects the
wage a rm is willing to pay per expected unit of productivity and has therefore
a positive impact on labor unit costs. It is driven by the competition on the labor
market and tends to be higher for those rms that have historically faced more
problems to ll open vacancies.
Hence, a change in the degree of wage centralization changes the relative importance of two channels driving the unit costs of rms. But how does a shift in
the cost mechanisms aect the cost and price advantage of high-tech rms?

In

order to make a systematic comparison of high- and low-tech rms, we show in
the following boxplots for dierent variables the ratios between high- and low-tech
rms. We characterize a rm as high-tech rm if the productivity of its employed
capital stock is above the median productivity in the rm population.

A ratio

above 1.0 implies that the considered variable is on average higher for high-tech
rms than for low-tech rms. Figure 7 (a) depicts the price ratio between the two
types of rms. One can see that high-tech rms set their prices more aggressively
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Figure 6: Eect of a de-centralization on the average size of rms' capital stock
(a), and the average productivity growth in the economy (b).

in comparison to low-tech rms. The price gap is the largest under a fully centralized wage regime. A qualitatively similar picture can be observed for the relative
unit labor costs (panel b). The cost advantage of high-tech rms is also decreasing
in the degree of de-centralization. Apparently, high-tech rms forfeit parts of their
competitive advantage when the wage setting is shifted from full centralization to
more exible wage regimes.
In Figure 8 (a) and (b), we show the main determinants of the unit labor costs.
Panel (a) plots the eect of a de-centralization on the relative productivity, where
we consider the eective productivity dened as the minimum of the productivity
of a rm's capital stock and the mean specic skills of workers of that rm. Again,
the most pronounced dierences between the two types of rms can be found under
full centralization, where already a small exibilization of the wage setting leads
to substantial reductions in the productivity gap. In panel (b), we demonstrate
the relative base wage oers.

8

Here, one can see that as long as the wages are suf-

ciently centralized, high-tech rms have on average larger base wage oers than
low-tech rms. This can be explained by the productivity-driven cost advantage
translating into more labor market activities of those rms which drive up their
base wage oers over time. With an increasing de-centralization, however, wages
become more heterogeneous among rms introducing the positive correlation between productivity and wages. In this situation, low-tech rms face an inherent

8 Note

that the base wage oer is not depicted for the baseline scenario as this variable is not
determined under full wage centralization.
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Figure 7: Eect of a de-centralization on the ratio of high- and low-tech rms for
prices (a), and unit labor costs (b).

disadvantage on the labor market and have to set higher base wage oers in order
to still be able to successfully bid for workers. As a result, for higher levels of decentralization, we observe that the base wage oers are higher for low-tech rms,
which in turn contributes to larger unit labor costs in these scenarios.
Overall, one can conclude that in case of a more centralized wage formation the
cost and price advantages of high-tech rms are directly driven by their productivity advantage, whereas for a more de-centralized wage setting the competitive
advantage of high-tech rms arises through the competition on the labor market in which high-tech rms can oer relatively high wages without substantially
impairing their unit costs.
Finally, in Figure 8 (c) and (d), we demonstrate the relative size of the capital
stock of high- and low-tech rms as well as their relative outputs. Again, in both
gures, the largest dierence between high- and low-tech rms can be observed in
case of full wage centralization. A notable observation is, however, that under full
wage centralization output and capital of high-tech rms are about 50% higher
than output and capital of low-tech rms, whereas the productivity of high-tech
rms exceeds the one of low-tech rms only by around 8%. This clearly indicates
that the higher aggregate growth and the higher market concentration under wage
centralization is driven by a relative growth of high-tech rms induced by their
productivity-driven cost advantage. This cost advantage enables them to set prices
more aggressively compared to their low-tech competitors, which in turn leads to
more capital investments and larger output growth of these rms in the long run.
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If wages are determined in a decentralized manner, then high-tech rms have still
a cost advantage but it is weaker than the one under full wage centralization. As
a result, there is less relative output growth of high-tech rms such that more of
the productive resources of the economy are employed by low-tech rms which
eventually gives rise to lower long-term growth of aggregate output.
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4

Discussions and Conclusions

There has been a secular decline in the unionization of labor markets and coverage of workers with collective agreements. Moreover, collective agreements have
become more exible in the sense that opening clauses allow rms to deviate from
regional or sectoral agreements to a larger extent than previously.

