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This paper aims at explaining the dynamics of the Spanish labour market,
focussing in particular on the high persistence of unemployment and the dy-
namics around the Beveridge curve. We develop a stochastic dynamic general
equilibrium model in which we assume that the labour market may be char-
acterised by coordination failures in the matching process between vacancies
and the unemployed. The model is then calibrated and simulated for the
Spanish economy. Two sources of disturbances are considered: a traditional
technological shock that initiates movements along the Beveridge curve; and
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1. Introduction

Spanish unemployment is high and persistent compared to other
European countries; Bentolila and Blanchard (1990), Blanchard et al.
(1995) and Dolado and Jimeno (1997) among others, have attempted
to explain this phenomenon. A large part of this research has been
undertaken within the context of the Beveridge curve! focussing on
the important information contained in unemployment-vacancy data.

FIGURE 1
The Beveridge curve in Spain
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The Beveridge curve can reasonably account for the dynamics of the la-
bour market and in particular the persistent nature of unemployment.
From the mid-1970’s until the end of the 1980’s, there has been a
considerable increase in the level of unemployment at given vacancies
in many European countries. Some studies use the unemployment-
vacancy relationship to explain the European unemployment exper-
ience in the 1980’s (see Blanchard and Diamond (1989), Pissarides
(1990), and Langot (1992)). Using Spanish data, Antolin (1994) and
Dolado and Gémez (1996), noticed that the Spanish Beveridge curve
(see Figure 1) experienced an outward shift during this decade much

' The Beveridge curve is the relationship between unemployment and vacancies (the
first empirical observations appear in Beveridge’s studies (1944)).
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greater in magnitude than that observed in most European countries.
This feature constitutes the Spanish exception and there is not yet a
satisfactory explanation for it.

A complementary approach consists in building a general equilibrium
model that allows us to identify perfectly the different shocks related
to these phenomena, in particular through reallocations. It has not
yet been explored if a business cycle model can account for tempor-
ary and persistent shifts of the Spanish Beveridge curve during the
period 1977-1994. Thus we develop a stochastic general equilibrium
model of the Spanish economy designed to illustrate those macroeco-
nomic interactions that may be important for understanding Spanish
unemployment dynamics.

The standard Real Business Cycle (RBC) approach (see Kydland and
Prescott (1982)) has tried to analyse fluctuations in the labour market.
Many extensions of this approach have been proposed to account for
labour market dynamics, including indivisible labour (Hansen (1985))
and labour hoarding (Burnside et al. (1993)). The labour market was
studied in perfect competition without too much success explaining
employment fluctuations. New developments in this literature were
made with the introduction of non-walrasian models, like efficiency
wages (see Danthine and Donaldson (1990)) and the matching process
in the labour market. In the present paper, following Pissarides (1990),
we pursue the idea that the co—existence of vacancies and unemploy-
ment in the Spanish labour market may reflect coordination failures.
Pissarides (1990), sets up a matching model®> where trade in the la-
bour market is a costly and uncoordinated economic activity that gives
rise to trade externalities which, in turn lead to the coexistence of un-
employment and unfilled vacancies. The model exhibits a Beveridge
curve and equilibrium unemployment. Indeed, some jobs disappear in
each period, resulting in a flow of newly unemployed workers who will
not find a job within the period.

More successful results for explaining fluctuations in the labour market
are achieved with the introduction of matching models in the RBC
approach by Langot (1992), Merz (1995) and Andolfatto (1996). We
follow their studies, in integrating these ideas within the context of
a stochastic intertemporal general equilibrium model.> These studies

2See Pissarides (1990) for a general discussion of this class of models.
3These studies introduce a search effort variable. This measures the intensity with
which an unemployed worker searches for a job. However the search effort variable
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are based on a similar framework: they incorporate labour market
search in standard equilibrium business cycle models and the wage
setting process is modelled as an individual Nash bargaining process.
Langot (1992) estimates a model with French data whilst Merz (1995)
and Andolfatto (1996) calibrate and simulate their models for the US
economy. We calibrate and simulate a similar type of model for Spain.

An advantage of the matching model is that it allows us to disen-
tangle technological shocks (movements along the Beveridge curve)
and reallocation shocks (transitory shifts of the Beveridge curve). Such
a distinction is crucial in terms of understanding the subject and of
producing policy recommendations. Langot (1992) and Andolfatto
(1996) introduce both kinds of shocks, whereas Merz (1995) considers
only technological shocks. They conclude that the model with trade
frictions in the labour market is an improvement with respect to the
standard business cycle models. They mimic the empirical observation
that unemployment and job vacancies exhibit a negative contemporan-
eous correlation. Their simulation results also show that it takes time
and resources to create a new job match. The externalities generated
by the matching process furnish a strong propagation mechanism that
can account for the observed persistence of unemployment at business
cycles frequencies, and that help in explaining the dynamic pattern
of the main macroeconomic variables. Langot (1992) and Andolfatto
(1996) conclude that the introduction of reallocation shocks does not
improve the results of the model as compared to results with only
technological shocks. We include both technological and reallocation
shocks in order to analyse the relevance of these models for the Spanish
case.

In our model, the standard technological shock causes movements
along the Beveridge curve: a positive technological shock increases
the marginal value of employment, leading firms to post more vacan-
cies, therefore reducing unemployment. The shock to the matching
technology, a reallocation shock, will shift the Beveridge curve itself.
We aim at assessing the relative contributions of those types of shocks
to the dynamics of the Spanish Beveridge curve.

The period 1977-1994 covers a whole business cycle, from the crisis of
the late 1970’s to the peak of the 1994 recession. We are interested in
this specific period because it allows us to use an homogeneous data

is unobservable and these authors fix it to replicate the negative unemployment-
vacancy relationship. In our model we set the search intensity variable to one.



R. FONSECA, R. MUNOZ: MATCHING AND SPANISH UNEMPLOYMENT 281

base! and a large number of Spanish studies exist for this sample, so
that we can use their results for calibration, allowing us to match the
second order moments given by the model.

