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About the project 

Despite the polarisation in public and policy debates generated by the post-2014 influx of 
refugees, asylum applicants and migrants, European countries need to work out an evidence-
based way to deal with migration and asylum rather than a prejudice-based one. 
The project, SIRIUS, builds on a multi-dimensional conceptual framework in which host 
country or political-institutional, societal and individual-related conditions function either as 
enablers or as barriers to migrantsô, refugeesô and asylum seekersô integration via the labour 
market. 

SIRIUS has three main objectives:  

To provide systematic evidence on post-2014 migrants, refugees and asylum applicants 
especially women and young people and their potential for labour market employment and, 
more broadly, social integration. 

To advance knowledge on the complexity of labour market integration for post-2014 migrants, 
refugees and asylum applicants, and to explore their integration potential by looking into their 
spatial distribution (in relation to the distribution of labour demand across the labour market), 
while taking into account labour market characteristics and needs in different country and 
socio-economic contexts. 

To advance a theoretical framework for an inclusive integration agenda, outlining an optimal 
mix of policy pathways for labour market integration including concrete steps that Member 
States and other European countries along with the EU can take to ensure that migrant-
integration policies and the broader system of workforce-development, training, and 
employment programmes support new arrivalsô access to decent work opportunities and 
working conditions. 

SIRIUS has a mixed methods approach and innovative dissemination plan involving online 
priority action networks, film essays, festival, job fair and an applied game along with scientific 
and policy dialogue workshops and conferences. 
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Executive summary/Abstract 
Over the last years, Europe has become the basic recipient of large migration flows primarily 
from the Middle-East countries due to the continuation of war, as well as due to the dictatorship 
regimes that prevail in these areas. The migration flows have affect the labour structure of 
many EU economies, which still struggle with the smooth integration and employability of 
migrants into their labour markets.  

In this context, the first part of this report aims at identifying the SIRIUS economies and 
the sectors of economic activity that could be considered as being ñlabour absorbingò, using 
aggregate national data for the time period 2008-2016.  

Econometrically, in order to take into consideration the complex labour dynamics among 
the various SIRIUS economies as well as the potential spillover effects among the various 
countries, this report employed a GVAR model for all the economies. In this context, using the 
GVAR framework, the dynamic interlinkages and the potential spillover effects among the 
various SIRIUS economies will be uncovered. The implicit assumption, in this framework, is 
that there is labour mobility among the various economies. Therefore, the results of the GVAR 
estimation will pinpoint the labour absorbing economies in the dataset. At the second step, 
this report analysed the labour absorbing sectors in the SIRIUS economies. A labour 
absorbing sector, identified in the second step, implies that this specific sector could attract, 
independently, more labour from the rest of the sectors in order to increase its production. The 
fundamental difference in the second step is that the labour attracted by a sector comes 
directly from the labour force of the respective economy, whereas in the first step the labour 
attracted by an economy comes both from the rest of the economies, as well as from the 
respective economy.  

The estimation of the sectoral VAR/VEC models in the second step is conducted using 
sectoral data for the economies of Switzerland (CH), the Czech Republic (CZ), Finland (FI) 
and the United Kingdom (UK), Greece (GR), Denmark (DK) and Italy (IT), that cover the four 
main sectors of economic activity, i.e. Primary sector (A, Nace Rev.2), Secondary sector (B-
F, Nace Rev.2), Manufacturing sector (C, Nace Rev.2), and tertiary sector (G-U, Nace Rev.2), 
that capture each sectorôs output (Y) and Labour (L), were employed. 

A main finding is that the aggregate output of the UK has a statistically significant effect 
on the aggregate labour dynamics of the Czech Republic, Finland and Switzerland. This could 
be attributed to the strong interconnection between the UK and these economies mainly in 
terms of trade and financial relations. Another interesting finding is that the economies of the 
UK, Switzerland, Finland and the Czech Republic could be considered as being ñlabour 
absorbingò. In other words, based on our econometric analysis these economies can attract 
extra labourers from the other SIRIUS economies. In this context, in these economies any 
potential future migration flows have increased potential of being integrated into their labour 
markets.  

Next, at a sectoral level, another main finding is that the economies of Switzerland and 
Greece have the highest ñlabour absorbingò capability for MRAs in the sense that all their 
sectors are characterized as being ñlabour absorbingò. Then, the economies of Finland and 
the Czech Republic have three labour absorbing sectors namely Primary, Secondary and 
Manufacturing for Finalnd and Primary Secondary and Tertiary for Czech Republic, whereas 
Denmark presents two i.e. Primary and Secondary sectors and the UK only one labour 
absorbing sector i.e. Primary Sector, respectively. It should be noted that, with the exception 
of Italy, the primary sector1 in all the economies could be considered as being ñlabour 

                                                 
1 Note that the present report utilizes official data on migration and labour without taking under 
consideration any irregular migration flows or irregular employment that could be present in the various 
economies. 



 

13 
 

absorbingò. This fact implies that in most economies there is a dire need for labourers in the 
Agriculture, Forestry, Fishing and other related activities sector. Finally, another interesting 
finding is the fact that the secondary sector is considered to be ñlabour absorbingò for all the 
SIRIUS economies with the exception of Italy and the UK, whereas the manufacturing and 
tertiary sectors are considered to be ñlabour absorbingò for three out of seven SIRIUS 
economies i.e. Switzerland, Czech Republic and Greece .In other words, the econometric 
investigation undertaken at the sectoral level, with the results presented previously, showed 
that the the SIRIUS economies have the capacity to reallocate their labour force between the 
various economic sectors in a way that would lead an increase to their industrial production. 
Therefore, the MRAs that are integrated in the labour force of each economy have increased 
potential of being emplyoyed to the specific sectors described above. 

Now, as far as the second part of the report is concerned, significant diversity among the 
sectors and the occupations of the examined countries that boost economic growth was 
evident. This diversity is driven by the countriesô different specialization patterns and structural 
characteristics, which are present in the labour market features. 

Furthermore, the employability potential for MRAs was identified in a wide range of sectors 
and occupations among the examined countries. The employability potential for MRAs is 
determined at the country level, for all the examined countries, despited their ñlabour 
absorbingò characteristics. For each SIRIUS country the most dynamic sectors and 
occupations are determined and the MRAs integration potential is approached based on the 
similarity of their educational attainment level with the educational attainment levelôs demand, 
at the sectoral and occupational levels, respectively. The analysis is carried out at the 2-digit 
sectoral (NACE Rev.2) and 2-digit occupational (ISCED) classification.  

Based on our findings, in the Czech Republic the occupations with high employability 
potential are in the categories of elementary occupations, craft and related trades workers and 
clerical support workers. In Denmark the occupations with high employability potential can be 
found in a wide range of occupations. such as craft and related trades workers, clerical support 
workers, service and sales workers. In Greece, the occupations with high employability 
potential are in the categories of skilled agricultural workers, plant and machine operators and 
assemblers and elementary occupations. In Switzerland, the occupations with high 
employability potential are in the categories Clerical support workers, Plant and machine 
operators and assemblers and Elementary occupations. In the United Kingdom, the 
occupations with high employability potential are in the categories of professionals, 
technicians and associate professionals and clerical support workers. In Finland, MRAs 
integration potential is found in the services sectors and in the occupational categories of Craft 
and related trades workers, Skilled agricultural, forestry and fishery workers and 
Professionals. In Italy, MRAs integration potential is found in manufacturing, services and 
primary sectors and in the occupational categories of Clerical support workers, Service and 
sales workers and Professionals. All things considered, the uneven structure of each 
economyôs labour market dictates the use of tailor made policy actions that would differ 
considerably from country to country, dependening on the inherent characteristics of each 
economy. 
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Introduction  
Nowadays, in the turbulent international markets, migration in its various forms has become a 
hot issue for nearly every country in the world. Over the past decades, the number of 
international migrants worldwide has continued to grow, reaching 258 million in 2017, up from 
73 million in 2000 (UN, International Migration Report 2017, p. 4), with almost half of migrant 
workers concentrated in two broad regions: Northern America, and Europe, (ILO, 2015; UN 
News, 2017) 

After the recent sharp increase of migrants, refugees and asylum seekers (MRAs) arriving in 
Europe, the issue of migration is forefront in the policy agenda of all European countries. 
Based on the ñFacts and Figuresò on the EU migration crisis, pubilished by the EU parliament 
on 30/6/2017, there were 728,470 applications for international protection in the EU in 2017. 
This figure represents a decrease of 44% compared to 2016, when there were almost 1.3 
million applications. Additionally, in 2017, EU countries granted protection to more than 
538,000 people, down by almost 25% on 2016. Almost one in three of these were from Syria, 
while Afghanistan and Iraq rounded up the top three. The current refugee crisis occurred a 
few years after the beginning of the economic crisis and at a juncture where a number of 
European countries have not fully recovered. The heterogeneity of the social and economic 
situations in the different European countries intensified after the crisis, with important impact 
in their labour market: rise in unemployment and precarious jobs difficulties in preserving 
social security policies and increased risk of social exclusion and poverty (Carmo, Rio, & 
Medgyesi, 2018, p. 11).  

