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Abstract
The economic crisis that starts in 2007 in the U.S. has had dramatic effects in Italy. The level of GDP in 2009 falls of 5 percentage points, followed by production, employment and wages. This scenario underlines the weaknesses of the Italian labor market and a significant recourse to layoffs especially during the downswing. Although the evidence indicates that there is a link between aggregate supply and labour, researches on this topic are fragmented and they are not as straightforward as they appear. In order to fill this lacuna, by applying a traditional production function we use VAR and VECM framework to assess whether aggregate supply is driven by labour force. We use the industrial production index as proxy of GDP and layoffs as proxy for unemployment. Data are drawn from the Eurostat database and INPS database over the period 2005-2014. To take into account the events connected with the recession we add a dummy variable as an exogenous variable. The Granger causality test  shows that in the short run there is a two-way relation from the industrial production index to ordinary layoffs and one-way relation from the industrial production index to extraordinary layoffs.  Moreover, the causality test on the VECM model confirms the existence of a significant inverse relationship from industrial production index to in derogate layoffs only in the long-run. From these results emerge that layoffs except for ordinary layoffs cannot be used as a policy to contrast the economic cycle but only to support the labour market.
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1. Introduction
Currently, across the OECD countries, labour market conditions are in improving and in the first quarter of 2018, the average employment rate was about 2 percentage points above its pre-crisis peak. 
Moreover, OECD employment and unemployment rates are also projected to keep improving in 2018 and 2019 [12].
 However,  the Job quality and inclusiveness indicators show a mixed picture for the OECD countries.  The italian labour market performs below the OECD average in all key indicators of job quality and inclusiveness. Despite the unemployment rate in Italy has been decreasing at 11.2% in April 2018 it remains the third highest among OECD countries and 4.6 percentage points above its 2008 level [12]. The major gap of employment in terms of the disadvantaged group is for mothers with children, youth, older workers, non-natives, and persons with partial disabilities. Italy with respect to the OECD countries is the fourth highest and also the gender labour gap is above the OECD average. In recent years, in Italy and other European countries, governments have attempted to reduce job loss before the layoff occurs to reduce the length of the unemployment spell. However, in Italy there are still high levels of ordinary and extraordinary layoffs [7-8]. In fact the weakness of the recovery economic makes the reabsorption of the layoffs long and uncertain aggravating the structural unemployment, particularly for young people, with an unemployment rate of women close to 30% in the South Italy.
The impact of layoffs on economic growth can be studied in the more general context of the relationship between human capital and economic growth and whether layoffs can be used to contrast the economic cycle. Human capital is closely interrelated with welfare and has an impact on economic growth. In the path for economic development, it is necessary for a country involve working people. In the Italian economy, the mechanisms relating economic growth could be influenced by the unemployment. In 2016 less than one in ten unemployed was receiving unemployment benefits in Italy, one the lowest coverage rate in the European Union as a result of high long-term unemployment and low maximum potential duration of benefits.
Thus, became important for the governments  support the interventions during the period of the job’s loss to realize an early-intervention strategy and to foster rapid re-employment needs to be put in place.
With this in mind, the focus of this study is to improve understanding of the consequences of an excessive recurse to layoffs on growth in Italy. 
In particular the purpose of this study is to ascertain whether the causal relation between the layoffs and the labor market is supported by significant empirical evidence. The empirical criterion adopted rests on the use of VAR models in first differences for no-cointegrated series and of a VECM model for cointegrated series. While the VAR and VECM models are nothing new in the literature on the labor market, this paper will take advantage of these models for the specific purpose of investigating both the directions of causality implicit in the functioning of the labor market policy. The geographical area examined is the Italy and they are used monthly data drawn from Eurostat database and the National Social Security Institute (INPS) database. The period considered starts from 2005M1 and ends in 2014M5. Use is made of a VAR model in first differences to analyze a short-run relationship between industrial production index and ordinary layoffs and between the industrial production index and extraordinary layoffs. Moreover, to examine the long-run relation between the industrial production index and in derogate layoffs a VECM model is employed.  
In this analysis, the evidence indicates except for the ordinary layoffs a one-way direction of causality from the industrial production index to the layoffs. These findings suggest that layoffs can’t be used as a policy to contrast the economic cycle but only to support the labor market.
The paper is organized as follows. Section 1 discusses the characteristics of the labor market in Italy, and the reasons for the renewed attention it has recently received in particular after the economic crises of 2007-08. Section 2 describes the data and tests stationarity and cointegration. Section 3 implements the VAR models in first differences and it presents the results of Granger causality test. Section 4 shows the causality test results on a VECM model. Finally, Section 5 conclude by giving suggestions for policy makers and for futures investigations.














