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Introduction

The three chapters presented in the following apply the concept of general equilibrium to topics

related to labor markets.

The first chapter "Decentralization of wage bargaining" focuses on the changes in collective
bargaining institutions that a number of European countries have witnessed in the last decades,
with a tendency towards more decentralized wage negotiations, especially in the Scandinavian
countries. In particular, this first chapter analyzes the reason why centralized systems of wage
bargaining that have performed very well in terms of macroeconomic variables, collapse. We
construct a general equilibrium model with matching in the labor market and include a federation
of unions, which are coalitions of heterogeneous workers, whose role is to bargain wages for the
workers with the firms taking into account redistributive issues, so as to create a framework able
to replicate the Scandinavian labor markets for the seventies. We show that the collapse of this
system is a consequence of a skill-biased technical change that increases the differences across

workers making this kind of coalition unsustainable.

The second chapter "An estimated DSGE-matching model for the US economy" estimates
via maximum likelihood a DSGE model using US data. The theoretical model is an extended
version of the RBC Andolfatto (1996) model of frictional labor markets, in which beyond the
standard neutral technology shock we have introduced a preference shock in the utility function,
an investment-specific technology shock and a job-separation shock. Once estimated, we perform
a variance decomposition analysis to identify which shocks are driving the cyclical fluctuations of
the main variables of the model. The results show that the neutral and the investment-specific
technology shocks explain most of the fluctuations of the variables of the model; and that the

shock to job destruction is successful in explaining the variance of tightness.

The third chapter "A RBC model with unemployed loss of skills" proposes a model of frictional
labor markets with two types of workers: high-skilled and low-skilled workers, where high-skilled

vii



viii INTRODUCTION

workers may suffer from a depreciation of their human capital while unemployed. We estimate
the parameters of the model via maximum likelihood and analyze the its cyclical properties. We
also contribute to the literature that tries to explain the different performance of European and

US unemployment reconciling the macro and micro evidence.



Chapter 1

Decentralization of wage bargaining
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1.1 Introduction

Wage bargaining can take place at different levels. At one extreme we find decentralized wage
bargaining systems in which workers and employers negotiate over wages and working conditions
at the firm level while at the other extreme, national unions and employers’ associations bargain
for the whole country in what is called centralized wage bargaining. An intermediate case is the

sectoral, branch or industry-level.

During the 1980s, there was a growing interest in explaining the macroeconomic consequences
of different wage-bargaining systems. Highly centralized systems of wage bargaining lead to low
unemployment and inflation rates and, in general, to a good economic performance. The well
known Calmfors and Driffill (1988) "bell-shaped" curve summarizes very well the conclusion of
this research: highly centralized and highly decentralized systems of wage bargaining outperform

intermediate ones in terms of macroeconomic variables.

The explanation this literature gives for the macroeconomic success of economies like the
Nordic ones or Austria with centralized levels of wage bargaining relies on the cooperative be-
havior of the negotiations. Centralized systems have the advantage of encompassing all workers
and firms in the economy and this allows them to take different macroeconomic considerations
into account, in particular, they can internalize bargaining externalities (for a complete survey
Calmfors (1993)). In general, real wage increases for a certain group of workers have negative
externalities on other groups of agents in the economy. The cooperative behavior means that
the effects on others of claims of higher wages are considered and the incentives for real wage

restraints are strengthened.

But last decades have witnessed substantial changes in the patter of unionization and wage
bargaining in the OECD countries. According to the 1997 OECD’s Employment Outlook, "recent
years have seen quite substantial changes in some countries’ collective bargaining institutions”.
And although the pattern has not been uniform across all OECD countries, during the 1980s the
main level of interaction in industrial relations shifted from national to industrial level and from
industries to individual firms. In most continental Europe several indeces of coordination and
centralization in bargaining institutions show a trend towards more decentralized wage negotia-
tions, especially in the Scandinavian countries, where the level of centralization was indeed the

highest.
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It is therefore, very surprising, that bargaining systems that are superior to others in terms of
macroeconomic performance collapse. In this paper we analyze the determinants of the collapse

of those centralized bargaining systems.

Recently, new hypothesis for deunionization and decentralization in union’s wage setting based
on skill biased technical change have been advanced by Acemoglu, Aghion and Violante (2001) and
Ortigueira (2004). Their arguments rely on the view that unions are coalitions of heterogeneous
workers which extract rents form employers and only exist as far as members have an incentive
to stay in the coalition and continue bargaining in a centralized fashion. The hypothesis these

authors present is that a skill-biased technical change can dramatically alter such incentives'.

Acemoglu, Aghion and Violante (2001) explain the shift from centralization towards decen-
tralization in the wage setting through the impact that this skill-bias has on wage compression
in the sense that "skill-biased technical change increases the outside option of skilled workers,

undermining the coalition among skilled and unskilled workers in support of unions”

We construct a general equilibrium model with matching in the labor market and heteroge-
neous workers. In our benchmark model there is a federation of unions whose role is to bargain
worker’s wages with firms taking into account redistributive issues. The fact that the federation of
unions encompasses all workers allows it to take any macroeconomic consideration into account?.
In this paper we assume that a centralized union can internalize the search externality generated
in the labor market, in contrast to other papers that have modellized Nordic labor markets before
see e.g. Cukierman and Lippi (1999) and Ortigueira (2004). To internalize this externality means

that we assume that unions can potentially generate an efficient-enhancing role in the economy.

We introduce skill biased technical change shock into the economy and analyze its consecuences
for bargaining and for welfare. To do this exercise we examine three different scenarios: (1) one
scenario with decentralized levels of wage bargaining in which there are no unions and individual

workers barging their wages directly with the firm, (2) another scenario with intermediate levels

'For a survey of the impact of technical change on labor market see Hornstein, Krusell and Violante (2005)
?Calmfors and Drifill (1988) are able to identify different externalities that can be internalized when negoti-

ating wages in a centralized way. The most common ones are the effects that wage increases in one part of the
economy generate on price rises of intermediate or final products and the effects that wage increases have on the

unemployment rate, and consequently the tax burden to maintain the welfare system.
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of wage bargaining in which the wages of homogeneous workers are bargained by a union or
institution that takes into account the congestion that an additional worker creates over other
workers of the same type but not over the whole working labor force and (3) the already mentioned
economy with centralized levels of wage barging with a federation of unions that encompass all
types of workers and bargain their wages taking into account the congestion generated in the

market and redistributive issues.

The main result of the paper is that after a skill biased technical change (or SBTC) has
affected the economy, there are other systems for negotiating wages different from the centralized
one, that result more appealing for certain types of workers, in particular for those who benefit
more from the technical change. Thus, this simple model help us to understand why centralized

systems of wage bargaining collapse in spite of their excellent economic performance.

The structure of the paper is the following: in section 2, we present and justify the main
assumptions of our model. In section 3 we present the model and define the equilibria under
three different scenarios depending on the level of coordination in the wage setting process:
decentralized, intermediate and centralized. In section 4 we will calibrate the model and in

section 5 present our results, and we conclude in section 6.

1.2 Main assumptions

Our paper is based on Acemoglu, Aghion and Violante (2001). We adopt the main assumptions
of their model and we embed them into the search matching framework. Those assumptions are
that (1) Unions exist and they provide some benefits either to the society or to some group of
workers, (2) wage compression across workers with different skills is a characteristic of unions and

(3) there is a skill-biased technical change.

The assumption that unions provide some benefits to the society can be justified in economies
with high levels of unionization and centralization. There are two main streams in the literature
of trade unions. The traditional one, focus on the view of unions as rent-seeking institutions, i.e.,
as organizations that coordinate workers in order to extract rents from the employers. In this
framework, unions control the labor supply and end up distorting relative prices and reducing
employment (see eg. McDonald and Solow (1981), Johnson (1990), Farber (1986)). From this

perspective, unions generate a bad economic performance and cause efficiency losses. The second
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stream of the literature on trade unions starts from the work of Hirschman (1970) who questioned
whether unions are a source of inefficiency given their presence in so many countries and the em-
pirical evidence suggesting that high levels of unionization lead to a lower rates of unemployment.
These caveats lead to another approach in which unions are seen as efficiency-enhacing entities,
which arise as a response to a particular form of market imperfection or an inadequate insurance

against labor risks.

Freeman and Medoff (1984) provide empirical support to the fact that on net, unions are
beneficial for the society because although it is true that they exert some monopoly power,
this negative aspect can be outweighed by the beneficial effects they have on efficiency such as
income distribution, social organization, reduction of labor turnover, etc. Other authors justify
the existence of unions as a response to an inadequate insurance against labor risks, see e.g.
Malcomson (1983), Agell (2000) and Hogan (2001). In a sense, the union is seen as a substitute
for legal contractual enforcement and can be used to promote more efficient levels of employment
when legal contractual enforcement is unavailable. Checchi and Lucifora (2002) view unions as
economic agents that supply private and collective services to their members and perform useful
roles, not fulfilled by markets or government institutions. These services are substitutes for state’s

provision or certain labor market institutions.

In our set-up, we introduce a potential for efficiency gains from unions by assuming that they
can internalize the search externalities.

In models of search and matching, firms post vacancies and unemployed workers search for
jobs, and the outcome of a match between a vacancy and a searcher is a productive job. Firms
and workers behave uncoordinatedly, dedicating time and effort to the search of a partner. The
probability that a firm or an unemployed worker find a partner depends on the relative number
of vacancies and searchers. For example, an increase in the number of vacancies relative to the
number of searchers increases the probability that an unemployed worker finds a job but reduces,
at the same time, the probability that a vacancy get filled. This example shows that there is an
externality in the market. Due to the fact that this externality is generated by the search activity,

it is normally called a search externality?>.

Secondly, we introduce intra-union redistribution which leads to less wage inequality the more

centralized is the bargaining in the economy (see eg. Freeman (1988) and Rowthorn (1992)). In

*Definition extracted from Bagliano and Bertola (2004)
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general, collective bargaining agreements limit the ability of the firm to remunerate individual
workers differently and, therefore, this form of setting wages called union "rate standardization

policy" reduce wage dispersion considerably.

Furthermore, very centralized systems like the Scandinavian ones are clear examples of how
high degree of centralization and low wage dispersion go hand in hand. Especially in Sweden
where egalitarian wage policies were explicitly adopted by the central union confederation (see
eg. Flanagan, Soskice and Ulman (1983), Flanagan (1987) or Siven (1987)). This tendency of
reducing wage dispersion existed until the early eighties when wage negotiations became more

decentralized

Although no fully-fledged theory about the impact of centralization on wage differentials has
been built, several arguments have explained this wage compression. Among the most relevant
we find Freeman (1980) and Agell and Lommerud (1992). The former explanation focuses on the
political economy theory and suggests that if the union wage policy is decided by the median
member, when there are differences in productivity across members and most of them are at
the bottom of the distribution, one should expect a compression of wage differentials; whereas
the latter explanation relies on the rawlsian "ignorance veil" to explain that if workers are risk
averse and do not know their future level of skill, then they are willing to trade some low skill
unemployment against reduced wage differentials. Nevertheless, as Calmfors (1993) points out,
the most common argument why higher degree of centralization should reduce wage dispersion is

that the distribution of wages enters the utility function of unions and members.

Finally, skill-biased technical change is defined by a change in productivity that is biased by
favouring workers with higher levels of education and skills over those with lower levels. This bias
occurs because the introduction of a new technology will increase the demand for workers whose
skills and knowledge complement that technology. It is generally accepted that OECD countries
have suffered this type of shock.

1.3 The model

In this section we present a simple model of frictional unemployment and define the equilibrium

under different levels of centralization in the wage bargaining process Unions are coalitions of
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workers whose main role is to negotiate wages with firms taking into account the congesting effect

that an additional searcher generates over the set of searchers already existing.

1.3.1 Description of the model
Workers and preferences

Workers are heterogeneous, in particular we assume that they differ in skills. We assume that
there are two skill groups: skilled (s) and unskilled (u). The measure of type-j workers is denoted
by zj, for j = s,u and the total measure of workers is normalized to one (z, + x5 = 1). Workers
are risk neutral. We assume the existence of two representative households of size z and z,, each.

A household j, for j = s, u solves the following problem,

o0
Ma:cZﬁtcN (1.1)
t=0

where 3 lies between zero and one and consumption, c;; equals the total wage bill w;n;;.

Employment, n;; is a predetermined variable whose law of motion is given by

Ny t41 = Nt — ATt + M U (1.2)

where u;; denotes the measure of type-j searchers, A\; > 0 is the rate of job destruction and m;;
is the perceived probability that an unemployed worker of type j be matched in period t. This
probability is defined as the total number of matches of type j over the set of searchers of the

same type:

M+
th

)

(1.3)

m]7t =

Capitalists

The owners of capital and firms are called capitalists. We assume that they are risk neutral and
their only decision is to split current income between consumption, ¢;, and investment, ;. Their
objective is to maximize the discounted lifetime consumption of the aggregate good. Capitalists’
income is made up of capital income and firm’s profits. Thus, capitalists’ consumption at time ¢,

is determined by the budget constraint,

Ct+’it :Ttkt+7Tt (14)
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where i; denotes, more specifically gross investment and 7; denotes firms’ profits. Capital depre-

ciates at rate d, and the law of motion for capital is:

koot = (1— 0)ke + iy (1.5)

Hence, it is straightforward to show that the optimal investment policy for the capitalists calls

for the standard:

1+rt5:% (1.6)

where r; denotes the rental price of capital.

Firms

The production sector is made up of a large number of identical competitive firms. There is
a representative firm which uses capital and the two types of labor to produce the aggregate
good. The production technology is represented by F(k¢,nst, nyt), where F is strictly jointly
concave, twice continuously differentiable and increasing. Further assumptions on the elasticity

of substitution between the two types of labor will be imposed below.

Since the labor market is frictional, the law of motion of the firm’s stock of employment is
given by

Njt+1 = Nyt — ANt + [ 4V, (1.7)

where p;, is the perceived probability that a vacancy of type-j be matched with an unemployed

worker of the same type and JA; is the exogenous destruction rate for type-j workers

The firm hires capital and open vacancies to maximize the present value of cash flows,

o
1
Z F(k’t, Mt nut) — T’tkt — Z w].,tnj,t — Z aj,tvj,t (18)
t=0 H RT Jj=s,u Jj=su
7=0
subject to equation (7). R; =1+, — J is the gross rate of return, and a;,v;; denotes the cost

of opening v;; vacancies of type-j.

The firm’s demand for capital obeys the standard optimality condition,
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Fk =Tt (19)

where F}, denotes the marginal productivity of capital and r; denotes the rental price of capital.

The condition that determines the optimal number of vacancies of type-j at period t is given by

where J;; is the income value of type-j employment to the firm. This latter value satisfies the

following arbitrage condition

(re+1 = 6) Tt = Jjee1 — Tt — Njjer + (Fnjan — wjes1) (1.11)

where F),; denotes the marginal productivity of type-j labor. This arbitrage equation estab-
lishes that the capital cost of the job, (ri1 — 0)Jj¢ must equal the job’s net profit flow,
F,

j’tﬂ(k:t, Nty Mut) — Wji+1, Plus capital gains, Jiy1 — Jy, net of the risk of losing the job, A\jJi41.