Moreover, besides the impact of the economic crisis on the labour market of all European 
countries, a number of labour marketôs challenges arise from changes in the demographic 
composition of the labour force and from the shifting of production to more complex processes 
(Cedefop, 2016, pp. 6, 18, 29). In the future, Europe is expected to face a significant decline 
in working age population, accompanied by an increase in old age dependency ratio (old age 
dependency ratio is the ratio between the number of persons aged 65 and over and the 
number of persons aged between 15 and 64). The decline of the working age population will 
result, in some countries, in the reduction of labour force,  putting downward-pressure on 
labour supply with possible negative impact on economic growth potential (Bredtmann, 2014, 
p. 36; Peschner & Fotakis, 2013, p. 23). Moreover, the production of products and services of 
increased complexity will, also, rise the complexity of work and create the need for 
employment of more qualified and better skills (Pikos & Thomsen, 2016, p. 12).   

The future role of MRAs in the labour market of the host countries is difficult to predict. 
According to Peschner and Fotakis (2013, p. 39) the impact of migration on economic growth 
and employment of the receiving country is connected with MRAs skills and with their 
compatibility and/or complementarity in the domestic labour market (for the demand side). 
Within the next few years, the dynamic labour markets of European countries will be found 
confronting significant changes in occupationsô and skillsô demand. At the same time, 
constrains in economic growth could appear due to labour supply bottlenecks. Issues of skills 
shortages and skills mismatches will be crucial for the economies and the adopted policies to 
confront the MRAs integration should take full account (OECD, 2016, p. 24). 

Migrants, refugees and asylum applicants (MRAs) often face discrimination, abuse and even 
violence. Especially women and children may face various forms of exploitation such as 
ñtraffickingò. A way of facing all the aforementioned situations is their integration in each 
economyôs formal labour market. Such a policy will promote labour for MRAs and will 
eventually eliminate trafficking. After all, the population of international migrants comprises 
large proportions of working-age persons compared to the overall population as we discuss in 
the Sirius WP1 comparative report and as pointed out by other studies (UN, International 
Migration Report 2017, p. 19).  
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In this context, MRAs are seeking employment for themselves and their families away from 
their home countries. Of course, MRAs remain among the most vulnerable groups worldwide 
and are those who need jobs in troubled times. For instance, MRAs are often unemployed or 
underemployed and usually live in worse conditions than native-born laborers. In the words of 
Chiswick and Hatton (2003, p. 65), ñInternational migration alters the labour supply and the 
demographic characteristics of both the sending and the receiving countries. Moreover, it 
influences economic growth, patterns of trade, income distribution, and the distribution of 
political power within and between countriesò. Through employment they can contribute to the 
development of their home and host country, as well. 

Against the background of these labour marketôs features, the MRAs integration into the host 
countriesô labour markets is a critical policy goal. A crucial factor towards MRAs integration is 
the enhancement of their employability in order to access employment opportunities. Based 
on the research of RISE (2013, p. 36) for the situation of asylum seekers and refugees in three 
European countries, important barriers for their labour market integration are, among others: 
(i) The lack of knowledge of the host-countryôs language, especially of ñvocational languageò, 
(ii) the lack of qualificationsô and skillsô recognition, (iii) the lack of host-country references or 
experience recognition, and (iv) the lack of appropriate training courses. 

The knowledge of the host countryôs language is a necessary precondition for accessing 
employment and successful overall integration. But language-learning programs for MRAs are 
rarely linked to employment, while integration programs should provide the opportunity to build 
both language and vocational skills (Benton & Diegert, 2018, p. 22). It is important to note that 
a major prerequisite towards this direction is the recording and recognition of MRAs skills and 
qualifications, in order to construct the suitable educational and training programs plan. The 
integration process should start with a comprehensive skillsô assessment, accompanied with 
the recognition of occupational skills and qualifications. Additionally, gaining vocational skills 
and work experience in the host countryôs labour market should be an important policy 
measure for MRAs. But as we discuss in the Sirius WP2 comparative report, only in few 
countries are such opportunities offered to MRAs. 

Thus, relevant policies should be developed to enable MRAs to contribute to the sustainable 
economic development of both their host and home countries. On the one hand, for the home 
country, MRAs contribute their remittances which, in turn, improve the home countryôs 
economic situation. On the other hand, MRAs fill potential labour gaps, develop 
entrepreneurial activities and, if properly registered, they pay income and social security taxes 
in their host countries. Needless to say, they also offer to the host country cultural diversity 
and enrichment, which is of high importance in troubled times.  

Hence, consistent and timely data on the integration capabilities of the MRAs by the host 
country is essential for assessing future trends and for setting new policy targets. After all, in 
recent years, research in the integration of MRAs into the labour market has focused, among 
other things, on the integration of MRAs in the host countryôs labour market (e.g. Konle-Seidl, 
2018, p .10). A number of very recent studies (see, among others,  Zimmermann, 2016; Junge 
and Patuzzi, 2016; Karlsdóttir et. al., 2017; Konle-Seidl, 2018) have been conducted that 
estimate the impact of migration on the countries and magnitudes such as  wages and 
employment/unemployment effects as well as changes in the structure of demand or supply. 

Thus, in technical terms, the research question to be investigated is the following: do the 
SIRIUS countriesô labour markets are capable of absorbing/integrating more labourers? (e.g. 
Kirkwood et al., 2016). 

In this report, we analyze the integration capabilities of the MRAs in the countries of interest. 
In order to tackle these issues, a number of relevant econometric and quantitative techniques 
have been employed. To do so, we proceed at multiple levels. Specifically, two (2) 
complementary methodological frameworks have been used in order to investigate the 
aforementioned topic. On the one hand, the econometric investigation of this report is twofold. 
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Firstly, using the GVAR framework, the dynamic interlinkages and the potential spillover 
effects among the various SIRIUS economies will be uncovered. The implicit assumption, in 
this framework, is that there is labour mobility among the various economies. In this context, 
the results of the GVAR estimation will pinpoint the labour absorbing economies in the dataset. 
Next, using the VAR/VEC framework, we will investigate if there are any specific labour 
absorbing sectors for all the SIRIUS economies. The implicit assumption here is that there is 
labour mobility across the various sectors, but not necessarily across the various economies. 
Note, that the results of the two methodologies employed are not mutually exculsive. In other 
words, based on our two step approach, the first step provides evidence for the total economy, 
whereas the second step provides evidence for the sectoral dimesion of the economy. 
Therefore, a labour absorbing economy identified in the first step, implies that the economy in 
total could attract more labour from the rest of the economies in order to increase its 
production. On the other hand, a labour absorbing sector, identified in the second step, implies 
that this specific sector could attract, independently, more labour from the rest of the sectors 
in order to increase its production. The fundamental difference in the second step is that the 
labour attracted by a sector comes directly from the labour force of the respective economy, 
whereas in the first step the labour attracted by an economy comes both from the rest of the 
economies, as well form the respective economy.  

