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Abstract In this article, we investigate the Beveridge curve dynamics in the USA
and Italy by means of a cointegrated structural VAR model. A simple economic model
is introduced to motivate the identifying assumptions of the empirical analysis. A sta-
ble long-run relationship is found for both countries. In order to study the dynamic
behaviour of the model, and to decompose unemployment and vacancy fluctuations,
we identify three common stochastic trends. The empirical results suggest that there
are some sources of hysteresis in unemployment in both countries. Transitory shocks
are also identified to account for the short-run dynamics of the model. The approach
allows us to detach the long-run from the short-run dynamics, in order to provide
information on the cyclical and structural Beveridge curve.
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JEL Classification C32 · E24 · J63

1 Introduction

The Beveridge curve that identifies the negative relationship between unemployment
rate and job vacancies, is still often used to identify the state of the labour market.
Although the Beveridge curve is not a structural economic relationship, in the sense
that workers and firms do not consciously decide to make unemployment negatively
related to vacancies, in this article, through some methodological and empirical steps,
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we try to explain the underlying behaviours of the workers and firms, in accumulating
skills, setting wages and the involved policy-makers’ actions, which indirectly result
in the patterns of the Beveridge curves of various countries. In order to study the
dynamic behaviour of the Beveridge curve in two countries, we identify a common-
trends model that allows us to decompose unemployment and vacancy fluctuations
stemming from three permanent shocks, namely a technology shock, a labour sup-
ply shock and a reallocation shock for both countries. Our aim is to isolate shocks
and structural changes from the Beveridge curve, to assess its long-run dynamics and
adjustment. The rationale is in the inner functioning of the Beveridge curve itself. As
is well known, the latter is a macro-long-run relationship stemming from a job-search
activity in the labour market; it sums up the behaviour of two elementary units of the
economy: firm and worker. What we observe in the job market data is the consequence
of such elementary processes. At an aggregate analysis, the Beveridge curve shows
fuzzy movements, alternating relative stable patterns to large changes in position and
slope, as well as non-monotone transitional paths (see Blanchard and Diamond 1989;
Bleakley and Fuhrer 1997). In other words, data show that there is a remarkable level
of churning in the labour market; movements of the Beveridge curve are the economy-
wide response to a complex microeconomic framework. The matching function is the
common thread between these two worlds. This leads once more to the importance of
separating long-run from short-run movements of the Beverdige curve. However, in
doing so, we have to bear in mind that job search is affected by a large number of vari-
ables, spanning from individual, like skills and education, to institutional, like labour
market tightness and rigidity. For such a reason, we cannot expect, that, a priori, that
the Beverdige curve dynamics follows similar movement in different countries, espe-
cially when the latter differ remarkably in the institutional setting. After significant
labour market reforms in the 1990s and the early 2000s, labour market outcomes have
improved in Italy, implying an increase in employment and labour force participation,
jointly to a substantial reduction in the unemployment rate (dropping to around 6% in
2007). However, this is not enough; employment rates in Italy continue to be substan-
tially lower than those in most other European countries. Moreover, the labour market
is characterized by large inequities induced by liberalization reforms. Main reforms
were the 1997 Treu (former labour ministry) and 2003 Biagi (The Chief Advisor,
Labour Ministry); they introduced substantial ‘flexibility’ to the Italian labour market
thanks to atypical jobs. But this has induced an increasing dualism of the labour mar-
ket. In fact, ‘most of the employment gains since 1995 were in temporary and part-time
employment. Between 1995 and 2007, the share of temporary employment increased
from 7.2 to 12.4%, and the share of part-time employment from 10.5 to over 15%.
In absolute terms, the number of workers in temporary work arrangements more than
doubled during that time, while permanent employment increased by only 7 percent’
(Schindler 2009). Such a fact, jointly with still too-tight a national wage bargaining
system, does not allow Italy a real take-off in the labour market. Moreover, product
market still needs to be regulated, and additional reforms are needed. In the US labour,
market is much more free, jointly with an economic setting working in a more com-
petitive way than in Italy. Wage bargaining is limited and so is fiscal pressure. This
makes Italian and than US labour market barely comparable, and for such a reason,
we are going to investigate the dynamics of Beveridge curve in both the countries.
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Under this point of view, Italian and the US labour markets are often invoked as two
polar cases, because of different wage rigidities and search mechanisms. As pointed
out in Flinn (2002, p. 613):

We have chosen Italy and the US to make our substantive points because the
labour market institutions in these two countries are well-known to be quite
dissimilar.

In particular, Flinn focuses on the role of institutional restrictions on layoffs and
dismissals in accounting for the lower level of cyclical variability in employment levels
observed. Markets with rigid labour regulations and centralized wage setting are often
thought to be inefficient but egalitarian. This has remarkable effects on the Beveridge
curve dynamics over time; we should expect a more sluggish dynamics in countries,
characterized by wage rigidity and inefficient job search, like Italy, and conversely in
countries, where labour market is more flexible and reactive to shocks, like US.

To achieve the goal, in the first stage, we present a simple labour market model
and its solution, in a way to investigate upon the model cointegration properties and
to assess the structural stability of the equilibrium relationship. The estimated models
allow us to identify—for both the countries—different stages representing low- and
high-efficiency phases of the labour market. Out of equilibrium, dynamics has been
investigated by the common stochastic trends approach; this allows us to study the
economic model in its long- and short-run dynamics.

This study is close in spirit to Blanchard and Diamond (1989) (henceforth BD); in
that article, the authors try to isolate short-run dynamics from the steady state to assess
whether the US Beveridge curve undertakes regular movements in the u (unemploy-
ment)and v (vacancy) space, even though, unlike those authors, we use a discrete time
model of the labour market. Theoretical microfoundation of the short-run dynamics
in the Beverdige curve is investigated in Giannini (2006), by means of the Dynamic
Monte Carlo Markov Chain approach.

Sections 2 and 3 of the article describe the data and present a small model of the
labour market that will be used to motivate the identifying restrictions in the following
empirical analysis. Section 4 contains the cointegration properties of the model for the
US. In Sect. 5, we identify and estimate a common trends model and use it to study
the dynamics of the US Beveridge curve. Section 6 describes the empirical results for
Italy. Section 7 concludes and tries to describe a final comparison of the results of the
analysis in the two countries.

2 The data

We use quarterly data for the US and Italy extended to cover the period 1960:1–2007:4
for US, 1980:1–2006:4 for Italy: details are in the Appendix B. The variables are the
log of the civilian labour force, the log of the productivity measured as real output per
worker, the unemployment rate and the vacancy rate, xt = [lt , yt − et , lt − et , vt ]′.1

1 Unemployment rate can be defined as ut ≈ lt − et , where lt and et are the natural logarithms of labour
force and employment, respectively.
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U.S. Beveridge curve 1960-2007
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Fig. 1 US Beveridge curve

The variables for the US are graphed in Fig. 15 in Appendix. The first and the third
panels show the strong trend in both the labour force and productivity. The second
and the fourth panels graph the unemployment and the vacancy rates with less marked
trends. Looking at the chart of vacancy data, the remarkable downward trend char-
acterizing the data since the early 1990s is likely to have been helped by the recent
increase in alternative sources of job search, such as the Internet, which have reduced
the importance of the traditional help-wanted advertisements.

In the first step of the analysis, we investigate upon the statistical properties of the
series; if the series are non-stationary, then will be evaluated the presence of cointe-
gration. ADF and KPSS unit root tests carried out on the levels of the single variables
suggest that all the variables can be regarded as non-stationary for both the countries.
In empirical investigation on these type of data, Juselius (2006), suggests of testing
stationarity using the cointegrated VAR approach rather than the single equation unit
root tests; however, results reported in Appendix Tables A1 and reftabA2, confirm our
single variable unit root testing.2

In Fig. 1, the US Beveridge curve is graphed for the full sample; it is worth noting
the inward shift of the curve from the late 1980s to the early 2000s. As pointed out in
Pissarides (2000), this process can be described defining the job-matching function

ht = α ·m(ut , vt ), ∂m

∂u
> 0,

∂m

∂v
> 0

where the rate of job matching or hiring, h, is expressed as a function of the unem-
ployment rate, u, and the job vacancy rate, v, while α is a parameter that describes the
efficiency of the matching process. It is usually assumed that the matching function
is characterized by constant returns to scale, and it is increasing in both arguments.
These assumptions imply that the Beveridge curve is convex to the origin and down-
ward sloping in u-v space. It represents a steady-state relationship in the sense that

2 Unlike the usual univariate unit root tests that have non-stationarity as the null, this multivariate procedure
has stationarity as the null hypothesis, given the cointegration space.
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the job matching rate, h, i.e. the percentage of workers flowing out of unemployment
into jobs is equal to the flow into unemployment, at an exogenous constant rate of
job separation, s. Outward or inward shifts of the curve over time are due to lower
or higher levels of the efficiency of the job matching (measured by α); these move-
ments are induced by changes in the search intensity of firms and workers, changing
demographics, barriers to occupational and geographical mobilities, etc.