Matching

The total number of matches for a type of worker j taking place per unit of time is given by the

matching function:

M = m(ujt,v;1) (1.12)

where u;; represents the total number of type-j searchers and v;; the total number of vacancies
of type-j.
We assume that the matching function is increasing in both arguments, concave and homoge-

neous of degree one, and that the total number of type-j matches satisfy the following condition

M < min(u;t,v;)

which means that it cannot be greater than the number of type-j searchers in the economy or

the number of type-j vacancies posted by firms.

1.3.2 The equilibrium

We analyze three types of equilibria: equilibrium in an economy with decentralized levels of

wage bargaining, equilibrium in an economy with intermediate levels of wage bargaining and
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equilibrium in an economy with centralized levels of wage bargaining. The difference across them
relies on the existence or not of collective bargaining and the redistribution or not among types

of workers.

Collective bargaining is a process of decision making between parties representing the em-
ployer’s and the employee’s interests. Depending on whether the union, which by assumption
internalizes the search externality, represents the interests of one type of worker or instead en-
compasses both types, we will be under the intermediate or the centralized case, respectively.

The decentralized equilibrium implies that workers bargain over wages directly with the firms.

Decentralized equilibrium: the economy without unions

In the economy without unions, when a worker decides to engage in looking for a job, he does not
take into consideration the effects that his search exerts on the probability of other searches of
being matched. This means that workers of type j take the probability of finding a job or arrival
rate to a job, m; s, parametrically. Therefore, under this equilibrium, individual workers do not

take into account that their own search congest the market and prejudice other workers.

We follow the standard literature on frictional unemployment and assume that wages are the
solution to Nash-bargaining. The Nash solution maximizes the weighted product of the worker’s
and the firm’s income values of employment. Hence, if we use p to denote the worker’s bargaining

power, the wage rate is,

wj = argmax { WFJ (70| (1.13)

The first order condition to this maximization problem is

Wit =p(Wjt+ Jjt) (1.14)

which states that the worker will get a share p of the total income generated by the match.

The value of employment for the household j, W;; solves the following arbitrage condition

(Tt+1 - 5)%715 + My, VVj,tH = Wjyyq t VVj,tH - VVN - )‘J'VVj,tH (1-15)
This arbitrage equation establishes that the capital cost of a job,(riy1 — 0)Wj; , plus the

opportunity cost ,m;, ., Wj,  ,, must equal the yield of holding the job, which is made up of the

wage rate, w;j 41 plus capital gains, W; ;11 — Wj; net of the risk of losing the job, \jW ;41.
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The income value of type-j employment for a firm is given by equation (1.11). Therefore, the

optimal wage rate at time t is given by:

w; = pFn; +pajZ—; for j = s,u (1.16)

which means that workers are rewarded for their contribution to output and for the saving of

hiring costs that the representative firm enjoys when a job of type-j is formed.

We can define the equilibrium for this economy, the decentralized bargaining equilibrium, as a
set of infinite sequences for the rental price of equipment {r;}, wage rates {wy;, wg }, employment
levels {ny:,ns}, capital {k;}, vacancies {vy ¢, vs;}, arrival rate {my, ms;} and matching rates
{#tuts 1se} such that,

(i) Taking the rental prices and matching rates as given, {k:} and {v,+,vs;} maximize the
firms’ profits.

(ii) Taking the rental price of equipment as given, {k;} maximizes capitalists’ lifetime utility.

(iii) Wages are the Nash solution to uncoordinated bargaining problems.

(iv) Taking wages and matching rates, {n;;} and {cj;} solve the workers’ optimization prob-
lem.

(v) Matching rates and arrival rates are given by the matching function.

Intermediate equilibrium: the economy with unions

Here we assume the existence of two unions, one for each collar line. Thus, each union is formed by
homogeneous workers. The assumption that unions internalize the search externality generated
in the labor market means, under this equilibrium, that unions internalize the congestion that
the search for a job of a particular agent has on the other searchers’s behavior of the same type.
This means that now, in contrast to the decentralized equilibrium, the probability for a worker
of type j finding a job, m;; is not taken parametrically. Instead the union has the capacity of
setting wages considering the effect that an additional worker provoke on the probability of the

others of finding a job.

The income value of employment for the union of workers of type j is now:

(res1 = )W +nmy, Wi, = wj, 10+ Wy — Wi — AW, (1.17)
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where again the capital cost of a job,(r;11 — 6)Wj; , plus the opportunity cost ,nm;,. ,Wj, ..,
must equal the yield of holding the job, which is made up of the wage rate, w;;+1 plus capital

gains, Wj ;411 — Wj; net of the risk of losing the job, A\;W; 1.

The difference between this condition and the one obtained under the decentralized equilib-
rium comes from the opportunity cost and the wages. The opportunity cost is lower, given that
0 < n < 1 because the union internalizes the search externality and makes easier to find a job, at
the cost of a lower wage, which can be obtained by substituting the value functions into the first
order condition of the wage maximization problem. This yields to the optimal wage rate for the

type-j worker:

wj = pFn; —i—pnaj% for j = s,u (1.18)
j

which means, that in this scenario the type-j worker is rewarded for his contribution to output
and for the saving in the hiring costs the firm enjoys when the match is created. The difference

in wages with respect to the decentralized equilibrium relies on the parameter 7.

We can define the equilibrium for this economy or intermediate bargaining equilibrium, as a
set of infinite sequences for the rental price of equipment {r;}, wage rates {wy, ws }, employment
levels {ny:, ns:}, capital {k:}, vacancies {vy ¢, vs+}, arrival rates {my, mg,} and matching rates
{#tuts e} such that,

(i) Taking the rental prices and matching rates as given, {k:} and {vy+,vs;} maximize the
firms’ profits.

(ii) Taking the rental price of equipment as given, {k;} maximizes capitalists’ lifetime utility.

(iii) Wages are the Nash solution to uncoordinated bargaining problems.

(iv) Taking wages and matching rates, {n;;} and {cj;} solve the representative households’
optimization problem.

(v) Matching rates and arrival rates are given by the matching function.

Centralized equilibrium: the economy with a union federation

Now we assume the existence of a union federation that encompasses all sectoral unions in the
economy. The role of the federation is to negotiate wages for both types of workers taking into
account the congestion that the search activity generates. The union federation is also worried

about the distribution and redistribution of income, therefore in its objective function we not
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find the sum of utilities of each type of household but their weighted utilities according to the

following specification of the welfare function:
oo

Mazx Z Bt [citc;;a] (1.19)
t=0

The income value of employment for the household j, W, ; solves the following arbitrage con-

dition:

(regr = O)Wie + myj Wi = Orawjprr + Wiger — Wy — X ;Wian (1.20)

where again the capital cost of a job,(r;11 — 6)Wj; , plus the opportunity cost ,nm;,. ,Wj, ..,
equals the job’s yield made up of the wage rate, w; ;41 plus capital gains, Wj 41 — W)+ net of
the risk of losing the job, AjW;y1 The difference with the intermediate equilibrium relies in
the wages, there the wages are set so as redistribute income from the high-skilled workers to the

unskilled according to the parameter 6,1 is the shadow price of consumption.

11—« e
Ori1 = o (ﬂ) =(1-a) <M> (1.21)

Cut+1 Cs,t+1

The optimal wage rate for a type-j worker is given by the following expression:

1 on
wj = ————— ( pFn; +pna;—~ | for j =s,u 1.22
P 90 ) T p <p j+pn Juj) J (1.22)

We can define the equilibrium for this economy or centralized bargaining equilibrium, as a set
of infinite sequences for the rental price of equipment {r;}, wage rates {wys, ws}, employment
levels {ny:,nq}, capital {k:}, vacancies {vy¢,vs+}, arrival rates {my, ms} and matching rates
{#tuts 1se} such that,

(i) Taking the rental prices and matching rates as given, {k:} and {vy+,vs;} maximize the
firms’ profits

(ii) Taking the rental price of equipment as given, {k;} maximizes capitalists’ lifetime utility

(iii) Wages are the Nash solution to uncoordinated bargaining problems

(iv) Taking wages, matching rates and weights, {n;;} and {cj:} solve the representative
households’ optimization problem

(v) Matching rates and arrival rates are given by the matching function
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1.4 Calibration

We calibrate our model under the centralized equilibrium, which is the one that correspond to
the situation presented by the Scandinavian countries during the period in which wages were
bargained in a centralized way. Once we will have all the parameters, we will use them to
compute the other scenarios. We will use them then as a laboratory able to analyze the impact

of a skill-biased technical change.

The first step is to choose the functional forms for the matching function and the production
technology. The total number of matches at time ¢, M; is given by a Cobb-Douglas matching

function in the total number of searchers u;;, and vacancies, v,
M = Mo (uj)" (0) ™" (1.23)

where 7 determines the elasticity of the matching technology with respect to unemployment and
with respect to vacancies (1 —7). The reason for this choice is the empirical literature on frictional
labor markets which finds that the Cobb-Douglas specification of the matching function fits the
well the data.

The production function is the one proposed by Heckman, Lochner and Taber (1998), which
is a CES function in capital and labor with a CES function on the two types of labor:
P1 P1\pa/ 1/p2
F(k,ng,ny) = a2k’ + (1 — az)(ains' + (1 — aq)nyt )P/ (1.24)

where 17—1/)2 denotes the elasticity of substitution between capital and aggregate labor, and
1_—1pldenotes the elasticity of substitution between skilled and unskilled labor. With this specifi-

cation, the skill-biased technical change is represented by changes in the parameter a;.

The second step is to assign values to all the parameters in the model. We set in advance
as many parameters as possible using a priory information and data for the Swedish economy
for the period 1970-1980, period that corresponds to the functioning of a fully fledge centralized
system of wage bargaining. We set the discount factor equal to 0.95. The rate of depreciation of
capital, d, is calibrate so that it corresponds to an annual interest rate of 13 per cent. Following
Heckman, Lochner and Taber (1998) the estimated elasticity of substitution between capital an
labor is not statistically significantly different from 1, which implies a value for p, approximately

equal to zero and a value for p; that corresponds to an elasticity of substitution between the
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two types of labor of 1.25, these values will help us to calibrate the other two parameters in the
production function, a; and as The remaining parameters, which correspond to the cost of posting
a vacancy for the unskilled workers, a,,, and for the skilled workers as, the exogenous destruction
rate for unskilled and skilled workers, A, and Ay, the elasticity of the matching technology with
respect to unemployment, 7, the bargaining power of the federation, p, and the weight given to
the unskilled workers by the federation, «, are calibrated so as to match the following average
values in equilibrium: an unemployment rate for the skilled and unskilled workers of 0.5% and
2.3%, a capital share on income of 30 per cent and a log-wage differential of 0.5. The number
of unskilled workers is set in such a way that the fraction of labor force with university degree

would be 5 per cent of the total population. Thus, we assume that x; = 0.05 and x,, = 0.95.

Thus, the parameter values used in the model are presented in the following table:

Workers | Capitalists | Technology | Matching

2, =095 | =095 | p; =0.209 | a, =0.072

2, =0.05| 6=0.08 | py=0.002 | a; =0.104

p=20.6 r=0.13 a; =014 | A\, =0.02

a; =0.93 az =0.04 | A\ =0.05
n=0.5

The fact that the parameter of the matching function n = 0.5 differs from the bargaining
power p = 0.6, imply there is no symmetry between unions and firms, and therefore is consistent
with our assumption that unions extract rents from the firms. It implies as well that the Hosios
condition for efficiency does not hold and yields room for the possibility of talking about efficient

unions as entities which internalize the externality that searchers generate among themselves.

1.5 Results

We now examine the consequences of a skill-biased technical change that favor workers with higher
levels of education, so that firms will increase the demand for this specific type of worker. In our
model, this will be materialized by an increase in the marginal productivity of skilled workers
relative to the unskilled, equivalent to an increase in the parameter a; of the production function.
To properly choose the values of this parameters, we focus again on the Swedish economy but for

a different period, in particular the late eighties when the technical change has already affected
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the economy. The new values for z; and x,, will be 0.15 and 0.85, respectively. This means that
now 15 per cent of the labor force possesses a university degree, in contrast to the 5 per cent
before the skill-biased technical change shocked the economy. The parameter a1, which measures

the intensity of the shock moves from 0.14 to 0.23.

With these new values and keeping constant the remainder parameters, we calculate the
welfare for each type of worker under the three different scenarios and also before and after the
skill-biased technical change has shocked the economy to analyze whether there is any difference or
substantial change. What we observe is that after the shock the skilled workers have an incentive
to leave the union federation and to move towards more decentralized systems of wage bargaining.
But let us explain it in more detail. We use the present discount values of consumption to compute

welfare, W f. The following table presents the welfare values W f for each type of worker.

Level of centralization in the wage setting process
Centralized Intermediate Decentralized
Before Wfs =0.96 Wfs=0.88 Wfs=0.93
the SBTC | W f, = 0.57 W fu, = 0.55 W fu = 0.56
After Wfs =097 Wifs =091 W fs =0.98
the SBTC | Wf, =0.13 W f, =0.12 W f, =0.128

Before the introduction of the SBTC, both skilled and unskilled workers prefer centralized
systems of wage bargaining to any others. This preference is not surprising for the unskilled
workers for whom the two forces interacting in this model go in the same direction. On the
one hand there is an increase in welfare generated by the efficiency gain when internalizing the
search externality and on the other hand, the redistribution from the skilled to unskilled workers
increase their welfare as well. What happens for the skilled workers is that, the gain in efficiency
generated by the internalization of the search externality is able to compensate the lose generated

by the redistribution.

Nevertheless, the situation changes after the introduction of the SBTC. The welfare of the
unskilled workers decreases dramatically. In spite of it, they still prefer the centralized option.
But the lose that now the redistributive effect generates over the skilled worker’s welfare is not
compensated by the gain generated with the internalization of the search externality, so they are

the ones who have an incentive to leave the coalition.
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We can say that the underlying explanation is that skilled workers cross subsidize unskilled
workers through the bargaining decisions. This situation is sustainable in the case in which the
productivity gap among these two types of workers is not very high and the relative sizes differ
substantially. The presence of a skill-biased technical change that increase the productivity gap

and also the relative number of skilled workers over the unskilled undermine the coalition.

Acemoglu, Aghion and Violante (2001) find that when unions play an efficiency-enhancing
role, deunionization may happen inefficiently in the sense that skilled workers ignore the positive
effect that they are generating on the unskilled through the redistribution and tend to deunionize
too soon. Similar results can be extracted from our work because there is room for a reduction in
the rate of redistribution from skilled to unskilled workers which could have generated increases

in welfare for both types of workers.

It is worth noting that our result is also in line with the theories of endogenous formation of
coalitions in which two groups of heterogeneous workers may form either a joint union or two
separate unions depending on their relative size and productivity of the two groups. Since, in
these models, the workers’ bargaining power comes from the loss that they can impose on the firm
by refusing to work, they will form a single union when the two types of workers are substitutes
because separate unions will have less bargaining power. In this sense, we can see a skill-biased

technical change as a way of "heterogeneize" workers and reduce the substitutability among them.

There are other interesting observations we can extract from the table above. The first one is
that both the very decentralized and the very centralized case work better than the intermediate
case. We can interpret this result in line with the hump-shaped curve proposed by Calmfors and
Driffill (1988) who, as we stated in the introduction of the paper, find that intermediate levels of
centralization yield the worst outcome in terms of macroeconomic performance. The idea behind
their study, stated as well by Olson (1982) is that under intermediate levels of wage bargaining,
"organized interest are strong enough to cause major disruptions but not sufficient to take into

account the costs of their actions for the society”.