On the other hand, a quantitative analysis is also presented based on two composite 
indicators, i.e. SIRIUS 1 and SIRIUS 2. SIRIUS 1 and SIRUS 2 are used to  identify the sectors 
and the occupations, respectively, of an economy which have simultaneously high growth 
potential and required educational attainment level compatible to the MRAs educational 
attainment level. For the construction of both indicators input-output analysis is used, which 
constitutes a widely used methodology appropriate for this type of investigation. The estimates 
are disaggregated by sector of economic activity and by occupation for each country and 
analytical presentations will be offered to assess the current state of integration of international 
MRAs in the countries under investigation.  

The report is structured as follows: the first part presents the econometric analysis 
(VAR/GVAR), and the second part sets out the quantitative analysis for each economy 
investigated. The next part summarizes and concludes. 
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Part A: Econometric Analysis 
The aim of this part is to identify the SIRIUS economies and the sectors of economic activity 
that could be considered as being ñlabour absorbingò. In this context, throughout our analysis 
we make the implicit assumption that the labour markets do not discriminate against race, 
ethnicity or sex. In other words, we assume that all employees have equal opportunities of 
being integrated into the labour markets and the fact that they are either natives or MRAs 
plays no role at all. Therefore, in order to identify the ñlabour absorbingò economies and the 
ñlabour absorbingò sectors among the SIRIUS economies we will make use of a two-step 
approach. In the first step, we will identify which SIRIUS economies could be considered as 
being labour absorbing. In this context, in order to take into consideration the complex labour 
dynamics and the spillover effects among the various SIRIUS economies, we will make use 
of Global Vector Autoregressive (GVAR) modelling that will incorporate all the economies of 
interest. The implicit assumption made in the first step that there is labour mobility among the 
various economies, Therefore, a labour absorbing economy could employ extra labourers not 
only by realocating its own labour force but also by attracting labourers from the other 
economies. In the second step, we will identify the ñlabour absorbingò sectors in the SIRIUS 
economies. To do so, we will employ sectoral Vector Autoregressive (VAR) models for each 
economy.The implicit assumption made in the second step is that a labour absorbing sector 
attracts labourers only from the rest of the sectors of this specific economy. 

The GVAR/VAR models are capable of assessing the dynamic relationships between the 
key variables of output and labour, both at the national (aggregate) as well as at the sectoral 
level. Based on modern econometric literature (Wooldridge, 2013; Lutkepohl,  2005; 
Hamilton,1994),  the use of such models for uncovering the dynamic interdependencies 
among economic entities, i.e. economies, sectors etc provides the researcher with the 
modelling advantage of unspecified a priori assumptions regarding the relationship among the 
various entities. In other words, both methods are purely data-driven. Nonetheless, at the 
same time, the absence of an a priori economic hypothesis between the various entities could 
also be viewed as a weakness of these models. However, due to the fact that the recent global 
financial crisis has severely distorted traditional economic relationships, (Konstantakis et al., 
2015; Benetrix et al., 2016), these models act as the main methodological tool for the study of 
these distortions.  
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1.1. GVAR modelling 

The Global VAR model (GVAR), introduced by Pesaran at al. (2004), is suitable for assessing 
relationships between economic entities, while its methodology provides a general, yet 
practical, global modeling framework for the quantitative analysis of the relative importance of 
different shocks and channels of transmission mechanisms2. In fact, it comprises a compact 
econometric model of the world economy, which is designed to explicitly model the economic 
and financial interdependencies at both the national and the international level.  

More specifically, the GVAR combines individual country/regional vector error-
correcting models, where the domestic variables are related to corresponding foreign 
variables that are constructed exclusively to match the international trade, financial or other, 
desired patterns of the economic entities under consideration. Then, the individual country 
models are linked through a consistent econometric approach so that the GVAR model is 
applied to the world as a whole. Therefore, it can then be used to investigate the degree of 
regional interdependencies via impulse response analysis3.  

The GVAR framework is structured upon observables, which typically include 
macroeconomic aggregates and financial variables, with the country-specific foreign variables 
serving as a proxy for common unobserved factors and thus it is capable of overcoming the 
major problem of dimensionality4 In this context, we will make use of the Gross Domestic 
Product (GDP) and Labour of each SIRIUS economy so as to investigate how an 
unexpected/unanticipated shock in the GDP of one economy influences labour in the rest of 
the SIRIUS economies.  

In this work, the Global VAR model consists of seven (7) economic entities, namely 
the Czech Republic, Denmark, Finland, Switzerland, the UK, Greece and Italy that constitute 
the SIRIUS economies. Each country i, Ὥ ρȟȣȟχ  follows a VAR model, augmented by the 
exogenous variables of global trade (T), expressing the respective transmission channel. The 
endogenous variables ὼ denote a 2×1 vector of macroeconomic variables belonging to each 
country i, consisting of Gross Domestic Product (GDP) and Labour (L). The foreign variables 
ὼᶻȟ represent a weighted average of the other countryôs variables that are regarded to be 
weakly exogenous in each country's model, whose weights are pre-determined. In order to 
sufficiently capture all the interconnections among the various economies we make use of 
Input-Output weights based on Konstantakis et al. (2016). Mathematically, the VAR model for 
each country is: 

  ὒȟὴὼ ὥ Ώ ὒȟή ὼz ὥὋ ό   [1] 

For Ὥ ρȟȣȟχ  ὥὲὨ ὸ ρȢȢȢȢὝ where ὼ  is the set of country domestic variables and  

  ὒȟὴ  is the matrix of lag polynomial of the associated coefficients; ὥ  is a vector of fixed 

intercept; Ὃ is a set of the Global Variables and ὥ  is a vector of their respective 

coefficients ὼz ὡὼ  is the set of weighted foreign variables and Ώ ὒȟή  is the matrix of 

lag polynomial of the associated coefficients. In this work, matrix ὡ  is a 7 × 7 dimensional 

matrix of weights that defines Ὧ=7 country-specific cross section averages of foreign 

                                                 
2 In general, there are two primary channels for the transmission of shocks among the various 
economies: the financial and the trade channel. For a comprehensive analysis of the transmission of 
shocks among countries see, for example, Artis et al. (1997)  Canova and Marrinan (1998), and Pesaran 
et al. (2004). 
3 The impulse response analysis conducted in VAR/ GVAR models presents a variableôs of interest 
response in time when an unanticipated unit shock, equal to one standard deviation, is  experienced by 
another variable in the system of equations. See, among others,  Koop et al. (1996) and Pesran and 
Shin (1998) and Lutkepohl (2005).  
4 That is: the number of estimated parameters have to be considerable less than the number of 
observations in order to have unbiased estimates that will belong to the class of estimates with the 
minimum variance 
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variables. Finally, ό  is a vector of idiosyncratic, serially uncorrelated country-specific shocks 

with mean zero and the variance-covariance matrix Ɇi,  ό ὭͯȢὭȢὨπȟ„ .  

The implementation of the GVAR methodology has two steps. Firstly, each countryôs 
VARX model is estimated treating the Global Variables as exogenous. After the estimation of 
each VARX model, we relate their corresponding estimates through link matrices and then we 
stack them together to obtain our GVAR model. In particular, we consider the following model 
for country i: 

ὼ ὥ   ὼ Ώ ὼz Ώ ὼz ὥ Ὃ ό  [2] 

 

To begin with, we group all foreign and domestic variables together as: 

ᾀ
ὼ
ὼz     

 

Therefore, for each country i the respective model becomes : 

ὃᾀ ὥ ὄȢ  Ȣᾀ ὥὋ ό   [3] 

where: ὃ ὍȟΏ  ὥὲὨ ὄȟ  ȟ   ȟΏ   . 