Our main goal is to analyse the transmission mechanism of the labour
market using Spanish data. The introduction of the reallocation shock
accounts for changes in the hiring process, and measures the efficiency
in matching jobs and workers. Our simulation results shed some light
on the rise in unemployment during the period studied, and the real-
location shocks explain these movements better than the technological
shocks. We interpret this as reflecting different employment opportun-
ities over this period. Even if the model cannot account for structural
changes in the stationary process, the model indicates that shifts in
the Beveridge curve can be potentially accounted for by reallocation
phenomena.

Other Spanish empirical papers have studied the importance of un-
employment persistence in the unemployment-vacancy relationship.
Antolin (1994) analysed unemployment inflows and outflows and the
causes behind the outward shift of the Spanish Beveridge curve. His
results indicate that unemployment seems to be structural and that
changes in job search intensity may explain unemployment patterns.
Dolado and Gémez (1996) also studied the dynamic behaviour of the
Beveridge curve at the aggregate level as well as at the regional level
in a VAR model. They concluded that both technological shocks and
reallocation shocks play an important role in the outward shift of the
Spanish Beveridge curve. Sneessens et al. (1998) examine the out-
ward shift of the Beveridge curve in Spain through skill and regional
mismatch, showing that the structural component of unemployment is
highly significant.

Our results confirm the view expressed by these authors that the
evolution of unemployment in Spain can be explained by reallocation
changes. Our paper extends their analysis to the general equilibrium
case in order to identify different shocks. The model also helps to
quantify the importance of these shocks to replicate the main labour
market stylised facts of this economy. Moreover, it allows us to un-

"During this period the long run properties of the Spanish economy are consistent
with balanced growth (see Puch and Licandro (1997)). Late data exists, but em-
ployment and vacancy statistical definitions have changed and this would force us
to work with more heterogeneous data.
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derstand the different interactions between the agents in the economy
with regard to the labour market.

The plan of the paper is as follows: The next section presents the
model. The third section describes the data and the calibration pro-
cedure. The fourth section is devoted to the analysis of the stylised
facts, and the ability of the model to replicate them. Finally, the paper
concludes and discusses some possible extensions.

2. The model

This section is devoted to the exposition of the model. We first describe
the matching model. Next, we present the behaviour of firms and
households. Finally, we describe the wage determination process.

2.1  Trade in the labour market

The economy is populated by a continuum of agents with mass nor-
malised to one. Hereafter, N; denotes the employment rate at the
beginning of period ¢ while Uy = 1 — N; denotes the unemployment
rate.

Following Pissarides (1990), we assume that trade in the labour mar-
ket is an uncoordinated and costly activity. In each period, a firm j
posts vacancies V;; and incurs a cost w per vacancy; only unemployed
workers can apply to a posted vacancy and one period is required to
be fully productive in the job. Coordination failures imply that the
match between a vacancy and an unemployed individual is imperfect.
The number of matches in each period is given by an aggregate con-
stant returns to scale Cobb-Douglas matching function relating the
number of hirings H; to the aggregate number of vacancies V; and the
aggregate unemployment rate Uy:

H; = mHoVY U [1]

where v € (0,1) and Hyp > 0. Hence, this is a model of random
matching in which the probability of a match occurring depends on V;
and Uy;.

An exogenous shock parameter m; is intended to capture the efficiency
of the matching function creating new hires. An increase (decrease) in
my increases (decreases) the efficiency of the matching process. The
exogenous shock follows the process

logm¢ = p,, logmi—1 + (1 — p,,) logm + €5, 2]
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where |p,,| <1 and €, ~ N(0,0,,) for all .

The probability of a vacancy being filled within the period is given by
gt = Hy/V;. Tt is important to note that this probability depends only
on aggregate variables beyond the control of agents. This reflects the
existence of trade externalities. Ceteris paribus, whenever the num-
ber of vacancies increases, the probability of a firm filling a vacancy
decreases. This is the congestion effect reflecting greater competition
among firms in the labour market. Symmetrically, ¢; increases with Uy,
reflecting the existence of a positive trade externality. The probability
of an unemployed individual finding a job is given by p; = Hy/U;. As
in the previous case, it exhibits both a congestion effect and a posit-
ive trade externality. Indeed, as unemployment increases, competition
among unemployed individuals reduces their probability of finding a
job (congestion effect). Conversely, whenever firms post more vacan-
cies, it is easier for unemployed individuals to find a job as job avail-
ability increases (positive trade externality). Behind this reasoning
lies the concept of labour market tightness, typically measured by the
ratio of vacancies to unemployment, 6; = V;/U;.

Aggregate employment evolves through time according to
Nt+1 = (1 - S)Nt + Ht. [3]

Productive employment in period ¢t + 1 thus consists of continuing
jobs (1 — s)N;, where s € (0,1) is the exogenous separation rate of
employment and new hirings that were undertaken within the period.

2.2 The firm

There is a continuum of firms of measure one. Each firm j produces a
homogeneous good that can be either invested or consumed. All firms
share the same constant returns to scale technology, represented by a
Cobb-Douglas function

Yj = AN ¢ [4]
where Kj; denotes physical capital. The law of motion of Kj; is
Kjipr = Ijp+ (1= 0)Kjy [5]

where 0 € (0, 1) is the constant depreciation rate. Technological shocks
affect the scale of production: A; is assumed to follow the process

log Ay = palog Ap—1 + (1= py)log A+ eay, [6]
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where |ps| <1 and eqs ~ N(0,04) for all ¢.

Whenever firm j posts Vj; vacancies, it has a probability ¢; of filling
them within the period, so that employment evolves according to

Njiv1 = qVji + (1 —5)Njy. 7]

As in equation [3], this expression states that in the next period, pro-
ductive employment consists of continuing jobs plus the ¢;V;; new
vacancies filled up within the period.

In period t the firm has profits
W = ARy N 7% —wij i N — L — wViy 8]

where w summarises the search and recruiting costs associated with
posting vacancies, wj ;; is the bargained real wage and I;; denotes
investment.