In order to identify short- and long-run dynamics of the Beveridge curve, we per-
form firstly the cointegration analysis, applying Johansen’s procedure, while in the
second stage, we use, if any, the cointegration properties of the VECM to derive and
identify the common stochastic trends that drive the system. We study the character-
istics of the system found in the first stage carrying out a common trends analysis to
analyse the properties of the Beveridge curve.

3 A model of the labour market

The model used in this article consists of a production function, a labour supply relation
a Beveridge curve relation, and a labour market-tightness equation:

yt = βet + θt (1)

where yt is the output, et is the employment, and the parameter β measures returns to
scale. θt is a stochastic technology trend and evolves according to

θt = θt−1 + εy,t

with the pure technology shock εy,t . In Appendix C is reported the production process
with two inputs, labour and capital, and the reasons why, assuming the capital–labour
ratio to be stationary, θt can be considered as a technology shock.3

lt = δyt + ψt (2)

According to Eq. 2 labour force is influenced by the output, since positive aggregate
demand movements lead to a decrease in unemployment, as well as an increase in the
labour force, and a stochastic labour supply trend according to the following process:

ψt = ψt−1 + εs,t

where εs,t is a pure labour supply shock.
Equation 3 is a Beveridge curve relation,

ut = −ηvt + ωt (3)

3 Note that this simplification could cause problems if we were analysing the goods market, but is pretty
harmless if only the labour market is considered.
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where ωt is an exogenous reallocation variable. The relationship is consistent, at
aggregate level, with changes in shocks which conduce, at least in the short run, at a
strong negative correlation between unemployment and vacancies. Reallocation trend
evolves according to

ωt = ωt−1 + εc,t

with the pure reallocation shock εc,t .

vt − ut = γ (yt − et )+ εm,t (4)

In Eq. 4 labour market tightness (v–u ratio)—that is a broad measure of the cycle—is
influenced by the labour productivity: for a given separation rate s, an increase in
labour productivity reduces the unemployment rate and increases the vacancy rate,
increasing the v–u ratio, so that unemployment and vacancy move in opposite direc-
tion. The v–u reflects the intensity of search activities in the matching market, and
therefore through it, favours employment movements, i.e. the, high values of the ratio
indicate that jobs are relatively abundant and imply an efficient labour market. εm,t ,
is a pure market tightness shock, and if Eq. 4 is a stationary relation, then εm,t obeys
the following process:

εm,t = φεm,t−1 + ϕm,t , |φ| < 1

In the equilibrium relationship (4), positive changes in labour productivity, among
others, decrease marginal costs of firms, and the additional demand caused by lower
prices match the increase in labour demand, so that vacancies increase and unem-
ployment decreases; hence, vacancy–unemployment ratio increases showing that it is
pro-cyclical. The increase in job creation lowering unemployment improves workers’
wage-bargaining position, and therefore puts upward pressure on wages absorbing
over a period the productivity increase pushing the variables towards the equilib-
rium.4 All the variables are expressed in natural logarithms, and the initial values of
the stochastic shocks (θ0, ψ0, ω0), which for simplicity are assumed equal to zero.

It is convenient to rewrite and solve the model in Eqs. 1–4 in terms of the main
variables of the study: labour force lt , labour productivity (yt − et ), unemployment
ut , and vacancy vt . By doing so, we obtain

⎛
⎜⎜⎝

1 − δ −δ δ 0
1 − β 1 β − 1 0

0 0 1 η

0 −γ −1 1

⎞
⎟⎟⎠

⎛
⎜⎜⎝

lt
yt − et
lt − et
vt

⎞
⎟⎟⎠ =

⎛
⎜⎜⎝
ψt
θt
ωt
εm,t

⎞
⎟⎟⎠ (5)

or in compact form

4 As argued by Shimer (2005), if wages are determined according to a Nash bargaining process, large labour
productivity shocks may have little effect on the v–u ratio. Alternative wage determination mechanisms
generating more rigid wages can amplify the effects of productivity shocks, with unemployment that can
show a high degree of persistence.
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B xt = �t , �t = ψt , θt , ωt , εm,t

From the solution of the system (5), we obtain

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

lt

yt − et

lt − et

vt

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

= �

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

η (1 − βγ + γ )+ 1 −δ (1 + η + ηγ ) −βδ −βηδ
(1 − β)(1 + η) (1 − δ)(1 + η) 1 − β η(1 − β)

ηγ (1 − β) ηγ (1 − δ) 1 − βδ η(1 − βδ)

γ (1 − β) γ (1 − δ) 1 + γ (1 − β)− βδ 1 − βδ

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

ψt

θt

ωt

εm,t

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(6)

where � is given by

� = 1

η (1 − βγ + γ )− βδ(1 − η)+ 1

From Eq. 6, it can be seen that the four variables are driven by four unobserved
components: the three common trends in labour supply: (ψt ), technology (θt ), real-
location (ωt ); and a stationary component due to market-tightness shocks (εm,t ). The
model suggests that stochastic shocks in labour supply, technology, and realloca-
tion may cause hysteresis phenomena in unemployment. Although the mechanisms
which generate hysteresis in the model are quite simple, the methodology, model-
ling even other variables like wages, inflation, employment, capacity utilization (or
output gap), may be useful to study more elaborate theories about unemployment
persistence, for example, the theories of the unemployment range of equilibria
(McDonald 1990), the pure hysteresis model of the capital scrapping (Carlin and
Soskice 1990), which derive from demand management policies, or, e.g. as it is used
in the hysteresis common trends model of Jacobson et al. (1997). The range of equi-
libria is a range of rates of unemployment within which the rate of unemployment
is exerting no disequilibrium pressure on the rate of inflation, and so by integrat-
ing the labour market common trends model with a two- regime Markov switch-
ing model, it may be possible to study the unemployment-inflation dynamics related
with an unemployment range of equilibria and if equilibrium unemployment may
follow a hysteresial process. On the other hand, if we consider the model with a
demand variable (e.g. public expenditure), then it is possible to analyse long-run
effects on unemployment that can be explained by hysteresis phenomena of aggre-
gate demand shocks, like, for example, the capital scrapping model of Carlin and
Soskice (1990). Our common- trends model only tries to explain that there are some
shocks which have permanent effects on unemployment and vacancy, and others which
have only temporary effects, and to examine the sources of these shocks in more
detail.
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4 The cointegrating properties of the VECM for US

Johansen’s cointegration analysis is applied to the following linear VECM with four
variables5 and six lags6

�xt = αβ ′xt−1 +
p∑
i=1

�i�xt−i�Dt + εt , εt ∼ i.i.d. Nn(0,�) (7)

where xt is a n× 1 vector of endogenous variables, Dt is a vector of general determin-
istic terms and εt is an error term assumed to be i.i.d. multivariate normally distributed
with constant variance. Choice of lag length, misspecification analysis and rank deter-
mination are conducted using the standard tools suggested by Juselius (2006). The
results of the cointegration tests are shown in Appendix Table A3 with the trace sta-
tistics, the Bartlett corrections of the rank test statistic,7 the tabulated critical values
and P -values.8 Using a sequential procedure, when the Bartlett correction factor of
the rank test statistic is used, the null of non-cointegration can be rejected in favour
of the alternative of the existence of one of the cointegration vectors among the four
variables, i.e. r = 1.9 Using dummy variables in the model can affect the distribution
of the trace test. For such non-standard models, a simulation of the asymptotic criti-
cal values has been carried out applying the methodology proposed by Johansen and
Nielsen (1993),10 and we noted that their difference does not lead us to reconsider the
choice of cointegration rank.