Furthermore, wage compression arises in the presence of unions. This result is interesting in
the sense that we have not imposed it but results as an outcome of the way in which we have

modellized unions.

An interesting extension of the model could rely on the modelization of the second scenario,
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the intermediate level of wage bargaining. Usually intermediate levels are identified with sectoral
or industrial wage negotiations. In this paper, we have adopted a particular intermediate level:
a horizontal unionization, and although this systems existed in practice, for example UK, they
are not the main representation of intermediate levels, sectoral bargaining could represent most
of the central and southern European bargaining negotiations. Modelization of sectoral matching
model with unions can be found in Delacroix(2004). Nevertheless, this intermediate level is a
secondary issue in our work because we just use it for comparative reasons. The same result will

hold even if we eliminate this scenario and use only the two extremes.

1.6 Conclusion

With this paper we contribute to the recent literature on deunionization and decentralization
in the wage setting process. During the eighties several OECD countries witnessed a process of
decentralization in their wage setting negotiations. This fact could seem surprising if we take
into account that the macroeconomic performance of economies with highly centralized systems

of wage bargaining have benefit from it.

This paper first calls the attention of this fact and tries to look for an explanation of why a
system that perform so well in terms of macroeconomic variables and result so appealing from
outside collapses. We answer this question through a model in which unions act as coalitions of
workers that bargain wages with the firms. Unions extract rents from the firms along the bargain
process at the same time as they play an efficiency enhancing role taking into consideration the

congesting effect that searchers generate over each other.

We embed these unions into a simple search-matching framework to show that, for the val-
ues obtained under the calibration, a skill-biased technical change increases the productivity
gap across heterogeneous workers and generate the collapse of very centralized systems of wage

bargaining characterized by high levels of redistribution across workers.

This result is in line with the evolution of different labor systems with highly levels of central-
ization in their wage setting processes. If we follow the performance of the Swedish labor market
we see that along the centralized period, most of the high skilled workers were slowly leaving the
coalition. The skill biased technical change contributes to the end of a system that, although

very appealing from outside was generating some tensions inside.
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24 CHAPTER 2. AN ESTIMATED DSGE-MATCHING MODEL FOR THE US ECONOMY
2.1 Introduction

In this chapter we present and estimate via maximum likelihood a dynamic stochastic general
equilibrium model (DSGE) with frictional labor markets for the US economy. The labor market

is modelled adopting the Mortensen-Pissarides (1994) matching framework.

We extend the Andolfatto (1996) model with a number of additional structural shocks in order
to evaluate how each of these help accounting for cyclical variations in labor market indicators
and other key macroeconomic aggregates. Following Bencivenga (1992) we introduce a preference
shock in the utility function; an investment-specific technology shock like the one in Fisher(2006);
and a job separation shock in the spirit of Shimer (2005). We estimate the parameters of the
model via maximum likelihood. This alternative to the more conventional calibration offers some
potential advantages. First of all, when models have a large number of parameters, standard
calibration does not seem the best technique given that neither the focus on a limited set of
moments nor the transfer of microeconomic estimates from one model to another would provide
the discipline to quantify the behavior of the model. Second, a DSGE model, once estimated can
be used to generate forecasts and can be used to decompose the k-step-ahead forecast error vari-
ances of the variables into different orthogonal components attributables to each of the structural
shocks already mentioned. This second part is very useful to identify which shocks are driving

the cyclical fluctuations of the different variables.

We estimate the parameters of the model and the stochastic processes governing the structural
shocks using six key macro-economic time series in the US economy: real GDP, consumption,
investment, total hours worked, productivity and tightness. Following standard mechanisms for
maximum likelihood, we estimate the model by maximizing a numerical approximation of the
likelihood function based on the application of the Kalman filter to the linearized state-space

representation of the theoretical DSGE model.

Several results are worth highlighting. First, the estimation procedure yields a plausible set
of estimates for the structural parameters of the model. An important parameter is the one that
corresponds to the power of the workers in the Nash-bargaining process, which instead of taking
the standard one half, takes a much smaller value of about 0.103, close to the value proposed by
Hagedorn and Manovskii (2006). Other important parameters are those governing the structural
shocks. In all cases, they are quite persistent and more volatile than what is standard in the

literature.
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Second, we analyze the effects of the already mentioned structural shocks on the main variables
on the model using impulse-responses functions. Overall, we find that qualitatively those effects

are in line with the existing evidence.

Finally, there are two structural shocks that explain a significant fraction of output: the
neutral and the investment specific technology shocks. In addition to these technology shocks,
the preference shock is an important determinant of consumption and investment mainly in the
short run, whereas the shock to job destruction is more successful in explaining the variance of

tightness

The rest of the paper is structured as follows: Section 2 presents the theoretical model. Section
3 we discuss the estimation methodology and present the main results. Section 4, analyzes the
impulse responses of the various structural shocks and their contribution to the fluctuation of
the variables. Finally, Section 5 presents some of the main conclusions we can draw from our

analysis.

2.2 The model

The economy is populated by a continuum of infinitely lived agents. Workers and firms engage in
employment relationships. As in Andolfatto (1996), we assume that each household is populated
by many individuals who can be either employed or unemployed and insure each other completely

against idiosyncratic risks.

The labor market is frictional. We adopt the basic Mortensen-Pissarides (1994) matching
framework. Workers and firms search for a partner to generate a productive job. The total
number of matches in the economy per unit of time M; is given by the following Cobb-Douglas

function

My = x Vi (eUy) 1~ (2.1)

where V; represents the total number of vacancies open by the firms per unit of time ¢, U; denotes
the amount of searchers per unit of time ¢ and the constant e implies that search effort is constant

in this economy.
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We assume that all unemployed workers search for a partner. The probability for a searcher
of finding a vacant job can be obtained from the matching function as p; = % Equally the

probability that a vacancy gets filled per unit of time is given by ¢; = ]\1}4—;

Employment is a predetermined variable, whose law of motion is given by the following equa-

tion.

Nt+1 == Nt - O'tNt + Mt (22)

i.e. the stock of employment in a certain period is equal to the stock of employment in the period
before minus the flow of workers who have lost their jobs with the exogenous probability o, plus

the flow of searches that have been matched and thus move from unemployment to employment.

Households and preferences - The representative household has preferences over consump-

tion and leisure defined through the following expected utility function

< (1 - Hy)t=" (L—e)t"
E {;B [dt log(Cy) + Negy = + Uig - ] } (2.3)

where the discount factor satisfies 0 < § < 1 and ¢; > 0, for ¢ = 1,2. C}; denotes consumption, Hy

denotes the number of hours worked and d; represents the preference shock whose law of motion

follows this AR process:

I(d41) = pgIn(ds) + (1 = pg) In(d) + ef 4 (2.4)
The representative household will maximize utility function above subject to the following budget

constraint:

Ct + It = ’LUtNth + Tth + Ht (25)

this means that the household has to decide how to split current income, made up of capital
income 74 Ky, profits II; and the wage bill wy Ny Hy, between consumption C; and investment ;.

The law of motion for capital is given by the following equation:

K= (1 - 06K + Xi Iy (2.6)

where ¢ denotes the depreciation rate. Now in contrast to more standard specifications there
is an investment-specific technology shock represented by X; that is defined by the following

specification:
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Xt+1: In Xy
X, X

In +(1 = py) Inv,+efyy
Production sector and technology - The representative firm produces an aggregate good
Y; with capital and labor according to a constant returns to scale technology described by a

Cobb-Douglas production function
Y, = A KD (2 Ty) 7 (2.7)

where 0 < 0 < 1. K; denotes capital and T; denotes labor input and is equal to the number of
workers N; times the number of hours worked by each of them H;. z; represents the deterministic
growth rate of the economy, which is equal to equal to 7¢, where v > 1. The technology level is

represented by Ay, which follows a first order autorregresive process:

In(Ae1) = pln(Ar) + (1 — p) In(A) + €y (2.8)

where A > 0 and 0 < p < 1. The serially uncorrelated innovation £¢ is normally distributed with

mean zero and standard deviation oy.

The firm hires capital and opens vacancies to maximize the expected present value of cash

flows

Z A'F(Ap, Ky, 2Th) — wiNyHy + 1Ky — aVy] (2.9)
=0

where a denotes the cost of opening a vacancy, and A represents the discount factor for the firm,

. Ue
which can be stated as where A = g—+.
ct

When maximizing this problem, the firm takes into account the law of motion of employment
specified in equation (2) considering that M; = gu. In our specification the job destruction

probability o becomes stochastic. In particular, it is defined through the following AR process:

Inoi1=p,Ino+(1 - p,) Ino+ef,

!This implies that our variables, except those related to hours and vacancies, grow at the common rate + in
steady state. Therefore, data is automatically detrended as part of the estimation process and we do not need to

filter it with other methods such as H-P filter or B-P filter, etc.
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Optimal contract - Wages are obtained through Nash bargaining. Denoting as p the bar-

gaining power of the workers, the optimal contract is obtained as

_ 7, (=m) AN )
wtlt:p<Fglt+aﬁ>(1p) (ﬁ(l lt)l ! f@(l e)l n) (210)

Uy At 1—n A 1—n
this means, that the optimal contract is a weighted sum of two elements, the first one is the
labor’s yields plus the savings in vacancy posting for the firm and the second is the reservation

wage of the households.
The optimal number of hours per worker is given by the following equation

9% Py
g, ~ R -l =0 (2.11)

where S; denotes the surplus of the match and Fp = (1 — 6)-2-

Equilibrium - To obtain the equilibrium allocation for this economy, we first need to de-
trend the growing variables of this economy defined as yy = Y;/z,¢0 = Ci/z, 00 = It/ 2, key1 =

Kiy1/2, by = Hy,myg = Ny, my = M.

When the vector e, = 0 the economy converges to a steady state in which all the detrended
variables remain constant. Appendix A describes the equilibrium for this economy. It also
contains the log-linearizations of the non linear system around this steady-state. We apply the
"Toolkit" method proposed by Uhlig (1997) to the log-linearized system to obtain a solution of

the form:

1 = Pxi_1+Qz
Yy = Rry_1 + Say

atr1 = Nag—1 + €141

This system describes the recursive equilibrium law of motion of the real business cycle model
where z; and y; represent vectors of logarithmic deviations of the endogenous states and the
control variables from their steady-state levels. a; represents the logarithmic deviation of the
exogenous states. More precisely,

ro=[n () () ()]

yo=[m (%) () () m(E) m(F) n(G) D) h(E)]

a; = [at dt ot]
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The system above can be easily written in a more general form:

St+1 = ASt + Bc‘ft+1 (212)
y = Cs (2.13)
/ P Q 0
Wher68t+1:(xt at+1> A= 0N B = , andC:(R S)

The matrices A, B and C depend on the structural parameters of the model 3, ¢, ¢o, 1, a,
£,0,0,04,% par €%, pur €%, pyr €%, x and a.To estimate those parameters, we have to transform the
theoretical model into a state-space empirical representation. As we will see, we do not need to
estimate all of them given that some of them can be obtained as combinations of the others and
the steady-state variables. In the following section, we transform the theoretical model into a

state-space empirical representation and estimate those parameters.

2.3 Maximum Likelihood Estimation of the Model

There are various ways of giving values to the parameters of a DSGE model. According to Geweke
(1999), there is a weak econometric interpretation and a strong econometric interpretation. Under
the former case, the parameters of the model are calibrated in a way that some selected theoretical
moments of the model match those of the data?. These methods allow the researcher to focus on
the characteristics in the data for which the DSGE model is more relevant but have the problem
of focusing on a limited set of moments instead of using all the information contained in the data.
The strong interpretation case attempts to provide a full characterization of the observed data
series and when successful it allows for proper specification testing and forecasting. In this paper,
we follow this strong interpretation and as in Altug (1989), Sargent (1978) or Ireland (2001, 2004)

among others, we apply Maximum Likelihood Estimation.

Maximum Likelihood provides a systematic procedure to estimate the parameters of interest.
Except in a few cases, there is no analytical or numerical procedure to directly evaluate the
likelihood function of our DSGE, but we can transform the theoretical model into a state-space

econometric model and assuming that the shocks to the economy are normally distributed and the

2A number of papers have estimated the parameters of DSGE models by these moment-matching estimation.

See, for instance, Hansen (1997), Rotenberg and Woodford (1998) or Christiano et. al. (2001)
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policy functions of the model are approximated linearly, we can look for a numerical approximation
of the likelihood function with the help of the Kalman filter. In what follows we explain this in

more detail.

2.3.1 Transformation of the theoretical model

State-space Representation - As Ireland (2004) and Ingram et.al.(1994) explain, the fact
there are less shocks in the economy that number of time series used in the estimation, makes

the model stochastically singular.

There are two common approaches to deal with this problem. The first one consists of
increasing the number of structural shocks in the model until we have the same number of shocks
as time series used in the estimation; the second approach, which is the one we use here, consists
of augmenting the equation (2.13) of the system above with an error term or measurement error
proposed in Altug(1989) or Ireland (2004). These residuals represent the movements in the data
that the theory does not explain (those movements that are not generated by the shocks specified

in the model).

The state-space representation of the theoretical model above is given by the following equa-

tions (2.14)-(2.18)

St+1 = FSt + VEt_H (214)

yr = Gsi+me (2.15)

where me; is a vector of measurement errors uncorrelated across variables, s; represents the state
vector, f; denotes the vector of observable variables at time ¢, F' and G are again matrices of
parameters. The first equation of the system is known as the state equation and the second called

the observation equation. Vectors ; and me; are white noise vectors with:
Eleigl]= Q. (2.16)

E[me,me;]= R. (2.17)

Ele,me;]=0 (2.18)



2.3. MAXIMUM LIKELIHOOD ESTIMATION OF THE MODEL 31

State-space econometric models allow for the evaluation of the likelihood function using the
Kalman filter algorithm explained in detail in Hamilton (1994, Chapter 13). The Kalman filter
takes the observations of f; for ¢t = 1,..T as inputs and works recursively to construct implied
series of forecast errors. The application of the Kalman filter lets us calculate the numerical

approximation of the log-likelihood function of the model as follows

In(L) = 3T In(27) — 1 iln |GG | - 1 iw' (G G')_l w (2.19)
2 23 t 23 t t t ‘

where G comes directly from equation (14) and ¥ is obtained from the application of the Kalman

filter.

This likelihood function can be evaluated for any given set of parameter values. Making use
of a numerical search algorithm one can find the set of parameters that maximize the likelihood
function. Usually, maximum likelihood estimations are criticized because it is very difficult to
be sure whether we are in the global maximum or on the contrary we are just in a local one,
given that the likelihood function displays a quite sinuous pattern. To avoid this criticism with
our estimations we borrow from physics another algorithm called "simulated annealing” . This
is a generic probabilistic meta-algorithm for the global optimization problem, i.e. it looks for a
good approximation to the global optimum of a function in a large search space (as is the case
of the likelihood function). Each step of the simulated annealing algorithm replaces the current
solution by a random "nearby" solution. The allowance for these movements saves the method

from becoming stuck at a local minimum.