Each firm j maximises the expected discounted sum of its profit flows
over I;; and Vj;. We write p(z|z;) for the sequence of prices: p (z|2) is
the asset market value of a bond issued by the firm. Denote by Y (S f ‘)
the value of the firm, where Sft = {Kj, Njt, 2z}, and 2z = (Ag,my).
Then the firm solves

where the maximum is taken subject to [2] to [8] and where Kjo > 0
and Njo > 0 are given initial conditions. Hereafter, X fg and X ]Nt
will denote the Lagrange multipliers associated with the capital and
employment laws of motion, respectively (Appendix Al.1 derives the
optimal solution to the firm’s problem).

2.3 The households

Households are identical and infinitely lived, the typical household is
indexed by i. At each time ¢, a household can either be employed
with probability IV; or be unemployed with probability Uy = 1 — Ny.
Observe that ex ante households are identical in the sense, for example,
that two unemployed households face the same probability of finding
a job (see Appendix Al.2). Depending on its status in the labour
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market (employed or unemployed), the instantaneous utility function
of household 7 takes the form

u?yt = log( {ftff‘”) (employed) [9]
uiy = log(Cyy —T") (unemployed) [10]

where C7'; and C}'; denotes consumption when employed and unem-
ployed respectively. Hence, I'" and I'* can be interpreted as the utility
cost, expressed in terms of goods, associated with the agent’s situation
in the labour market. We assume that these costs are constant across
the business cycle and impose the condition I'™ > I'* in order to cap-
ture the effect of leisure on utility when unemployed. Expected lifetime
utility is then given by

YH(SH) = Eo Y B {Nwp, + (1 = Noul', } [11]
t=0

where f € (0,1) is the discount factor of the household. We are
denoting by TH# (Sﬁ) total utility as a function of the state values
Sil,{t = {Ni+, Bit, 2z}, where z; is as before. Appendix Al.2 con-
tains a detailed description and analysis of the household’s problem
as well as a discussion on the perfect insurance hypothesis. Note that
Eiy(Xi+1) = E(X41|F;) denotes the mathematical expectations oper-
ator conditional on the information set available F} at period t where
Ft = {Nt—j7 Bt—j7 At_j7 mi—j, fOI‘j = 0,,t} ImphClt in this spe-
cification is a perfect insurance system that guarantees both the level
of saving and the level of utility of the household, whatever its state
in the labour market.

Under the perfect insurance assumption, the consolidated budget con-
straint of the household is

Ny ir,Lt + (1 — Nt)C;ft —|—/ p(z|zt)Bi7t+1(z)dz < Ntwtj’t + Bi,t- [12]
Z

Household 7 enters period ¢ with B;; contingent claims from previous
periods and receives the real wage whenever she is employed or un-
employed. In the latter case the insurance company will exactly com-
pensate the lost wage. Income is allocated among consumption when
employed C7;, consumption when unemployed C};, and a portfolio of
contingent claims B;;11(z), one for each possible state of nature z,
priced p(z|z;) so that the portfolio costs [, p(z|2t)Bi41(2)dz.
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The problem of the representative household i then consists of max-
imising her lifetime utility [11] subject to the budget constraint [12],
given prices p(z|z) and wj;;, and initial conditions N;p > 0 and
Bi,O € R.

2.4 Wage determination

Following Pissarides (1990), we assume that whenever they meet, a
firm j and a worker 7 engage in a Nash bargaining process to determine
the level of the real wage. Hence, whenever a match occurs, the rent
surplus is shared among the firm and the employee. Once they agree
and the wage is set, the firm has the “right-to-manage” employment.
As a consequence, the level of employment that enters the production
function is demand determined. Finally, the wage is bargained in every
period.

For a worker ¢ that matches with firm j, the match has a value given
by the real wage w; j; net of the disutility associated with work I'".
The real value is multiplied by the marginal value of wealth A;;. The
worker also takes into account the discounted value of events in future
periods. With probability (1 —s) the worker will remain employed for
one more period with value th 41~ With probability s she is fired and

becomes unemployed with associated value Qgt 4+1- Then
Qi = (iga = T") sy + BB [(1 = $)071 + 5]

The default value of the bargain for the household is zero: when en-
gaged in the bargaining process, if unemployed she gets no wage. We
are therefore assuming that only gains in the labour market are taken
into account in the bargaining process. Nevertheless, the worker would
have disutility ['“, translated into utility terms by multiplying by the
marginal value of wealth A;;. If unemployed, with probability p; the
worker may find a job in the next period with associated value th 11
With probability (1 — p;) she will remain unemployed with associated
value Qgt 11- That is,

OF = TNy + BE; [peQf 1 + (1= p) Q4] -
Here, the worker bargains over her net surplus

QF, =QF, — QY = (wijp + T =T™") Az + [L — s — pe] BEQL,, [13]
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the difference between the value of being employed and the value of
being unemployed.

Likewise, the marginal value for firm j of a job match is given by the
increase in profits if it hires an extra worker. That is, the increase in
labour productivity net of the labour cost plus the future value of the
match taking into account the probability that the match remains in
the next period:’

oY (SF, -

= G(Tjtt) =(1- 04)% —wije + (1 — ) X7, [14]
Let 0 < £ < 1 denotes the household’s bargaining power. Following
Andolfatto (1996), the surplus accrued by the household is expressed in
terms of goods (rather than marginal utility) and it reduces to QfIt [Nt
This guarantees that both the firm’s surplus and household’s surplus
are expressed in the same units:

Qtht _ w_n o QEH
—= =w; i+ —T"+[1 —s—p] BE,——
Ai7t Az t

Hence, the Nash bargaining criterion that firm j and household ¢ at-
tempt to solve is given by

PIAN
QF)te .
e (%) <A>

The Nash cooperative solution imposes that the surplus satisfy

QOH
T (Ai’ﬁ) | =

Introducing the marginal value of employment for the worker and the
firm in this equation yields