2. Data,  unit roots test and cointegration analysis

This work analyses the relationship between industrial production index and layoffs on the basis of a neoclassical production function. The sample examined regards Italy and covers the period from 2005M1 to 2014M5. The back-to-top data are monthly and drawn from the the Eurostat database and the National Social Security Institute (INPS) database. The analysis focuses on the following time series: the industrial production index as proxy of GDP (ipi) and the layoffs as proxy for unemployment (lfs)[footnoteRef:1]. In particular we consider three different types of layoffs[footnoteRef:2]: ordinary layoffs (lfs_ ord),  extraordinary layoffs (lfs_exord), in derogation layoffs (lfs_der). [1:  According to ISTAT definition the layoffs is an instrument used by State to support the firms that, because of crisis or difficulty, they are temporarily forced to contract or suspend their activity. It is a remuneration in favor of employees suspended from work or subjected to reduction time and it is managed by INPS. The layoffs correspond to the number of hours of which companies  have benefited  in the reference month.]  [2:  Ordinary layoffs: It is used to supplement or to replace income of workers who are in precarious economic conditions due to suspension or curtailment of working activity.
Extraordinary layoffs: It is used to supplement or to replace income of workers during crisis or to allow the company to address restructuring / reorganization /conversion processes.
In derogation layoffs: It is used  to integrate wages  in support of business or employees which are outside the legislation on ordinary or extraordinary layoffs.] 

The series show outliers at the end of 2008 and the beginning of 2009 in connection with the start of the Great Recession. From graphical inspection of the series in levels of the industrial production index and the layoffs, all series appear to be I(1), i.e. non-stationary (Figure 1): 

Please Insert Figure 1: Series of the levels of ipi and lfs

Please Insert Figure 1: Series of the first differences of ipi and lfs

The non-stationarity of the series is confirmed by the Augmented Dickey-Fuller (ADF) test, the Phillips Perron (PP) test and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test, as shown in Table 1.
 
Please Insert Table 1: Unit roots test of the series in levels

The ADF and PP tests never reject for all series in levels the null hypothesis of unit root’s presence at the 1% significance level. The KPSS test rejects the null hypothesis of unit root’s absence at the 10% significance level for the series ipi, lfs_ord and lfs_exord and it rejects the null hypothesis at the 1% significance level for lfs_der. It is therefore possible to attempt to make the series stationary by transforming them into first differences (Figure 2). The ADF, PP and KPSS tests confirm the stationarity of the all series in first differences at the 1% significance level (Table 2). 

Please Insert Table 2: Unit roots test of the series in first differences

In order to confirm the presence of a unit root and to take into account the events connected with the Great Recession, which could be seen as a structural break, separate ADF tests were carried out on the pre-crisis period (2005M1–2008M3) and the post-crisis period (2008M4–2014M5) for both the series considered. The hypothesis of the presence of a unit root is never rejected at the 1% significance level. The obtained results do not support the presence of a structural break. 
As the variables are I(1) in levels and they become I(0) in their first order differences, it is possible to apply the Johansen cointegration test [9-10]. This more general test is preferred to the Engle-Granger test [3]. In this case it is assumed that all the variables of the system are endogenous and it is not necessary to establish a direction of causality amongst them a priori. The test is carried out by including the option “unrestricted constant” and four lags, which minimise the information criteria of Schwarz Bayesian criterion (BIC). According to the trace test and eigenvalue test, the null hypothesis of the absence of a relation of cointegration between ipi and lfs_ord, and between ipi and lfs_exord is not rejected. In this case, the presence of a stationary linear combination between the two variables is ruled out. Instead, the null hypothesis of no cointegrating vector against more than one is rejected by the trace test and the maximal eigenvalue test at the 1% significance level in ipi-lfs_der relationship. 
A nonzero cointegrating vector represents the influence from a long-term force. The cointegrating vector specifies a long term relation among the levels of ipi and lfs_der. Since a nonzero cointegrating vector has enduring effect, it represents the influence in the long run. The results are shown in Table 3. 

