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Abstract
In this paper we highlight the joint dynamic behavior of three key variables in labor 
market. Precisely, by means of a structural VAR we employ labor productivity, real 
wage and unemployment to identify the structural shocks affecting their pattern, in 
the long and short-run. We will label them as technology, markup and aggregate 
demand shocks, respectively. The impulse responses of each variable to shocks pro-
vide the measure of their (relative) elasticity in explaining the behavior of labor mar-
ket in six OECD countries, namely Italy, France, Spain, Germany, UK and USA. 
We find that: (1) the conditional correlations between productivity and real wage 
are positive for both supply and demand shocks, (2) the impulse responses show a 
persistent increase of both productivity and real wage to supply shocks, (3) the level 
of unemployment shows a persistent decrease when hit by a positive demand shock. 
The main result of our analysis is that Keynesian policies can have permanent effect 
on the labor market equilibrium.

Keywords SVAR · Labor market · Productivity · Real wage · Unemployment · 
Aggregate demand

JEL Classification O4 · J5

1 Introduction

In this paper we highlight the role of real shocks in explaining the joint dynamic 
behavior of three key variables in labor market. Precisely, by means of a struc-
tural VAR model (hereinafter, SVAR) we use labor productivity, real wage and 
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unemployment to identify the structural shocks affecting their pattern in the long 
and short-run. We will label them as technology, markup and aggregate demand 
shocks, respectively. Then, the impulse responses of each variable to shocks provide 
the measure of their (relative) elasticity in explaining the behavior of labor market 
for six OECD countries, namely Italy, France, Spain, Germany, UK and USA.

As it is well known, the theoretical relationship among labor productivity, real 
wages and unemployment is mixed. On the one hand, labor market models which 
rely on aggregate demand shocks predict procyclical real wages and unemployment 
(see e.g., Gamber and Joutz 1993). On the other hand, labor market models which 
rely on aggregate supply shocks predict that aggregate demand shocks have no long 
run impact on real wages and unemployment (Balmaseda et al. 2000; Blanchard and 
Johnson 2013; Blanchard and Galì 2007). These conflicting views are also fed by the 
mixed empirical evidence which suggest that the behavior of real wage and produc-
tivity is of little use for distinguishing among competing theories (Gordon 1995). 
However, to the extent that movements in these variables are produced by supply 
and demand shocks, the aim of this paper is to identify the structural shocks which 
impinge upon their dynamics.

The identification of the structural shocks can be achieved by means of alterna-
tive methodologies (Enders 2014). Among these, we will follow the one provided by 
Blanchard and Quah (1989) and other authors (Gamber and Joutz 1993; Clarida and 
Galì 1994; Balmaseda et al. 2000; Gambetti and Pistoresi 2004; Saltari and Trava-
glini 2009). Precisely, the identification is achieved by imposing restrictions on the 
matrix of long-run multipliers of the estimated VAR model in order to interpret the 
reduced form innovations as structural shocks resulting from different sources. To 
distinguish among shocks, we will assume that only technology shock affects the 
stochastic component of labor productivity in the long-run. There is an extensive 
body of empirical literature that justifies this assumption (Galì 1999; Gamber and 
Joutz 1993). This literature is also consistent with a large class of theoretical mod-
els of labor market (Galì 1999; Blanchard et al. 1997; Saltari and Travaglini 2009; 
Saltari et al. 2010). Then, as in Gambetti and Pistoresi (2004), and in Blanchard and 
Johnson (2013), we will assume that the markup shocks will affect the real wages 
in the long-run. Finally, we identify the demand shocks by imposing the restriction 
that aggregate demand shocks do not affect the productivity in the long-run, but 
that aggregate demand shocks have no long-run impact on the growth of real wage 
(Gamber and Joutz 1993; Saltari et al. 2010; Calcagnini and Travaglini 2014).

Using this identification’s scheme, we provide a simple interpretation of the 
observed jointly movements in productivity, real wage and unemployment. These 
movements are consistent with the dynamic properties of a standard Solow’s growth 
model where technology shocks affect labor productivity in the long-run, and where 
the long-run component of real wages is driven by productivity and markup shocks, 
but not from aggregate demand shocks. However, in our model the aggregate 
demand shocks have permanent effects on the level of unemployment in the long 
run. Similar results can also be obtained in an insider–outsider framework consist-
ent with the hysteresis assumption (Blanchard and Summers 1986; Balmaseda et al. 
2000).
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The added value of the present paper lies in three main features. First, our the-
oretical model provides new insights compared to Balmasseda et al. (2000), and 
Gambetti and Pistoresi (2004). Precisely, we propose an identification scheme 
ordered in labor productivity, real wage and unemployment. This ordering is 
derived from an AD-AS model capturing the main characteristics of the Euro-
pean economies. We show that technology shocks determine the growth rate of 
the economies through the variation of labor productivity. This is different from 
Balmasseda et al. (2000) which, using an implicit assumption of continuous equi-
librium, employ the real wage to proxy the shocks in technology, for a group of 
OECD countries. Also, our set up is different from the AD-AS version of Gam-
betti and Pistoresi (2004) where the aggregate demand is not affected by technol-
ogy shocks, and where a labor supply function shapes the firms’ behavior as in an 
insider–outsider model of labor market. Contrariwise, in our model the aggregate 
demand is (at least partially) affected by technology shocks. These shocks affect 
both the value of income (in effective units) and the “natural” level of unemploy-
ment. As it will become clear below, these assumptions are accepted by the data.