’L AZ
U, = (1= wijp +T* =T+ (1—&)[1 — s — pt| BE—— b1 il
Az 1 Az t

Using the equivalence F; X1 = f f(z]2zt) Xi+1dz and the definition
Nigv1/Nig = p(2|2)B71f(2]2) 7!, we can write the first order condi-
tion [15] as follows:

€0F, = (1— &) [wijy +T" —T"] +£[1 — 5 — p] / p(2|2) d

z

®Notice that the net gain for the firm without matching is Q] {=0.
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From the firm’s first order conditions X% = /. p(z|zt)Q£t+ldz so that

0L, = (1= ) fwige + T =T +€[1— s — pi] X2V,

As all workers have the same preferences and all jobs are equally pro-
ductive we may impose symmetry. At a symmetric equilibrium the
wage is the same across the economy. Substituting Qf ¢ by its value in
this expression and rearranging yields the wage setting rule

wige =€ (1 - )32 +p XY+ A-O@" =T [0
7

The wage determination therefore amounts to a rent sharing mechan-
ism conditional on the bargaining power of each agent. It is worth not-
ing that this wage setting rule implies that wages will be pro-cyclical.
Indeed, although the wage setting mechanism disentangles wages and
productivity, wages remain largely explained by changes in marginal
productivity because the share accrued to the employees remains con-
stant over time.5 Observe that, contrary to the standard RBC model,
where the real wage is equal to marginal productivity of labour, here
the real wage and the productivity are somewhat disconnected.

2.5  Equilibrium

An equilibrium for this economy is a sequence of prices P, =
{wy, p(z|2) }525 and a sequence of quantities Q; = {Cf, Cf, Bit1, It, Yz,
Viy Kit1, Ney1}52, such that:

1. For the sequence of prices P; and a sequence of shocks, the se-
quence {Cf, C{, Biy1}72, maximises households’ utility.

2. For the sequence of prices P; and a sequence of shocks, {V, K11,
Niy1}52, maximises the profit of the firm.

3. For the sequence of quantity @, the sequence {p(z|z:)}2, clears
the financial markets.

4. The good market clears in the sense that
Yi=Ci+ I + V.
®The constant share property implies that the wage equation is independent of the

marginal utility of wealth. This result stems from our specification of the utility
function and the full unemployment insurance assumption.
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5. The sequence {w;}72 is given by [16].

6. The labour market flows are determined by the hiring function
Hy, equation [1].

We then obtain a system of nonlinear dynamic equations under ra-
tional expectations that cannot be solved analytically. We therefore
log-linearised them around the deterministic steady state of the eco-
nomy, and solve for the approximated linear system using the method
proposed by Farmer (1994). In order to do so, values must be assigned
to the structural parameters of the economy. We must therefore rely
on external information about aggregate variables as well as the in-
formation contained in the steady state of the model.

3. Data and calibration

In order to assess the ability of our model to account for the dynamic
properties of the Spanish labour market, we have to assign values to
the underlying (exogenous) parameters. We therefore need to obtain
a measure of macroeconomic aggregates consistent with our model.
This task is undertaken first. We then proceed to the calibration of
the model.

3.1 The Spanish data

We use quarterly data for the period running from the first quarter
of 1977 to the last quarter of 1994. Most of the data are borrowed
from Puch and Licandro (1997), who in turn relied on the National
Accounts of the Spanish Economy (Contabilidad Nacional de Espafa)
data. Consumption is taken to be non-durable consumption plus gov-
ernment expenditure. Investment is the sum of investment, as defined
in the National Accounts, and durable consumption. Finally, output
is defined as the sum of consumption and investment.

Vacancy data are borrowed from Antolin (1994), who corrected va-
cancy data from the Employment National Office (INEM) to take into
account privately advertised vacancies (see Appendix A2). Employ-
ment and unemployment data are obtained from the Labour Force

Survey (EPA).
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3.2 Calibration

The parameter values of the model are consistent with the restrictions
imposed by the theory. The structural parameters assigned are known
from the data or taken from the related literature.

TABLE 1
Ratios and probabilities
Separation rate 1 s 0.0203
Hiring costs relative to output v 2y 0.01
Employment rate 2 N 0.83
Unemployment rate @ U 0.017
Vacancy rate @ Vv 0.0062
Capital-output ratio (2) K/Y 9.85
Investment-output ratio @ Iy 0.29
Labour share () N/Y 0.65
Tightness in the labour market @ £ 0.0368

Calibration criteria: (1) External information, (2) sample averages.

Table 1 reports ratios and probabilities for the model. The separation
rate s is kept constant and calibrated by referring to Antolin (1997),
who estimates this value for the Spanish economy with quarterly data
for the period 1977-1996. This separation rate is rather low compared
to other economies. This reflects the fact that it effectively remained
at a low level until 1987, when it increased sharply.

TABLE 2
Parameters of the model
Elasticity of the production function to labour @2 b 0.3348
Subjective discount rate 2 3 0.9952
Growth rate (D s  0.0037
Capital depreciation rate (2) 0.0255
Elasticity of the hiring function to vacancies 1 - 0.15
Bargaining power of the firm - 0.85
Employment cost for the household (2) m 03535
Unemployment cost for the household 1) he 0.00
Autocorrelation coeff. for technological shock (3 2 09588
Standard deviation for technological shock (3«  0.007
Autocorrelation coeff. for reallocation shock (3 a 07025
Standard deviation for reallocation shock (B« 0.12

Calibration criteria: (1) External information, (2) steady states, and
(3) second order moments.
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The ratio of recruiting expenditures to output wV/Y is assumed to
be 1% at the steady state.” The labour share in a fully competitive
economy wN/Y is set to the value estimated by Puch and Licandro
(1997). The labour market tightness 6 is simply set to its empirical
counterpart over the sample.

Table 2 reports the calibration of the other parameters of the model.
Castillo et al. (1998), estimated a Cobb-Douglas matching function
with constant returns to scale for the Spanish economy. Following
these authors we set the weight in the hiring function with respect
to vacancies to v = 0.15. The household’s bargaining power in the
Nash bargaining process ¢ is set to 1 —~. As shown in Hosios (1990),
this implies that the Nash bargaining process yields a Pareto optimal
allocation of resources.