Please Insert Table 3: Johansen cointegration test (series in levels)






3. The VAR models and Granger Causality Test

As the VAR models specified on the series in levels proves non-stationary, it was decided to proceed with estimation of the models specified in first differences. In the VAR models estimated in the reduced form, all the variables are endogenous except the dummy (dum1) inserted as an exogenous variable. In order to test for the presence of outliers, the temporal dummy variable (dum1) assumes the value of one in the months 2008M3 and 2008M4, and zero in all the other months. The variable is proved significant by applying the Wald test. The exogenous dummy variable (dum1) is significant. On the basis of the information criteria of Akaike (AIC), Schwartz Bayesian (BIC) and Hannan-Quinn (HQC), it was decided to insert two lags for the series in levels, and one lag for the variables in first differences. The VAR models estimated for each relation are therefore as follows:





The results reported in Table 4 show that in the short term the variation in the industrial production index is negatively influenced by the variation of ordinary layoffs and vice versa. The bidirectional relation is confirmed by application of the Granger causality test (Table 6). Considering the VAR estimated by the equation (1-2) it has been carried out the Granger causality test to verify if the industrial production index causes the layoffs (ordinary and extraordinary) and vice versa (Table 6). In order to confirm the robustness of the results obtained, the Granger causality test was also repeated varying the number of lags from one to twelve months. 
Bidirectional Granger causality is detected at 1% significance level from the variation of the industrial production index to ordinary layoffs and at 5% significance level from ordinary layoffs to the industrial production index. In particular the last one relation it’s stronger when the lags became longer. Therefore appears that the variation of the industrial production index precedes movement of the variation in ordinary layoffs and it’s also true the way round.
Instead, the results reported in Table 5 show that in the short term there is no relationship between the extraordinary layoffs and the industrial production index. However the analysis of Granger causality shows that the industrial production index is a driving force capable of explaining a large proportion of variation in the extraordinary layoffs after delayed up to a period from ten to twelve months. 
In this case, the null hypothesis is rejected and the extraordinary layoffs depend on the industrial production index. Therefore, the variation of industrial production index can be considered  influential in the prediction of the changes in the extraordinary layoffs only when the lags became longer. On the contrary, the causal relation does not apply in the other way round.
The results obtained in the both VAR models are robust with respect to conditional heteroscedasticity and autocorrelation. The Ljung-Box Q test shows the absence of serial autocorrelation at the 1% significance level for both the equations of the VAR model. The test for the presence of ARCH effects in the residuals confirms homoscedastic residuals. The absence of serial autocorrelation and ARCH effects is also confirmed when the number of lags is varied from one to four. Moreover, the residuals plot shows that the residuals of the VAR model are stationary. The normality tests confirm normal distribution at the level both of the system and of the single equation. Finally,  the tests of structural stability (CUSUM test and CUSUMQ test)  of the parameters of the VAR model provide no evidence of instability and the series moves within the confidence intervals.

Please Insert Table 4: Results of the Granger causality test

 


Please Insert Table 6: Granger causality test










4. The VECM model and  Causality Test

For the analysis of cointegrated series VECM model is employed by using Wald test to analyze short term relationships [5]. The VECM model is used in order to avoid the spurious regression problem while establishing useful information about long-run relationships.
In fact, by using cointegration modeling it is possible to separate the potential long term relationship between industrial production index and in derogation layoffs from their short term adjustment mechanisms. 
Johansen [9-10] describes cointegrated variables (ipi, lfs_der) as being in equilibrium when the stationary linear combination of their levels is at its unconditional mean that is usually assumed to be zero. The system is out of equilibrium when this combination of levels (ipi and lfs_der) is not zero. However, since the combination is stationary, there is always a tendency for the system to return to equilibrium. The non-zero stationary cointegration vector is defined “equilibrium error” (EC). 
The analysis of long-run relationship is made considering EC parameter [5-9-10]. The error correction models imply a situation in which a long-term relationship exists among the variables (ipi, lfs_der) in the economy and in which the equilibrium error induces change in the dependent variable. 
It is estimated a vector error correction model of order 1 with rank one for the relationships ipi- lfs_der. Since VECM order is one and the rank is one it is not necessary to impose other constraints for a correct interpretation.