With four variables and one cointegration relationship, Stock and Watson (1988)
show that there is a simple duality between the concepts of cointegration and common
trends, and so when we have an n-dimensional vector of variables, with r-dimensional
cointegration vectors, there are k = n − r common stochastic trends that drive the
system of the variables (i.e. k = 3).

5 Labour force (lt ) and labour productivity (yt −et ) are in natural logarithms. Unemployment and vacancy
rates were transformed in: urt = log (1 + URt /100) and vrt = log (1 + VRt /100), so that the log
transformation aids normality in residuals, and when x is small, log (1 + x) ≈ x by Taylor expansion.
6 Hannan-Quinn and Schwarz information criteria led to the choice of a VAR(4); we found that residuals
improved their statistical properties with six lags, confirming that the residuals are not serially correlated
in all the equations, while the Bera and Jarque tests do not allow for rejection of the normality.
7 Johansen (2002) suggests to apply this correction factor that improves the finite sample properties and
corrects for the under-rejection of the trace test statistic in small samples.
8 The results were obtained using CATS in RATS, version 2.
9 Four impulse dummy variables are included in the model to improve the statistical properties of the
residuals justified on economic grounds, and to account for the oil shocks. Following Hansen and Johansen
(1999), when a recursive trace test is carried out, we cannot reject the hypothesis of one cointegrating
relationship (Appendix Fig. 16).
10 See Appendix D and Table A4.
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Overidentifying restrictions on the cointegrating vector were applied and accepted
by LR test:11 the estimated cointegrating relationship can be written as

vt − ut = 1.78(yt − et ) (8)

The stationary relationship shows that the elasticity of v–u ratio with respect to labour
productivity is estimated as γ̂ = 1.78,12 implying that labour productivity shocks are
consistent with a downward sloping Beveridge curve. In particular, increases in labour
productivity lead to high vacancies, since firms have incentive to open more vacan-
cies, and low unemployment that characterize a tight labour market, since unemployed
workers find jobs more quickly, so that the process can be observed by fluctuations
in derived demand for labour, as reflected in vacancy movements, i.e. shifts in labour
demand are caused by changes in productivity, which suggest to be an important driv-
ing force of the cyclical unemployment dynamics, rather than labour supply shocks
that, how it is shown in the following analysis, are more important in the long run. In
this view, as suggested by Shimer (2005), an increase in labour productivity relative
to the recruitment cost to advertise a job vacancy, makes unemployment relatively
expensive and vacancies relatively cheap, so that the market pushes towards vacancy
substitutions, and the increased job creation decreases the unemployment rate, moving
the economy along a downward sloping Beveridge curve. Fujita and Ramey (2007),
in a quasi-VAR system of the US labour market, report the IRF of the v–u ratio to a
one standard deviation productivity shock, showing, that as a result of the shock, that
the labour market tightness rises rapidly for four quarters, then it reaches its steady
state after about 15 quarters, showing some degree of sluggishness.

It is known that cointegration relationships can be interpreted as the forces that
pull the variables towards an equilibrium after a shock has occurred, but some shocks
can have permanent impacts on the variables. In this view, the non-stationarity of the
observable unemployment rate (as well as vacancy rate) cannot be simply explained by
nominal or real inertia that causes a sluggish adjustment towards a stationary equilib-
rium rate of unemployment. Indeed, when there are shocks that affect permanently the
equilibrium path, i.e. policies oriented to change the unemployment rate (or inflation
rate), they may cause shifts of NAIRU through movements of actual unemployment
rate, introducing non-stationarity in the system.13

Before proceeding to the identification of which shocks could have permanent or
transitory effects on unemployment and vacancy, to verify the constancy of the beta
vector, following Hansen and Johansen (1999), we carry out a recursive estimation.

11 Following Johansen (2000), using the Bartlett correction for tests on cointegrating relations in the VAR
model, to give a better approximation to the finite sample distribution, LR test is χ2(3) = 7.2, P -value∗
[0.065], Correction Factor: 1.53.
12 This result is consistent with (Shimer 2005) that computes (in a calibrated labour market model) an
elasticity of the v–u ratio with respect to labour productivity of 1.71.
13 In the literature usually are exposed non-stationarity phenomena connected with the unemployment rate,
rather than vacancies, since generally unemployment (or inflation) is considered an economic policy objec-
tive. Obviously, in the model, given the vacancy non-stationarity, shocks to the common-trend innovations
can affect vacancies permanently.
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Based on recursive tests, max test shows the stability of the cointegration vector, with
evident differences in the late 1970s and mid-1980s (Appendix Fig. 17). The recursive
procedure, moreover, allows us an alternative way for investigating the beta vectors
constancy, by testing whether some fixed value of beta, β0, is contained in the space
spanned by β(t1) (test of ‘Known Beta’). In other words, the test is based on the null
hypothesis that the beta relations are constant over a reference period. It is displayed in
Appendix Fig. 18. It can be noted that model constancy is accepted based on the R-form
model (concentrated model version),14 when the short-run effects had been corrected
for, whereas it is rejected based on X-form that is the equilibrium error as a function of
short-run dynamics and deterministic components (full model)—in the 1970s and the
early 1980s. This period is comprised between the oil shocks and comprises a fairly
volatile sub period in the sample. With this test, the model suffers from non-constant
parameters in the short-run structure, whereas in the long run, the full sample β̂ would
essentially be accepted, since the X-form test is more likely to be influenced by the
instability in the short-run coefficients. As pointed out by Juselius (2006), there is no
waterproof rule to warrant whether the deviation from constancy requires a re-specifi-
cation of the model, so she suggests that ‘One useful way to thinking of the recursive
tests is that they can provide a general assessment of the confidence we place on the
conclusions from the model’ (p. 150). In our conclusion, although X-form of the US
test of ‘known beta’ displays volatility at the beginning of the recursive sample, the
model suffers from non-constant parameters in the short-run structure; when the latter
are concentrated out, the model in the long run shows a reasonable amount of param-
eter constancy (the full sample β̂ would essentially be accepted when the short-run
effects are corrected for). Since the X-form test is more likely to be influenced by
the instability in the short-run coefficients, we do not think that this deviation from
constancy requires a re-specification of the model, given also the other recursive tests
(max test of β-constancy, Eigenvalue time path graph: Appendix Figs. 17, 19) and
the graph of the cointegration relationship (Appendix Fig. 20) that looks quite stable.
Moreover, as suggested by Juselius (2006, chap. 7), the R-form model, the ‘clean’
equilibrium adjustment form, is a more interpretable economic form.15 In order to
analyse the long- and short-run dynamics and shifts of the Beveridge curve, we pro-
vide to carry out a common-trend analysis for the identification and the interpretation
of the structural shocks of the model.

5 Identification of permanent and transitory shocks

The econometric methodology for the identification of the shocks that hit our SVECM
relies on the common-trend analysis developed by King et al. (1991) and Warne (1993).
The approach uses the cointegration properties of the data to identify the model using
both short- and long-run restrictions. The analysis distinguishes between structural
shocks with permanent effects on the level of the variables and transitory shocks with

14 See Appendix D for details on R-form and X-form models.
15 In the test of known beta, when the short- run fluctuations are concentrated out, the model shows a
reasonable amount of parameter constancy.
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effects in the short run only. The permanent shocks are the sources of the common
stochastic trends, at least to some of the series. As we said, the number of these shocks
is k = n − r , and the number of transitory innovations is equal at the number of
cointegrating relationships. From a common-trend model, it is known that temporary
shocks to the stochastic trends have permanent effects, while short-run fluctuations are
driven both by trend shocks and purely transitory shocks. In this sense, the structural
and cyclical components of unemployment or vacancy are correlated, but still distin-
guishable. In order to identify the permanent and transitory shocks of our SVECM
model, we use the cointegration properties found in the first stage of the analysis. Our
structural common trends model is given by

xt = x0 + Aτt +
∞∑
i=0

�iνt−i; τt =
⎛
⎝
ψt
θt
ωt

⎞
⎠ ; νt =

⎛
⎜⎜⎝
εs,t
εy,t
εc,t
εm,t

⎞
⎟⎟⎠ (9)

where A is the long-run impact matrix, �is’ are the (nxn) matrices that give a descrip-
tion of the short-run dynamics, and satisfies the conditions to guarantee that the term
∞∑
i=0

�iνt−i is stationary.