As second point, we extend, on the empirical ground, the period of observation 
until the more recent years (from 1960 to 2017). The previous literature arrives 
at most at 1999. Our longer time horizon provides additional information about 
the heterogeneous impacts of the structural shocks beating the European labor 
markets. Importantly, the present analysis accounts for how the main European 
countries and USA react to the same structural shocks, and for how the asymmet-
ric adjustments of any single economy shape costs and benefits of the shared poli-
cies. Lastly, our identification scheme is based upon the evidence that the level 
of unemployment is an I(1) process. The stationary tests confirm this empirical 
property for all countries under consideration, and provide further elements of 
novelty compared to the response functions analyzed in the previous papers and 
their policy implications.

We get three main results. For all countries analyzed in the paper (Italy, France, 
Spain, Germany, UK and USA) the conditional correlations between productivity 
and real wage are positive for both supply and demand shocks. Then, the impulse 
responses show a persistent increase of both productivity and real wage to supply 
shocks. Finally, the level of unemployment shows a persistent decrease after a posi-
tive aggregate demand shock. This latter evidence provides a renewed perspective 
on the European policies designed to reduce unemployment. Indeed, it poses again 
the idea that Keynesian policies can have long-lasting effects on the labor market 
equilibrium, without depressing labor productivity and real wage in the long run. 
Therefore, our analysis revives the view of the unemployment productivity trade-off 
schedule (Gordon 1995) and of the possibility that countercyclical demand policies 
can decreases unemployment without crowding out productivity and real wages in 
the long run.

The paper is organized as follows. The next section presents a simplified labor 
market model derived from a modified AD-AS framework. In Sect. 3, we discuss 
the implementation of the SVAR model, the statistical properties of the variables 
included in the analysis, and the dynamic features of the impulse response functions. 
Finally, Sect. 4 concludes with some policy implications.
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2  The theoretical model

Our interpretation of the structural shocks is motivated by a Keynesian view of the 
economy. Our labor market is basically a modified version of the AD-AS model in 
which real wage is settled one period in advance. Three structural shocks—technol-
ogy, markup and aggregate demand shocks—affect the movements of the economy. 
These shocks stems from different sources, namely labor productivity, real wage and 
unemployment. Importantly, in this paper we intentionally rule out the role of labor 
market regulation in affecting the observed dynamics of unemployment and produc-
tivity. In fact, the most recent literature has already analyzed this point (Daveri et al. 
2005; Saltari and Travaglini 2009; Calcagnini et  al. 2017). But, less attention has 
been devoted to study the role of output regulation in affecting unemployment and 
productivity (Blanchard and Giavazzi 2003). Therefore, our aim is to focus on the 
relationship between output regulation and economic growth in order to get addi-
tional information on the magnitude and sign of the conditional correlation between 
unemployment and productivity. We believe that our evidence can be useful to 
qualify the previous findings and to quantify the importance of output regulation 
in determining the functioning of the European labor markets, and the impact of 
changes in output regulation on employment and productivity.

The AD-AS model consists of the following five structural equations:

where yt , pt , nt , wt , n̄ denotes respectively the (logs of) labor productivity, price 
level, employment, nominal wages, full employment. Parameters dt , �t, �t , repre-
sent nominal expenditure (reflecting both fiscal and monetary policies), productivity 
(both technical progress and capital accumulation) and markup shift factors.

Equation  (1) is the aggregate demand function. The productivity shock �t is 
allowed to affect aggregate demand directly through the parameter � . Equation (2) 
is the aggregate supply function whose changes also depend on the shock �t . Then, 
Eq. (3) is the price setting rule. It is affected by both the productivity and markup 
�t shocks. Finally, Eqs.  (4) and (5) represent the wage setting rule. As in Fischer 
(1977) and Blanchard and Quah (1989) nominal wages are chosen in the economy 
one period in advance and are set to achieve (expected) full employment. Hence, 
Eq.  (5) states that wage fluctuations depend both on w∗ as well as on markup and 
demand shocks (Gambetti and Pistoresi 2004).1