In principle, this algorithm is allowed to select values of the parameters lying anywhere be-
tween the positive and the negative infinity. But to ensure that our parameters satisfy the

theoretical restrictions of the model listed in section 2, we have to impose additional constraints®.

Computing standard-errors - Often, algorithms for computing maximum likelihood esti-
mates have the drawback that they do not produce standard errors. This means that we should
also look for numerical approximations of the derivatives of the likelihood function so as to com-

pute the information matrix and from it, the standard errors.

3In particular, some of ours parameters are constrained to be positive, so we constraint the algorithm to work
with absolute values. Many of ours parameters are probabilities that should lie between zero and one, so we again

constraint the algorithm to work with the logistic transformation of these parameters.
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Fortunately, if certain regularity conditions hold*, the maximum likelihood estimates are
consistent and asymptotically normal. Under these circumstances, the information matrix for a
sample of size T can be calculated from the second derivatives of the maximized log-likelihood

function as

T
1 9 log L(ys, 6)
=7 {Z “onor (220

t=1

Standard errors are then the square roots of the diagonal elements of %(IT)*I. This matrix
has elements of very different magnitudes and therefore, the reported standard errors should be

interpreted with caution.

2.3.2 The Data

Data is taken from the Federal Reserve Bank of St. Louis’ FRED database, data for gross domestic
income and wages is taken from the Bureau of Economic Analysis. Appendix B presents a table
with detailed information about each series. Monthly data has been transformed into quarterly

data using averages. The sample period is 1964-1 to 2005-4.

When the model takes the form of a state-space representation, it can be estimated via
maximum likelihood once analogs to the model’s variables are found in the data. Therefore, C; is
defined as real personal consumption on non durables and services plus government expenditure.
Investment, I; is defined as the sum of purchases of durable consumption plus private sector
fixed investment. Vacancies, V; are proxied by a widely used index which reflects the number of
"help-wanted" advertisement registered in US newspapers. N; comes directly from the number
of civilian employment, and thus unemployment can be computed as 1 — N;. All the variables
have been divided by the civilian population aged 16 or over, so as to have them in per capita

terms.

Making the data comparable with the variables of the model - To properly evaluate

the likelihood function, one more transformation of the data is needed. Data series should be

*These conditions include that the model must be identified, the eigenvalues of A lie inside the unit circle, the
true values of the estimations do not fall on a boundary of the allowable parameter space and that variables x:

behave asymptotically like a full-rank linearly indeterministic covariance-stationary process
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comparable with the vectors of logarithmic deviations of the variables from their steady-state

levels. Thus, we have to use the definitions:

¢ = log(cy) —log(?)

i = log(i¢) — log(i)

Pr; = log(Pr) — log(Pr) — tlog(7)

t; = log(t;) — log(?)

0, = log(6;) — log(9)
for all t = 1,2...T. Remember that to solve the pr(ﬂein we have nﬁr@lized output to 1, so
consumption and investment here are defined as ¢; = (%) and 7; = (%) Productivity, Pr, is

growing at rate v in steady state. Once those transformations are made, the vector of observables

is given by:

ft:aggﬁgté\t]

2.3.3 Parameter estimates

As in Altug(1989) and Ireland (2004), we keep fixed the value of some parameters of the model
for which the estimation yields unreasonable results. Those parameters are the representative

household discount factor 3, the capital share of output 6, and the depreciation rate 9.

As Hornstein, Krusell and Violante (2005) point out there are some aspects of the calibration
of the standard matching model that are relatively uncontroversial whereas some other aspects

deserve special attention.

We directly fix those "uncontroversial values" that correspond to those mentioned above. We
set the discount factor £ equal to 0.99. The depreciation rate of capital, §, is calibrated so that
it corresponds to an annual depreciation of around 10 percent. And the capital share of output,

0, is set equal to 0.36.

The estimated values for the "controversial parameters": «, p,e,n,p, o,y and their standard

errors are presented in the Table 1.

As one can observe, the estimates of the DSGE model’s parameters seem quite reasonable.

The parameter « from the matching function decreases its value from 0.6 in Andolfatto (1996) to
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0.2. The parameters driving the technology shock adopt a value of 0.914 instead of the traditional
0.95, which means that in this model the TFP shock shows a smaller persistence. In contrast
the variance is larger, in particular the parameter £ moves from 0.007 to 0.009. The remaining
shocks of the model are also quite persistent, with values of p around 0.9. The less volatile shock

is the investment-specific technology shock whose ¢ takes a value of 0.005.

Table 1: Results from the estimation

Parameter Definition Estimated Value Standard Error
a elasticity of vacancies 0.200 0.0274
Pa persistence of the TFP shock 0.914 0.0155
€a variance of the TFP shock 0.009 0.0001
Pd persistence preference shock 0.897 0.0160
€d variance preference shock 0.010 0.0013
Po persistence job destruction shock 0.900 0.0037
Eo variance job destruction shock 0.010 0.0003
Pi persistence inv-spec shock 0.885 0.0091
€; variance inv-spec shock 0.005 0.0001
P workers’ bargaining power 0.103 0.0020
n parameter utility function 3.398 0.0025
Y. rate of growth - labor augmenting 1.005 0.0001
Y; rate of. growth - investment 1.005 0.0001

mee measurement error 0.0001 0.0004
me; measurement error 0.0001 0.0003
mey measurement error 0.051 0.0137
mep measurement error 0.050 0.0192
meg measurement, error 0.049 0.0001

The estimate v, = 1.005 corresponds to an annualized growth rate of real per-capita output in
the model around 2%. Nevertheless, more interesting for our purposes are the estimations of the
variables related to the labor market. The value of the worker’s bargaining power takes a value
of 0.103 instead of the 0.5 proposed by Nash (1959). This means that the power of an isolated

worker in the bargaining of his wage is smaller than the power of the hiring firm. It goes also in
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the direction proposed by Hagedorn and Manovskii (2006). The value of the parameter of the
utility function 7 is estimated to 3.398 and is larger than the one calibrated in Andolfatto (1996)
that corresponds to 2.197. This parameter is important in the sense that drives the trade-off

between the intensive and the extensive margin of labor input.

Measurement errors for investment and tightness take larger values than the others. This is
consistent with the fact that those series are the most volatile. Not surprisingly, productivity and
total hours worked measurement errors have similar values. Finally and in spite of the fact that
standard errors have had to be approximated numerically, they take very small values making

significant all the values of our estimation.

The remainder of the parameters can be obtained directly from the estimations above and

the steady-state values of the variables. They are shown in the table below:

Table 2: Other parameters of the model

Parameter Value Explanation

11—« 0.80  prob. of downgrade of skills

X 1.137 efficiency paramet. matching function
13 1.359 parameter production function

a 0.105 cost of posting a vacancy

(o3 1.221 parameter in the utility function

o3 0.325 parameter in the utility function

2.4 Which shocks are important?

In this section we analyze which shocks are important in driving the empirical business cycle
fluctuations of the main variables of the model according to the US data used in the estimation

of the parameters of the model.

2.4.1 Impulse response analysis

Graphs 1 to 4 of Appendix C, plot the impulse-response functions to the structural shocks included
in the model, i.e. a preference shock; a job-separation shock; an investment-specific technology

shock and a productivity shock.
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Graph 1 shows that following a positive productivity shock, consumption, investment and
employment rise. Wages and vacancies rise as well. Positive productivity shocks raise output in
all matches but do not affect the rate at which employed workers lose their jobs. Interesting is
the response of tightness which shows a more satisfactory performance than what is usual in this
type of models. On the contrary, the response of the variable hours worked fluctuates around its

steady-state value more than expected.

Graph 2 shows the effects of a job separation shock. An increase in the separation rate,
increases separations and reduces employment duration. As a direct consequence, the unemploy-
ment rate increases and vacancies increase as well. The final effect is an increase in tightness.
Consumption and output fall while the number of hours worked by the survival matches increase,
counterweighting only partially the negative effect that the job destruction shock has on the ex-
tensive margin. The total effect on labor input is negative as one can see from the fall in the

impulse-response function of total hours worked.

Graph 3 shows that a positive preference shock, while increasing consumption and output
significantly, has an initial crowding-out effect on investment. Nevertheless, to satisfy this higher
demand it is necessary to increase capacity and consequently, it generates an increase in employ-

ment and a recuperation of investment via capital.

Finally, graph 4 shows, the effects of an investment-specific technology shock. Following a
positive shock, investment increases whereas consumption decreases substantially, given that a
larger fraction of output is initially devoted to investment. Vacancies increase but in a smaller
extent than the increase experimented by the other three shocks above. Both employment and
hours worked increase substantially. As a consequence, labor input increase. Wages fall initially

and slightly recover afterwards.

2.4.2 Variance decomposition

Maximum Likelihood estimation and the state-space representation of the model allow to perform
a variance decomposition analysis to identify which shocks are more important in driving the

empirical business cycle fluctuations of the variables of the model presented in section 2.
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The contribution of each of the structural shocks to the forecast error variance of the main
variables of the model at various horizons: short run: one quarter ahead and 1 year - 4 quarters-;
medium term: 2 years -8 quarters- and long run: 5 years -20 quarters- and their standard errors

are shown in Table 3 of the Appendix D.

Standard errors also appear in Table 3 and show the statistical uncertainty surrounding the
model’s ability to explain the observed data. In our model, this statistical uncertainty is smaller
than what has been previously suggested by Altug (1989) or Ireland (2004), this might be due to
the introduction of other shocks different to the standard technology shock proposed by the real

business cycle model.

Let us first focus on the determinants of output. At the one-year horizon, output variations are
driven primarily by the neutral technology shock. In the medium term, the two technology shocks
(neutral and investment-specific) together account for almost all of the forecast error variance.
In the long-run, the neutral technology shock dominates, but the investment-specific technology
shock accounts for about 40% of the forecast error in output. This pattern is somehow surprising
given that standard RBC models usually explain very high and very low frequency movements
in output, but is less successful in explaining quarter-to-quarter movements. The introduction of

additional shocks changes this behavior.

With respect to the determinants of consumption, the investment-specific technology shock
accounts for more than 80% of the unconditional variance in detrended consumption and almost
54% of the one-quarter-ahead forecast error. In the short run the preference shock plays an
important role accounting for more than 35% of the one-quarter-ahead forecast error variance in
output but it looses importance over time, showing a pattern opposite to the technology shock.

The shock to job destruction plays an almost negligible impact.

Focusing on investment, the investment-specific technology shock accounts for about 30% on
average of the k-step-ahead forecast error variances for values of k ranging from 4 to 20. The
neutral technology shock accounts for almost another 50% (48.36%) of the unconditional variance
in detrended investment, although its importance increases in the medium term. Finally, the
preference shock can also account for part of the short run variation in investment, losing its

importance over time.

The unconditional variance in total hours is mainly explained by the preference and the
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investment-specific technology shocks. Nevertheless, in the short run there must be other forces,

different from the shocks aforementioned driving the fluctuations of this variable.

Finally, we focus on the determinants of tightness. The shock to job destruction, accounts
for almost 10% of the unconditional variance, almost 20% of the one-quarter-ahead forecast error
variance and around 23% of the k-step-ahead for k ranging from 4 to 12. The neutral technology
shock explains almost 50% of the one quarter ahead forecast error variance but its importance
decreases over time. The fact that the technology shock does not play an important role, shows
that there are other forces driving the tightness’ cyclical fluctuations different from the one
proposed in the standard RBC model. The investment-specific technology shock accounts for

most of the unconditional variance.

Summarizing these results, there are two structural shocks that explain a most of the cyclical
fluctuations of the variables in the model: the neutral and the investment specific technology

shocks.

In addition, the preference shock is an important determinant of consumption and investment.
This preference shock explains a significant portion of the fluctuations of the variables in the short

run, while is less successful in the long run.

It is worth noting that in explaining the variance of tightnes, in addition to the technology
shocks, both neutral and investment-specific, the shock to job destruction plays a significant role
mainly at the business cycle frequency. This could explain why standard RBC models are not

satisfactory when replicating the volatility of unemployment and vacancies.

2.5 Conclusion

In this chapter, we propose and estimate a dynamic stochastic general equilibrium model (DSGE)
with frictional labor markets and four structural shocks. Beyond the standard neutral technology
shock, we introduce a preference shock in the utility function, an investment-specific technology

shock and a job separation shock.

We estimate the parameters of the model via maximum likelihood for the US economy, using
six key macro-economic time series. Overall, the estimates seem quite reasonable, although in

some cases differ from the values traditionally considered as standard.
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The variance-decomposition analysis show that there are two structural shocks that explain
a significant fraction of the variance of the main variables of the model: the neutral and the
investment specific technology shocks. In addition, the preference shock explains a portion of

consumption and investment in the short run.

It is worth noting that in explaining the variance of tightnes, in addition to the technology
shocks, both neutral and investment-specific, the shock to job destruction plays a significant role
mainly at the business cycle frequency. This could explain why standard RBC models are not

satisfactory when replicating the volatility of unemployment and vacancies.
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2.A Appendix: Solving for the equilibrium of the model

2.A.1 Households

Households maximize the following problem with respect to {Cy, K41}

oo _7.\1-m) _ \(1-n)
MCL(L'{ZOB [dt lOgCt‘Fthbl%‘l“(th)d)Q%]}
t=

subject to (1) the resource constraint

Ct + It = gtthtLt + Tth + Ht
Kt+1 = (1 - (5>Kt + XtIt
Indiy; = pglndi+ (1 —py) lna+8§l+1

Tt+1 Tt X T
In— = In —— 1-— In—
n T Pz I T 1 +( px) n T +51‘/+1

and an initial condition (k)

The growth rates of the different variables along the balanced growth path can be derived as
follows. First the exogenous variables Z; and X; grow at the gross rates 7, and 7, respectively.
From the resource constraint and the accumulation of capital equation, it follows that Y;, Cy, I}

and A; all have to grow at the same rate g;. Capital, K;, however grows faster, at a rate of gv,.
[’

1—

Finally, the production function implies that g; = v,v, . Thus, the following conditions hold

for balanced growth:

%)

9 =778

and

9 1

Gkt = V2V Vg = VaVa "

Detrended variables may be defined as ¢; = %, iy = %, lt = Ly,ng = Ny, kyrq = Ii;}: and the
detrended maximization problem could be written as shown in eq.

subject to (1) the detrended resource constraint

¢t + ’it = wtntlt + ’I“tktfbt_l + Tt
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the law of motion for capital

0 .
VoVe T k1 = (1= )k, "+

and the autorregresive processes for the shocks

Indiy1 = pylnd; + (1 —py)Ind + Sf_,_l

€Tt T
n= :lenm +(1—Pz)1n5+5f+1

— x
where v, ; = 75

45

Exploiting the recursive structure of the problem one may equivalently reformulate it in terms

of a dynamic program. Let s = (k) denote the current period capital stock and employment rate or

state vector of this economy system. Let sg denote an arbitrary initial condition and let primed

variables denote "next period" values. The value function W satisfies the following Bellman

equation

(1711&)(1*77)
1—n 1—n

G,

W(s) = max {dt log ¢; + nyy

subject to the constraint

0 _
Ct+ 7Y ki1 — (1= 0)kiy, U= wyngly + rekee g +

letting \ denote the multiplier associated the constraint above. Therefore, the first order condi-

tions, assuming interior solution, can be expressed as follows:

e w.r.t. consumption (c)

——=X=0
Ct

e w.r.t. capital (k/)
BE [Wk(5t+1)] -A=0

e constraint () holding with equality

_0_ _
¢+ YVt kt+1 - (1 - 5)kt7z L= wtntlt + Ttktl‘tfl + my
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From the envelope theorem, one derives
Wk(St) = >\t [(1 — (5) ’Yl,il + Ttl't—l]

Therefore the optimal decision for the household comes from:

d 0 d _
_t’YZ’Yx =0 = BE { a2 [(1 - 6) YV ! + Tt-i-lmt] }
Ct Ct+1

2.A.2 Firms

Firms maximize the following

o0
Max Z AY[F(Ky, Ny Ly, 2t) — grweNe Ly — 1Ky — grag Vi
=0

subject to the law of motion for employment

Nepi =1 — o) Ne + ¢ Vi

where

F(Ky, NyLy, ) = CAK? (2 Ny L) =9

and the law of motion for the productivity shock follows the following AR process

Inai1 = pyIna; + (1 —p,) Ina + 4

Inoi1 =p,Ino+ (1 —p,)InT + €7
and where z; = ’y’;

Y
gt

As before, detrended variables can be defined as l; = Ly, ny = Ny, kip1 = I;Ztl ,op = Vi, yp =

And exploiting the recursive structure we can reformulate it as a dynamic program

A
J(s) = max {Catkftt(le) — wyngly — rikyxi—1 — avy + BE [ﬁ J(s’)] }

subject to
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ney1 = (1 —og)ne + qroe
Inaiyr =p,Ina; + (1 —p,) Ina+ et

Inoi1 =p,Ino+ (1 —p,)InT +¢7, 4

where p is the multiplier associated with the constraint above.