In order to simplify our exercise we assume that the cost of being
unemployed I'* is zero. The quarterly growth rate,® v is taken from
Puch and Licandro (1997), who set it at the average data for the
period 1976-1994. The depreciation rate of capital ¢ is obtained from
the law of motion of capital evaluated at the deterministic steady state
and information on the ratio i/k net of the growth rate. The share
of physical capital « in output, the utility cost associated with being
employed I'", and the discount factor § are obtained from the steady
state of the equilibrium conditions. The parameters associated with
the technological stochastic process are obtained by estimating:

log At = pylog Ar—1 + (1 — py)log A+ eay, [17]
where Ay is given by
log Ay =logY; — alog K — (1 — ) log ny. [18]

Estimation of this equation generates the autocorrelation parameter
p4 and the standard deviation of the shock o 4.

"In order to perform a sensitivity analysis we assign values 0.05, 0.1 and 0.01,
the last being the value used in the original calibration, taken from Andolfatto
(1996). The greater the value of wV/Y, the larger is the negative correlation between
vacancies and output. Results for the rest of variables are robust to changes in the
value of this parameter.

8 Appendix A1.3 shows the version of the model detrended with respect to the
balanced growth path.
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To complete the calibration we set the parameters of the reallocation
process p,, and o,, in a way that makes the model able to reproduce
the observed autocorrelation and relative standard deviation of em-
ployment. It is worth noting that the high value of the parameter o,
might introduce some problems in terms of accuracy of the resolution
method.

4. Can the model account for the Spanish labour market
facts?

4.1 Simulation procedure

To find the second moment statistics of our model we use a frequency—
domain technique (see Appendix A3) instead of relying on a simulation
based estimation method.’

Indeed, the model is first log—linearised such that the solution admits
a linear state—space representation. Data series are detrended using
the Hodrick-Prescott (HP) filter (see Hodrick and Prescott (1980)) to
abstract from growth. The parameter A of the filter expresses the
penalty on a time series variation. It is set to 1600, as quarterly data
are used. Then we compute the customary statistical properties using
the filtered data.

We consider an additional source of shocks: a reallocation shock in
the matching function corresponding to changes in the efficiency of the
matching technology. Reallocation shocks imply shifts of the Beveridge
curve itself. This shock is an alternative to the traditional technological
shock in the production function, that leads to movements along the
Beveridge curve.

Table 3 reports some stylised facts for the Spanish economy as well
as the corresponding set of moments computed from our model: the
relative standard deviation with respect to output and the instantan-
eous correlation with respect to output. We complement these results
with some impulse response functions (IRF hereafter), which we re-
port in Figure 2. For each variable considered (unemployment rate,
vacancy rate, tightness of the labour market and wages), they express

Langot (1992), Merz (1995), and Andolfatto (1996) use estimation methods based
on a simulation procedure. These models are simulated several times following a
stochastic process. They obtain a distribution of the second moment statistics.
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the percentage deviations from steady state in reaction to a 1% positive
shock.

TABLE 3
Second-moment properties of HP-filtered data
Variable Data Model
(1) (2 (1) (2)
Consumption (@] 0.73 0.93 0.48 0.94
Investment 0} 2.48 0.94 2.44 0.98
Employment (N) 0.74 0.86 0.74 0.48
Unemployment ) 313 -0.73 3.73 -0.48
Vacancies ) 1037 -0.02 1279  -0.04

Labour productivity (Y/N) 053 0.69 0.91 0.70

(1): Relative standard deviation with respect to output.
(2): Instantaneous correlation with output.

4.2  Results

The model considers a 1% positive reallocation shock. Introducing the
reallocation shock m; improves the performance of the model consid-
erably if we compare the same model with only the traditional techno-
logical shock (A;), not shown to save space. With just a technological
shock, the model does not account for most of the relative standard
deviations and the contemporaneous correlation of vacancies with out-
put. These results are consistent with other studies in the matching
literature such as Langot (1992) and Merz (1995).

FIGURE 2
Impulse Response Function to a Reallocation Shock
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£ (theta) = tightness of the labour market and w = wages.
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As for employment volatility, recall that the reallocation shock was
calibrated in order to match this statistic. For the other moments
considered, especially vacancies, the model performs remarkably well.
The vacancy-output correlation found is —0.04, close to its empirical
counterpart, compared to the value 0.99 found with only the techno-
logical shock. This can be explained by appealing to the transmission
mechanism of the shock. The intuition for this result can be found in
Figure 2. This reports the IRF of key variables to a positive realloca-
tion shock. The increase in the efficiency of the matching process leads
firms to post more vacancies, which reinforces the effects of the techno-
logical shock. Vacancies increase instantaneously, while employment
(a predetermined variable) remains at its steady state value for one
period. As there is no technological shock and both employment and
capital are predetermined variables, output does not vary. This implies
that the vacancy-output correlation is close to zero. Most of the volat-
ility of vacancies may be accounted for by reallocation shocks. Indeed,
reallocation shocks improve the efficiency of matching but not labour
productivity. Given the vacancies posted, firms are able to hire more
workers, reducing unemployment. As the firms know a job match will
last for several periods, they post more vacancies to take advantage
of them in the future. After fifteen periods the tightness of the labour
market returns to its steady state level. This kind of shock does not
affect productivity (hence wages). This has a less prolonged deviation
than the labour market variables from their steady state levels. On
the other hand, the technological shock raises the overall productivity
in the economy, pushing the marginal productivity of labour. It makes
employment more profitable, and leads firms to post more vacancies.
As the productivity of labour increases, so does the rent, so that wages
deviate from the steady state for the contemporaneous period.