(1)yd
t
= dt − pt + a�t

(2)ys
t
= nt + �t

(3)pt = wt − �t + �t

(4)w∗
t
= w||{Et−1nt = n̄}||

(5)wt = w∗
t
+ �1�

d
t
+ �2�

�

t

1 Following the literature (i.e. in Fischer 1977; Blanchard and Quah 1989; Enders 2014; Calcagnini et al. 
2016) we use a structural VAR in discrete time to test our theoretical model. This is a standard proce-
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To close the model we must specify the stochastic process driving the shift fac-
tors �t, �t, dt . We assume that these process are pure random walks so that

where Δ is the first difference. By assumption the shocks �s
t
,��t �dt  , are uncorrelated 

i.i.d. disturbances. To solve the system, let’s define unemployment as u = n̄ − nt . 
Then, simple calculation provides the following solution (see Appendix 1):

The system (9)–(11) characterizes the functioning of the underlying labor market. 
It satisfies our hypotheses about the jointly dynamic variations ( Δ) of the three vari-
ables, labor productivity (yt − nt) , real wage (wt − pt) and unemployment ut . Notice 
that the orthogonality of the shocks, and their causal relationship, strictly depend on 
the structure of the underlying AD-AS model. Indeed, the estimated reduced form 
(9)–(11) not only provides the causal relationship among the variables, but also 
gives the possibility to recover all the information present in the primitive system 
(1)–(5). In other words, our long-run restrictions allow to identify the underlying 
structural shocks among the original variables and to solve the identification prob-
lem. For example, our model implies that the real wage is affected by the supply 
shocks �s

t
 , and by the markup shocks ��t  . Also, demand side shocks �d

t
 have long-run 

effect on the level of unemployment ut , but not on the other two variables. So, using 
a trivariate VAR we can decompose the primitive variables, and recover the three 
structural shocks. Then, we can test if the data accept our theoretical restrictions. 
These shocks are used to generate the impulse responses and the variance decompo-
sition of structural shocks.

Further note that, in the long-run, the growth of labor productivity Δ(yt − nt) is 
only driven by technology shocks �s

t
 . Then, the growth of real wages Δ(wt − pt) is 

driven by both technology and markup shocks in the long run. Finally, changes in 
unemployment Δut are determined by technology, markup, and demand shocks. 
Therefore, Eq. (11) implies that the level of unemployment ut is not stationary and 
the structural shocks may have long-run impact on its “natural” rate.

(6)Δ� = �s
t

(7)Δ� = �
�

t

(8)Δd = �d
t

(9)Δ(yt − nt) = �s
t

(10)Δ(wt − pt) = −�
�

t + �s
t

(11)Δut = −�d
t
+ �

�

t − ��s
t

dure. The empirical analysis in continuous time is left for future research (for example, Federici et  al. 
2012).

Footnote 1 (continued)
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On the empirical ground, the system (9)–(11) also implies that the matrix C(1) of 
the long-run multipliers of the estimated SVAR must be lower triangular to achieve 
the identification. It can be written as

that is

This system provides the long-run moving average representation of our empiri-
cal model, derived from our theoretical assumptions. We will use this specification 
to identify the structural shocks and the dynamic impacts of these shocks on the 
growth rates of the three variables under consideration.

3  The empirical model

The first step of our empirical investigation consists in estimating the following 
three variable VAR system:

where Xt is a vector which includes the variables [Δ(y − n),Δ(w − p),Δu] . A(L) is 
a k th order matrix of lag polynomials in the lag operator L with all its roots outside 
the unit circle. �t is a vector of deterministic terms (including a constant), and �t 
is a vector of zero-mean independent and identically distributed random variables 
innovations. Omitting the deterministic components of the variables, it is possible to 
represent Xt as a moving average

Equation (16) is the VAR reduced form. Here innovations ( �t) are expressed as 
linear combinations of the structural shocks �t = K�t , whose moving-average repre-
sentation is

(12)C(1) =

⎡
⎢
⎢
⎣

c11(1) 0 0

c21(1) c22(1) 0

c31(1) c32(1) c33(1)

⎤
⎥
⎥
⎦

(13)
⎡
⎢
⎢
⎣

Δy

Δ(w − p)

Δu

⎤
⎥
⎥
⎦
=

⎡
⎢
⎢
⎣

c11(1) 0 0

c21(1) c22(1) 0

c31(1) c32(1) c33(1)

⎤
⎥
⎥
⎦

⎡
⎢
⎢
⎣

�s
��
�d

⎤
⎥
⎥
⎦

(14)A(L)Xt = �t + �t

(15)Xt = [Δ(y − n),Δ(w − p),Δu]�

(16)Xt = B(L)�t with B(L) = A(L)−1

(17)Xt = C(L)�t

(18)C(L) = B(L)K
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The coefficients of C(L) can be identified by introducing long-run restrictions 
to determine the matrix K univocally. Some of these restrictions are obtained by 
assuming the absence of long-run impact of some shocks on some of the variables 
under consideration. Assuming that the matrix of long-run multipliers C(1) is lower 
triangular, K can be obtained by estimating the VAR summarized in Eq. (14).