 

Next, by gathering all the domestic endogenous variables together, we define the 

following global vector ὼ
ὼ
ὼ  and we obtain the identity: ᾀ ὡὼ  ᶅ Ὥ ρȟς where W is 

the trade matrix. Then, by using the former identity in the i-th country specific model, we get: 

 

ὃὡᾀ ὥ ὄȟ  ȟὡᾀ  ȟ ὥὋ ό   [4] 

 

At the second stage, by combining each country model with the later equation we to 
obtain the GVAR: 

ὓὼ ὥ Ὄȟ  ȟὼ  ȟ ὥὋ ό  [5] 

where ὓ ὃὡ  ὥὲὨ Ὄ ὄȟ  ȟὡ . 

If the M matrix is non-singular, then we obtain the reduced form of the GVAR model: 

ὼ ὦ Ὂ  ȟὼ  ȟ ὦὋ ὺ  [6] 

where ὦ ὓ ὥ Ȣ  Ὂ ὓ Ὄ  ÁÎÄ  ὺ ὓ ό 

We examine the dynamic characteristic of the GVAR model through the so-called 
Generalized Impulse Response Functions (GIRFs)5 following Koop et al. (1996) and Pesaran 
and Shin (1998). Analytically, a positive standard error unit shock is examined on every 
variable in the universe of our model aiming at determining the extent to which each economy, 
responds to a shock. Also, we study the way these shocks can have persistent effects. A basic 
advantage of this approach is that the GIRFs are invariant to the ordering of the equations.  

Ὅ „ Ⱦ ὄ Ὡᶅ ὲ ρȟςȟȣ[7] 

                                                 
5 In general, a GIRF is a simulated response over a time horizon of a variable to a unit shock equal to 
one standard deviation to another variable in the model. For an extensive discussion on the GIRFs see 
among others Koop et al. (1996), Pesaran and Shin (1998), and Lutkepohl (2005).  
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where Ὅ  is the Impulse Response Function n periods after a positive standard error 

unit shock; „  is the jth row and jth column element of the varianceïcovariance matrix Ɇ of 

the lower Cholesky decomposition matrix of the error term which is assumed to be normally 
distributed; B is the coefficientsô matrix when inversely expressing the VAR model as an 
equivalent MA process and Ὡ is the column vector of a unity matrix. See Koop et al. (1996) 

and Pesaran and Shin (1998). 

 

1.1.1. Weight Matrix Construction 

 

The Input ï Output (IO) model describes the economic system based on the following 
equation for the various (n) economic entities:  

  = ὼ + ὼ + ... + ὼ + ώ, i= 1, 2, ..., n [8] 

where:   Ó0 is the output of economy i, ώ is the final demand for the product of 
economy i, ὼ is the product of economy i used by economy j. Equation (8) can be written as 

follows, in matrix form: 

ɉ = ȷɉ + Ɉ  [9] 

where: X is the vector of outputs, Y is the vector of final demand, and A is the so-called 
input or technical coefficients matrix whose typical element is equal to: 

ὥ    [10] 

where: ὥÓ 0 is the quantity of output from economy i required to produce one unit of 

output in economy j.6 Solving the balance equation [9] for X, we obtain: 

X = Ὅ  ὃ Y  [11] 

in which Ὅis then × n identity matrix, Ὅ  ὃ  is the so-called Leontief inverse and 
Y is the column vector of final demand. In the IO approach, the main tools of analysis are the 

technical coefficients matrix A and the Leontief inverse matrix Ὅ  ὃ , namely the matrix 
of input-output multipliers of changes in final demand into levels of outputs. 

Now, based on the fundamental IO matrix of technical coefficients A, we construct 
matrix ὗ, which has the following form: 

ὗḳ

ὼ ȣ ὼ
ể Ệ ể
ὼ ȣ ὼ

 

where each element of ὗ is given by the expression: 

ὼ ḳὥὢ  [12] 

and the ὼ  element of matrix ὗ expresses the product of economy i that is used from 

economy j, ὢ is the total output of the j-th economy and ὥ is interpreted as the quantity of 

output from economy i required to produce one unit of output in economy j, as we have seen 
earlier. Notice that, in general, ὼ ὼȟᶅὭȟὮɴ ρȟȣȟὲ.  

 

In the IO matrix ὗ, the row elements express the quantities of goods and services, in 
value terms, supplied by one economy to itself and all others. Similarly, column elements 

                                                 
6 For an in-depth discussion of the technical coefficients and their use see among others ten Raa (2007). 
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express quantities obtained by an economy from itself and all others. In general, matrix Q 
expresses an (intermediate) inter-country flow matrix. 

Next, we construct the transpose of matrix Q, i.e. ὗȢ In matrix ὗ , the row elements 
express quantities obtained by an economy from itself and all other economies, whereas the 
column elements express quantities supplied by an economy to itself and all others. 

 Now, let matrix P be defined as the difference between matrix Q and its transpose, ὗ , 
or in matrix notation: 

ὖḳὗ ὗ  

Thus, the typical element, ὴ , of matrix P is equal to : 

ὴ ḳὼ ὼ  

Each element, ὴ , measures the net amount of goods and services of an economy, in 

value terms, that flows between itself and each other economy, in a given year.  

Obviously, P is a matrix with zeros in the main diagonal. In matrix form: 

ὖḳ
π ȣ ὴ
ể Ệ ể
ὴ ȣ π

 

since, by definition, every element of its main diagonal indicates the quantities that 
each economy obtains and supplies to itself, which, in a general equilibrium framework, are 
equal to each other. Hence, ὴ πȟὥὲὨ ὴ ὴȟᶅὭȟὮɴ ρȟȣȟὲ. Apparently, P represents 

a net (intermediate) inter-country flow matrix. 

Since we are interested in constructing the so-called weight matrix, according to the 
spirit of the GVAR model at the international level (Pesaran et al. 2004), we proceed as follows: 
Let NQ, be the IO matrix whose typical element, ὲή, is given by the following expression: 

ὲήḳ ὴ ὼ ὼ  [13] 

A net inter-country flow weight is defined as the ratio of flows of goods and services 
between economy i and economy j, over the total absolute flows of goods and services 
realized by economy i. Or, in mathematical terms: 

ύ ḳ
В

[14] 

Obviously, W is a matrix with zeros in the main diagonal. Or, in matrix form: 

ὡḳ
π ȣ ύ
ể Ệ ể
ύ ȣ π

 

since ὲή π as discussed above, and, in general, ύ ύ ȟᶅὭ ὮȢ 

For instance, the element ύ  indicates the flows of goods and services, between 
economy 1 and economy 2 as a proportion of the total flows of sector 1, see Michaelides et 
al. (2018), Konstantakis et al. (2017), Tsionas et al. (2016), Konstantakis et al. (2016). 

Hence, W represents an intermediate net inter-country flow weight matrix. 
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1.2. VAR modelling 

 

Having used the GVAR model presented in the previous section to identify the ñlabour 
absorbingò economies among the SIRIUS countries, we continue our analysis with the 
investigation of the ñlabour absorbingò sectors in these economies using VAR modelling. In 
this context, in our analysis, every economy is decomposed into four (4) sectors i.e. Primary, 
Secondary, Manufacturing and Tertiary sector, respectively. 

The Vector Autoregressive (VAR) model is a technique that can be used to 
characterize the joint dynamic behaviour of a set of variables without imposing restrictions of 
the kind needed to identify underlying structural parameters.  

In mathematical terms, any ὲὼρ vector of stochastic process ὼ can be decomposed 
into two (2) orthogonal components, namely one linearly predictable and one linearly regular 
(Wold 1954). More specifically, if we let ִי  be the time information set, then according to 
Woldôs Theorem (1954), the following decomposition holds: 

יִ יִ ṥ‐ [15] 

where: ִי  contains the time information at time ὸ ρ, and ‐ is the information at time ὸ. 
The implicit assumption made is that ִי  is orthogonal to ‐, while ṥ indicates direct 

summation, i.e. ִי יִ ‐ȟִי ᶰִי ȟ‐ᶰ꜡  .  

Based on the above representation, it is easy to check that since ‐Ṷִי , then ‐Ṷ
‐  which, in turn, implies that ‐ Ṷ‐ Ὦᶅ Ὦ. 