It has been

argued that while theses changes in the wage setting process of economies has
been contributing to larger wage inequality, it should also have increased rms'
competitiveness fostering economic growth.
In our contribution, we scrutinize this narrative. To this end, we analyze the
eect of centralized versus de-centralized wage setting arrangements in a closed
agent-based macro-economic model. In contrast to previous analyses, we incorporate not only the eect that de-centralized wage setting has on rms' competitiveness on the labor market, but also look into the eect it has on rms' competitiveness in the product market. We show that more wage exibility indeed increases
wage and income inequality. It has, however, a negative eect on output growth.
De-centralized wages curb the cost advantage that high-tech rms have.

Under

centralized wages, high-tech rms can charge lower prices than their competitors
which enables them to capture a larger market share spurring investments in their
capital stock. The large and more up-to date capital stocks of the well performing
high-tech rms in a market with centralized wages lead to higher growth rates
than one gets in a market with de-centralized wages in which capital investments
are spread among more rms but are overall lower.
We are aware that our analysis rests on a range of modeling assumptions and
calibration choices that we had to make. Nevertheless, it suggests that one should
be careful with overhasty policy conclusions on the benets of de-unionized labor
markets. More decentralized wage setting systems do appear to increase income
inequality but they may not necessarily increase growth.

A

Appendix

Table 1 gives an overview over the most important model parameters.
shows the set-up of the model with respect to dierent agent types.
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Table 2

Table 1: Values of selected parameters.

Parameter

Description

Value

u
Φ
κ
δ
χ
γC
ρ
S
∆q inv
λ
γv
ϕ
v
ψ
αD
αT
χS
τI

Wage replacement rate
Target wealth/income ratio

0.55
16.67

Adjustment wealth/income ratio

0.01

Capital depreciation rate

0.01
0.8
16.0
0.02
24
0.05
0.5
30.0
0.005
2
0.1
1
6
0.03703
0.065

Service level for the expected demand
Intensity of consumer choice
Discount rate
Firm time horizon in months
Technological progress
Bargaining power of the capital goods producer
Logit parameter for vintage choice
Wage update
Number of unlled vacancies triggering wage update
Reservation wage update
Number applications per day
Total number applications per month
Specic skills adaptation speed for low skilled workers
Income tax rate

Table 2: Number of agents.
Agent type

Number

Households

1600

Consumption good rms

80

Capital good rm

1

Banks

2

Government

1

Central bank

1

25

References
Allen, T. and C. Carroll (2001): Individual learning about consumption,

Macroeconomic Dynamics, 5, 255271.

Barth, E., A. Bryson, J. C. Davis, and R. Freeman (2016):  It's where

you work:

Increases in the dispersion of earnings across establishments and

individuals in the United States,

Journal of Labor Economics, 34, S67S97.

Basak, D. and Mukherjee (2018):  Labour unionisation structure and product

innovation,

International Review of Economics and Finance, 55, 98110.

Blomgren-Hansen, N. (2012):  Optimum organization of the labor market in

a small open economy,

Labour Economics, 19, 221231.

Caiani, A., A. Russo, and M. Gallegati (2019): Does inequality hamper

innovation and growth?

nomics, 29, 177228.

An AB-SFC analysis,

Journal of Evolutionary Eco-

Calmfors, L. and J. Driffill (1988): Bargaining structure, corporatism, and

macroeconomic performance,

Economic Policy, 6, 1461.

Card, D., J. Heining, and P. Kline (2013):  Workplace heterogeneity and

the rise of West German wage inequality,

Quarterly Journal of Economics,

128, 9671015.
Carroll, C. (1997): Buer-stock saving and the life cycle/permanent income

hypothesis,

The Quarterly Journal of Economics, 112, 155.

Dawid, H. and D. Delli Gatti (2018):

Agent-based Macroeconomics, in

The Handbook of Computational Economics, Volume 4, ed. by C. Hommes and
B. LeBaron, North-Holland, 63156.

Dawid, H. and S. Gemkow (2014): How do social networks contribute to wage

inequality?

Insights from an agent-based analysis,

Change, 23, 11711200.

Industrial and Corporate

Dawid, H., S. Gemkow, P. Harting, S. van der Hoog, and M. Neugart

(2012): The Eurace@Unibi Model: An Agent-Based Macroeconomic Model for
Economic Policy Design,

ment No. 05-2012.

Bielefeld Working Papers in Economics and Manage-

 (2018a): Agent-Based Macroeconomic Modeling and Policy Analysis: The
Eurace@Unibi Model, in

The Oxford Handbook of Computational Economics
26

and Finance, ed. by S.-H. Chen, M. Kaboudan, and Y.-R. Du, Oxford University
Press, 490519.
Dawid, H. and P. Harting (2012): Capturing Firm Behavior in Agent-Based

Models of Industry Evolution and Macroeconomic Dynamics, in

Applied Evo-

lutionary Economics, Behavior and Organizations, ed. by G. Bünsdorf, EdwardElgar, 103130.
Dawid, H., P. Harting, and M. Neugart (2014):

Economic convergence:

Policy implications from a heterogeneous agent model,

Dynamics and Control, 44, 5480.