4  Results

We use annual data from the AMECO database covering the period 1960–2016. 
Labor productivity is computed as (log of) GDP per person employed. The real wage 
(RW) is the (log of) real compensation per employee. We use total unemployment as 
defined by Eurostat. The first difference of the (log of) original series provides the 
growth rates for each variable.

4.1  Stationarity

The stationarity properties of the variables included in the VAR determine the esti-
mation, the impulse responses and the variance decomposition of the SVAR model. 
To test for stationarity we ran a battery of unit root tests (ADF—Augmented Dickey 
Fuller; ADF/GLS—Augmented DF with Generalized Least Squares and KPSS—
Kwiatkowski–Phillips–Schmidt–Shin). Results are reported in Appendix 2. From 
the inspection of the data (Tables 1, 2, 3) emerges that all the variables under con-
sideration, and for all the countries, are I(1) processes. This means that the series 
have at least one unit root. This also implies that to get a robust estimation of the 
VAR model, the first difference [Δ(w − p),Δy,Δu] of the original series is employed 
to run the empirical analysis. Then, using the cumulated responses of the first differ-
ences we can rebuild the variables in level and compute the new steady state of the 
economy after the shock.

4.2  Impulse responses

Two different VAR specifications have been computed to test for the robustness of 
the empirical analysis. In the first case (specification 1) a linear trend is removed 
from the series of the unemployment, and a mean growth shift is removed from the 
labor productivity and the real wage, after 1979. In the second case (specification 2) 
we employ the raw data. We use AIC, SC and HQ tests to compute the optimal num-
ber of lags. In both scenarios, the dynamic structure of the VAR requires two lags 
and a constant. Since the two empirical specifications are similar in their dynamic 
structure and responses we only report here the statistical analysis of specification 2.

Figures 1, 2, 3, 4, 5 and 6 show the impulse response functions with 90% confi-
dence intervals for technology, markup, and demand shocks of the three variables for 
our OECD countries under consideration. The black solid line describes the impulse 
response of any single variable to an initial one-unit shock. Pink area represents the 
90% bootstrap confidence interval computed using 1000 bootstrap replications.     
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4.3  Labor productivity

The responses of labor productivity to the structural shocks (technology, markup 
and aggregate demand) is consistent with our theoretical model. Labor productivity 
reacts positively to a technology shock at all frequencies, while the responses to the 
markup and aggregate demand shocks are relevant only in the short-run, but tends to 
vanishes as time passes. Precisely, a positive technological shock increase labor pro-
ductivity, reaching the new long-run equilibrium after about 4–6 years. Something 
different happens in Germany and UK where a moderate movements in the short run 
and long run emerges from our identification scheme. Importantly, the technology 
shock permanently affects the growth rate of labor productivity. Then, a negative 
markup shock immediately decreases labor productivity in Germany and Spain and 
more gradually in Italy, UK and USA. The initial impact is positive only for France. 
After the initial negative effect, productivity remains for some years at its minimum 
level (maximum for France) before go back (in some cases with a cyclical pattern) 
to its starting level. In the case of Spain, the adjustment to the original level is linear, 
with productivity gradually recovering after the initial shock. However, the effect 
of the markup shock vanishes after about 6–10  years. Notably, except for Spain, 
markup shocks explain only a residual fraction of the overall variance in produc-
tivity, less than 5% in the first year and about zero for longer horizons. Finally, a 
positive aggregate demand shock causes a transitory increase in productivity in all 
the countries under analysis. Following the initial demand shock the productivity, 
gradually returns to its initial steady state following a cyclical pattern in the case 
of Germany, Spain and UK. The impact of demand shocks on the variance of labor 
productivity in the short run is weak in Germany and Spain, while it appears to be 
more important in France, Italy, UK and USA. Notice however that for the USA 
the effect of a positive shock in aggregate demand is relevant in the short run and 
accounts for slightly less than 40%.