Therefore, the first order conditions, assuming interior solution, can be expressed as follows:

e w.r.t. capital (k)

Fk = 9% =Ttl¢—-1
ki

e w.r.t. vacancies (v)

—a+ g =0

e w.r.t. employment (n/)

BE Wy (st41)] — pe =0
e constraint () holding with equality

ner1 = (1 —o)ng + qog

From the envelope theorem, one derives
Wn(St) = Fnlt — wtlt + oy [1 — O't]

Therefore the optimal decision for the firms are specified by:

F, = 92 = TtTt—1
k¢

= 5E [i <(1 — 9) %lt — wtlt + ks [1 - O't+1]):|
t

av

my Aty1 Mgl

ner1 = (1 —o)ne + qeoe
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2.A.3 DMatching

The number of matches per unit of time is given by the following technology

my = xvf (egu) ™

2.A.4 Nash-bargaining

The income value of employment for a household and a firm can be represented as follows:

A
Int = Faly —wily + BE [%Jn,ﬂrl] (1—o0v)
1—1 (1-m) 1—¢ (1-m)
Wit = ¢>1( t) — ¢2( ) + Mwily + BE Wy 1] (1 — 0 — &)

1—n 1-—
Optimal contracts are obtained through Nash bargaining as
wyly = arg max we ji-p)

Therefore the optimal contract is given by the following equation:

o ¢ (1 =1 gy (1— )t
li=p|Bli+a—)—(1-p)| = .-
Wely p<2t+aut) ( p)<)\t 1—7 A 1—7

The optimal number of hours per worked is obtained as the partial derivative of the surplus
of the match with respect to hours worked

05 o b

ot _ o) =
ol, )\t( 2 0

where Fy = (1 — 6)-24-

ntlt

2.A.5 Non-stochastic equilibrium

The unknown policy functions for {k, l;, vy, ¢, iy, yt, ng, my, wy } are characterized by the following

system of equations:

7271’% = BE {i% |:(1 - 5) ’Yx,t-‘rlil + 0@} }
Ct+1 dt kt—‘rl

d
) Y gy Yt
¢1(1—1y) Ct(l 9>ntlt



2.A. APPENDIX: SOLVING FOR THE EQUILIBRIUM OF THE MODEL

d
v _ BE {iil [(1 —0) gl wyly + A0t (1- Ut+1)} }
my Ccer1 dg N1 mMi+1

Ct+ i+ Koy = Yy
’Yz’Yxiﬁkt-‘rl =(1- 5)kt7z,t71 + 4
y = Cakt,' ™’
nep1 = (1 — o)ng +my

(1-a)

my = xvi* (egu)

B A # (1— lt>(1—77) & (1— e)(l—n)
wtlt—p<F2lt+CLUt> (1-p) <)\t T N 1—7

Inai1 = pyIna; + (1 —p,) Ina + 4
Inoi1 =p,Ino+ (1 —p,)InT + €7
Indi 11 = pglnds + (1 — py) Ind + Efﬂ

Iy, 01 =p Iy, + (1 —p,) N7, + ey

2.A.6 Log-linearized model

The deterministic equations are

0=y(t) —n(t) =) +d(t) —c(t) + nf(t)
0 =cc(t) +7i(t) + koo (t) — Yy(t)
0 = 7,1, 7R | =, () 4 (1) | — (1 8T (h(t) — 7, (8)) — (1)

Yy = C(ktgt)_w (ntlt)(l_e)
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(1= P)or S (elt) = d(t) + (1 =) (8) = (1 = P)en 5 T (elt) — (1)
and the expectational equations:

0

o p| e e®) et D)t + 1)~ d(t+ 1) ]vzv;wJOW(t)

—(1 =87, yp(t+1) + 02 (y(t +1) — k(t — 1))

0_ & D (c(t) —e(t+ 1) +dt+1) —d(t+ 1)) + (1 =)L (y(t + 1) —n(t+1)) lav
0l (w(t + 1) + 1t + 1) + ZL(1 = 7) ((t+ 1) — m(t + 1)) — LFo(t+ 1)

2.B Appendix: Macro-data

The macro-data used in this study is real aggregate data of the United States for the period
1964:Q1-2005:Q4. The source is the Federal Reserve Economic Data (FRED) from the Federal

Reserve Bank of Saint Louis.

e Consumption: (real consumption of non durables + real consumption of services + govern-

ment expenditures)/(population +16)

e Investment = (real consumption of durable goods+ real fixed private investment)/(population

+16)
e output = consumption + investment + vacancies*cost per vacancy

e vacancies = help wanted advertising in newspapers / (population+16)



2.C. IMPULSE-RESPONSE FUNCTIONS

e employment = (civilian employment +16) / (population+16)

unemployment = 1 - employment

tightness = vacancies/unemployment

total hours = employment*average weekly hours / (population+16)

labor productivity = output / total hours

2.C Impulse-response functions

Impulse responses to neutral technology shocks
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Impulse responses to shocks to job separations
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2.C. IMPULSE-RESPONSE FUNCTIONS

Impulse responses to investment-specific technology shocks
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2.D Variance decomposition

TABLE 3: VARIANCE DECOMPOSITION ANALYSIS

Percentage due Percentage due Percentage due Percentage due
Quarters ahead to technology to job destruction to preference to Invst-spcf.
(A) Output
1 94.7719 0.0062 0.7634 4.4514
(0.0031) (0.0001) (0.0031) (0.0001)
4 81.5334 0.1048 1.5592 16.8012
(0.0032) (0.0001) (0.0031) (0.0002)
8 72.6304 0.1601 1.5618 25.6466
(0.0031) (0.0002) (0.0028) (0.0002)
20 61.5615 0.1704 1.2211 37.0465
(0.0027) (0.0003) (0.0024) (0.0004)
00 57.5115 0.1641 1.0989 41.2251
(0.0027) (0.0003) (0.0022) (0.0005)
(B) Consumption
1 8.2348 0.0754 37.8825 53.7989
(0.0251) (0.0001) (0.0258) (0.0009)
4 22.6212 0.1605 45.1705 32.0441
(0.0337) (0.0001) (0.0340) (0.0003)
8 23.4532 0.1522 22.3989 53.9943
(0.0340) (0.0001) (0.0344) (0.0006)
20 14.5434 0.0912 5.4398 79.9253
(0.0244) (0.0002) (0.0244) (0.0018)
00 12.2991 0.0769 3.4240 83.8704
(0.0205) (0.0002) (0.0200) (0.0024)
(C) Investment
1 48.8137 0.0032 12.3811 38.8014
(0.0078) (0.0001) (0.0076) (0.0006)
4 58.5699 0.1496 6.5485 34.7319
(0.0051) (0.0001) (0.0049) (0.0004)
8 65.4239 0.2642 5.3245 28.9873
(0.0044) (0.0003) (0.0041) (0.0003)
20 59.2955 0.2707 4.3548 36.0789
(0.0042) (0.0003) (0.0039) (0.0003)
00 48.3641 0.2210 3.5449 47.8698
(0.0042) (0.0003) (0.0038) (0.0005)
(D) Total Hours
1 2.8348 0.0010 1.3383 1.8957
(0.0222) (0.0001) (0.0221) (0.0007)
4 8.9659 0.0604 2.7896 2.3073
(0.0224) (0.0008) (0.0223) (0.0003)
8 22.0435 0.1319 3.4541 5.5941
(0.0241) (0.0013) (0.0240) (0.0002)
20 52.6153 0.1508 3.6112 15.4644
(0.0266) (0.0015) (0.0267) (0.0005)
o0 64.2666 0.1325 3.2774 26.5599

(0.0266) (0.0014) (0.0267) (0.0008)
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TABLE 3: VARIANCE DECOMPOSITION ANALYSIS (Con’t.)

Percentage due Percentage due Percentage due Percentage due
Quarters ahead to technology to job destruction to preference to Invst-spcf.
(E) Tightness
1 47.4503 18.2118 2.9180 18.2564
(0.0121) (0.0120) (0.0003) (0.0000)
4 50.4378 24.0603 6.2366 12.2850
(0.0122) (0.0121) (0.0003) (0.0000)
8 39.1042 22.7985 7.2138 25.9582
(0.0124) (0.0121) (0.0006) (0.0000)
20 18.8518 13.0137 4.5369 43.3472
(0.0125) (0.0123) (0.0008) (0.0000)
00 14.9616 9.9506 3.4933 61.2816

(0.0126) (0.0123) (0.0008) (0.0000)
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58 CHAPTER 3. A RBC MODEL WITH UNEMPLOYED LOSS OF SKILLS
3.1 Introduction

In this chapter, we propose a real business cycle model with matching in the labor market and
two types of workers, high-skilled and low-skilled, in which high-skilled workers might suffer from

a decapitalization of their human capital while unemployed.

Related to the determinants of the persistence in unemployment, Pissarides (1992) proposes
an overlapping generation model to show that when unemployed workers lose some of their skills,
the effects of a negative temporary shock to employment can persist for a long time. The key
mechanism that drives the result is a variant of the "thin market externality" that reduces the
demand of jobs when duration of unemployment increases. A similar underlying idea we find in
Blanchard and Diamond (1994) who study the relationship between "ranking" -or the preference
of employers for short-term unemployed workers- wages and unemployment. The hypothesis of
loss of skills during unemployment has also been used in the literature to explain the differences
between unemployment rates in Europe and US. Ljungqvist and Sargent (1998) is the first paper

that introduces this "turbulence" shock in the literature.

We propose a model that emcompasses the Pissarides and Ljungqvist-Sargent models of skill
loss. Given that none of the papers above study the cyclical behavior of unemployment and
other macro-variables, it seems sensible, once we have understood which are the key problems of
labor markets nowadays (i.e. the steadily increase of unemployment since the late 70s and the
large fraction of long-term unemployed), to try to embed them into a standard real business cycle

model so as to construct a suitable framework for policy making.

Our starting point would be the seminal papers that introduce frictional labor markets into
a RBC framework (Merz (1995) and Andolfatto (1996)). These two papers outperform previous
studies in terms of explaining the performance of the macroeconomic variables along the business
cycle. However, as Hall (2005) and Shimer (2005) pointed out, there is still room for improvement,
mainly in terms of volatility and persistence of vacancies and unemployment, and therefore of the
labor market tightness. Shimer suggests that this deficiency could be overcome by introducing
sticky wages. We will analyze, as well, how the assumption introduced in this model, i.e., the loss
of skills, can contribute or not to better understand the propagation mechanism of unemployment,

and consecutively, of labor market tightness.

We estimate via maximum likelihood the structural parameters of the model using key macro-



3.2. THE MODEL 99

economic time series for the US economy. We find sensible values for the structural parameters
of the model and an improvement in the performance of the model in terms of volatilities of the
main variables of the model with respect to a more standard specification in which unemployed
workers do not suffer from this loss of skills. On the contrary, although not surprisingly, unem-
ployment shows larger persistence in the model than in the data. Finally, our model allows us
to test whether there is empirical evidence in favor of an increase in "turbulence" as proposed
by Ljunqvist and Sargent. We do not find strong evidence in favor of an increase in turbulence

shock for the US.

The structure of the paper is the following: in Section 2, we present the theoretical model.
Section 3 estimates the structural parameters of the model . Section 4 evaluates the model by
analyzing the second-order moments both in the model and in the data. Section 5 analyzes the
stability of the parameters of the model and relates the result with the literature that explains

the rise of unemployment in the European labor markets. Finally, Section 6 concludes.

3.2 The model

The economy is populated by a continuum of infinitely lived agents with measure one. Workers are
assumed to be either high-skilled, h, or low-skilled, [. High skilled workers who have just lost their
jobs retain their skill for a certain period of time. The loss of skill occurs over time and is modelled
as a random process following a Poisson distribution with parameter . i.e. with probability -y
a high-skilled unemployed worker is going to suffer a depreciation of his human capital and be
transformed into a low-skilled unemployed. On the other hand, there is a probability n that a

low skilled employed worker upgrades his human capital and become a high-skilled worker.

Both types of workers can exogenously lose their jobs with probabilities o for the high
skilled and o; for the low-skilled. The probabilities of leaving unemployment or equivalently, the

probabilities of finding a job are ¢, for the high-skilled and ¢; for the low-skilled.

Unemployed workers receive an unemployment insurance when losing their jobs which is a
fraction, ¢ of the wage they had while working. In this way we have three types of unem-
ployed workers: Up, which represent the pool of unemployed workers with high skills and high
unemployment benefit, Uy, which represent the pool of unemployed workers who have suffered

a depreciation of their human capital but still receive high unemployment benefits and Uy, that
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represents the pool of unemployed workers with low skills and low unemployment benefits.

When looking for a job, we pool the low-skilled searchers with low and high unemployment
benefits, and create a group U; = U; + Uy, so that firms opening vacancies for workers with

low-skills face the supply Uj.

Therefore, our model can be summarized through the flows represented in the next figure,

where Ej, and FEj represent the pool of employed workers with high and low skills, respectively.