We can rewrite (9) in matrix terms in function of the vector of variables under
analysis

⎡
⎢⎢⎣
lft
y − et
lt − et
vt

⎤
⎥⎥⎦ =

⎡
⎢⎢⎣
a11
a21
a31
a41

a12
a22
a32
a42

a13
a23
a33
a43

⎤
⎥⎥⎦

⎡
⎣
ψt
θt
ωt

⎤
⎦ +

∞∑
i=0

�i

⎡
⎢⎢⎣
εs,t−i
εy,t−i
εc,t−i
εm,t−i

⎤
⎥⎥⎦ (10)

The matrix A(4,3) represents the long-run multipliers by the three permanent shocks,
i.e. how each trend influences the variables in the long run. To identify our system, we
have to add three identifying restrictions. From our identifying assumption (δ = 0),
we find from Eq. 6 that this implies that labour force is independent of both the technol-
ogy and reallocation shocks in the long-run. This restriction implies that labour force
is exogenous in the long-run, so from Eq. 2, we see that labour force is only driven
by the labour supply trend. Moreover, it can be noted that if the production function
(1) shows constant return to scale (β = 1), then productivity is fully explained by the
technology trend. Note that we do not have to impose any further restrictions to iden-
tify the transitory shock. It is also noteworthy that we do not impose any restrictions
on the short-term behaviour of the variables, or that the limit of the impulse response
of the time series to the transitory shock becomes zero when the time horizon goes
to infinity, so that its effects may be large in the short and medium term. In Sect.2
the cointegration relation for the three trends system is given by the market tightness
relation. Its coefficients are described by the vector

β ′ = [0 − γ − 11]
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If we premultiply the parameter vectors in Eq. 6 by β ′ then we find that the resulting
coefficients onψt , θt andωt are all equal to zero. In terms of Eq. 10, the aij coefficients
must obey the same restrictions. We know that sinceA(4,3) is the matrix containing our
aij coefficients, the identifying assumption (δ = 0) and the cointegration restrictions(
β ′A = 0

)
result in:

A =

⎡
⎢⎢⎣

a11 0 0
a21 a22 0
a31

a21γ + a31

a32
a22γ + a32

a33
a33 + a23γ

⎤
⎥⎥⎦ (11)

The problem is uniquely determined: in addition to γ and δ, the other parameters of
the theoretical model. In order to make the trend coefficients in (11) comparable with
those in Eq. 6 we must transform the theoretical trends so that their innovations also
have unit variances.

In order to compare the theoretical and empirical models, the vector of coefficients
onψt in Eq. 6 is multiplied by σs , whileψt is multiplied by 1

σs
, and analogously for the

other trends. We see that there are six unknown parameters included in the theoretical
expressions for the trend coefficients,

(
δ, β, η, σs, σy, σc

)
.

Since A matrix is assumed to contain the structural parameters on the (n − r)

common trends, it must be orthogonal to the cointegration vector(s), β. This implies
the restriction β ′A = 0, or, expressed using a selection matrix A0, chosen such that
β ′A0 = 0,

A = A0π

where A0 is an n × k matrix with known parameters, chosen so that the innovations
to the trends have an economic interpretation,16 and π is a (n− r)× (n− r) matrix
lower triangular. Computing the product, and setting the theoretical trend coefficients
equal to the empirical in Eq. 11, some algebra calculations give us, the Beveridge
curve trade-off parameter:

η = a21

a11
γ − 1 (12)

The returns to scale parameter

β = a21[η(1 + γ )+ 1] − a11(η − 1)

a21ηγ + a11(1 − η)
(13)

The labour supply elasticity

δ = 0 (identifying assumption) (14)

16 A suitable choice is to use an orthogonal complement to β, (i.e. β ′β⊥ = 0).
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Table 1 Estimated common trends coefficients

Variable ψ θ ω

lft 0.621 0.00 0.00

(0.194) (−) (−)
y − et −0.495 0.725 0.00

(0.492) (0.348) (−)
lt − et −0.113 −1.169 0.259

(0.0517) (0.594) (0.045)

vt 0.346 0.120 0.259

(0.147) (0.137) (0.045)

Note Standard errors are reported in parenthesis

The standard deviation of the supply labour trend innovation

σs = a11 (15)

The standard deviation of the technology trend innovation

σy = a22[η(1 − βγ + γ )+ 1]
(1 + η)

(16)

The standard deviation of the reallocation trend innovation

σc = a33γ a22
[
η(1 − βγ + γ )+ 1

]

a42(1 + η)
(17)

Unemployment, usually is positively affected by labour intersectoral reallocations as
a response to aggregate shocks. Long-run effects on unemployment can be explained
by hysteresis phenomena of negative (positive) aggregate demand shocks (Carlin and
Soskice 1990). Therefore, the process can manifest a hysteresis system with many
equilibrium rates of unemployment.17 Indeed, in the common trends model unem-
ployment and vacancy dynamics attain at their long-run behaviour in which they show
persistence paths, so that the model is consistent with a hysteresial process.

We analyse in detail the importance and the reaction at the permanent and transitory
shocks that hit our system through impulse response functions and forecast error vari-
ance decomposition (FEVD). The interest is concentrated particularly on the reaction
of unemployment and vacancy rates at specific shocks, and on the possible sources of
persistence. Table 1 reports estimates of the long-run multipliers in the matrix A in
Eq. 11. The aij estimates measure the long-run response of the variables from a unit
shock to the orthogonal innovations in the three trends.

Table 1 shows the long-run effects on the variables arising from a unit shock to labour
supply, technology and reallocation innovations (percentage values). For example, it

17 For details on other models where changes in aggregate demand can cause permanent changes in the
rate of unemployment, see, among others,( Hahn and Solow 1995; McDonald and Sibly 2001).
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Fig. 2 IRF of the variable from a unit shock to the labour supply innovation

is noticeable that a unit shock to labour supply (i.e. an autonomous or policy-induced
change in the labour-participation rate), raises labour force approximately by 0.6%,
has a negative long-run effect on unemployment of −0.11%, and a positive one on
vacancy, since it may enhance job creation as, owing to the additional labour supply,
opening of a vacancy for new jobs becomes less costly. According to these results,
as pointed out by BD (1989, p. 59), it is possible that an exogenous increase in the
labour supply is associated with some increases in employment, that is some jobs are
created with the entry of new workers, or suppressed as some existing workers leave
the labour force. Moreover, positive labour supply shocks may lead to lower unem-
ployment if the long-run labour demand shift (e.g. via an increase in the output) is
greater than the shift in the supply curve as long as the supply elasticity with respect
to wage is sufficiently small. In this view, employment increases more than the labour
force, thereby decreasing the unemployment rate.

The dynamic behaviour of the variables can be seen by the impulse responses in
Figs. 2, 3, 4, and 5, where we provide the estimated impulse responses fluctuations
for the four different shocks along with 95% confidence bands. Figure 2 displays the
impulse responses of the various variables to a one-unit labour supply structural shock.

It is noteworthy that there is an increasing of unemployment in the short run, e.g. if
the employment increases less than labour force. The long-run effects on the variables
by technology shocks are shown in Fig. 3.

Table 1 (second column) and Fig. 3 show the long-run responses of unemployment
and vacancy to a technology shock. Observe that unemployment and vacancy respond
in opposite directions, with unemployment falling by 1.17% and vacancy rising by
0.12%, e.g. a technology shock induces an increase in labour productivity that raises
the labour demand, and hence, through it, an increase of the vacancies posted by the
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Fig. 3 IRF of the variables from a unit shock to the technology innovation

firms. The technology shocks of our model, with a note of caution, given the sim-
plified production function (1), are consistent with the results of Shimer (2005) that
finds technology inducing a negative correlation between unemployment and vacan-
cies, so that they are consistent with a downward sloping Beveridge curve; in other
words, a technology shock tends to reduce the unemployment rate as more workers
obtain employment in the expanding sectors, and higher productivity firms post more
vacancies. Therefore, it tends to increase the transition rate from unemployment to
employment, and to decrease the transition rate from employment to unemployment.
Therefore, vacancies and unemployment should have negative correlation.

Figure 4 displays the impulse responses to a reallocation shock. Positive aggre-
gate reallocation shocks lead to job destruction and an increase in unemployment,
and leading over a period to post vacancies, if the job destruction created by the firms
which are negatively hit by the shocks, prevail on the creation of additional jobs due to
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Fig. 4 IRF of the variables from a unit shock to the reallocation innovation

sectors and firms where the shocks have positive effects. At aggregate level, a negative
demand shock will result in lower profitability of jobs and therefore in an increase of
job destruction, and a decrease of job creation. Reallocation effects, if persistent, can
shift the curve from the origin.