Now, since the decomposition on ִי  could be repeated iteratively backwards for each 

time ὸ, then the following equality holds: 

יִ יִ ṥ‐ Ễ יִ ṥВ ‐  [16] 

where ִי יִ᷊ . Since ὼ is known at time ὸ, then without loss of generality we can write 

ὼ ὉὼȾִי  using the conditional expectation. This, combined with the orthogonality of ‐, 
implies that the following equation holds: 

ὼ ὉὼȾִי ὉὼȾִי ṥВ ‐ ὉὼȾִי В ὉὼȾ‐  [17] 

If we make the assumption that we consider linear representations, which in turn implies that 
we substitute the expectations operator with a linear projection operator, the above equations 
can be written as follows: 

ὼ ὥὼ В Ὀȟ‐  [18] 

Where ὼ ᶰִי  and ‐ ᶰ꜡ . Then, the sequence ‐ ,  which is defined as ‐ ὼ
Ὁὼ Ⱦὓ , is a white noise process, i.e. Ὁ‐ π, Ὁ‐‐    if Ὧ π and zero 

otherwise.  

Finally, if we assume that ὥ ὥ and Ὀȟ Ὀ ὸᶅ, then we get the Vector 

Autoregressive Representation (VAR) for any nx1 vector of stochastic processes. 

ὼ ὥὼ В Ὀ‐  [19] 

 

(a) Econometric Representation 
 

The VAR model also lends itself to empirical estimation, based on some assumptions, see 

Konstantakis et al. (2015).  
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Assumption 1: The history of each variable affects its own and the other variablesô 

current state.  

Assumption 2: No variable simultaneously affects any other variable. 

Assumption 3:The dynamic evolution among the variables in the model is linear.  

A model that takes into account Assumptions 1-3 is a VAR, and can be written as follows to 

ease estimation: 

 

ὢ

ὼȟ
ể
ὼȟ

, ὧ

ὧ
ể
ὧ

, ὃ

ὥ ȟ ȣ ὥ ȟ

ể Ệ ể
ὥ ȟ ȣ ὥ ȟ

, ‐

‐ȟ
ể
‐ȟ

 [20] 

or:  

  ὧ ὃὢ Ễ ὃὢ ‐ [21] 

where: ὧ are constants, ὼȟ are the so-called endogenous variables Ὥ, ὥȟ indicates the effect 

of variable Ὦ on variable Ὥ with a lag of Ὧ, and ‐ȟ is the residual time series of variable Ὥ. Now, 

the order ὴ of the VAR model shows how long we are going back in time.  

The residualôs vector ‐, is assumed to be white noise, meaning that each vector 

element has a zero mean and a time invariant positive definite covariance matrix. Also, there 

is no correlation across time, and no autocorrelation in each of the individual error terms. In 

matrix form, we have: 

ὢ

ὢ
ὢ
ể

ὢ

, ὅ

ὅ
π
ể
π

, ὃ

ὃ ȣ ὃ    ὃ

Ὅ ȣ π π
ể Ệ ểể
π ȣὍ π

, ‐ǿ

‐
π
ể
π

[22] 

Where: π  and π  are an n-dimensional zero vector and an n×n zero matrix, respectively. 

In this way, we obtain a compact representation of the VAR model: 

ὢ ὅ  ὃὢ ‐ [23] 

Actually, we can express the VAR (p) model compactly as follows: 

ὣ ὃᶻὤ Ὗ [24] 

where: ὣ  ὢ ȟὢ ȟȢȢȢȟὢ , ὃᶻ ╒ȟὃȟὃȟȢȢȢȟὃ ȟ or: 

ὤ

ρ ρ ȣ       ρ
ὢ ὢ ȣὢ

ể ể ểể
ὢ ὢȣὢ

, Ὗ ‐ ȟ‐ ȟȣȟ‐  [25] 
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This format is compact and also lends itself to an Ordinary Least Squares (OLS) estimation, 

with a straightforward form for the numerical solution: 

ὃᶻ ὣὤ ὤὤ [26] 

In case we need to model effects which are exogenous to the system, this can be done 

by incorporating q>0 exogenous variables, ᾀ ὸ, ..., ᾀ ὸ, into the model as follows: 

ὢ ὃὢ Ễ ὃὢ ╬ᾀȟ Ễ ╬ᾀȟ ‐ [27] 

where: ╬is the vector of size n×1 Ὦ  ρȟȢȢȢȟή.  

In order to estimate the extended VAR (p) model, we need to augment the definition 

of A* by including ╬, ...,╬ to obtain the OLS estimates of Ai and ╬. 

Finally, when the variables of a VAR are cointegrated, we use a Vector Error-

Correction (VEC) model, by incorporating the error correction terms in the VAR model. More 

precisely, a vector error correction (VEC) model is a restricted VAR that has cointegration 

restrictions built into the specification, so that it is designed for use with non-stationary series 

that are known to be cointegrated7. The VEC specification restricts the long-run behavior of 

the endogenous variables to converge to their cointegrating relationships while allowing a wide 

range of short-run dynamics. In other words, in the presence of a cointegrating relationship 

among the variables that enter the model implies that there is a long-run equilibrium 

relationship among these variables in time that needs to be incorporated into the model. The 

cointegration term is known as the error correction term (ECM) since the deviation from long-

run equilibrium is corrected through a series of partial short-run adjustments. 

Following the literature (Pesaran and Shin, 1998; Koop et al., 1996), we assess the 

results of the proposed VAR estimation using the so-called Generalized Impulse Response 

Functions (GIRFs), presented in the previous section, which provide results that are invariant 

to the ordering of the equations The GIRFs present how an unanticipated/unexpected shock 

in one of the variables affects the dynamic behaviour of the rest of the variables in the VAR-

VEC system. 

1.2.1. Relevant Tests 

In order to have valid statistical inference using the proposed GVAR/VAR models a 
number of relevant test need to be carried out.  

 

Stationarity 

 There are several formal tests for unit roots. Here, we apply the Phillips-Perron (PP) 

test, which can be viewed as a DickeyïFuller (DF) test that has been made robust to serial 

correlation by using the NeweyïWest (1987) heteroskedasticity and autocorrelation consistent 

covariance matrix estimator. The main advantage of the PP tests over the DF tests is that the 

PP tests are robust to general forms of heteroskedasticity in the error term ut. Another 

advantage is that no a-priori specification of the lag length for the test regression is required. 

The popular PhillipsïPerron (1988) test involves ýtting the model: 

                                                 
7 For a detailed analysis on cointegration and time series properties see, among others, Lutkepohl 2005. 
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ὣ ὥ ”ὣ ‐ [28] 

where we may exclude the constant or include a trend term. There are two statistics, ὤand 

ῶ, calculated as: 

ὤ Ὕ” ρ ‗ ‎ȟ  [29] 

 

ῶ ȟ ‗ ‎ȟ  [30] 

where, ‎ȟ В όό , ‗ ‎ȟ ςВ ρ ‎ȟ and ί В ό  

where: ό is the OLS residual, k is the number of covariates in the regression, q is the number 

of NeweyïWest lags to use in calculating ‗, and „ is the OLS s.e. error of ”. 

Under the null hypothesis that ”  π, the PP statistics, ὤand ῶ, have the same 

asymptotic distributions as the Augmented DickeyïFuller (ADF) t-statistic and normalized bias 

statistics.  

 

Optimum Lag Length 

In this work, we make use of the so-called Schwartz-Bayes Information criterion (SBIC) 
introduced by Schwartz (1978), where the optimum lag length is given by the following 
objective function: 

Ὧ ὥὶὫάὭὲς Ὧ  [31] 

where LL(k) is the log-likelihood function of a VAR(k) model, n is the number of 

observations and k is the number of lags and Ὧ is the optimum lag length selected. As the 
works of Breiman and Freedman (1983) and Speed and Yu (1992) have shown, SBIC is an 
optimal selection criterion when used in finite samples. 