P
\Ep)—— k?mf
Iy
! f’if{}

Figure 1: Flows of workers

Firms and Technology - The production sector is made up of a large number of identical
competitive firms. The production technology is represented by a constant returns to scale Cobb-
Douglas production function. Therefore, there exists a representative firm which uses capital, K,

and labor, T, to produce the aggregate good, Y;, according to the following technology
Y= €A K (0T)

where ¢ > 1 measures the gross rate of labor-augmenting technological progress. The fact that
we have a deterministic growth rate, would make necessary to detrend the variables in such a
way that in equilibrium the economy would converge to a steady state in which the detrended
variables of the model would remain constant. We define the detrended variables, which will
be represented in small letters, as: y;= Yt/ﬁt, k= Kt//ét, ti= T4, ar= Ay, ujr=Ujy, njs= Njy,
hji=H,,, wj= Etwj7t/ﬂt, v, = Vit aj= Etaj,t/ét, mji= M, ,, ij1= ijt/ﬂt. In what follows we

will work with the stationary model. This means that the production function above can be

stated as:

Y= fatkf(tt)l_e
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The TFP shock a; follows a first order autorregresive process

In (a,) = pln (a, ) + (1~ p)In (@) + <

where @ > 0 represents the steady state value, and —1 < p < 1. The serially uncorrelated
innovation e¢ is assumed to be normally and independently distributed over time with mean 0

and variance o..

The firm hires capital, k;, and labor, t; and opens vacancies for high and low-skilled workers,

vy, and vy, to maximize the expected present value of cash flows,

o0
Z AV [F(ag, ko te) — whannihng — wigngihey — rike — a(vs + )]
=0

subject to the laws of motion of employment (1) and (2) specified below. a denotes de cost of

opening a vacant vj, with j = h,l and A’ is the discount factor for the firm, with A* = B gf((j), ),

The amount of labor included in the production function is defined in efficiency units as follows

ty = npthne + 7m0 4hy

where n;; denotes the number of workers of type j in period ¢t and h;; denotes the number of

hours worked by each type of worker. 7 < 1.

Since the labor market is frictional, the laws of motion for the two types of workers (high and

low skill) are defined as:

Nhie1 = N1 — 0s) + qn e +nnug (3.1)

1 =1 —07) + qevie — nngg (3.2)

where ¢;; represents the perceived probability that a vacancy of type j gets matched with an
unemployed worker of the same type. 7nn;; represents the fraction of low-skilled unemployed
workers that suffer an upgrade of skills every period. Thus, upgrading follows a Poisson process

with 7 rate which is independent of other processes in the model.

The labor market - The labor market is modellized as a frictional market in which firms
and workers engage in employment relationships. The total number of matches per unit of time

is represented by the following technology
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mje =m(vjt , wjt)

where u;; represents the total number of type j searchers and v;; the total number of vacancies
of type j. This matching function is increasing in both arguments, concave and homogeneous of

degree one.

The job vacancies and the unemployed workers that are matched at any point in time ¢, are

randomly selected from the sets v and u. Therefore, the process that changes the state of vacant

jobs to filled vacant is a Poisson with rate qj,t:Tj’;. Similarly, unemployed workers move into

employment with probability ¢j,t:%ff-
The empirical literature has further found that a log-linear Cobb-Douglas approximation of
the matching function fits the data well'. So, in our model, the total number of matches at time

t is given by a Cobb-Douglas matching function in the total number of searchers and vacancies

of type j.

o aj 1—Oéj
Myt = XV 3¢

where x; is called the "efficiency parameter" of the matching function. Under the Cobb-Douglas
specification above, the probability of finding a job, ¢; increases with the tightness ratio (3) with

elasticity 1 — o < 1.

Households and Preferences - The economy is populated by identical, infinitely-lived
households. In each household there are high and low skilled workers. The measure of type j
workers is denoted by e;, for 7 = h,l and the total measure of workers is normalize to one. We
assume a complete set of insurance markets such that the worker’s saving choices do not depend
on its state on the labor market. Thus there is a representative household that solves the following

problem:

Maz E{iﬁt(](q,ht)} (3.3)

t=0

where ¢; denotes consumption and h; denotes time spent at the work place. The specification of

the utility function adopted in our model is the following:

!see Pissarides (1990), ch.1 and Petrongolo and Pissarides (2001) for a survey.
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Ulcy, by) =log (¢;) + ny, T4 +ng 1T Hup 1Ty g T

. _h: \1-n* ) _ —n¥
where T}/ = d)lj% and ['})7 = ¢2j%. This function, is the one used in Andolfatto
(1996). Although is not the standard specification in RBC models, it would allow us to analyze
straightforward the implications of introducing the assumption of loss of skills during unemploy-

ment with respect to this "reference model"

The household has to decide how to split current income between consumption and investment.
Its income is made up of capital income, unemployment benefits and the wage bill net of the
lump sum, ¥y, they have to pay to the government to finance the unemployment insurances, b; ;.

Therefore, the household’s budget constraint in period ¢ is

citig Wy < wpgnp thig+wieng ghy g +up tbp g 0 ik +py

and investment is defined as follows:

iv= lhys1—(1 — O)k,

The dynamics of unemployment of the high skilled and the low skilled workers are given as:

Up 41 = Uht — Mpt + OpNpt — VULt

U1 = Ul — My + Oyt + Yupt

where u;; denotes the measure of type j searchers, o; is the exogenous rate of job destruc-
tion and ¢; is the perceived probability that an unemployed worker be matched in period f.
yup+ represents the fraction of workers that suffer from a loss of skill while unemployed. As we
said, this process follows a Poisson distribution with parameter ~. Since we have normalized the
measure of the population to one, this means that every period a fraction « of the high skilled

workers suffers a "decapitalization" of their human capital while becoming long term unemployed.

Optimal contract - Following the standard literature on frictional unemployment, we assume
that wages are the solution to a Nash-bargaining problem. Hence, if we denote as p; the worker’s

bargaining power, the optimal contract is given by
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wj,thj,t=argmax{W” J(l_p)}, for j = h,l

ngtInjt

where Wi, + and Jy,, + represent the income value of employment of type j to the household and
the firm respectively. p; will be treated as a constant parameter moving strictly between 0 and

1.
The income value of high-skilled employment to the household in units of the consumption

good is given by:

(D" —T") + XNpwp gnn thn e — A ¢bp i+
+BEy [th (Qz{il)] (1—=¢, —on—7)+v8E [Wnl(Qﬁl)]

and is made up of three components: (i) the household gain in terms of wages because an addi-

th (Qf) =

tional high-skilled agent starts working (77) the utility losses in terms of leisure that this new job
generates and (i17) the expected present value of this job in the future. This expected present
value is formed by the continuation value of the job, that is the net probability of keeping a
high-skilled employment, minus the probability v that the high-skilled worker suffer from a de-

preciation of his human capital and become a low-skilled worker

The minimum wage the worker is going to accept comes from th(Qf{ ) = 0. Notice that the
high skilled worker takes into account the possibility of becoming long term unemployed and with
probability ~ losing some of his skills, therefore he is willing to accept a lower wage than in the

standard case in which v = 0.

Similarly, the firm’s marginal benefit from employment is made up of the job’s yields, i.e., the
contribution to output of this marginal worker minus the returns to his work, plus the expected

present value of this job in the future.

A
Jnh(Qf> = Fnh,t_wh,thh,t+5Et [%Jns(gfﬂ)] (1- Uh)

For low-skilled workers, the household’s marginal value of low skilled employment is given by the
equation below, which includes the net gain in utility for an additional low skilled worker plus

the expected present value of this job in the future.

Wnl (Q{{) = (F"—P“) + )\twl,thl,t_)\tul,tbl,t+6Et [Wnl(Qﬁlﬂ (1 - ¢l,t_01>
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The firms’ marginal value of low skilled employment equals the job’s yields plus the expected

present value of this position in the future.

A
an(Qf) = Fug—wiihi+PE, [%Jnl(gﬁuﬁ} (1-o0)

A
1 {22 [1(0f10) = Tu(F10)]

notice that this expected present value includes the probability n of transforming the low quality
match into a high quality one. Jyp, (Qf ) = 0, gives the maximum compensation that the employer

is willing to pay?.

From the first order condition of this maximization problem, we get the optimal contract for
each type of worker in this economy is given by the reservation wage and a fraction p of the net
surplus they create by accepting the job offer. Net surplus means the product value net of what
workers give up in terms of leisure and reservation wage. These optimal contracts can expressed

as follows:

Uht ap  q
Whithnt = prFpnitpran—=+ppy <— - —> +(1—pp,)by, 4
Ut Gnt  qut ’

1— 1—
(L= p)ey (¢1,h—(1 e Ll ’”)
The reservation wage of a high-skilled worker is given by the unemployment insurance plus the
leisure in terms of utility enjoyed by the potential worker. The net surplus is given by the
contribution of the worker to the output, which is his marginal productivity plus the savings in
terms of posting vacancies cost and the opportunity cost for the firm of not hiring the high skilled
worker given that with probability v he can suffer a depreciation of skills net of what the worker

gives up which is his reservation wage.

Similarly, the optimal contract for the low-skilled worker is given by the following equation:

U] a a
withye = panl,t+pzal—’t+pm <—h - —l) +(1 —p)by
U ¢ Gnt  dit ’
(1 — hy)d=m) (1 —e)=mm)
*(1 —p )C gb —_—l - - —
R (1—m) 2 (1—mnp)

2Note that if the firm offers this maximum compensation to the worker, it would generate negative profits in

the steady state, because it does not take into account the fact that posting vacancies is a costly activity.



66 CHAPTER 3. A RBC MODEL WITH UNEMPLOYED LOSS OF SKILLS

The only difference with respect to the optimal contract for the other type of workers is that now,
the firm takes into account that when it hires a low-skilled worker he can become high-skilled

type with probability n.

To disentangle wages and hours worked we need two additional equations. We can compute
the optimal number of hours for each type of worker differentiating the total surplus of each type
1

of match S; =+

- W, t+Jn; t with respect to the hours %}%, so that the optimal number of hours

worked for each type of worker can be represented as:

i _ (—773')_ _ %
d)l )\t(l hj,t) - (]‘ 0) lt

with j = h, L.

Definition of the recursive equilibrium - We can define the equilibrium of this economy
as a set of infinite sequences for the rental price of capital {r,}, wage rates {wj, ;,w;,}, employ-
ment and unemployment levels {ny, ;,n;, up 4, u4}, capital {k,;}, consumption {c,}, vacancies
{vhﬂt, v;+}, hazard rates for workers {¢h7t, ¢4} and vacancies {qs’t, .4}, such that,

(¢) Taking the rental prices and matching rates as given, {k:}, {np+,n} and {vps, v}
maximize the firms’ profits

(19) Wages are the solution to the Nash bargaining problem

(i13) Taking wages, the rental price of capital and hazard rates, {c,} and {k,} solves the
household optimization problem

(1v) Hazard rates are given by the matching function

(v) The government constraint holds

3.3 Estimation of the model

The model presented above has a large number of parameters. This rises the problem of assigning
values to all of them. Standard calibration does not seem the best technique when models are
richly parameterized given that neither the focus on a limited set of moments of the model nor
the transfer of microeconomics estimates from one model to another will provide the discipline
to quantify the behavior of the model; so we have to rely in alternative methods that allow us
to properly estimate the parameters of the model. We will estimate the parameters of our model

via Maximum Likelihood.
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Maximum Likelihood provides a systematic procedure to give values to all the parameters
of interest. This means that we have to evaluate the likelihood function of our DSGE model.
Except in a few cases, there is no analytical or numerical procedure to directly do it. But we can
transform the theoretical model into a state-space econometric model and under the assumptions
that the shocks to the economy are normally distributed and that the policy functions of the
model are linearly approximated, we can look for a numerical approximation of the likelihood

function with the help of the Kalman filter. In what follows we explain this in more detail.

State-space representation of the model - Appendix A describes the competitive solution
to the model above, so that when e = 0, the economy converges to a steady state in which
each of the detrended variables remain constant. This steady state, depends on the structural
parameters of the model describing tastes, technologies and matching. Appendix B contains the
log-linearizations around the steady state from which we will implement the method proposed by
Uhlig (1997) that when applied to a linear system yields the approximate solution or policy rules

of the form:

1= Axi_1+Begy

y= Cmy
where x; and y; represent vectors of logarithmic deviations of the states and the control variables
from their steady-state levels. The elements of the matrices A, B and C depend on some of the

model structural parameters.

The solution above considers that there is only one shock, the technology shock, driving the
business cycle. This makes the model stochastically singular, i.e., the model predicts that certain
combinations of the endogenous variables will hold with equality, and if in the data these exact
relationships do not hold, maximum likelihood estimation will not be a valid method for the

estimation.

Therefore, we should do any transformation in the model that allow us to overcome this
problem. As Ireland (2004) explains, there are two common approaches to face the stochastic
singularity problem. The first one consists in increasing the number of shocks in the model until
we have the same number of shocks as number of time series used in the estimation; whereas
the second approach first proposed by Altug (1989), which is the one we use here, consists

in augmenting last equation of the system above with an error term or measurement error,
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me;. These errors represent the movements in the data that the theory does not explain (those
movements that are not generated by the TFP shock, in our case) and are uncorrelated across

variables. Then we have a system of the form:

s;= F'sy_1+Vey

fi= Gsg+mey
where f; denotes a vector of variables observed at date t, and s; is the state vector, ' and G are
again matrices of parameters. The first equation of the system is known as the state equation

and the second is known as the observation equation. Vectors ¢; and me; are white noise vectors

with Ee,e;] = Q and E[me,me;] = R. Also E[e,me;] =0

Thus, once we have included this measurement errors, our theoretical DSGE model takes the
form of a state-space econometric model whose parameters can now be estimated via maximum

likelihood.

Kalman filter and approximation of the likelihood function - The empirical model
written as a state-space econometric model, allows for the evaluation of the likelihood function

using the Kalman filter algorithm explained in detail in Hamilton (1994, Chapter 13).

The ultimate objective is to estimate the values of the unknown parameters in the system
on the basis of these observations f1, fo, ..., f7. The Kalman filter works as a recursive estimator
that takes initial values for the state-vector §t|t_1 and its associate mean squared error Py;_1, to
calculate linear least square forecast of the state-vector for subsequent periods t=2,3,...T. This
forecasts are of the form. §t‘t,1:E (541 f4], where E (5,41 f;] is the linear projection of s;y1 on

ft and a constant. The Kalman filter has two main phases: prediction and update.

In the prediction phase, using the law of iterated projections, it plugs the forecast s;;_; into

the observable equation to yield a forecasting of f;

ft\t—lz G5t|t—1

the error of this forecast is defined as w;= ft—JE: = Gst—l—met—th‘t,l—met with MSE

B((f,~Fa)(f,~Fae)] = FPy,_ F'+R.
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In the second phase, the inference about the current value of s; is updated on the basis of
the observation of f; to produce §t|t.. Introducing it into the state equation produces a forecast

of St+1t

Sy1e = Fsye +0

evaluating sy, by using the formula of updating a linear projection, and substituting it above, we

get the best forecast of s;11 based on a constant and a linear function of the observable vector f;

Spe = Fsyp—1 + Kie(ft — fep—1)

where K; is the optimal Kalman gain matrix, which depends on the matrices F, G, R and the
stationary variance ;. Those matrices are not function of the data but entirely determined by
the population parameters of the process. 5,1 denotes the best forecast of s¢y1 based on a

constant and a linear function of the observables f; if and only if K; is the optimal gain matrix.