In the model, reallocation shocks cause adjustment processes of job vacancies, and
unemployment rather sluggish. As in Braun et al. (2009), the reallocative shock has
a short-run negative effect on labour productivity and no significant long-run effects.
As argued by Barlevy (2002), the literature (see Hall 1991, 2000; Mortensen and
Pissarides 1994, for example), has developed models where recessions are associated
with a more efficient allocation of resources by ‘cleansing’ out-less efficient matches
and redirecting resources into more productive uses, but his model gives rise to a
countervailing ‘sullying’ effect that works against the cleansing effect, since workers
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Fig. 5 IRF of the variables from a unit shock to the transitory innovation

reallocate into their most productive uses more slowly during downturns than during
booms.

The dynamic responses of unemployment and vacancy to the transitory innovation
are shown in Fig. 5. This disturbance, identified as a market-tightness shock, leads to
an increase of the v–u ratio in the short run, peaking within a year, after which the
ratio displays steadiness over time.

Looking at Fig. 5 and at the short-run impact matrix R(0) in Table 2 (last column),
the transitory shock initially raises both unemployment and vacancy and later they
move in opposite direction, increasing the v–u ratio, with vacancies that seem to be
less sensitive to short-run business fluctuations. Sluggish propagation mechanisms
lead to long-lasting effects of transitory shock, showing some degree of inertia of
the economic adjustment. Fujita and Ramey (2007) and Shimer (2007) have noted
sluggishness, in the vacancy dynamics adjustment is likely due also to the presence
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Table 2 Short-run impact matrix R(0)

Variable ψ θ ω εm

lft 0.2244 −0.0393 −0.1163 0.1378

yt − et −0.1631 0.5072 −0.0659 0.1757

lt − et 0.9076 −0.8116 0.1196 0.0900

vt 0.0038 0.2002 0.0243 0.0069

of sunk costs for job creation, that is, firms with a higher rate of worker turnover tend
to post vacancies at a higher rate, and thus, job positions become more valuable once
they are created.

The increase of the labour market tightness, although the persistence of the transi-
tory innovation shock, is likely attributable to demand shocks that improve the labour
productivity through which it induce small movements along a downward sloping
curve.

Estimating the common-trend model allows for the decomposition of the observed
Beveridge curve into underlying permanent and transitory components. The long-run
Beveridge curve is derived from the estimates of A, which is the behaviour of unem-
ployment and vacancy in the vector xt due to the permanent disturbances, interpreted
as the long-run forecast of the variables, expressed as

uL = lim
h→∞Etut+h = u0 + aij τt

vL = lim
h→∞Etvt+h = v0 + aij τt i = 3, 4j = 1, 2, 3 (18)

capturing the values to which the series are expected to converge as long-run behav-
iour, once the effects of transitory shocks have died out.18 This behaviour, interpreted
as the long-run Beveridge curve, can be computed as

x0,i + Ai

t−1∑
j=0

ϕt−j i = ut , vt

where ϕt is the vector of the structural shocks of the common trends. Then, the
estimated long-run unemployment and vacancy series derived from the model are
computed as

18 Bagliano and Morana (2003) apply this approach to compute the US core inflation.

123



Beveridge curve dynamics in Italy and USA

Long run U.S. Beveridge curve 1961-2007
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Fig. 6 Multivariate structural decomposition of the long-run US Beveridge curve

ûL = û0 + â31ψ̂t + â32θ̂t + â33ω̂t

v̂L = v̂0 + â41ψ̂t + â42θ̂t + â43ω̂t

so that these relations capture the long-run effects on the variables of the three
identified permanent disturbances, and bear the interpretation of the long-run unem-
ployment-and-vacancy forecast, when all transitory fluctuations in these two variables
have vanished, suggesting that the long-run Beveridge curve is due to the propagation
of shocks to the economy rather than a particular source of impulses. However, the
cyclical component is

�(L)νt = lim
h→∞

h∑
i=1

(
�x̂t+k|t − E (�xt )

)

simply computed as

uc = ut − ûL

vc = vt − v̂L

where the cyclical component is determined by both the innovations of the system,
permanent and transitory, so that the permanent innovations also affect transitory
dynamics.

Figure 6 shows the long-run component of the curve, indicating an increased effi-
ciency implied by an evident inward movement beginning in the late 1980s until today.
The chart suggests significant changes in the efficiency of the aggregate job matching
process in the US over the past four decades, showing a reduced efficiency and a
deterioration of the job-matching process in the 1970s and the early 1980s, implied
by some evidence of outward shifts of the curve in these years and then improvements
onward. These results (various authors identified similar results, see e.g. the findings
of Abraham (1987), Katz and Krueger (1999), and Valletta (2005), inter alia), reflect
an improved US labour market performance over the last two decades.
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Cyclical U.S. Beveridge curve 1961-2007
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Fig. 7 Multivariate structural decomposition of the cyclical US Beveridge curve

Table 3 FEVD of unemployment

Quarter ψ θ ω εm

1 0.159 0.127 0.277 0.436

4 0.039 0.439 0.132 0.390

8 0.016 0.628 0.062 0.294

16 0.020 0.677 0.042 0.261

24 0.031 0.675 0.039 0.255

32 0.036 0.674 0.038 0.251

∞ 0.535 0.437 0.028 0.000

Note In column 1–3 are reported the values by the permanent shocks, in column 4 by the transitory shock

Figure 7 shows a scatter plot of the relationship between the cyclical component of
unemployment and vacancy, the short-run Beveridge curve. The correlation between
the two components is very high, −0.98, between 1961 and 2007. Indeed, BD in their
seminal study concluded that at business cycle frequencies, shocks generally drive
unemployment and vacancy rates in the opposite direction.

Tables 3 and 4 show FEVD of unemployment and vacancy, aiming at assessing
the relative importance of the four shocks to the Beveridge curve dynamics. Num-
ber of quarters ahead measure the fraction of the forecast error attributable to each
disturbance.

In Table 3, for short-time horizons (within the first year), technology and transitory
shocks explain roughly 84% of unemployment error variance; in the long run, the
weight of the market tightness shock decreases whilst the roles of technology and
labour supply increase. Labour supply shock accounts only for a small fraction of
unemployment variance in the short run, but increases in the long run (almost 54%),
and transitory shocks account for a long-time horizon, showing some persistence of
the v–u ratio. Reallocation shock has its major effects within one year; later, the sup-
ply factors begin to have more incidence on unemployment. Note that contribution of
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Table 4 FEVD of vacancy

Quarter ψ θ ω εm

1 0.021 0.493 0.007 0.479

4 0.037 0.641 0.003 0.319

8 0.080 0.679 0.024 0.217

16 0.119 0.647 0.068 0.166

24 0.154 0.604 0.097 0.144

32 0.193 0.558 0.123 0.126

∞ 0.594 0.074 0.332 0.000

technology shock to the cyclical fluctuations of unemployment account roughly for
60%.

Table 4 shows FEVD of vacancy. At business cycle frequencies, technology and
transitory shocks explain almost 90% of the vacancy variance; for longer horizons,
labour supply and reallocation shocks increase its weight, accounting roughly for 60
and 33% of variance, respectively. These findings are consistent with the results of
Mortensen and Pissarides (1999), in which job reallocation shocks, in both USA and
Italy, do not reverse shortly after they occur, where there is large persistence in job
creation and job destruction, with persistence rates for the latter being slightly higher
than the former.

6 Beveridge curve for Italy: the aggregate analysis

6.1 Cointegration analysis

In Italy, recent labour legislation changes (the so-called Treu Act 1997, and Biagi Act
2003) have been introduced to try to ease the regulation of temporary work, to intro-
duce the ‘job on call’, ‘job sharing’ figures and, in general, to reduce the mismatch
phenomena and to liberalize Italian labour market. Some results on the unemployment
rate are evident; in the last years it has been decreasing over time, even though this
improvement is due overall to an increasing number of temporary work contracts.