 

Cointegration 

In case the variables that enter the model are I(1) we have to check for cointegration 
between them, since if cointegrating relationships are present then the Error Correction Terms 
have to be employed in the estimation of the GVAR model. We employ the popular Johansen 
(1988) methodology that allows for more than one cointegrating relationship, in contrast to 
other tests. The methodology is based on the following equation: 

ῳώ ά  ώ В ῲῳώ Ὡ [32] 

×ÈÅÒÅȡ   В ὃ ὍὥὲὨῲ В ὃ  [33] 

The existence of cointegration depends upon the rank of the coefficient matrix Ʉ which 
is tested through the likelihood ratio, namely the trace test described by the following formulas: 

ὐ ὝВ ÌÏÇρ ‗  [34] 

where: T is the sample size and ‗ is the largest canonical correlation. 

The trace test tests the null hypothesis of r<n cointegrating vectors and the critical 
values are found in Johansen and Juselius (1990). Also, having stationary variables in the 
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system is not an issue according to Johansen (1995) as long as all the time series are 
integrated of the same order. 

Asymptotic Properties 

For the purpose of estimation and inference in stationary models, Chudik and Pesaran 
(2011) showed that the relevant asymptotics are: 

ᴼὯ Њ [35] 

Stability Conditions 

Also, to determine whether the model is stable, we check the stability of the country-
by-country models, separately. However, following Pesaran et al. (2004) and Mutl (2009) it is 
not sufficient to examine the country-by-country stability, ignoring the endogeneity of the other 
variables ὼᶻȟȢ Hence, it does not suffice to require that ɟ( ) < 1 for stability, where ” ) is 

the spectral radius of the matrix  ȟὭ ὟὛȟὉὟρυȢ Instead, Mutl (2009, p. 9) derived a 
sufficient condition for the model to be stable, namely that the maximum absolute row sums 
of W are less or equal to Ὧ , that is:  

ᴁὡᴁ Ὧ [36] 

where Ὧ  is the uniform bound of absolute row and column sums of the weight matrix 
W: 

В В ύ ȟ Ὧ Њ [37] 

where Ὧ  does not depend on T or N and the choice of indexes i and q, but can 

potentially depend on other parameters of the model; and ύ ȟ  denotes the (q,m)-th element 

of 7 . 

Finally, note that if r is the maximum number of eigenvalues of ū, then according to 
the fundamental algebraic theorem, r ὶὥὲὯ  . See, among others, Stewart and Ji-Guang 
(1990). 
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1.3. Empirical Results 

1.3.1. Data and Variables 

In this report we employ both aggregate and sectoral data on Output (Y) and Labour (L) for all 
the SIRIUS economies. More precisely, for the GVAR analysis that will identify the ñlabour 
absorbingò economies we employ monthly time series data on aggregate output in millions of 
euros and aggregate number of employees in thousands for the time period 2008-2016, that 
come directly from Eurostat8. We assessed the gaps in the time series using relevant 
extra/intrapolation techniques following Pesaran et al. (2004). For the construction of the 
Trade weight matrix we make use of the World Input Output Tables (WIOT) that are freely 
available9. Next, for the VAR models employed for the ñlabour absorbingò economies we make 
use of sectoral data on output in millions of euros and labour in thousands of employees for 
the four (4) main sectors of economic activity, i.e. primary sector, secondary sector, 
manufacturing sector and tertiary sector that correspond to the NACE rev. 2 classification A, 
B-F, C, and G-U, respectively. The time series data cover the period 2008-2016 in monthly 
frequency. The data come directly from Eurostat. 

1.3.2. GVAR Analysis 

Before turning to the results of the GVAR model employed a number of time series tests have 
to take place. As a first step, we investigated for the existence of unit roots in the various time 
series, using the Phillips-Perron unit root test. In case the time series exhibited unit root 
behaviour, we transformed the data using the first difference operator, which is standard 
practise10. The results of the unit root tests for the various time series employed both in level 
as well as in first differences are presented in Table 0.1. 

 

                                                 
8 All the relevant data could be downloaded directly from this link 
https://ec.europa.eu/eurostat/data/database?node_code=proj 
9 http://www.wiod.org/database/wiots16 
10 A unit root is a higly technical feature of some stochastic processes that causes problems in 
estimating time series models. In the presence of a unit root, the behaviour of a time series is explosive 
and its relationship with other variables might lead to spurious regression. This is the reason why we 
use a transformation of the data so as to avoid having unit roots in the dataset. For an analysis on unit 
roots see, among others, Lutkepohl, 2005.  
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Table 0.1: Phillips-Perron Unit Root tests 

Variable Economy 

Variables in 
Levels 

Variables in First 
Differences Level of 

Integration p-value 

L 

CHE 0.06 0 I(1) 

CZE 0.95 0 I(1) 

DNK 0.94 0 I(1) 

FIN 0.52 0 I(1) 

UK 0.86 0 I(1) 

GRE 0.94 0 I(1) 

ITA 0.96 0 I(1) 

Y 

CHE 0.00 0 I(0) 

CZE 0.14 0 I(1) 

DNK 0.00 0 I(0) 

FIN 0.09 0 I(1) 

UK 0.04 0 I(0) 

GRE 0.00 0 I(0) 

ITA 0.03 0 I(0) 
 

  

Based on our findings, all the labour time series variables are found to exhibit a unit 
root in levels, whereas in first differences we reject the null hypothesis of a unit root. Therefore, 
all labour variables are integrated of degree one i.e. I(1). Turning to the aggregate output, with 
the exceptions of Czech Republic and Finland, the rest of the time series variables were found 
to be stationary in levels i.e. I(0). 

In the presence of I(1) variables we have to check for the potential existence of long-
run relationships among the variables of aggregate output and aggregate labour in each 
economy. In this context, we employ the Johansen cointegration test for all the economies in 
the universe of the GVAR model. Table 0.2 presents the results of Johansen test. 

Table 0.2: Johansen Cointegration Test 

Economies 
Maximum 

rank 
Parameters 

Log-
Likelihood 

Eigenvalue Trace Statistic 
5% Critical 

Value 
Cointegration 

CH 
0 6 -1527.10 0.21 33.26 15.41 

No 
1 9 -1514.39 0.07 7.82 3.76 

CZ 
0 6 -1034.15 0.08 10.94 15.41 

No 
1 9 -1029.61 0.02 1.85 3.76 

DK 
0 6 -1147.84 0.23 32.40 15.41 

No 
1 9 -1133.86 0.04 4.42 3.76 

FI 
0 6 -1076.02 0.35 51.85 15.41 

No 
1 9 -1053.20 0.06 6.20 3.76 

UK 
0 6 -1770.62 0.13 18.90 15.41 

No 
1 9 -1763.23 0.04 4.12 3.76 

GR 
0 6 -1085.34 0.25 34.71 15.41 

No 
1 9 -1070.25 0.04 4.51 3.76 

IT 
0 6 -1473.27 0.20 30.21 15.41 

No 
1 9 -1461.55 0.06 6.78 3.76 
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Based on our findings, in all the economies, cointegration among the time series 
variables is not present. In this context, we continue by employing the VARX models for each 
economy, using two (2) lags, following Pesaran et al. (2004). 

We will base our detailed analysis of Generalized Impulse Response Function (GIRFs) 
on the robust confidence bands11 rather than the point estimates in order to avoid any possible 
structural instability. We focus on the impact of a unit shock in the Aggregate Output in the 
economies of our model in order to assess the response of Aggregate Labour for an horizon 
of twenty four (24) steps, i.e. two (2) years. Note, that in this setting, statistically significant 
deviations, which signify labour absorbing economies, are considered those where the zero 
line is not included in the confidence interval. 

We begin our analysis with the response of Switzerlandôs labour in unit shocks on the 
rest of the economiesô output (Figure 0.1). Based on our findings, Switzerlandôs labour is 
significantly affected only by a unit shock in the output of UK. This, in turn, implies that 
Switzerland could be considered as being a ñlabour absorbingò economy. This is depicted by 
the respective GIRFs, which deviate significantly from the initial equilibrium position when a 
unit shock is in force.   