We now investigate the ability of the model to account for the dy-
namic properties of the Spanish labour market reported in Figure 2.
A first important implication of the model is its ability to generate
persistent unemployment. A positive reallocation shock implies an in-
crease in the efficiency of the matching process. Firms know the shock
will last for some more periods, and so they post more vacancies to
fill employment in the future. Adjustment in labour is not contem-
poraneous because it takes at least one period to hire. In the second
period, the increase in the number of vacancies posted increases hirings
and so unemployment declines. The increase in vacancies posted and
the reduction in unemployment induces a rise in the labour market
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tightness 6, which ensures that the congestion effect dominates the
positive trade externality. Therefore, firms post fewer vacancies and
unemployment increases to its steady state level. This long-lasting
process generates unemployment persistence in the model.

In sum, in contrast with previous studies, our principal result is that
the introduction of reallocation shocks improves the results when com-
pared to results with only technological shocks for explaining the dy-
namic pattern of the main macroeconomic variables; and in particular
labour market variables.

Dynamic properties of the Beveridge curve

Table 4 reports the lead and lagged correlations of vacancies and un-
employment. These cross-correlations capture the dynamics of the
variables around the Beveridge curve. Vacancies lead unemployment
across the cycle as the peak in the cross-correlogram is reached at
t + 1. Notice that the value of these correlations is low. The instant-
aneous correlation is slightly negative (—0.26) in accordance with the
counterclockwise dynamics usually found around the Beveridge curve.
However the instantaneous correlation in the model is 0.23 and only
lagged correlations are negative.

TABLE 4

The Beveridge curve correlations (corr(V, U, )

Period t-4  t-3 t2 t1 ot t+1 t+2  t+3 t+4
Data -0.07 -0.17 -0.12 -0.09 -0.26 -0.30 -0.20 -0.04 -0.09
Model -0.51 -0.50 -0.41 -0.19 0.23 045 0.53 0.52 0.47

Figure 3 plots the correlations between vacancies and unemployment
for actual data and the model’s results. The model has negative correl-
ations for leads; positive for lags. These results imply that the model
is not capable of replicating the overall Beveridge curve for the Span-
ish economy. This is a standard feature shared by most of the existing
matching models that describe the joint dynamics of unemployment
and vacancies by relying only on a technological shock. The reason
for this result is that the model focusses on the short-term dynam-
ics of the Beveridge curve. Hence, reallocation shocks cannot account
for permanent shifts in this curve. Empirical studies have explained
these permanent shifts either in terms of hysteresis (Dolado and Gémez
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(1996)), or in terms of mismatch in the labour market (Sneessens et
al. (1998)).

FIGURE 3
The Beveridge curve correlations
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Further analysis

We have studied some Spanish stylised facts, indicating high unem-
ployment rates and shifts in the Beveridge curve. We wanted to ex-
plore whether these shifts are purely temporary (albeit persistent) or
whether they should be taken as fundamentally structural. One simple
way to investigate this issue is to develop a business cycle model that
essentially investigates the medium to high frequencies of unemploy-
ment behaviour and which can identify different types of shocks. As
we have shown, the model is not capable of accounting for the kind
of changes that we observe in the data for stationary processes for
shocks. However, in our model the dynamics of Spanish unemployment
are better explained by reallocation changes rather than traditional
technological changes. This means that something more “structural”
happened. Moreover, our calibration entails an estimated standard
deviation of the reallocation shock which is around seventeen times
larger than the standard deviation of the technological shock. These
results reveal that shifts in the Beveridge curve can be potentially
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accounted for by our description of the reallocation process. We can
therefore conclude that unemployment in Spain is better explained in
terms of the evolution of the relationship between unemployment and
vacancies. Changes occurred in the Spanish labour market since 1977,
with high flows of workers moving across sectors, skills, or regions, as
well as changes in labour institutions are consistent with our results.

We have also investigated the robustness of our results to changes in
the degree of substitution between unemployment and vacancies in
the matching technology. With a constant elasticity of substitution
matching function'® the results are not substantially altered, except
for the required standard deviation of the reallocations shock. For low
degrees of substitution, the model needs a lower standard deviation
for the reallocation shock, so that vacancies and unemployment are
complementary. On the contrary, for high degrees of substitution, the
standard deviation of the reallocation shock required to replicate the
persistence of employment is too high.

5. Conclusions

The aim of this paper is to develop a stochastic dynamic general equi-
librium model with matching in the labour market and apply it to the
Spanish economy. The model is consistent with the main features of
the actual data and reproduces the main stylised facts of the Spanish
labour market over the period 1977-1994.

We introduce a matching model with a reallocation shock that induces
a temporary shift of the Beveridge curve. This shock improves the
results compared with the standard technological shock, which fails to
replicate the main moments of the Spanish data. Our main finding
is that the model introducing reallocation shocks is able to reproduce
the essential features of the labour market, especially those related to
vacancies.

An understanding of the labour market is important to account for
the Spanish business cycle over the last 20 years. Unemployment dy-
namics may be better explained by reallocation shocks rather than

0The use of a Cobb-Douglas constant returns to scale matching function is still
debated in the literature. Castillo et al. (1998) provide some empirical evidence
supporting the constant returns to scale assumption in Spain. But Bell’s (1997)
estimates support the existence of increasing returns to scale. Likewise, Antolin
(1994) cannot reject the null hypothesis of increasing returns to scale.



298 INVESTIGACIONES ECONOMICAS, VOL XXVII (2), 2003

technological shocks and changes in economic activity alone cannot
explain the behaviour of the labour market in Spain. The labour mar-
ket is not only an important channel for the propagation of shocks,
but also an important source of disturbances. Shocks to the matching
function seem to have driven the Spanish business cycle: indeed, the
deterioration in the efficiency of matching jobs and workers may be
the major explanation for the changes to Spanish unemployment for
the period studied.

Nevertheless, the model does not fully account for the Beveridge curve
dynamics. A possible way to improve these results may be to intro-
duce mismatch in order to account for the segmentation of the Span-
ish labour market. Further research considering alternative matching
schemes accounting for segmented labour markets could include the
evolution of sectorial employment (see Marimon and Zilibotti (1998)),
educational attainments (see Blanco (1997)), or labour participation
of women (Bover and Arellano (1995)). We need to elaborate the un-
derlying economic mechanisms that may explain the permanent shift
in the Beveridge curve.