Italian data for vacancies derive from ISFOL-CSA survey.19 Owing to the absence
of official data on vacancies, there are not many empirical studies on the dynamics
and the relations of the Beveridge curve in Italy (see e.g. Bragato 1990; De Stefanis
and Fonseca 2007; Mocavini and Paliotta 2000). Figure 8 shows IT Beveridge curve,
where inward shift of the curve from the late 1990s until today can be noted, indi-
cating some improved efficiency for the Italian labour market in the last decade, but
from the visual inspection of the graph the theoretical negative relationship between
unemployment and vacancy is more evident in the 1990s rather than in the early 2000s.

19 In Italy, there are no official vacancy data. Available sample for vacancy is from 1980 to 2006. We
collected labour market data of the Italian Statistical Office from 1982 to 1992 to let the chaining with the
new survey that starts from 1992:4.
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IT Beveridge curve 1980-2006
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Fig. 8 IT Beveridge curve

Johansen’s cointegration analysis was applied to a VAR with four variables and
three lags. The results of the cointegration tests are shown in Appendix Table A6.

When the Bartlett correction factor of the rank test statistic is considered, the null
of non-cointegration can be rejected in favour of the alternative of the existence of
one cointegration vector among the four variables, i.e. r = 1.20 With a cointegration
rank, r = 1, there are k = n− r = 3 common stochastic trends that drive the system.
Overidentifying restrictions on the cointegrating vector were applied and accepted by
LR test.21 For Italy, the empirical counterpart of the relation (4) of the theoretical
model, takes the form of the restricted cointegration relationship identified as

vt − ut = 1.16(yt − et ) (19)

the v–u ratio stationary relationship shows an elasticity almost proportional with
respect to labour productivity, confirming that labour productivity shocks, also for
Italy, are consistent with a downward sloping Beveridge curve. Recursive analysis
showed no serious problems of the model, given the beta constancy tests reported in
Appendix Figs. 22 and 23, even though there were some instability around the early
1990s, likely due also to an important change of the statistical survey method of labour
market data by the Italian Statistical Office.

6.2 The common-trend analysis

Now we use the cointegration properties found in the first stage of the analysis to iden-
tify the permanent and transitory shocks of the SVECM model. The system is driven
by three common stochastic trends. In Table 5, the long-run multipliers are reported

20 A shift dummy variable for 1992:4 was inserted in the model to account for the change of the labour mar-
ket data survey by Italian Statistical Office. A simulation of the asymptotic critical values has been carried
out. It does not lead us to reconsider the choice of cointegration rank. See Appendix D and Table A7.
21 LR test is χ2(3) = 4.56, P -value∗ [0.207].
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Table 5 Estimated common trends coefficients

Variable ψ θ ω

lft 0.443 0.000 0.000

(0.145) (−) (−)
y − et −0.131 0.204 0.000

(0.088) (0.046) (−)
lt − et −0.331 −0.190 0.119

(0.094) (0.065) (0.028)

vt −0.030 0.052 0.119

(0.051) (0.027) (0.028)

Note Standard errors are reported in parenthesis

Fig. 9 IRF of the variables from a unit shock to the labour supply innovation

from the three permanent shocks, identified as a labour supply, technology, and real-
location shocks, with the latter, like for US, which affects unemployment and vacancy
in the same direction, and through its effects (e.g. income effects), causes aggregate
demand expansions or contractions. The long-run dynamics of the variables to the
three disturbances are reported in the Figs. 9, 10 and 11.

The shock response from the first common trend (Table 5, first column)—the labour
supply shock—shows permanent negative effects on unemployment and vacancy (with
a small long-run multiplier and no statistically significant): an exogenous increase in
the labour supply may enhance job creation, since the additional labour supply makes
the opening of a vacancy for a new job less costly. The long-run negative reaction of
vacancy could be linked to the hypothesis that a larger number of job seekers reduce

123



C. Di Giorgio, M. Giannini

LF

10 15 20 25 30 35 40
-0.0050

-0.0025

0.0000

0.0025

0.0050

Y_E

10 15 20 25 30 35 40
-0.004

-0.002

0.000

0.002

0.004

0.006

0.008

0.010

U

10 15 20 25 30 35 40
-0.008

-0.006

-0.004

-0.002

0.000

0.002

0.004

V

0 5

0 5

0 5

0 5 10 15 20 25 30 35 40
-0.0010

-0.0005

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

Fig. 10 IRF of the variables from a unit shock to the technology innovation

the number of job vacancies, even though in the short-medium run (within two years)
the response of vacancies is positive (see Fig. 9). Labour supply shocks can be caused,
other than changes in the working age population, also by policies that induce changes
in the labour participation rate. Recent institutional innovations in the Italian labour
market could have induced changes in the labour participation rate. The long-run
impact of a technology shock on unemployment is negative, driving a decrease of job
destruction (or a less increase) and an increase of job creation. The long-run multiplier
of technology common trend, if compared with US is not very strong, showing that in
Italy, technology plays a small role for the improvement of the employment.

Aggregate reallocation shocks have moderate positive long-run effects on unem-
ployment (Table 5, third column, Fig. 11), and on job vacancies. Owing to tastes,
technology or institutional changes, firms hit by positive idiosyncratic shocks expand
their production, whereas other firms are hit by adverse shocks and are bound to
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Fig. 11 IRF of the variables from a unit shock to the aggregate reallocation innovation

downsizing. At aggregate level, all these idiosyncratic shocks lead to a reallocation of
production amongst the firms, and at macro level, these shocks take the form of aggre-
gate reallocation shocks, i.e. the introduction of government incentives which give
fiscal advantages to firms that invest in R&D, or the introduction of an environmental
tax that favour firms with a clean production technology. A positive reallocation shock
can lead to increase unemployment if the job destruction prevails on the job creation.
If the shocks hit all the firms in the same direction, then at the macro level, we have an
aggregate negative or positive demand shock. The reallocation process takes time and
resources to hire workers, and therefore, it is a costly process implying an increase in
the unemployment rate.

Figure 12 displays the IRF to the transitory shock. Looking at the figure, a decreas-
ing v–u ratio is likely due to an increase in the separation rate that reduces wages. The
graph displays also the sluggish adjustment process of unemployment leading to quite
long lasting effects of the transitory shock, and this may reflect a rather high degree of
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Fig. 12 IRF of the variables from a unit shock to the transitory innovation

inertia of the Italian labour market. Indeed, from FEVD analysis (Appendix Table A8),
it can be noted that transitory innovations are the main contributor at horizons of two
years or less, and at 8-year horizon, they account for 27% of the unemployment rate
variability.

Figure 13 displays the long-run Beveridge curve obtained from the model, and
entails inward movements from the early 1990s. Figure shows the long-run curve
in which it is possible to note two dynamic behaviours of the Beveridge curve for
the 1980s, and the early 1990s and the 2000s, with the first decade showing a more
sluggish dynamics of inward shifts, likely due to a more rigid labour market in this
period. It is worth pointing out that the major enhancements of efficiency were from the
early 1990s to early 2000s; afterwards the curve shows steadiness in the space u− v.
Likely, these movements are due to labour supply and technology shocks, induced by
institutional reallocation shocks of the Italian labour market occurred in those years
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Long-run IT Beveridge curve 1982-2006
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Fig. 13 Multivariate structural decomposition of the long-run IT Beveridge curve

Cyclical IT Beveridge curve
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Fig. 14 Multivariate structural decomposition of the cyclical IT Beveridge curve

(Appendix Tables A8 and A9 report the FEVDs of unemployment and vacancy). It is
noteworthy that unemployment error variance is explained in the long-run approxi-
mately for 75% by two permanent shocks, i.e. labour supply and technology, and for
25% by reallocation shock, confirming the importance of supply factors to explain the
structural unemployment. Vacancy error variance is explained in the first year roughly
for 96% by technology and reallocations innovations, and in the long-run reallocation
shock is the most important factor explaining vacancy variability accounting for 81%.
The results confirm the view of various authors that there is no a single cause for the
rise in unemployment. We find that different shocks can explain unemployment at
different time horizons.