 

 

 
 Figure 0.1: Response of Labour Switzerland to unit shocks on the Output of the rest of economies 

 

We continue with the response of Denmarkôs labour in unit shocks on the rest of the 
economiesô output, see Figure 0.2. Based on our findings, Denmark is unaffected by all unit 
shocks, since its labour remains at the equilibrium position, irrespectively of the unit shock 

                                                 
11 The confidence intervals are computed using 1.000 bootstrapped iterations 
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imposed in the rest of the economiesô output. This is depicted by the GIRFs, which do not 
deviate significantly from the initial equilibrium position when a unit shock is in force. 

 

 

 
Figure 0.2: Response of Labour Denmark to unit shocks on the Output of the rest of economies 

The response of Finlandôs labour in unit shocks on the rest of the economies output is 
presented in Figure 0.3. Based on the GIRFs, the labour of Finland is significantly affected, in 
the medium run, by a unit shock in the total output of UK. This, in turn, implies that the Finish 
economy could be considered as being a ñlabour absorbingò economy in the GVAR model 
employed. 

 

 

-.4

-.2

0

.2

.4

-.4

-.2

0

.2

.4

-.4

-.2

0

.2

.4

0 10 20 30 0 10 20 30

0 10 20 30

Y_CH*->L_DK Y_CZ*->L_DK Y_DK->L_DK

Y_FI*->L_DK Y_GR*->L_DK Y_IT*->L_DK

Y_GB*->L_DK

95% CI GIRFs

Horizon

-.1

0

.1

.2

-.1

0

.1

.2

-.1

0

.1

.2

0 10 20 30 0 10 20 30

0 10 20 30

Y_CH*-> L_FI Y_CZ*-> L_FI Y_DK*-> L_FI

Y_FI-> L_FI Y_GR*-> L_FI Y_IT*->L_FI

Y_GB*->L_FI

95% CI GIRF

step



 

31 
 

Figure 0.3: Response of Labour Finland to unit shocks on the Output of the rest of economies 

 

Next, turning to the economy of Czech Republic, Figure 0.4 presents the response of labour 
to unit shocks in the rest of the economiesô output. Based on the GIRFs, Czech Republicôs 
labour is statistically significantly affected in the medium run by unit shocks on the aggregate 
output of the home economy as well as of the economy of UK. This is depicted by the 
respective GIRFs which deviate significantly from the initial equilibrium position when a unit 
shock is in force. This, in turn, implies that Czech Republic could be considered as being a 
ñlabour absorbingò economy in our modelling framework. 

 

 

 
Figure 0.4: Response of Labour Czech Republic to unit shocks on the Output of the rest of economies 

Turning to the economy of Italy, Figure 0.5, presents the response of labour to unit 
shocks on the rest of the economiesô aggregate output. Based on the GIRFs, there is no 
statistically significant deviation from the initial equilibrium position, since the zero line belongs 
to the 95% confidence interval computed. Therefore, Italy does not belong to the ñlabour 
absorbingò economies of our model. 
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Figure 0.5: Response of Labour Italy to unit shocks on the Output of the rest of economies 

 

Next, Figure 0.6 presents the response of Greek labour to unit shocks on the rest of 
the economiesô output. Based on the GIRFs, there is no significant deviation from equilibrium. 
This, in turn, implies that Greece could not be considered as a ñlabour absorbingò economy in 
our modelling framework.  

 

 
Figure 0.6: Response of Labour Greece to unit shocks on the Output of the rest of economies 
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Finally, Figure 0.7 presents the response of UKôs labour to unit shocks on the aggregate output 
of the rest of the economies. 

 

 
Figure 0.7: Response of Labour UK to unit shocks on the Output of the rest of economies 

 

Based on the GIRFs, UKôs labour deviates significantly from its initial equilibrium 
position when unit shock in the output of the home economy is in force. This, in turn, implies 
that based on our modelling framework, UK could be considered as being a òlabour absorbingò 
economy. 

Overall, our findings are robust, since all VARX models are found to be stable due to 
the fact that their eigenvalues lie inside the unit circle, Figure 0.8 to Figure 0.13. 
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Figure 0.8: Stability VARX Switzerland 

 

Figure 0.9: Stability VARX Denmark 

 
Figure 0.10: Stability VARX Finland 

 

Figure 0.11: Stability VARX Italy 

 
Figure 0.12: Stability VARX Czech Republic 

 

Figure 0.13: Stability VARX Greece 

 

 
    

1.3.3. VAR/VEC Analysis 

Having modelled - though GVAR - in the first step, the spillovers among the various SIRIUS 
economies, we unveiled the labour absorbing economies, in total. We continue our analysis 
with the investigation of the labour absorbing sectors for all the economies in SIRIUS. In this 
context, we employ sectoral data for the economies of Switzerland (CH), Czech Republic (CZ), 
Finland (FI) and, United Kingdom (UK), Greece (GR), Denmark (DK) and Italy (IT), that cover 
the four main sectors of economic activity, i.e. Primary sector (A, Nace Rev.2), Secondary 
sector (B-F, Nace Rev.2), Manufacturing sector (C, Nace Rev.2), and tertiary sector (G-U, 
Nace Rev.2), that capture each sectorôs output (Y) and Labour (L). Note, that despite the fact 
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that, in the first step, an economy is not labour absorbing, in total, it could be found to be labour 
absorbing in terms of its sectors, impying that this economy absorbs labour thorugh a 
realocation of its labour force since it could operate at a low level of employement, i.e. is 
characterised by high unemployment. 

 Following standard econometric practice, we begin by investigating the stationarity 
characteristics of our time series variables, using the Phillips-Perron unit root test. Table 0.3 
presents the level of integration regarding the sectoral output for the SIRIUS economies. 

 

Table 0.3: Unit Root Testing of Sectoral Output 

Variable Economy Sector 
Variables in Levels 

Variables in First 
Differences 

Level of 
Integration 

p-value 

Y 

CHE 

Primary 0.066 0.000 I(1) 

Secondary 0.003 0.000 I(0) 

Manufacturing  0.015 0.000 I(0) 

Tertiary 0.000 0.000 I(0) 

CZE 

Primary 0.778 0.000 I(1) 

Secondary 0.014 0.000 I(0) 

Manufacturing  0.192 0.000 I(1) 

Tertiary 0.063 0.000 I(1) 

DNK 

Primary 0.002 0.000 I(0) 

Secondary 0.234 0.000 I(1) 

Manufacturing  0.011 0.000 I(0) 

Tertiary 0.000 0.000 I(0) 

FIN 

Primary 0.183 0.000 I(1) 

Secondary 0.006 0.000 I(0) 

Manufacturing  0.296 0.000 I(1) 

Tertiary 0.000 0.000 I(0) 

UK 

Primary 0.112 0.000 I(1) 

Secondary 0.051 0.000 I(1) 

Manufacturing  0.044 0.000 I(0) 

Tertiary 0.041 0.000 I(0) 

GRE 

Primary 0.009 0.000 I(0) 

Secondary 0.261 0.000 I(1) 

Manufacturing  0.201 0.000 I(1) 

Tertiary 0.000 0.000 I(0) 

ITA 

Primary 0.057 0.000 I(1) 

Secondary 0.005 0.000 I(0) 

Manufacturing  0.071 0.000 I(1) 

Tertiary 0.012 0.000 I(0) 

 

Based on our findings, all the economiesô sectoral output is either integrated of degree 
one, i.e. I(1), or stationary in levels, i.e. I(0). Next, we turn to the unit root test results regarding 
the sectoral labour of the SIRIUS economies, Table 0.4. 
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Table 0.4: Unit Root test of Sectoral labour 

Variable Economy Sector 
Variables in Levels Variables in First Differences Level of 

Integration p-value 

L 

CHE 

Primary 0.245 0.000 I(1) 

Secondary 0.001 0.000 I(0) 

Manufacturing  0.425 0.000 I(1) 

Tertiary 0.081 0.000 I(1) 