The model could be extended to take into account the in- and out-flow
dimensions. For instance, Mortensen and Pissarides (1994) introduce
idiosyncratic shocks affecting the level of productivity associated with
each job. Merz (1999) proposes such an extension to the US labour
market and her results suggest that this may constitute a promising
way forward.

Appendix Al. The model
Al.1. Decisions rules of firm j.

Each firm j maximises the expected discounted sum of its profit flows
over I;; and Vj;. The problem can be recursively stated as follows

subject to the law of accumulation of capital and labour

(Xjf,{t) Kippi=ILii+ (1—-0)K;,
(X%) Nji1 = qVji + (1 —s)Njy.
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TF(Sft) denotes the value of firm 7, Xft and X]{\; denote the Lagrange
multipliers associated with the capital and employment laws of motion
respectively. The first order conditions are

K
Xj,t = 1
w
X =2
g

and the envelope conditions together with first order conditions yield

1 = / p(z]z) (a% +1- 5) dz [A1.3]
z

jit+1

Y1
xpy = [ ptele) (1= @) FEE g + (- X ) e
[A1.4]

Note that the marginal value of employment for the firm is given by

AYE(SE) Y;
J \gt) J5t N
on (- Q)Nj,t — Wi+ (1 =) X5

A1.2. The household’s problem

We follow Andolfatto (1996), in order to solve the problem of house-
holds. Workers flows are determined according to the matching process
we described in section 2.1. Therefore, workers are randomly selected
playing a game of “musical chairs”. At the beginning of each period,
the whole labour force is randomly shuffled across a given set of jobs.
Then, at the beginning of each period households have different prob-
abilities of being employed or unemployed as it is contingent on its
state of nature in the previous period. This implies that the employ-
ment probabilities, c;; for a household 7, are given by

oy — 1 — s if the household was employed in the previous period
“ 71 pi1  if the household was unemployed

Households have different employment paths which leads us to an het-
erogeneous wealth distribution. Since this complicates the model con-
siderably. We use the perfect insurance assumption. This avoids the
loss of wealth associated unemployment.

We assume that the insurance premium paid by each household is
fair. This means that the premium depends on the probability of
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the household being employed, «;t, and unemployed, 1 — «; ;. This
probability is different for those who worked in the previous period
from that of those who did not. As a consequence, there exist two
types of insurance contracts.

At the beginning of each period the household buys an amount A;; of
contingent insurance at price 7;;. This insurance pays A;; in case of
unemployment and zero otherwise. The contingent budget constraints
are

Cly + TipAie + / p(zl2t)Blyi1(2)dz < Big+wiji [AL5]
z

C}ft + Ti,t-Ai,t + / p(Z|Zt)Bilft+1(z)dZ < Bi,t + -Ai,t- [Al.G]
z

Tit is the price of an insurance contract, A;; is the amount of insur-
ance. B;; denote contingent claims purchased by the household in
the previous period. Al e and AY it» denote the Lagrange multipliers
associated with the budget constraint of the representative household
when employed and unemployed respectively. At the beginning of each
period, the household receives the value of bonds purchased in the pre-
vious period. It also receives the real wage when employed and the in-
surance payment when unemployed. Its expenditures when employed
or unemployed are consumption, insurance and bonds purchase.

At the beginning of each period the household does not know whether
it will be employed or unemployed in that period. As a consequence,
the contemporaneous utility is:

wir = ajpuiy + (1 — aig)uy [AL.7]

and
uy = log(Cjy —T'™) (employed) [A1.8]
uy = log(Cyy — ') (unemployed) [A1.9]

where ', and uj’, are the respective instantaneous utility functions
for employed and unemployed households. C7', and Cj'; denote the
respective households’ consumption and I'” and T can be interpreted
as the utility cost, expressed in terms of goods, associated with each
situation in the labour market.
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Expected lifetime utility is then given by

o0
YH(Sf) = Eo Y B {airlog(CF, = T™) + (1 — i) log(Cft — T*) }
t=0
[A1.10]
where Sﬁ = Sﬁ{Ni.t, Qit, 2t ;. Two alternative states Sﬁ’N and Sﬁ’U,
depending whether the household is employed or unemployed, are con-
sidered.

Given the dynamic structure of the problem, it can be recursively
stated as,

T () = wig + BB {auy T (SIEN) + (1= ) TH(STED |

[A1.11]
subject to constraints [A1.5] and [A1.6]. 5 € (0,1) is the discount
factor of the household.

As «;; is a probability, the problem may be stated as a Lagrangian in
the following way:

Lo = g+ aioBE [T (S[EN)] + (1= as)BE Y (S[D)] +
+ i Ay [Uhyj,t + Big — Cfy — meAiy — / p(z IZt)BZm(Z)dZ] +
Z
(1 as)AY [A + By — Oy — modig — / p<z|zt>B;ft+1<z>dz] .
Z

The first order conditions with respect to C7,, C}*,, A;; yield

it it
(Chy =T = A7, [A1.12]
(Ciy —T) 1 =AYy [A1.13]
aigTeliy = (1 — i) (1 — 1) A [A1.14]

and the envelope conditions together with the first order conditions
related to optimal portfolio composition, B, (), and B, (z), yield
the standard asset pricing formulas

p(2lz)AYy = BAZ L f (2]2) [A1.15]
p(zlz)AY, = BAYLf (22) [A1.16]

where f(z|z) is the probability distribution function of z conditional
on Zz¢.
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The expected profit of the insurance company is:
I = aigmipAig — (1 — ) (1 —750) Aig

We assume the company insures the current unemployment risk con-
tingent on employment status in period t —1. As we have assumed the
insurance market to be actuarially fair and perfect competition, the
firm makes zero profits, 1I; = 0. This leads to a price of 75 = 1 — ;4.
By the law of large numbers, the probability to be employed «;; cor-
responds to V¢, which denotes the percentage of households that are
employed.