Figure 14 displays the short-run IT Beveridge curve, where it can be noted an
efficiency improvement of the labour market since the early 2000s, likely due to a
moderate dynamics of the aggregate demand in this period, whereas for the 1980s
until the early 1990s, the job-matching process displays a deterioration, in part likely
due to the high union density and to wage rigidities causing lack in the labour demand.
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7 Summary and conclusion

In this article we present a comparison of the US and Italian Beveridge curve: the
cointegration analysis shows that there is one stationary relationship among the vari-
ables in both the countries. Based on a small model of the labour market, we can
identify a ‘market tightness’ equilibrium relation. In both the labour markets, three
permanent shocks were identified; in both the countries, two of them affect unemploy-
ment and job vacancies in opposite directions. We argue that there are some sources
of hysteresis in both countries: technology and reallocation shocks could have perma-
nent effects on unemployment through modifications of equilibrium unemployment
rate that could generate a macroeconomic multiple equilibria system. The long-run
US Beveridge curve shows inward movements in the last two decades, reflecting an
improved performance of the US labour market in these years, due to technology and
labour supply shocks that, in connection with market tightness shocks, caused also
inward movements of the curve at business cycle frequencies through increases of the
v–u ratio.

The analysis of the Italian Beveridge curve shows that the permanent effects of the
labour supply and technology are not so strong like in US, and reallocation shocks
have an important role for unemployment also in the long run. In particular, the latter
affecting unemployment and job vacancies in the same direction cause the reallocation
processes to be long and costly in terms of employment, until unemployment could
start to decrease again. It is noteworthy that technology is important in both countries
to explain unemployment variability. Labour supply shocks are the most important
factor moving US unemployment in the long run, likely due to a less sluggish labour
market in this country with respect to Italy where reallocation shocks explain a major
portion of unemployment variance in the long-run with respect to the labour supply
trend, likely due to various institutional and structural changes occurring since the
1980s that have induced firms to reallocate their production.

In both countries, data show a downward trend, since the 2000s, of help-wanted
ads due to the increasing of the Internet as alternative source of job search, which has
substantially reduced employers’ reliance on traditional help-wanted advertisement,
modifying the dynamics of the Beveridge curve in the recent years. Recruitment is an
important process of searching and selecting qualified people for a specific job by a
company or an organization, and can be performed through the use of internet technol-
ogy to attract job seekers and companies, as an alternative of traditional recruitment,
such as advertisement in newspaper or television which are far more expensive. The
growing importance of Internet job listings improves not only the matching mecha-
nism, but also decreases the help-wanted index to the true vacancies. However, even
though Internet ads are not included in the sample data, from the long- and short-run
Beveridge curves’ graphics, we can note that it is likely that the increase in the flow
of information on job openings, made possible by the Internet, has reduced in the
recent years both structural and frictional unemployment, reduced the duration of job
vacancies, and hence caused inward shifts of the Beveridge curve.
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Appendix

A1 Data sources

The original sources for data are FRED database available on the Federal Reserve
of St. Louis website for the US: the standardized unemployment rate (by the U.S.
Bureau of Labor Statistics, BLS), GDP, civilian labour force, total civilian employ-
ment, total nonfarm payrolls employment and the Conference Board help-wanted
advertising index as proxy for vacancies data. Vacancy rate is obtained dividing help-
wanted index data by labour force. Italian Statistical Office, ISTAT, (Quarterly Labour
Force Survey) for the Italian variables labour force, employment, unemployment rate,
GDP (Quarterly National Account), and ISFOL-CSA (Istituto per lo sviluppo della
formazione professionale dei lavoratori, Rome, and Centro Statistica Aziendale in
Florence) for the Italian vacancy survey data on the help-wanted advertisements pub-
lished in some important daily newspapers. All the variables are seasonally adjusted
(Fig. 15).

A2 The production function

Following Hansen and Warne (2001), we introduce the production function and the
effect of the omission of the input capital from the model. The production process
is represented by a Cobb–Douglas production function with two inputs, labour and
capital, reported in loglinear form with labour augmenting technological progress (the
scale parameter at )
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Fig. 15 The US variables under analysis

123



C. Di Giorgio, M. Giannini

yt = β1(at + et )+ β2kt , β1 + β2 = β (A.1)

where et is the employment, and kt is the capital. We can rewrite the production func-
tion to a relation for average labour productivity in which β is the returns to scale
parameter. With some algebra

yt − et = (β − 1)et + β2(kt − et − at )+ βat (A.2)

where (kt −et −at ) is the capital–labour ratio with labour measured in effective units.
The technological process is assumed to follow a random walk:

at = at−1 + εa,t

Let us to rewrite (1) as

yt − et = (β − 1)et + θt

It is possible to derive two demand relations assuming cost-minimization and price-
taking firms:

et = β−1yt − (wt − pt )+ εe,t (A.3)

kt = β−1yt − (it − pt)+ εk,t (A.4)

wherewt is the wage rate, it is the user cost of capital, andpt the price level. Combining
the two relations, assumed to be stationary

kt − et − at = wt − at − it + εk,t − εe,t (A.5)

Since we do not model it , we need to consider two cases, if the relation (wt − at − it ) is
a stationary process, from (A.2) and (A.5), defining θt in (1) as a productivity process,
it is given by

θt = βat (A.6)

If (wt − at − it ) is non-stationary (I(1)), then we have

θt = βat + β2 (kt − et − at ) (A.7)

Since the interest of the analysis is on productivity, unemployment (employment) and
vacancy, the inference of the model, leaving out kt and it , can be valid.

A3 Cointegration and identification of the common trends model
(Tables A1, A2, A3)

Using dummies variables in the model can affect the distribution of the trace test, and
so the approximation used for computing the critical values of the rank test in the I(1)
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Table A1 US test of stationarity

r DGF 5% C.V. LF_US LY_E UR_US VR_US

1 3 7.815 6.098 11.679 26.131 25.986

[0.107] [0.009] [0.000] [0.000]

2 2 5.991 1.424 6.908 22.523 20.709

[0.491] [0.032] [0.000] [0.000]

3 1 3.841 0.243 5.132 5.311 2.186

[0.550] [0.023] [0.021] [0.139]

LR-test, Chi-square (4 − r), P -values in brackets

Table A2 IT test of stationarity

r DGF 5% C.V. LF LY_E UR_IT VR_IT

1 4 7.815 13.088 6.035 16.745 9.201

[0.004] [0.110] [0.001] [0.027]

2 3 5.991 10.619 1.818 12.396 9.113

[0.005] [0.403] [0.002] [0.011]

3 2 3.841 2.430 1.762 4.568 3.340

[0.119] [0.184] [0.033] [0.068]

LR-test, Chi-square (4 − r), P -values in brackets

Table A3 The US cointegration rank test

H0: Rank = r p − r λ̂i i λTRACE λ∗
T RACEBC

95% Crit. values P -value P -value*

r = 0 4 0.157 1 64.47 50.63 47.71 0.000 0.025

r ≤ 1 3 0.131 2 33.09 20.28 29.81 0.019 0.415

r ≤ 2 2 0.038 3 7.204 4.850 15.41 0.560 0.822

r ≤ 3 1 0.001 4 0.094 0.061 3.841 0.759 0.804

Critical values are derived in Doornik (1998) and tabulated in Doornik (2003, Table 3), and Dennis et al.
(2006, Table C.3),λ∗

T RACEBC
, the Bartlett correction factors of the rank test statistic are derived in Johansen

(2002)

models could be not valid. For such non-standard models, a simulation of the asymp-
totic critical values has been carried out both for the US and IT models. Comparing
the simulated critical values to the standard ones, we note that their difference do not
lead us to reconsider the choice of cointegration rank for both models (for IT model
see below, Table A7). (Table A4).