=Ф                                                                           (3)





Please Insert Table 7: Causality test based on vector Error Correction Model

     Table 7 reveals that the industrial production index influences in derogate layoffs in the long run because the EC term is significant in the equation of in derogate layoffs but this relationship does not exist in the short term. However, we don’t find the opposite relation. The model also passes the usual diagnostic tests of no autocorrelation and no arch effects in the residuals.  




























5. Conclusions 

Every year, between 1% and 7% of the workforce of OECD countries faces job loss due to economic reasons. During the recent economic crisis, recourse to the layoffs aside of Italian companies was exceptionally high. According to data published by INPS [7], in the period from the first quarter of 1996 until the third quarter of 2008 the number of authorized hours of layoffs (ordinary, extraordinary and in derogation)  remains at relatively low levels, ranging from a minimum of 30 to a maximum of 70 million of total hours. At this stage, the use of this social shock absorber is linked in part to a temporary suspensions of production activities, and in part to a corporate restructuring and reorganization.
Starting from the end of 2008, however, the number of hours of authorized layoffs increases dramatically compared to the pre-crisis period, reaching significantly  levels higher up to a peak of 336 million hours in the second quarter of 2010 [7]. From the analysis by sector, a remarkable concentration using layoffs emerges in the manufacturing activity going from 70 per cent in the pre-crisis phase to 80 per cent immediately after and linked to a contraction of production.
In this context, studying the relation between economic growth and layoffs could be interesting to evaluate whether layoffs contribute to influence the economic cycle by accelerating the development or whether they are only a social shock absorbers.
This work examines the relation between industrial production index and layoffs in Italy over the period from 2005M1 to 2014M5. In order to test this relation, use was made of bivariate VAR models in first differences for no-cointegrated series and of a VECM model for cointegrated variables. The  results obtained show that the models are a good fit for the data with white noise errors and structural stability of the parameters.  In particular the estimation of the first unrestricted VAR model shows that in the short term the variation of the industrial production index is negatively influenced by the ordinary layoffs and vice versa (Table 4). This bidirectional relation is confirmed in the period considered by the Granger causality test. The F tests carried out for Granger causality show that the variation of industrial production index is  preceded by variations in ordinary layoffs and vice versa. This result is confirmed when the number of lags is varied from one to twelve months. Instead, the second VAR model shows that in the short term the variation of the industrial production index is not influenced by variation of the extraordinary layoffs  (Table 5). The same estimation also shows that the extraordinary layoffs is not influenced by the variation of industrial production index. However  the Granger causality test show that the extraordinary layoffs is preceded by variations in the industrial production index when the number of lags is varied from ten to twelve months. Finally the VECM model results shows a long run direction of causality from industrial production index to in derogate layoffs but it’s not true the vice versa.
 It is therefore possible to draw the conclusion that the decisions of labour market in the Italy appear to be effectively influenced by the dynamics of economic cycle. Moreover, it emerges that layoffs except for ordinary layoffs cannot be used as a policy to contrast the economic cycle but only to support the labour market.
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Figure 1: Series  of the levels of ipi and lfs
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Figure 2: Series  of the first differences of ipi and lfs
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Table 1: Unit roots test of the series in levels
	Variables
	Lags
	ADF Test
(test statistic)a
	 KPSS Test
(test statistic)b
	 PP Test
(test statistic)c
	Results

	Ipi
	13
	-2.65
	0.15
	-2.34
	I(1)

	lfs_ord
	6
	-3.17
	0.16
	-1.72
	I(1)

	lfs_exord
	10
	-3.10
	0.15
	-2.40
	I(1)

	lfs_der
	5
	-1.52
	0.25
	-3.87
	I(1)


Note: It was chosen for the all series a model with trend and constant that both resulted significant on performing an OLS regression on each series.a ,cThe critical value for all series at the 5% level of significance is equal to -3.45 and  at the 1% level of significance is equal to -4.04. b The critical value for all series is equal to 0.14 at the 5% level of significance and  it is equal to 0.21 at the 1% level of significance.