Journal of Economic

 (2018b): Cohesion policy and inequality dynamics: Insights from a heterogeneous agents macroeconomic model,

Organization, 150, 220255.

Journal of Economic Behavior &

 (2018c): Fiscal transfers and regional economic growth,

national Economics, 26, 651671.

Review of Inter-

Dawid, H., P. Harting, S. van der Hoog, and M. Neugart (2018d):

Macroeconomics with heterogeneous agent models: fostering transparency, reproducibility and replication,
 (2019):
ation:

Journal of Evolutionary Economics.

A heterogeneous agent macroeconomic model for policy evalu-

Improving transparency and reproducibility,

Economics, 29, 467538.

Journal of Evolutionary

Deissenberg, C. and S. van der Hoog (2011): Energy Shocks and Macroeco-

nomic Stabilization Policies in an Agent-based Macro Model, in

Methods in Economic Dynamics,

Computational

ed. by H. Dawid and W. Semmler, Springer:

Berlin.
Deissenberg, C., S. van der Hoog, and H. Dawid (2008):

massively parallel agent-based model of the european economy,

ematics and Computation,, 204, 541552.

Corporate Change, 6, 324.

A

Applied Math-

Dosi, G., F. Malerba, O. Marsili, and L. Orsenigo (1997):

structures and dynamics: evidence, interpretations and puzzles,

Eurace:

Industrial

Industrial and

Dosi, G., M. Pereira, A. Roventini, and M. Virgillito (2017): When

more exibility yields more fragility: The microfoundations of Keynesian aggregate unemployment,

Journal of Economic Dynamics and Control, 81, 162186.

27

 (2018): Causes and consequences of hysteresis: aggregate demand, productivity, and employment,

Industrial and Corporate Change, 27, 10151044.

Driffill, J. (2006):  The centralization of wage bargaining revisited: What have

Journal of Common Market Studies, 44, 731756.

we learnt?

Dustmann, C., B. Fitzenberger, U. Schönberg, and A. Spitz-Oener

(2014):  From sick man of Europe to economic superstar: Germany's resurgent
economy,

Journal of Economic Perspectives, 28, 167188.

Ebbinghaus, B. and J. Visser (1999):

When institutions matter:

growth and decline in Western Europe, 19501995,

view, 15, 135158.

Union

European Sociological Re-

Fabiani, S., M. Druant, I. Hernando, C. Kwapil, B. Landau, C. Loupias, F. Martins, T. Matha, R. Sabbatini, H. Stahl, and A. Stokman

(2006): What rm surveys tell us about price-setting behavior in the euro area,

International Journal of Central Banking, 2, 347.

Firpo, S. P., N. M. Fortin, and T. Lemieux (2018):

 Decomposing wage

distributions using recentered inuence function regressions,

Econometrics,

6,

28.
Haucap, J. and C. Wey (2004):  Unionization structures and innovation in-

centives,

The Economic Journal, 114, C149C165.

Malhotra, N. (1984): The use of linear logit models in marketing research,

Journal of Marketing Research, 11, 2031.

Moene, K. O. and M. Wallerstein (1997):

Labour Economics, 15, 403430.

Mukherjee, A. and E. Pennings (2011):

and innovation,

Journal of

 Unionisation structure, licensing

International Journal of Industrial Organization, 29, 232241.

Nagle, T., J. Hogan, and J. Zale (2011):

The Strategy and Tactics of Pricing:

A Guide to Growing More Protably, New Jersey:

Neugart, M. and M. Richiardi (2018):

market, in

 Pay inequality,

Pearson Prentice Hall.

Agent-based models of the labor

The Oxford Handbook of Computational Economics and Finance,

ed. by S.-H. Chen, M. Kaboudan, and Y.-R. Du, Oxford University Press, 667
687.
Silver, E., D. Pyke, and R. Peterson (1998):

Inventory Management and

Production Planing and Scheduling, John Wiley & Sons.
28

Stock, J. and M. Watson (1999): Business cycle uctuations and U.S. macroe-

conomic time series, in

Handbook of Macroeconomics, Vol. 1,

ed. by J. Taylor

and M. Woodford, Amsterdam: Elsevier, 364.
Visser, J. (2006): Union membership statistics in 24 countries,

Review, 129, 38.

Monthly Labor

Vona, F. and L. Zamparelli (2014):  Centralized wage setting and labor mar-

ket policies: the nordic case,

Eastern Economic Journal, 40, 349364.

29