4.4  Real wage

The real wage tends to increase both in the short and long run, in response to a posi-
tive technology shock and a negative markup shock. The impulse responses of real 
wages are similar to that of labor productivity. They react to the initial shocks con-
verging towards the new steady state after about 6–8 years. However, the response 
of real wage is not as much significant as that of productivity in each period. Fur-
ther, a technology shock explains the variance of real wage for less than 20% of the 
total variance in both the short and long run in France and the UK. In the remain-
ing countries we have short-run fluctuations ranging from 20% in Italy and 65% in 
Spain. In all the countries, except for Spain and Germany, we detect a raising impor-
tance of technological shocks in the long run. Notice that the real wage immediately 
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increases also in response to a negative markup shock raising steadily for the first 
3–5 years. After about 8–10 periods it reaches the new long-run steady state. Hence, 
the impact of a markup shock on real wages is permanent and significant. It repre-
sents the main source of variation to real wage in both the short and the long run for 
France and the UK. In the short-run it explains 80% or more of the total variance 
in France, Italy and the UK, something less in Germany, Spain and USA. In the 
long-run the explained variance tends to lose importance gradually, following the 
pattern of their technological shocks. This a common trend for all the countries with 
the exceptions of Spain and Germany. The effect is particularly marked for the UK 
where the markup shocks explain nearly 90% of the forecast error variance. Further-
more, it is worth noting that the real wage reacts with a countercyclical behavior 
(in the short run) in response to a positive demand shock. Afterwards, it gradually 
returns to its initial level in 4–10 periods, with an adjustment process which is usu-
ally cyclical and in some cases hump-shaped. The only exception is the USA where 
the positive response in the short run is a sign of procyclicality coherent with the 
findings of Gamber and Joutz (1993) and Balmaseda et al. (2000). All in all, from 
the analysis emerges that the demand shock is not responsible for real wage varia-
tion since the share of explained variance (except for the UK) is almost zero at each 
horizon.

4.5  Unemployment

After a technology shock the level of unemployment initially increase in the short-
run (the first 1–2 years) in France, UK and USA. Then, it shows a sharp decrease 
towards its new steady state. In the case of Germany and Spain we observe a per-
manent decrease of unemployment level just in the first periods. The role of tech-
nology shocks in explaining the unemployment fluctuation is of small importance 
since they are responsible for less than 10% in the short-run, and less than 20% in 
the long-run for the entire sample made exception for Spain. Then, a (negative) 
markup shock has a positive impact on the level of unemployment in the short run 
in all the countries under analysis. The most notable aspect is that the decreasing 
of unemployment in response to a markup shock is permanent even in the long 
run, with the exception of Spain. Initially, the unemployment level falls below its 
initial value, reaching a lowest peak after about 1–2 periods. Then, the initial effect 
tends to vanish and, in about 6–10 years, the unemployment converges (in most of 
the cases following a cyclical path) towards the new equilibrium whose value is 
smaller than the initial one. As said, the response to a negative markup shock is 
different for Spain where, after an initial reduction, the level of unemployment 
raises steadily. In addition, the effect of a markup shock is negligible in France and 
Spain, where it is responsible for less than 5% of movements in the short and long-
run. More significant is its impact in Germany, Italy and USA where the explained 
variance is something more than 20% in the short run (12% in the UK) and 10% 
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in the long-run (something less in the UK and Germany). Finally, an aggregate 
demand shock has a positive and permanent effect on unemployment in all the 
countries. This fact is consistent with Keynesian theories where the expansion of 
aggregate demand reduces unemployment. Note however that in the present analy-
sis this happens not only in the short but also in the long run. Unemployment 
drops immediately and converges towards the new (and smaller) steady state level 
after 6–10 years. Note that, the demand shock is the main source of fluctuations 
in unemployment. It accounts from roughly 60–98% of the total variance in the 
short-run, and approximately 78–90% in the long-run.

4.6  Variance decomposition

The impulse response functions show the effects of structural shocks on the adjust-
ment path of variables in the model. Forecast error variance decompositions meas-
ures the contribution of each type of shock to the forecast error variance. Both of 
these computations are useful in assessing how shocks to economic variables 
rebound throughout the system. Here the below Figs. 7 and 8 reports the forecast-
error variance decomposition of the three variables at various horizons representing 
years after years the contributions of the shocks to the forecast errors variance of the 
variables in the VAR.

From the variance decomposition we get that technology shocks dominate the 
labor productivity in the short and in the long-run. In France, Italy, UK and USA 
an important role is also played by demand shocks in the short-run. The effect of 
markup shocks on productivity is negligible in most of the countries (Italy and 
USA), more consistent in others (France and Germany) and has a remarkably effect 
on Spain and UK.

With regards to real wage, technological shocks accounts in the short-run 
for less than 20% of the variance in France, UK and Italy and more than 50% 
for Germany, USA and Spain (where the explained variance is near 65%). In 
the long-run, it tends to increase everywhere, except for Germany and Spain. In 
the USA, Germany, Italy and Spain these shocks largely dominate the others in 
the long run. For all the remaining countries under analysis the variance of real 
wage is largely explained by the markup shock (in the UK they are near 90%). 
Aggregate demand shocks are largely insignificant in explaining real wage vari-
ance. Only in the case of UK they constitute a negligible share of the variance in 
the short-run.