Recursive estimation tests are based on the procedure to choose a baseline sam-
ple from the first part of the sample, and then estimate a first model and recursively
test whether the last part of the sample has followed the same model. Therefore, in
this way, various recursive tests are calculated starting from a baseline model esti-
mated for a subsample 1, . . . , T1, with T1 < T , and then the estimation is extended
to the end point of the recursive sample, t1, until the full sample is covered, where
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Table A4 US simulated critical values

Simulation of the asymptotic trace test distribution

Deterministic specification: unrestricted constant (DRIFT)

Number of replications (N): 2500

Length of random walks (T): 400

Quantiles of the simulated rank test distribution

p − r r Mean S.E. 50% 75% 80% 85% 90% 95%

4 0 23.45 6.337 22.90 27.24 28.43 30.15 31.86 35.08

3 1 11.99 4.649 11.43 14.81 15.69 16.61 17.97 20.66

2 2 3.974 2.968 3.365 5.404 6.094 6.97 8.087 9.74

1 3 0.000 0.000 0.000 0.000 0.000 0.00 0.000 0.00

I(1)-Analysis
p − r r Eig. value Trace Trace* Frac95 P -value P -value*

4 0 0.157 64.47 50.632 35.07 0.000 0.000

3 1 0.131 33.09 20.283 20.66 0.001 0.054

2 2 0.038 7.204 4.850 9.739 0.131 0.300

1 3 0.001 0.094 0.061 0.000 NA NA

t1 = T1, T1 + 1, . . . , T . If we consider the ECM model (7), using the shorthand
notation, then we have

Z0t = �xt

Z1t = xt−1

Z2t =
[
�x′

t−1,�x
′
t−2, . . . ,�x

′
t−p+1,Dt

]

and writing (7) in the compact form

Z0t = αβ ′Z1t +�Z2t + εt

we concentrate out the short-run effects�Z2t to obtain a ‘cleaner‘ long-run adjustment
model. hence, we can define the concentrated or R-form model as

R0t = αβ ′R1t + ε̃t (A.8)

where R0t and R1t are residuals of OLS estimates of Z0t and Z1t on Z2t , respectively.
R-form model (A.8) is of interest to understand both the statistical and economic
properties of the VECM model, so that the original VAR has been transformed into the
‘clean‘ equilibrium adjustment form (A.8), which ML estimator is derived in two steps.
On the other hand the X-form tests are based on the same procedure by reestimating
all the parameters of the model (7).
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Fig. 16 The US recursive trace test
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Fig. 17 The US max test of β-constancy

The recursive trace test is based on the Johansen test for the cointegration rank:

−2 lnQT (H(r)|H(n)) = −T
n∑

i=r+1

ln
(

1 − λ̂i

)
, for r = 1, . . . , n− 1

The likelihood ratio test statistic for H(r) in H(n), either for the X-form and R-
form models. The recursive graphs of the trace test divided by the 95% quantile of the
asymptotic distribution

τ(j) =
⎧⎨
⎩−t1

j∑
i=1

ln
(

1 − λ̂i

)
⎫⎬
⎭

/
C∗
.95(j), j = 1, . . . , n, t1 = T1, . . . , T

where λ̂i are the eigenvalues related to the estimated αi and βi , which provide a
visual impression about the constancy of the cointegration relations. Since λi tends
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Fig. 18 The US test of ‘Known Beta’ β0 ∈ spβ(t1)
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to a constant for i ≤ r and to zero for i > r, τ (j) should be upward sloping for
j ≤ r and constant for j > r , so that in Fig. 16 are plotted the r’s time paths of λ̂i
(for i = 1, . . . , r), evaluated in each step of the recursion (for each value of t1). The
number of test statistics greater than unity corresponds to the number of cointegration
relations at the 5% significance level, i.e. values greater than unity imply rejection of
the null hypothesis at a 5% significance level. Hence, the graphs give some support to
our choice of three unit roots (i.e. r = 1).

The max test focuses on testing changes in the beta vectors, and tests the hypothesis:

Hβ : β̂t1 = βT f or t1 = T1, . . . , T

It is a LM type test for parameter constancy in regression models deriving by Nyblom
(1989), and extended to analyse models with I(1) processes. In Fig. 17, the test
statistics have been scaled by the asymptotic 5% critical value under the null of con-
stant parameters. The test is rather conservative, implying that there is strong evidence
for non-constancy of beta (a signal of large deviations from the null) when the test
rejects (the test statistics are above unity line).

123



Beveridge curve dynamics in Italy and USA

1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006
-0.075

-0.050

-0.025

0.000

0.025

0.050

0.075
Beta1'*Z1(t)

1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006
-0.050

-0.025

0.000

0.025

0.050

0.075
Beta1'*R1(t)

Fig. 20 US cointegration relationship
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Fig. 21 IT recursive trace test
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Fig. 22 IT max test of β-constancy

The test of ‘Known Beta’ is based on the null hypothesis that the beta relation(s)
are constant over a reference period that can be the full sample or any subsample of it.
Figure 18 is obtained by recursively adding more observations to T1, thus considering
the recursive test of the hypothesis

Hβ : β0 ∈ spβ(t1), t1 = T1, . . . , T
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Fig. 23 IT test of ‘Known Beta’ β0 ∈ spβ(t1)

Table A5 Estimates of the
theoretical parameters for the
US and Italy

Parameter US Italy

γ 1.78 1.16

η −2.42 −1.34.

β 1.16 1.03

σs 0.00621 0.0044

σy 0.00373 0.0017

σc 0.01425 0.0046

Table A6 IT cointegration rank test

H0: Rank = r p − r λ̂i I λTRACE λ∗
T RACEBC

95% crit. values P -value P -value*

r = 0 4 0.511 1 69.14 51.46 47.71 0.000 0.020

r ≤ 1 3 0.254 2 30.53 22.00 29.80 0.041 0.308

r ≤ 2 2 0.165 3 14.71 10.62 15.41 0.064 0.240

r ≤ 3 1 0.088 4 4.988 4.081 3.841 0.026 0.043

Critical values are derived in Doornik (1998) and tabulated in Doornik (2003, Table 3), and Dennis et al.
(2006, Table C.3),λ∗

T RACEBC
, the Bartlett correction factors of the rank test statistic are derived in Johansen

(2002)

where β̂0 is considered a known matrix. The test statistic is given by

−2 lnQ
(
Hβ |β(t1)

)
= t1

r∑
i=1

ln
1 − ρ̂

(t1)
i

1 − λ̂
(t1)
i

where ρ̂(t1)i is the solution of the restricted eigenvalue problem, and λ̂(t1)i is the solution
of the unrestricted eigenvalue problem. The test is asymptotically distributed as χ2

with r(n1 − r) d.o.f . The X-form model re-estimates all the parameters, therefore
the degrees of freedom are fewer than for the R-form, and so this can lead to X-form
graphs with increased volatility at the beginning of the recursive sample. Moreover,
each kind of test analyses the model by different views, so that one test might show
non-constant characteristics not depicted by other tests.
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Table A7 IT simulated critical values

Simulation of the asymptotic trace test distribution

Deterministic specification: Unrestricted Constant (DRIFT)

Number of replications (N): 2500

Length of random walks (T): 400

Quantiles of the simulated rank test distribution
p − r r Mean S.E. 50% 75% 80% 85% 90% 95%

4 0 23.85 6.42 23.23 27.68 29.02 30.46 32.56 35.28

3 1 11.97 4.72 11.42 14.71 15.52 16.69 18.28 20.46

2 2 3.94 2.94 3.39 5.54 6.10 6.79 7.97 9.30

1 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I(1)-Analysis
p − r r Eig. value Trace Trace* Frac95 P -value P -value*

4 0 0.262 52.06 46.50 35.28 0.000 0.002

3 1 0.116 20.23 16.04 20.46 0.057 0.182

2 2 0.063 7.27 0.278 9.303 0.125 0.987

1 3 0.004 0.43 0.335 0.000 NA NA

Table A8 FEVD of IT unemployment

Quarter ψ θ ω εm

1 0.020 0.022 0.080 0.878

4 0.016 0.118 0.251 0.615

8 0.026 0.230 0.308 0.435

16 0.038 0.305 0.309 0.348

24 0.033 0.346 0.314 0.307

32 0.026 0.381 0.320 0.274

∞ 0.214 0.542 0.244 0.000

Table A9 FEVD of IT vacancies

Quarter ψ θ ω εm

1 0.000 0.374 0.582 0.044
4 0.006 0.580 0.386 0.028
8 0.012 0.445 0.525 0.016
16 0.030 0.298 0.663 0.009
24 0.041 0.247 0.705 0.007
32 0.047 0.221 0.727 0.005
∞ 0.048 0.139 0.813 0.000
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Figure 19 shows the graph of time path of the recursively r largest eigenvalue(s)
of the model and its 95% confidence bands. The evaluation of the time path of
λ̂i (i = 1, . . . , r) can be seen as an evaluation of the i’th column of β̂ (or α̂), and
hence non-constancy of β̂ or α̂ will be reflected in the estimated eigenvalue(s). The
graph of λ̂1 shows that there are no large changes in all the samples, even though the
confidence bands display some variability. (Figs. 20, 21, 22, 23; Tables A5, A6, A7,
A8, A9).

The market tightness relation, in terms of the four left-hand side variables in (6), it
can be written as

−γ (yt − et )− (lt − et )+ vt = εm,t
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