The application of the Kalman filter let us calculate the log-likelihood function of the hybrid

model as

(L) = — L1y (27) L iln T Nel i iw' (G=@) " w
2 2 t=1 t 2 t=1 ' t t

Using a numerical search algorithm one can find the set of parameters contained in the matrices
F, G, Q and R that maximize the likelihood function. Usually, maximum likelihood estimations
of this type are criticized because it is very difficult to be sure whether we are in the global
maximum or on the contrary we are just in a local one, given that the likelihood function displays
a quite sinuous pattern. To avoid this criticism with our estimations we borrow from physics
another algorithm called "simulated annealing”. This is a generic probabilistic meta-algorithm
for the global optimization problem, i.e. it looks for a good approximation to the global optimum
of a function in a large search space. Each step of the simulated annealing algorithm replaces the
current solution by a random "nearby" solution. The allowance for these movements saves the

method from becoming stuck at a local minimum.

In principle, this numerical algorithm is allowed to select values of the parameters that lie

anywhere between the positive and the negative infinity. But to ensure that our parameters
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satisfy the theoretical restrictions listed in section 2, additional constraints have been imposed?®.

The data - Data is taken from the Federal Reserve Bank of St. Louis’ FRED database. Data
for gross domestic income and wages is taken from the Bureau of Economic Analysis. In Appendix
C, we present detailed information about each series. Monthly data has been transformed into

quarterly data using averages. The period selected goes from 1964-1 to 2005-4.

When the model takes the form of a state-space representation, it can be estimated via
maximum likelihood once analogs to the model’s variables are found in the data. Therefore, C; is
defined as real personal consumption on non durables and services plus government expenditure.
Investment, I; is defined as the sum of consumption on durable goods plus investment. Vacancies,
V; are proxied by a widely used index which reflects the number of "help-wanted" advertisement
registered in US newspapers. N; comes directly from the number of civilian employment, and thus
unemployment can be computed as 1 — N;. Unemployment duration, D, ,also comes directly from

the median duration of unemployment series.

All the variables have been divided by the civilian population aged 16 or over, so as to have
them in per capita terms. On top of that we have taken logarithms of all the variables and

calculated the growth rates when necessary. Series have not been filtered in any other way.

Finally, to make them comparable with the vectors of logarithmic deviations of the variables

from their steady-state levels, we have to use the definitions:

¢t = log(c) — log(?)
iy = log(iy) — log(i)
Pry = log(Pr) — log(Pr) — tlog(7)
t; = log(t;) — log(?)
0, = log(6;) — log(9)
d; = log(d;) — log(d)
for allt = 1....T. Remember that to solve the problem we have normalized o/utﬂlt to 1. Therefore,

—_—
. . ~ c ~ 7 .. .
consumption and investment here are defined as ¢ = (%) and i; = (%) Productivity is

3In particular, some of our parameters are constrained to be positive, so we constraint the algorithm to work
with absolute values. Many of our parameters are probabilities that should lie between zero and one, so we again

constraint the algorithm to work with the logistic transformation of the parameter.
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growing at rate ¢ in steady state. Once those transformations are made, the vector of observable

is given by:

f=la @ & P4 6 aw

Parameter estimates - Usually algorithms for computing maximum likelihood estimates
have the drawback that they do not produce standard errors. This means that we should look
for numerical approximations of the derivatives of the likelihood function so as to compute the

information matrix and then the standard errors.

Fortunately, we know that if certain regularity conditions hold?, the maximum likelihood
estimates are consistent and asymptotically normal. Under these circumstances, the information
matrix for a sample of size T can be calculated from the second derivatives of the maximized

log-likelihood function as

T
1 9% log L(y1, )
Ir=—7% {Z 00 00’ (3-4)

t=1

Standard errors are then the square roots of the diagonal elements of %(IT)*I. This matrix
has elements of very different magnitudes and therefore, the reported standard errors should be

interpreted with caution.

Results of the estimation - In the next table we report the maximum likelihood estimations
for the parameters and their standard errors. The values of the parameters estimated constitute

all of them sensible results.

It is quite common to obtain low estimates for the discount factor 8, showing the preference
of the household for consumption today. What we have done is to estimate the parameters of the

model keeping 3 fixed and equal to 0.99.

The first thing worth noting is the slow upgrade of skills. This result is in line with the

assumption made by the turbulence hypothesis presented in Ljungqvist and Sargent’s series of

*These conditions include that the model must be identified, the eigenvalues of A are inside the unit circle, the
true values of the estimations do not fall on a boundary of the allowable parameter space and that variables x:

behave asymptotically like a full-rank linearly indeterministic covariance-stationary process
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papers and has been widely challenged by Den Haan, Ramey and Watson (2001 and 2005) in
different papers because what they think is a too low value for upgrading of skills. What we see

is that the data does not give support to this criticism and supports the value proposed by LS.

Data does not fulfill the efficiency condition or Hosios condition which states that the bargain-
ing power or the workers p; should equal the parameter (1 — ;) of the matching function so as
to have efficient results. As we can see from our estimations, there is no evidence in favor of this
condition neither in support of Hagedorn and Manovskii’s proposal. Another important difference
with respect to the values proposed by Andolfatto (1996) are those related to the job separation
rates, o;, which adopt values around 0.08 instead of the 0.15. Nevertheless, the 0.15 proposed by
Andolfatto (1996) is somehow higher to what is common in the literature that corresponds to a

value of 0.05.

Table 2: Estimated parameters and standard deviations

Parameter Value Explanation Std. error
ap, 0.8001 elasticity vacancies type h 0.0010
o 0.8012 elasticity vacancies type 1 0.0021
n 0.0186 upgrade of skills 0.0040
) 0.9492 technology persistence 0.0119
€ 0.0098  volatility 0.0001
Dh 0.1067 bargaining power workers 0.0009
[ 0.3552 bargaining power workers 0.0007
¥ 1.0057  deterministic growth rate 0.0001
0 0.583 elasticity of capital 0.0027
1) 0.033  depreciation of capital 0.0059
T 0.901 efficiency units of low product workers ~ 0.0124
o 0.0781 exog. destruc rate for h 0.0027
oy 0.0897 exog. destruc rate for 1 0.0020
n" 3.3341 parameter utility function 0.0009

The persistence of the technology shock adopts a sensible value, close to the standard value
of 0.95. A bit higher is the volatility €* which usually adopts a value of 0.007 but here that is
almost 0.01.
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Finally and in spite of the fact that standard errors have had to be approximated numerically,

the take very small values making significant all the values of our estimation.

The deterministic growth rate of the economy takes a value close to one. This means that
we could have worked with a stationary model. The least satisfactory results are those values
driving the investment and capital accumulation of the economy. We obtain a value of 8 close to
0.6 whereas the standard value in the literature is close to 0.4. Also the depreciation of capital,
0, takes a higher value than what is standard. This has led us to estimate a second version of
the model, in which we have constrained the values of those parameters to take these standard
values. The performance of variables such as consumption and investment improves with this

new specification as we will see afterwards.

The remainder parameters of the model can be obtained through the estimations above and
the steady state values of the variables. Table 3 describes those parameter, which again seem to

be quite reasonable

Table 3: Parameters that can be obtained through the estimations

Parameter Value Explanation

ol 0.0265  prob. of downgrade of skills

X" 0.8499 efficiency paramet. matching function
Xl 0.8526 efficiency paramet matching function
£ 0.5585 parameter production function
a 0.1856  cost of posting a vacancy

1, 1.4260 parameter in the utility function

¢1, 0.7130 parameter in the utility function

ban 2.9669 parameter in the utility function

Do 0.8157 parameter in the utility function

The important parameter above is mainly the probability for high-skilled workers from suf-
fering from a depreciation of skills, which takes a value of 0.0265, very close to the Ljunqvist and

Sargent’s value. The remainder parameters take sensible values.
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3.4 Dynamic implications

This section is divided in two parts. In the first one we present the quantitative properties of our
model whereas in the second we analyze the contribution of our model to the literature that tries

to explain the rise in European unemployment and its persistence over time.

3.4.1 Evaluation of the model

Table 4 presents the volatilities of the main variables of the model and compares them with the
values for the US economy and the Andolfatto (1996) model. We have two columns of results:
DSGE(1) and DSGE (2). The first one corresponds to the values of the parameters presented in
Table 2 above whereas DSGE(2) represents the more constrained model in which we have fixed

the values of (3,6 and ¢ fixed.

What we can see from these values is that the volatility of total hours worked, employment,
hours per worker and tightness increase substantially with respect to the Andolfatto model. Our
model increases also the volatility of both unemployment and vacancies with respect to the search
economy or the Andolfatto results. We can see this as a success given the large literature dealing

with it nowadays.

The model has some difficulty in explaining the volatility of the variable hours per worker,
which results substantially larger in the model than in the data. Accordingly, the volatilities of
the wage bill and the labor share of output also result more volatile than in the data. This result
depends up to some extent on the parameter n“ of the utility function and the replacement ratio
used to compute the unemployment benefit. Probably, a more standard specification of the utility
function could yield more satisfactory results concerning the performance of this variable or even

allowing for this parameter to take larger values can partially solve the problem.

The DSGE(2) yields overall better results in terms of volatilities than DSGE(1). We do not
see any inconvenient in dealing with this model instead with the less restricted one. The perfor-
mance of investment, consumption and tightness improves significantly when allowing for those

constraints while the remaining values are pretty similar to those obtained under the DSGE(1).
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Table 4: Volatilities

Variable US Economy ~ RBC Search ~ DSGE (1)  DSGE (2)
Consumption 0.56 0.32 0.27 0.32
Investment 3.14 2.98 2.08 3.12
Total hours 0.93 0.59 0.80 0.75
Employment 0.67 0.51 0.72 0.70
Hours\ Worker 0.34 0.22 1.06 1.07
Tightness 9.12 3.30 4.61 6.78
Wage bill 0.97 0.94 1.86 1.89
Productivity 0.64 0.46 0.27 0.32
Real Wage 0.44 0.39 0.26 0.27

One of the major interests of the theoretical model presented in this paper is that if satis-
factory, it can be used to analyze European labor markets. One common characteristic of those
markets is the existence of long-term unemployment or, in other words, high persistence of un-
employment. The standard RBC model with frictional labor markets, although satisfactory in
replicating the persistence of US unemployment, have major problems when replicating the persis-
tence of European labor markets (see Esteban-Pretel, 2004). When we introduce the assumption
of loss of skills in combination with unemployment benefits, the persistence of unemployment
increases substantially. For example, under the Andolfatto model, 86% of the unemployed work-
ers that lose their jobs remain unemployed one quarter apart whereas only 18% of them remain
unemployed within a year. Under our specification almost half of them remain unemployed
within a year, which constitutes almost 70% of the unemployed workers who have suffered from

a depreciation of skills.
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Table 5: Persistence of unemployment

Variable () z(t) x(t+1) =z(t+2) z(t+3) =z(t+4)

Search Economy
Total unemployment 1 0.86 0.63 0.39 0.18

Turbulent workers — —

DSGE (1)
Total unemployment 1 0.93 0.80 0.63 0.45
Turbulent workers 1 0.98 0.91 0.80 0.67
DSGE (2)
Total unemployment 1 0.94 0.80 0.63 0.45
Turbulent workers 1 0.98 0.91 0.80 0.67

3.4.2 Implications for the labor market performance

Nowadays we rely on at least three possible potential explanations for the high European
unemployment: the combination of aggregate macro shocks and labor market institutions, the
combination of micro-shocks and labor market institutions and the impact of the evolution of
labor taxation on labor supply. But to disentangle the exact effect of labor market institutions

on unemployment is still an issue we need to resolve®.

The turbulence hypothesis is at the core of the second explanation. In particular, it relies
on the combination of microeconomic shocks to unemployed workers’ human capital and labor
market institutions to explain the steadily increase in European unemployment from the late
1970s onwards while the American unemployment fluctuate around its I World Ward’s value.
Ljungqvist and Sargent (1998) central assumption is that "the last couple of decades saw an
increased probability of human capital loss at the time of an involuntary job displacement" both

in Europe and US.

Given that the values of the estimated parameters are in line with the values proposed by LS,
we can split the initial sample into two sub-samples and analyze whether the data gives support
to the hypothesis of an increase in turbulence or not. Therefore, we split the sample into two

disjoint sub-samples. The first one covers the period 1964Q1-1980Q1, and the second runs the

®See Appendix D for a brief summary of this literature.
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rest of the sample, i.e. 1980Q2-2005Q1. The breakpoint corresponds to the date around which

we consider the European unemployment started rising®.

Then we re-estimate the parameters and check for their stability. Across the board, the test
rejects the null hypothesis of parameter stability. This result is in line with previous findings
of Ireland (2004) and Altug (1989) and Stock and Watson (1996) who also found evidence of
instability in parameters in RBC and VAR models respectively.

But what is more interesting for our analysis, is that the parameter + that measures the
probability of human capital loss remains constant along the two sub-samples and for both spec-

ifications of the model - with and without constraints on some of the parameters-.

Period Parameter
t1=1964Q1 — 1980Q1 | v,;=0.0265
ta= 1980Q2 — 2005Q4 | v=0.0265

Conclusion Y1= Y2

We see this result very interesting as it contributes to the literature on unemployment in the
following way: according to our model and the estimation of its parameters for the US economy,
we do not observe evidence in favor of an increase in the probability of human capital loss. This
does not mean that we find the LS explanation wrong because, in spite of the fact that we do
not observe an increase in the value of this parameter, the turbulence hypothesis is necessary
to improve the performance of the RBC. It is able to increase the persistent unemployment and
consequently generates long-term unemployment. This is a characteristic that previous RBC

models embedding matching models in the labor market were unable to produce.

Stated in other words, we explain the increase in unemployment in the following terms: We
believe that there is a negative aggregate shock that increases the pool of unemployed workers.
This makes the fraction of turbulent workers increase- not because the probability of losing skills
increases but because the initial pool has become bigger due to an aggregate shock-. At this point
we have an increase in the number of turbulent unemployed workers who have loss their initial
skills but receive unemployment benefits that correspond to the high skilled level. The rest of the
story is the LS one. In a way, our results conciliate the macro and micro explanations proposed

in the literature to explain the increase in unemployment and its persistence over time.

6We have tried different breakpoints running from 1975Q4 to 1982Q4, giving all of them similar results.
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3.5 Conclusion

In this paper we have proposed a DSGE model in which the labor market is explicitly modellized
as a frictional market where firms and workers engage in productive job matches. There are two
types of workers, high-skilled and low-skilled workers. Furthermore, high-skilled workers might

suffer from a depreciation of their human capital while unemployed.

We have estimated the parameters of the model for the US economy via maximum likelihood
and we have seen that the values obtained are in line with those proposed by LS. In particular,
we find very low probability of upgrading skills for the already matched workers and similar value
for the turbulence parameter. We have also analyzed the quantitative properties of our model
and we have studied the stability of the probability of suffering from a depreciation of human

capital.

We find that our model seems to fit the data well, increases the persistence of unemployment
and increases the volatility of tightness. We also find that our model estimated with US data does
not give evidence of an increase in the probability of losing skills around the eighties, contrary
to the central assumption of LS’s explanation. Nevertheless, allowing for this depreciation of
worker’s human capital, generates a very strong persistence of the unemployment for all workers

in the economy and mainly for those who have suffered the loss of skills.

We conclude that according to our model we cannot accept the assumption that a general
increase in turbulence occurred at the end of the 70s both in Europe and US. Instead we find
evidence on the existence of a negative aggregate shock that increased the pool of unemployed
workers. We do not see this as a rejection of subsequent explanation given by LS, i.e. that we
need the combination of the loss of skills assumption and generous unemployment benefits to
produce long-term unemployment and be able to explain the steadily increase in unemployment

over time.