Lastly, the variance of unemployment is largely explained by aggregate demand 
shocks in the short and long-run. They contribute to its fluctuations from 60 to 98% 
in the short-run, and 78–90% in the long-run. In France, Germany, Italy and the UK 
the role of aggregate demand is particularly relevant. Markup shocks are especially 
important for the UK, USA and partially for Italy where they constitutes a consistent 
part of the variance. The same kind of shock is less relevant to explain the variance 
of unemployment in France and Spain. Finally, technology shocks are relevant for 
explaining the variance of unemployment in Spain and USA. But, the same shocks 
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are less important in Italy where their contributions to the unemployment fluctuation 
is significantly lower than the other shocks.

4.7  Concluding remarks

In this paper we assess the impact of the jointly dynamic responses of productiv-
ity, real wages, and unemployment to three structural shocks—namely technology, 
markup and aggregate demand—for five European countries and the USA, during 
the period 1960–2017. The structural shocks are identified by imposing long-run 
restrictions to the multipliers of the estimated VAR model. The restrictions are 
derived from a modified version of the AD-AS model in which real wage is settled 
one period in advance. The empirical results are coherent with the main implications 
of our theoretical model.

A (positive) technology shock raises productivity and real wages both in short and 
the long run. It also reduces the level of unemployment in the long run. A (negative) 
markup shock decreases productivity growth only in the short-run, but permanently 
reduces the level of unemployment. Hence, institutional changes in output markets 
can raise employment without modifying labor market regulation (Blanchard and 
Giavazzi 2003). Finally a (positive) aggregate demand shock decreases unemploy-
ment in the long run, without negative effects on productivity and real wage. These 
outcomes are consistent with the Keynesian view according to which the level of 
employment also depends on aggregate demand, not only on changes in technology 
and relative prices.2

The empirical results of our analysis depend on the stationarity properties 
of the variables included in the empirical model (Lastrapes 2002). Their pat-
terns are coherent with the implications of our AD-AS model. Further, our find-
ings are in line with the more recent literature on this topic. Precisely, Gam-
betti and Pistoresi (2004) show that positive demand shocks can reduce the level 
of unemployment in the long run, and significantly affect productivity and real 
wage in the short run. This result is certainly in contrast with the technology 
bias hypothesis, and the view that aggregate demand expansion can slowdown 
economic growth in the long run (Marchetti and Nucci 2001). In fact, we do not 
detect negative impact of aggregate demand shock on technology and real wage 
in the long run. Furthermore, in our model a negative markup shock has a posi-
tive long-run impact on the real wage and a negative long-run impact on unem-
ployment. This is detected not only for Italy (as in Gambetti and Pistoresi 2004) 
but also for the other main European countries and the USA. Finally, positive 
technology shocks increase productivity growth and real wage with an elasticity 
close to one in the long run, and reduces significantly the level of unemploy-
ment. This latter result is different from that of Gamber and Joutz (1993) where 
technology shocks do not affect unemployment in the long run. This finding 

2 Ball et al. (1999) shows that monetary and fiscal can have long-run effects on the level of unemploy-
ment.
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depends on the non-stationarity of the unemployment time series. Of course, 
this fact also suggests the importance of labor market elasticity and its variation 
around the business cycle (Giersch 1985).

Some policy implications can be derived from our findings. First of all, aggre-
gate demand policies can raise steadily the level of employment. This would suggest 
some rethinking of the European authorities on the austerity policies implemented 
over the last 10  years. Expansionary fiscal and monetary policies may have long 
lasting effect on the level of employment without crowding out productivity and 
real wage. Then, the deregulation policies in output market may positively affect 
the unemployment in the long run. Finally, technology progress and investment can 
increase both productivity and real wages in the long run. We believe that these find-
ings should be enhanced to shoot down unemployment in European countries. In 
other words, demand side policies should go hand in hand with supply side policies 
to reduce European unemployment.

Some issues are left out from the present analysis. As said above, we do not 
study how changes in labor market regulations affect the level of unemployment. 
And we do not analyze how these changes affect technology and investments. In 
fact, a large literature on this topic exists, and provides heterogeneous results. 
On one hand, a stricter labor regulation may raise the adjustment costs of both 
labor and capital, decreasing innovation and investment. On the other hand, it 
may stimulate firms to invest and innovate to recover productivity and profits 
in the long run. This is a controversial issue (Calcagnini et al. 2017). However, 
to investigate the issue a helpful strategy would be to add new variables in our 
model. But, a problem with this type of decomposition is that there are many 
types of shocks; and, as it is recognized by Blanchard and Quah (1989), the 
SVAR approach is limited by its ability to identify at most only as many types 
of shocks as there are variables. In addition, the explanatory power of the addi-
tional structural shocks can be very small. For all these reasons, in this paper 
we preferred to investigate and identify a trivariate model. And for the same 
reasons, the inclusion in our framework of additional variables (e.g. the Employ-
ment Protection Legislation index to capture the tightness of the labor market) is 
left for our future research.