CZE 

Primary 0.721 0.000 I(1) 

Secondary 0.661 0.000 I(1) 

Manufacturing  0.735 0.000 I(1) 

Tertiary 0.194 0.000 I(1) 

DNK 

Primary 0.640 0.000 I(1) 

Secondary 0.699 0.000 I(1) 

Manufacturing  0.675 0.000 I(1) 

Tertiary 0.951 0.000 I(1) 

FIN 

Primary 0.771 0.000 I(1) 

Secondary 0.874 0.000 I(1) 

Manufacturing  0.625 0.000 I(1) 

Tertiary 0.743 0.000 I(1) 

UK 

Primary 0.358 0.000 I(1) 

Secondary 0.820 0.000 I(1) 

Manufacturing  0.555 0.000 I(1) 

Tertiary 0.632 0.000 I(1) 

GRE 

Primary 0.627 0.000 I(1) 

Secondary 0.969 0.000 I(1) 

Manufacturing  0.961 0.000 I(1) 

Tertiary 0.916 0.000 I(1) 

ITA 

Primary 0.956 0.000 I(1) 

Secondary 0.148 0.000 I(1) 

Manufacturing  0.839 0.000 I(1) 

Tertiary 0.882 0.000 I(1) 

 

 

Based on our findings, in most countries, sectoral labour is stationary in first 
differences, i.e. I(1). Following standard econometric practise, in the presence of I(1) variables 
we check for the potential existence of long-run relationships among them using the popular 
Johansen cointegration test, see Table 0.5. 

 

 

Table 0.5: Johansen Cointegration test 

Economies 
Maximum 

rank 
Parameters 

Log-
Likelihood 

Eigenvalue Trace Statistic 
5% 

Critical 
Value 

Cointegration 
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CH 

0 72 -4488.554 . 132.857 156.000 

No 

1 87 -4469.050 0.337 93.850 124.240 

2 100 -4452.090 0.300 59.930 94.150 

3 111 -4442.745 0.179 41.239 68.520 

4 120 -4435.016 0.150 25.781 47.210 

5 127 -4428.024 0.137 11.796 29.680 

6 132 -4423.824 0.085 3.397 15.410 

7 135 -4422.399 0.030 0.548 3.760 

8 136 -4422.126 0.006   

CZ 

0 72 -4331.796 . 190.828 156.000 

No 

1 87 -4305.878 0.421 138.992 124.240 

2 100 -4286.844 0.330 100.925 94.150 

3 111 -4268.496 0.320 69.229 68.520 

4 120 -4255.327 0.242 37.890 47.210 

5 127 -4247.043 0.160 21.323 29.680 

6 132 -4239.499 0.147 6.236 15.410 

7 135 -4236.552 0.060 0.341 3.760 

8 136 -4236.382 0.004   

DK 

0 72 -3884.501 . 241.542 156.000 

No 

1 87 -3857.046 0.439 186.632 124.240 

2 100 -3832.314 0.406 137.168 94.150 

3 111 -3811.101 0.360 94.742 68.520 

4 120 -3794.481 0.295 61.502 47.210 

5 127 -3780.720 0.252 33.980 29.680 

6 132 -3770.927 0.186 17.392 15.410 

7 135 -3765.696 0.104 3.933 3.760 

8 136 -3763.730 0.041   

GR 

0 72 -4310.704 . 164.921 156.000 

No 

1 87 -4284.430 0.425 132.112 124.240 

2 100 -4268.264 0.288 95.041 94.150 

3 111 -4255.292 0.239 74.098 68.520 

4 120 -4246.303 0.172 49.195 47.210 

5 127 -4238.638 0.149 30.790 29.680 

6 132 -4231.845 0.133 16.204 15.410 

7 135 -4228.399 0.070 4.312 3.760 

8 136 -4228.243 0.003   

FI 

0 72 -3722.233 . 181.452 156.000 

No 

1 87 -3698.251 0.396 133.489 124.240 

2 100 -3677.021 0.360 97.029 94.150 

3 111 -3659.415 0.310 75.817 68.520 

4 120 -3647.942 0.215 52.870 47.210 

5 127 -3639.357 0.165 35.701 29.680 

6 132 -3634.637 0.095 16.261 15.410 

7 135 -3631.514 0.064 4.015 3.760 
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8 136 -3631.507 0.000   

IT 

0 72 -5297.302 . 194.009 156.000 

No 

1 87 -5270.356 0.433 140.118 124.240 

2 100 -5245.167 0.412 99.740 94.150 

3 111 -5227.839 0.306 75.084 68.520 

4 120 -5218.222 0.183 55.850 47.210 

5 127 -5209.585 0.166 38.576 29.680 

6 132 -5204.025 0.110 17.457 15.410 

7 135 -5200.689 0.068 4.785 3.760 

8 136 -5200.297 0.008   

UK 

0 72 -5409.710 . 198.920 156.000 

No 

1 87 -5375.750 0.511 131.000 124.240 

2 100 -5354.280 0.364 98.0599* 94.150 

3 111 -5338.427 0.284 76.353 68.520 

4 120 -5328.055 0.196 55.609 47.210 

5 127 -5318.358 0.185 36.215 29.680 

6 132 -5314.019 0.087 17.538 15.410 

7 135 -5310.293 0.075 4.085 3.760 

8 136 -5310.250 0.001   

 

Based on our findings, cointegration is not present in either of the SIRIUS economies. 
In this context, we will employ VAR models for all SIRIUS economies. 

We continue by employing the VAR models for each economy using two (2) lags, 
following Pesaran et al. (2004). Our detailed analysis is based on the Orthogonalized Impulse 
Response Functions of each VAR model (OIRFs) with the use of the robust confidence bands 
(bootstrapped, 100 iterations) rather than the point estimates in order to avoid any possible 
structural instability (Lutkepohl, 2005). We focus on the impact of a unit shock in the sectoral 
output of one economy on the various counterparts of sectoral labour. In our analysis we make 
use of a twenty four (24) forecast horizon, i.e. two (2) years. Note, that in this setting, significant 
deviations, which imply ñlabour absorbingò sectors, are considered those where the zero line 
is not included in the confidence interval.  

We begin with the response of sectoral UK labour to unit shocks in the sectoral output 
of the UK, Figure 0.14. Based on the OIRFs, a unit shock in either the output of the primary 
sector or the output of the secondary sector has a statistically significant effect on primaryôs 
sector labour, since the respective OIRF deviates significantly from its initial equilibrium 
position and the confidence bands do not include the zero line (the initial equilibrium position). 
In this context, the primary sector of the UK can be regarded as being a ñlabour absorbingò 
sector in our modelling framework.    
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Figure 0.14: Response of Sectoral Labour UK to unit shocks in Sectoral Output 

  
 

 

 
  

 

    

 
  

 

 

 
We continue with the sectoral responses of Switzerlandôs labour to unit shocks in the 

sectoral output of Switzerland, Figure 0.15. Note, that since in the GVAR employed in the 
previous section, Switzerlandôs labour was statistically significantly affected by the UKôs 
aggregate output, then our modelling approach incorporated the UK sectoral dimension in the 
VAR model of Switzerland. Based on the OIRFs and the respective confidence bands, a unit 
shock in either the primary sector or the manufacturing sector of the UK has a statistically 
significant effect on the labour of Switzerlandôs primary and secondary sector. In addition, a 
unit shock on Switzerlandôs primary or manufacturing sector has a statistically significant effect 
on Switzerlandôs primary, manufacturing and secondary sector. Moreover, a unit shock in the 
primary sector of either Switzerland or UK has a statistically significant effect on the labour of 
the tertiary sector in Switzerland. In other words, based on our modelling framework, 
Switzerlandôs primary, secondary, manufacturing and tertiary sectors could be considered as 
being ñlabour absorbingò sectors.   
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Figure 0.15: Response of Sectoral Labour Swizerland to unit shocks on Sectoral Output Switzerland and UK 

 

    

    

    

   
 

    




















































































































































































































































































