Using these results for the optimal choice of insurance, equation [A1.14],
we end up with an optimality condition of the form:

n o __ AU
Az’,t = Ai,t

for both types of households. Using this condition together with
equations [A1.12] and [A1.13], we have that C7, = C¥, + I — I'.
Hence households have different consumption levels when employed
and unemployed, C7, and C},, but they prefer to be completely in-
sured in terms of utiiity. This also implies that equations [A1.15] and
[A1.16] are equivalent and that households accumulate the same quant-
ity of bonds whether they are employed or unemployed, B}, 2 =
B}, 1(2) = Bit+1(2). As a matter of fact, households choose to be
completely insured, and receive the same wealth in any state. This
implies that saving decisions are independent of the employment his-
tory of the household. The optimal award of insurance is found as the
difference between constraints [A1.5] and [A1.6], which yields A;; =
Wi gt + re—-1n.

A1.3. Equilibrium conditions of the model on the balanced growth path

We denote parameter v > 0 as the growth rate. All variables grow
over time except vacancies, employment, and unemployment, which
are stationary. Thus the model exhibits balanced growth. Our eco-
nomy has logarithmic preferences. These standard preferences ensure
that households’ labour supply will be unchanged by aggregate income
growth (i.e. along a balanced growth path).
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The dynamic general equilibrium in our economy is characterised by
the following set of equations:

7
1 = BlaZtt 415
Kj,tﬂ
Y; _
@ 5((1_04)%“_%%1“1_5)%)

qj.t Jit+1 qjt+1

Y, = 5t+E,t+th

Y: w
(1- Ol)i +pt—t

@iy = + (1 =6 -T¥
~ 1
Azt = e
(CF = T7)
~u 1
i = G e
(Ci,t )

vy, — V., K., = K. tr. = T plaps, —
Now we deﬁne~u Yii = Y}& V'K = Kﬁgt’ Vg = I, vViwjp =
~ tery, i tAn n tAu u n _ ,trn
wjt, V'Cjp = Cjyg, v AM = Ai,t’ v AM = Ai,t as well as ['} = v'I'™,
'Y = VI and w; = vlw. We suppose a constant growth rate, v,
which represents the expected growth rate. We can rewrite this set of

equations in the following way:

1 = 5(@M+1—5)

K

w Y1 w
— = 1—a)=2L —Wijt+1+ (L —s )
it & <( )Nj,tJrl it T ( )Qj,t+1

Yi = Ci+1+wV;

Y: w
wge = €|a-agten] v a-grn -
gyt dj,t
1
A = =
vt (cr,—1m)
1
A, = =
o (C;ft - Pu)

These equilibrium conditions come from the version of the model de-
trended with respect to the balanced growth path. We find approxim-
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ately the same aggregate variables dynamics as for the model without
growth.

Appendix A2. Vacancy data

Vacancy data was supplied by Antolin (1994). He corrects data from
the National Employment Office (INEM) to take into account privately
advertised vacancies. The INEM registers unfilled vacancies at the end
of the month. The key equation to correct the official INEM data V°
is

ouTy

The ratio kOUT"™ /OUT" measures the relative importance of private
advertised vacancies. OUT™ denotes named outflows: named outflows
are job-openings where the firm or the employer comes to INEM with
the name of the worker who is going to take up the post immediately.
OUT"™ denotes un-named outflows: these are job-openings that are
registered at the employment office (which the employment office has
try to match with a suitable worker), plus job offers removed (with-
drawals). The coefficient & measures the relative efficiency of privately
advertised vacancies as compared to official vacancies. Antolin (1994),
estimates this parameter at 0.25. The vacancy rate in our model is
calculated as the ratio of job vacancies to the labour force.

V= [1+kOUT }VO.

Appendix A3. Estimation method

The second moment properties are obtained using the frequency—domain
technique or spectral analysis (see e.g. Uhlig (1999)). Indeed, the
model is first log—linearised such that the solution admits a linear
state—space representation

Ct = McsSt
St+1 = MssSt+M555t+l

where C; and S; denotes a set of control and state variables. Each
element of M.s, Mss and M. depends on the structural parameters.
This state—space representation can be used to compute the spectral
density of measurement variables as:

1
flw) = %MCS(I — Mg exp(—iw)) M XM (I — M., exp(iw)) ™' M.,
where the frequency w € [—m, 7] and ¥ denotes the covariance matrix

of € which are the vector of innovations for the exogenous shocks. By
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the convolution theorem and given that the transfer function of the
HP-filter is given by

4X\(1 — cos(w))?
flw) = 14+ 4A(1 — cos(w))?

the spectral density of the HP—filtered component of each variable of
interest is given by

frp(w) = K2 (W) f(w)

from which we can recover the autocovariance function of the series x;
using the inverse Fourier transformation (see Hamilton, 1994):

™

Elzx, ) = frp(w)exp(iwk)dw.

—T
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Resumen

FEste articulo trata de explicar la dindmica del mercado de trabajo en Es-
pana, en particular la alta persistencia del desempleo asi como dindmica de
la curva de Beveridge. Construimos un modelo de emparejamiento en equi-
librio general dindmico estocdstico, el cual asume fallos en el emparejamiento
entre vacantes y desempleados. Calibramos el modelo para la economia es-
panola y lo simulamos considerando dos tipos de choques exdgenos: un choque
tecnoldgico tradicional, que implica movimientos a lo largo de la curva de
Beveridge y un choque de reasignacion, que supone desplazamientos de la
curva de Beveridge. El modelo es capaz de reproducir los principales hechos
estilizados del mercado de trabajo espanol. También se analiza la dindmica de
la curva de Beveridge. Ademds, los choques de reasignacion aparecen como
la principal fuente de fluctuaciones en la dindmica del mercado de trabajo
espanol.

Palabras clave: Choque tecnoldgico, choque de reasignacidn, proceso de em-
parejamiento, curva de Beveridge.
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