5  Appendix 1

Let’s start from Eq. (4). It states that wages are set so that Et−1Nt = N̄. Rearranging (2) 
for nt and substituting into (4) we obtain

Plugging (3) into (1) and factoring out �t we get
(19)Et−1nt = Et−1[yt − 𝜃t] = n̄

(20)yt = dt − wt − �t + (1 + �)�t
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Then substituting (20) into (19) yields

Which can be rewritten as

Now, since Wt is set one period in advance, it is not a random value in (t − 1). There-
fore, we can use this expression to get:

Then, differencing (20) and using the first difference of (23) we obtain:

Finally, from Eqs. (1), (2) and (3) we can easily recover Nt and then differencing to 
obtain:

Thus, combining Δyt and Δnt we get:

In the same way, differencing (5) and using the difference version of (3):

6  Appendix 2

6.1  Tests for unit roots

See Tables 1, 2 and 3.

(21)Et−1nt = Et−1dt − Et−1wt − Et−1�t + �Et−1�t

(22)Et−1nt = dt−1 − �t−1 + ��t−1 − Et−1wt

(23)Wt = dt−1 − 𝜇t−1 + 𝛼𝜃t−1 − n̄

Δyt = (�d
t
− �d

t−1
) − (�

�

t − �
�

t−1
)+ ∝ (�s

t
− �s

t−1
) + �s

t

Δnt = (�d
t
− �d

t−1
) − (�

�

t − �
�

t−1
) + �(�s

t
− �s

t−1
)

(24)Δ(yt − nt) = +�s
t

(25)Δ(wt − pt) = −�
�

t + �s
t
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Table 1  ADF augmented Dickey Fuller test (Fuller 1996), ADF/GLS augmented Dickey Fuller—gener-
alized least squares (Elliott et al. 1996), KPSS: stationary test (Kwiatkowsky et al. 1992)—France and 
Germany

a The number of lags (which has not been reported) has been chosen with the Akaike’s information crite-
rion for the ADF and the modified AIC and the Perron/Qu method for the ADF/GLS

Series Test France Conclusion Germany Conclusion

U Dickey Fuller − 1.99131 (0.6055) I(1) + drift − 0.734695 (0.9697) I(1) + drift
U ADF

GLS
− 2.03467 − 1.29257

U KPSS (< 0.01) (< 0.01)
ΔU Dickey Fuller − 6.86108 

(2.079e−007)
I(0) − 1.86052 (0.3514) I(0)

ΔU ADF
GLS

− 0.77365 (0.3813) − 1.54494 (0.1151)

ΔU KPSS (> 0.10) (> 0.10)
(w − p) Dickey Fuller − 2.12594 (0.5307) I(1) + drift − 1.50706 (0.8153) I(1) + drift
(w − p) ADF

GLS
− 0.979913 − 0.762366

(w − p) KPSS (< 0.01) (< 0.01)
Δ(w − p) Dickey Fuller − 1.58251 (0.8002) I(0) − 2.56094 (0.2986) I(1)
Δ(w − p) ADF

GLS
− 1.15287 − 1.72632

Δ(w − p) KPSS (> 0.10) (0.027)
Δ(w − p) (dum) Dickey Fuller − 4.86767 

(3.778e−05)
I(0) − 6.17714 

(1.833e−05)
I(0)

Δ(w − p) (dum) ADF
GLS

− 5.91312 
(7.362e−09)

− 2.30108

Δ(w − p) (dum) KPSS (> 0.10) (> 0.10)
y Dickey Fuller − 0.604953 (0.9744) I(1) + drift − 1.03401 (0.9304) I(1) + drift
y ADF

GLS
− 0.498422 − 0.714145

y KPSS (> 0.10) (> 0.10)
Δy Dickey Fuller − 5.43626 

(0.0002348)
I(1) − 5.97093 

(1.365e−06)
I(0)

Δy ADF
GLSa

− 2.07012 − 1.87806

Δy KPSS (0.049) (0.085)
Δy (dum) Dickey Fuller − 4.80787 

(0.000252)
I(0) − 6.15647 

(4.989e−08)
I(0)

Δy (dum) ADF
GLS

− 1.86725 (0.05902) − 1.72223 (0.08066)

Δy (dum) KPSS (> 0.10) (> 0.10)
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Table 2  ADF augmented Dickey Fuller test (Fuller 1996), ADF/GLS augmented Dickey Fuller—gen-
eralized least squares (Elliott et al. 1992), KPSS: stationary test (Kwiatkowsky et al. 1992)—Italy and 
Spain

a The number of lags (which has not been reported) has been chosen with the Akaike’s information crite-
rion for the ADF and the modified AIC and the Perron/Qu method for the ADF/GLS