 Table 2: Unit roots test of the series in first differences
	Variables
	Lags
	ADF Test
(test statistic)a
	 KPSS Test
(test statistic)b
	 PP Test
(test statistic)c
	Results

	d_ipi
	12
	-2.96
	0.08
	-11.19
	I(0)

	d_lfs_ord
	5
	-2.91
	0.12
	-9.6
	I(0)

	d_ lfs_exord
	9
	-2.95
	0.07
	-14.47
	I(0)

	d_lfs_der
	4
	-5.33
	0.14
	-19.61
	I(0)


Note: a,c The critical value for all series is equal to -3.49 at the 5% level of significance and it is equal to-2.89 at the 1% level of significance.b The critical value for all series is equal to 0.46 at the 5% level of significance and it is equal to 0.73 at the 1% level of siginificance. 


 
 Table 3: Johansen cointegration test (series in levels)
	Variables
	Lags
	

	
Stat.
	
Stat.
	Results

	ipi, lfs_ord
	4
	
r=0

	7.897
(0.4837)a

	
7.8486
(0.4029)


	NOT
COINTEGRATED

	ipi, lfs_exord
	2
	r=0

	12.703
(0.1267)

	12.057
(0.1086)

	NOT
COINTEGRATED

	ipi, lfs_der
	2
	r=0
r=1
	44.06
(0)
0.2615
(0.60)
	43.799
(0.04)
0.27
(0.61)
	COINTEGRATED


Note: a The p-values are shown in the brackets. 




Table 4: Results of the estimation of the VAR model 
	
	
	

	
	0.021
(0.81)
	-3.477***
(1.096)

	
	
	

	
	-0.015**
(0.0079)
	0.056
(0.091)

	dum1
	-0.02**
(0.008)
	-0.09*
(0.013)

	AIC
BIC
HQC
	-5.99
-5.89
-5.95

	

	ARCH Test
Ljung-Box Q' Test

	First eq.
0.9
First eq.
0.536
	Second eq.
0.62
Second eq.
0.369


Notes: The standard errors are shown in the brackets. (*), (**), (***) respectively indicate significance at 10%, 5% and 1%. The dummy (dum1) inserted regards the months 2008M8–2008M9.

 






Table 5: Results of the estimation of the VAR model 
	
	
	

	
	0.038
(0.134)
	-0.10
(0.88)

	
	
	

	
	0.008
(0.009)
	-0.32**
(0.13)

	dum1
	-0.02***
(0.008)
	-0.04**
(0.001)

	AIC
BIC
HQC
	-6.37
-6.28
-6.33

	

	ARCH Test
Ljung-Box Q' Test

	First eq.
0.13
First eq.
0.79
	Second eq.
0.21
Second eq.
0.47


Notes: The standard errors are shown in the brackets. (*), (**), (***) respectively indicate significance at 10%, 5% and 1%. The dummy (dum1) inserted regards the months 2008M8–2008M9.















Table 6: Results of the Granger causality test 
	Variables
	  Optimal Lagsa
(p.value)
	6 Lags
(p.value)
	10 Lags
(p.value)
	12 Lags
(p.value)

	- >  

	0.003***
	0***
	0.001***
	0.008***

	->
	0.054*
	0.065*
	0.0391**
	0.0104**

	- >  

	0.943
	0.833
	0.076*
	0.015**

	->
	0.496
	0.177
	0.341
	0.426


Note:  Ho: No Granger-causality. a The information criteria of Akaike (AIC), Schwartz Bayesian (BIC) and Hannan-Quinn (HQC) were  used to select  the optimal number lag that is  equal to one. In the table are reported the p-values. (*), (**), (***) respectively indicate significance at the 10%, 5% and 1% level.




Causality test based on vector Error Correction Model
	
	Short term
Effect
	Long term
Effect
	
VECM

	
	Wald Test
	
	Short term
	Long Term

	
Dependent Variable:
lfs_der
	
1.03
(2.94)
	
-1.79***
(0.55)
	
ipi≠>lfs_der
	
ipi=>lfs_der

	Dependent Variable:           
ipi
	0.005
(0.098)
	0.0032
(0.018)
	Lfs_der≠>ipi
	lfs_der≠>ipi


The standard errors are shown in the brackets. (*), (**), (***) respectively indicate significance at 10%, 5% and 1%. 
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