In a way, our conciliate the micro and macro-shock based explanations in the following way:
according to our model, what we find is that is a macro shock that generates the initial in-
crease in the pool of unemployment but that is the micro shock in combination with generous

unemployment benefits what contributes to its persistence.

Nevertheless, further research is needed in this area. It would be desirable to re-estimate it
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for some European countries to have a broader perspective of the problem. Unfortunately, we

will have to wait a few years until this data would be available.
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3.A Appendix: solving for the non-stochastic equilibrium

3.A.1 Households

The household maximizes the following problem

(1=hy )A=7R) (1—e)(d=11)
W(Qf) = max log(ct)*?1%2‘151’)'1(1—’—%1517%) *“h’sz;h) T
! _ _ —
c,k +nl,t¢1,z—&L,l>—+uz,t¢2,l£1—(i,m;>l+ﬁEtW(Q{{+1)

subject to the budget constraint and the law of motion for capital
et +L o= wp np thy g Hwieng by g u gy g by ik 11

kip= (1 — )k, +i;

Ut tbp ¢ +Up.tbb ¢
where w; ;= uz ¢ +up; and bl,t:_r'_“

The first order conditions of the problem and the envelope theorem are presented below:

w.r.t. consumption c—lt: At

w.r.t. capital 441 BE, [Wk(Qg_l)] =M

budget constraint  ci+kip1—(1 — 0)k, = wp i thn cHwiing chy cFup cbp i +ug 1by k11
envelope theorem Wk(Qf) =X\ [(1—=9) 4]

and yield the optimal behavior of the household. Therefore, the optimal decisions for the

households are fully summarized by the following equations:

1= BE {22 ((1-0) + ) }
ci i+ = wp np thi e wi ng ch g -up cbn 4wy 1by 1k 11

kt+1: (1 - 5)kt+2t
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3.A.2 Firms

The Bellman equation that represents the problem of the firm can be stated as follows:

J(Qf) = max

07 (1-0)
max  F(§aky Ly —wpgnn,thne—wi g ghy—rike—apvp—av e+ BE [
kynj, ng,vp,v; At

Q)]

subject to the laws of motion for employment and the AR process defining the technology

Nht+1= N (1 — 0) 4 @ Ve,
Ny t+1= nl,t(l - Ul) + VL= MM ¢

log az1= ploga;+(1 — p) loga+ef,

The first order conditions of the problem are presented below:

(1 — 9)},/_7:: T¢

w.r.t capital Tt

w.r.t vacancies for high-skilled workers

w.r.t vacancies for low-skilled workers

w.r.t high-skilled employment t+1

w.r.t low-skilled employment t+1

an=Ons qnt
a;= O qy
A
Oni= BB, | %2 0, (OF1)]

O1= BE, [ X521, (2f,,)]

law of motion for high-skilled employment np441= nh7t(1 — Uh) + QU ey

law of motion for high-skilled employment 1y ;1= nl,t(l — Ul) + qp VLN

And applying the envelope theorem we have:

for high-skilled employment Jnh(Qf) = Fnh,t*wh,thh,t+@h,t(1 —o0y)

for low-skilled employment

Ju(Qf)=F

n

e 0L (1~ 0) + (0, O1)
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Thus, optimal decisions for the firms are fully summarized by:

(1 — 9)%: T

t

o= BE, {Atfl (Fnh7t+1 — W1 hpern + (1 - Uh)>}

Adh,t t qh,t+1

A
o= BE, {f\_tl (Fm,t+1 —wiprhieen + g5 (1= 00) 1 <—QL - —GL»}

q,t qh,t+1 qi,t+1
N pp1=ht(1 = 0) + qp, O +1m 4

npp1=np(l — o) + qp VL= ¢

3.A.3 Matching

The standard specification of the matching function is the following;:

o a; l1-aj
Myt = XV Wt

and the companion probabilities of matching for workers and vacancies are respectively:

o= Mt o= Myt
¢],t - ujyt and q]vt - vj,t

3.A.4 Optimal contract:

To compute the optimal contract we just have to apply the first order condition of the Nash

bargaining problem, which can be stated as follows

(1*19.)i

J )\tW”j:pJ"]”j

The marginal value of high-skilled and low-skilled employment for the household comes from the

following expressions
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(- €)=
W, (@) o1 h% ®2 h(l ;h + MNewn g P — AUn,ibn
Tp t -
ﬁEt [ nh(QﬁH)] (1 d)h - Uh) +'YB( [ nl(Q{il)] — Ey [th(Q{il)D
ya-—m) _e)A—mp)
W, (@) ¢1 z(lhftim)l - ¢2,h(1(1)_77,h;h + Mwyhy e — Mg by
ny t -

+BEy [ nl(Qz{il)] (1—=¢yp— o)

which together with the income values of employment for the firms, J,,, and J,,, yield the following

contracts:
ap  a (1—hy, )E=70) (1—e)(T=71)
Wh,thh,t=pn Fnn, t+phah—’—+ph7 i s +(1=pp )by, —(L=py)ey | 1,0 a—nn) N Sy gy
ap _ap (1t ) U770 (1—e)171n)
wy,thi t=p; Fni t+plaz—’—+l’z77 The .z +(1=p)b, ;—(1=p))e, | ¢, —np) —Pa =np)

the optimal values for the hours worked of each type of worker are obtained via the mutual surplus

of the match

1
Sj7t:)\—thj,t+Jnj,t
and yield the following results
Sy ¢ - np.thnt
Ft= =613 (1= Iy ) W1 = )3 (1 - 0"t ) — 0

95, _ -
gret= =1 (1= Iy )T+ = 0) 27 (1 _ HTl,i_tu) 0

3.A.5 Government

Up by +up by = Ty
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3.A.6 Non-stochastic general equilibrium

The general equilibrium is defined as a set of functions{c, i, vy, v;, up, u;, ny, 0y, t, k,
Wi, Wi, Ay Ny, My, My, Yy, Ty, by, 1, by 1 5 solution of the following system formed by the optimal
decisions above plus the following equations:

- the resource constraint:

Cttigt+apvp+av = Yy

where

= EAKO ()70

and

te=npthni+mnh g

- the laws of motion for unemployment
Uh,t 417 Ukt +O RNt =Tt — YUy, ¢

UL 1= ULt TOIN =M+ YU ¢

- the unemployment benefits

bp = rrpwp -1

bit= TTIW 1

Given that we also impose that 1 = np; + ni¢ + up + w4 one of the laws of motion above is a

linear combination of the others plus the condition above and we have to take this into account

3.B Log-linearized equations

3.B.1 Deterministic equations

0 = cc(t) +i%i(t) + ayvpop(t) + aufu(t) — y*y(t)
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0= k*k(t) — (1 — §)k*k(t — 1) — i*i(t)
0=njn(t) = (1= oy=m)nyny(t — 1) — mymy(t)
0 =mnina(t) — (1 — o) )nina(t — 1) — mimp(t) — nning(t — 1)
0 = npnp(t) + nyng(t) + upun(t) + uju(t)
0 = wjun(t) — (1 — y)wiun(t — 1) — opnima(t — 1) + mEmp(t)
y(t) —alt) = Ok(t = 1) — (1 - 0)I()) = 0
U(t) = nyhiy [, ()R, ()] 70 by [y (8) Ry (2)]
mn(t) — agun(t) — (1 — oy, )y, (£) = 0
m(t) — ayu(t) — (1 — o)y (t) = 0

0==m0@§ﬁﬂ%®t®M@prﬁ%%@wﬁm+ﬂmﬁmw

a/hvh

v’ — e)(d=m)
(0) = 0 (0) = 2 8 () = (1) + (1= e D

*(f;;,t)(l_n) * 7 %
—(1 = pn)éy e 1= (c(t) + (1 = n) fa(t) — wrhp(wi(t) + ha(t))

c(t)

+PrRY—
my

0 =m0 = O Lrht (o0~ 10+ o)+ L (fe) — e — 1)+ (01— bR ()
1
apv; av¥ — e)=m)
2 (une) = (0) = "B () = mu(0) + (1= ) T el
m; )

my,
(fl*t)(lfm)

—(1 = pn)d,c* (1’ o (e(t) + (1 = n) fi(t)) — wi hj (wi(t) + ()

+pin
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0 = upbj, (up, (8 = 1) 4 0,(8) + uy bf (wy (£ = 1) + b, (2)) = T, X (2)

b(t) — w, (t — 1) =0

bi(t) — wy(t — 1) = 0

3.B.2 Expectational equations

0=E: [o(t) —c(t+1)+A0%% (y(t-+1)—k(t+1) |

S VH (8 —c(t-41))+0n

th** R (y(t+1)—n, (£)+hy (t41))

BM* ap V*
o—g,| P 2 (o () -ma(0)
V*
0 (o 1)+ (4 1)+ (1=07) SR (o (t1) = (6+1))
ave (e(6)—c(t41)) 40, 225 7 hy (y (1) =10y (6) oy (t41)) 41 BV (0 (44-1) =, (£41))
ijl* lNl* 1y 1 l n JW;; h h _alVl*

0=F;

—wrh? (w, (t+1)+hl(t+1))+(170h7n)%ﬁi(vl(t+1)fml(t+1))

3.C Appendix: Macro-data

The macro-data used in this study is real aggregate data of the United States for the period
1964:Q1-2005:Q4. The source is the Federal Reserve Economic Data (FRED) from the Federal

Reserve Bank of Saint Louis.
e vacancies = help wanted advertising in newspapers / (population+16)
e employment = (civilian employment +16) / (population+16)

e unemployment = 1 - employment

tightness = vacancies/unemployment

total hours = employment*average weekly hours / (population+16)
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e labor productivity = output / total hours

e consumption: (real consumption of non durables + real consumption of services + govern-

ment expenditures)/(population +16)

e investment = (real consumption of durable goods+ real fixed private investment)/(population

+16)
e output = consumption + investment + vacancies*cost per vacancy
e duration = median duration of unemployment/ (population+16)

e Normalization of output

— output =1
— consumption = Consumption / output

— investment = Investment / output

3.D Appendix: Explanations to the European unemployment

It is well known in the literature of unemployment that until the second half of the seventies,
the European unemployment was significantly lower than the American unemployment, and that
since the late seventies and during the eighties the tendency changed and the European unem-
ployment started to steadily rise while the American unemployment continue to fluctuate around

its post-World War II value.

The increase in European unemployment was largely caused by a lengthening of the average
duration of unemployment spells. So although many Europeans leave unemployment relatively
quickly, a significant fraction of workers become trapped in long-term unemployment and have

little chance of finding the jobs they want.

The first attempts to explain this increase in unemployment relied on the role played by labor
market institutions such as employment protection legislation, both the duration and generosity
of unemployment insurances (see Martin, 1996) and the role of firing costs (see Bentolila and

Bertola, 1990). The problem with this explanation is that also during the sixties and seventies,
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when the unemployment in Europe was lower than in the US those labor market institutions

existed already (see Krugman, 1987).

Another early attempt to explain this rise in unemployment focused on the negative effect
that some macro-shocks could have had on unemployment. Among this macro shocks we find the
oil-price shock of 1973 and 1979, the TFP growth slowdown since the early 1970s and other shifts
in labor demand experienced since the 1980s. This interpretation was also challenged by Phelphs
(1994) who saw improbable that these initial shocks, which indeed have been largely reversed
lately, could still be responsible for high unemployment more than fifteen years later. Phelps, for
example, emphasized factors that increased the real interest rate and consequently the rate of

unemployment.

The stability of European labor market institutions before and after the late seventies and
the difficulty of aggregate shocks to explain the persistence of unemployment, lead to another
stream of explanations that consider the possibility that changes in the economic environment, in
particular aggregate macroeconomic shocks, interacted with labor market institutions to unleash
persistently high unemployment. This hypothesis blamed adverse shocks for the initial increase

in the rate of unemployment, and labor market institutions for the persistence of this rate.

The explanation based on the interaction of adverse shocks with adverse labor market in-
stitutions has been studied in detail by Blanchard and Wolfers (1999). They call the attention
about the potential to explain not only the increase in unemployment over time through adverse
shocks and the fact that some institutions may affect its persistence but they can also explain
cross country differences”. In a companion paper Blanchard and Wolfers, (2000) look, through
panel data specifications, at the empirical evidence about the role of macro shocks, the role of
institutions and the role of the interaction between shocks and institutions in accounting for the
European unemployment. Their results suggest that specifications that allow for shocks, institu-

tions and interactions can account both for much of the rise and much of the heterogeneity in the

"Recently, Nickell et. al. (2005) consider a plausible story the fact that in response to the initial increase in
unemployment, governments reacted by taking the wrong measures. They explain how governments in order to
alleviate the pain of unemployment increased the generosity and duration of unemployment or in order to limit
the increase in unemployment, they tried to prevent firms from laying off workers through tougher employment
protection or even . To better share the burden of low employment, they used early retirements and work sharing
to better share the burden of low employment. All these measures then in turn increased unemployment even as

the initial shocks disappeared.
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evolution of unemployment in Europe.

The second big stream of explanations given to the high European unemployment focus on the
interaction of micro-shocks and labor market institutions rather than focussing on the interactions
of those institutions and aggregate shocks. The two main interpretations of these findings come
from Bertola and Ichino(1995) and Ljungqvist and Sargent (1998). Bertola and Ichino show that
given the rigid wages and the high firing costs that prevail in Europe during the 80s, a higher
likelihood of negative shocks in the near future decreases labor demand by hiring firms. And
as long as the wage rate does not fall, the equilibrium unemployment rate would rise. This

explanation remind us, the "thin market externality" reasoning proposed by Pissarides (1992).

Ljungqvist and Sargent’s series of papers, LS from now onwards, advocate for the interaction
of shocks to individual worker’s human capital, turbulence in their words, and generous unem-
ployment benefits to produce long-term unemployment in Europe. In particular, they assume
that in the late 70s and during the 80s, the probability of suffering from a depreciation of human
capital increased and unleash the following mechanism: Imagine a worker who suddenly loss his
job. Once unemployed he receives an unemployment benefit proportional to his former wage
and become a low-skilled worker. If any, he is going to receive job offers corresponding to this
low-skilled level and accordingly, he is going to be offered low wages. It easily could be that
those low-wages do not cover the reservation wage of the worker which we can identify with the
high-skilled unemployment insurance. If this is the case, he is going to reject the offer and will

become trapped in unemployment.

More recently, a new hypothesis come up to the fore. Prescott (2004), advocates for the
role of tax rates, in particular the effective marginal tax rate on labor income, in accounting for
the changes in the relative labor supply across time and across countries. Interesting findings of
this study are that when European and US tax rates were comparable, European and US labor
supplies were comparable and that the low labor supplies of Germany, France and Italy during

the nineties are largely due to high tax rates.

Therefore, nowadays we rely on at least three possible potential explanations for the high Eu-
ropean unemployment: the combination of aggregate macro shocks and labor market institutions,
the combination of micro-shocks and labor market institutions and the impact of the evolution
of labor taxation on labor supply. But to disentangle the exact effect of labor market institutions

on unemployment is still an issue we need to resolve.