Series Test Italy Conclusion Spain Conclusion

U Dickey Fuller − 2.82056 (0.1897) I(1) + drift − 3.97529 (0.0547) I(1) + drift
U ADF

GLS
− 2.84543 − 3.36491

U KPSS (0.072) (> 0.10)
ΔU Dickey Fuller − 5.08711 

(9.07e−05)
I(0) − 3.04943 (0.1188) I(0)

ΔU ADF
GLS

1.84313 (0.06225) − 2.09544

ΔU KPSS (> 0.10) (> 0.10)
(w − p) Dickey Fuller − 1.52113 (0.8103) I(1) + drift − 1.79288 (0.7085) I(1) + drift
(w − p) ADF

GLS
− 0.750066 − 1.04361)

(w − p) KPSS (< 0.01) (< 0.01)
Δ(w − p) Dickey Fuller − 3.10075 (0.106) I(1) − 3.92638 (0.01746) I(1)
Δ(w − p) ADF

GLS
− 0.509633 − 0.806088)

Δ(w − p) KPSS (< 0.01) (< 0.01)
Δ(w − p) (dum) Dickey Fuller − 5.4478 

(2.694e−05)
I(0) − 4.95548 (0.0001) I(0)

Δ(w − p) (dum) ADF
GLS

− 3.76503 
(0.0001663)

− 1.0573)

Δ(w − p) (dum) KPSS (> 0.10) (> 0.10)
y Dickey Fuller 0.267881 (0.990) I(1) + drift − 1.59531 (0.7952) I(1) + drift
y ADF

GLS
− 0.639271 − 0.734532

y KPSS (< 0.01) (< 0.01)
Δy Dickey Fuller − 6.46018 

(7.191e−06)
I(0) 0.581782 (0.9995) I(0)

Δy ADF
GLSa

− 1.25285 − 0.484045

Δy KPSS (0.036) (< 0.01)
Δy (dum) Dickey Fuller − 5.26563 

(4.986e−05)
I(0) − 5.35559 

(3.681e−05)
I(0)

Δy (dum) ADF
GLS

− 1.43954 (0.1402) − 0.43775 (0.5252)

Δy (dum) KPSS (> 0.10) (> 0.10)
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Table 3  ADF augmented Dickey Fuller test (Fuller 1996), ADF/GLS augmented Dickey Fuller—gener-
alized least squares (Elliott et al. 1996), KPSS: stationary test (Kwiatkowsky et al. 1992)—UK and USA

a The number of lags (which has not been reported) has been chosen with the Akaike’s information crite-
rion for the ADF and the modified AIC and the Perron/Qu method for the ADF/GLS

Series Test UK Conclusion USA Conclusion

u Dickey Fuller − 1.57641 (0.8025) I(1) + drift − 3.91336 (0.01154) I(1) + drift
u ADF

GLS
− 1.61355 − 2.35653

u KPSS (< 0.01) (> 0.10)
ΔU Dickey Fuller − 6.5566 

(4.319e−08)
I(0) − 5.29816 

(4.816e−06)
I(0)

ΔU ADF
GLS

− 5.51353 − 4.20941 
(2.696e−05)

ΔU KPSS (> 0.10) (> 0.10)
(w − p) Dickey Fuller − 2.34077 (0.4111) I(1) + drift − 1.85542 (0.6775) I(1) + drift
(w − p) ADF

GLS
− 1.96998 − 1.89117

(w − p) KPSS (0.012) (< 0.01)
Δ(w − p) Dickey Fuller − 3.48308 (0.04115) I(0) − 4.24614 

(0.007424)
I(0)

Δ(w − p) ADF
GLS

− 2.83769 − 2.26991

Δ(w − p) KPSS (> 0.10) (> 0.10)
Δ(w − p) (dum) Dickey Fuller − 4.01227 

(0.001352)
− 4.17419 (0.00169) I(0)

Δ(w − p) (dum) ADF
GLS

− 2.83459 
(0.004464)

− 2.54797 (0.0105)

Δ(w − p) (dum) KPSS (> 0.10)
y Dickey Fuller − 1.96333 (0.6207) I(1) + drift − 3.49952 (0.03936) I(1) + drift
y ADF

GLS
− 1.54882 − 1.2468

y KPSS (> 0.10) (< .01)
Δy Dickey Fuller − 7.1577 

(8.588e−10)
I(0) − 5.48681 

(0.0001755)
I(0)

Δy ADF
GLSa

− 5.8091 − 1.4479

Δy KPSS (> 0. 10) (0.082)
Δy (dum) Dickey Fuller − 6.77997 

(1.281e−09)
I(0) − 5.40199 

(3.146e−05)
I(0)

Δy (dum) ADF
GLS

− 5.83209 
(1.13e−08)

− 1.13357 (0.2344)

Δy (dum) KPSS (> 0.10) (> .010)
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