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Abstract - Macroeconomic flows in countries, described by many indicators of achieved objectives, can be analyzed in 
different ways and several conclusions can be made, especially if the timeline is considered as well.In this paper will be 

presented the results of multivariate statistical analysis of parameters regarding objectives of macroeconomics for European 
countries at the beginning of the 21st century.  The indicators used in the research are (i) GDP at 2010 prices, growth rate; 
(ii) Industrial production index, growth rate; (iii) Consumer price index, growth rate and (iv) Unemployment rate for 
European countries and the period from 2002 to 2016. Special attention will be given to the analysis of economies before, 
during and after the economic crisis (2008). 
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I. INTRODUCTION 

 

The European Union covers a large geographical and 

economic world space. It has a huge economic, 

commercial, financial, technological, scientific and 
political power in the world economy.The goal of 

countries integrated into the European Union is to 

build a knowledge-based economy and sustainable 

development.Sustainable development has several 

characteristics. It is a multidimensional process, a 

process that involves various aspects of society and 

human life. It is also a normative process. This means 

that it is a process that is directed towards the 

realization of certain goals. Since the interconnection 

of different objectivesexists, sustainable development 

is also a coherent process.[1]Today, the European 

Union has more priorities. These priorities are of 
economic and political nature.Economic priorities are 

investments in new jobs, reduction of public debt and 

budget deficit, deeper economic and monetary union, 

better functioning of the digital single market, energy 

union, common ecological policy, new migration 

policy, etc.On the other hand, the goal is to strengthen 

democracy and Europe as a global player.The EU 

member states have varying success in achieving 

these goals.They went through various stages and 

levels of integration. EU candidate countries are 

making efforts to get closer to the results of 
developed European countries. 

 

The idea for the analysis presented in this paper 

originatesfrom our earlier paper. [2]The purpose of 

the paper isto discussthe results of multivariate 

statistical analysis of parameters regarding the 

objectives of macroeconomics for European 

countries.The focus is on the following indicators:(i) 

GDP at 2010 prices, growth rate; (ii) Industrial 

production index, growth rate; (iii) Consumer price 

index, growth rate and (iv) Unemployment rate for 

European countries. The observed period is from 

2002 to 2016.The structure of the paper is as follows. 

After Introduction, Section 2 deals with knowledge-

basedsustainable economic development.The third 

section offers multivariate statistical analysis of 

development in selected European countries based on 
selected indicators. The Conclusion is given at the 

end of the paper. 

 

II. SUSTAINABLE ECONOMIC 

DEVELOPMENT 

 

Macroeconomics implies an analysis of the 

functioning of the economy as a whole, where the 

variables of the economic system are reduced to a 

small number of large economic aggregates. 

Categories that are used for the measurement and 

assessment of the macroeconomic performance of a 
national economy are designated as macroeconomic 

objectives. The main macroeconomic objectives are 

related to the production, (un)employment, prices, 

foreign trade. The state, in particular through 

monetary and fiscal policy, affects the overall trends 

in the economy, i.e. at the pace and direction of 

economic activities. The state's economic policy 

through instruments and measures should encourage 

economic entities to behave effectively in order to 

achieve defined economic goals. 

 
The aim of the contemporary economy is to achieve 

sustainable development. The concept of sustainable 

development is a global strategic concept. Sustainable 

development, as a complex phenomenon of 

multidimensional character, is set as an imperative 

and key model for the development of national 

economies over a longer period of time. Sustainable 

development means the development that allows the 

needs of the present generations to be addressed 

without compromising the ability of future 

generations to meet their needs.There are three 

interrelated pillars of sustainable development: 
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economic and technological development, social 

development and environmental protection.Especially 
emphasized three priorities of the EU, to the 

achievement of smart, sustainable and inclusive 

growth.[3] Sustainable economic development and a 

knowledge-based economy are concepts that are 

implemented in most countries of the world, 

including EU member states, as well as EU candidate 

countries. The European Union through the Lisbon 

strategy, the strategy "Europe 2020" and through a 

variety of other mechanisms clearly defined long-

term development based on sustainable development 

and the knowledge-based economy.This actually 

implies continuous economic growth and 
technological advancement, fostering innovation, 

creating new jobs and raising employment rates, 

reducing poverty, leading an adequate environmental 

policy, etc. Economic growth is an increase in 

production and income in the economy over time. 

Full employment means that all those who represent 

the workforce and who are looking for a job can find 

it (the employment rate cannot be 100% due to the 

existence of frictional, structural and voluntary 

unemployment). Price stability is macroeconomic 

stability and involves the prevention of high inflation 
or deflation. On the way to the sustainable economic 

development of the European countries, they achieve 

different results. 

 

The Lisbon Strategy for Economic, Social and 

Environmental Renewal is of great importance for the 

sustainable development of the European Union.The 

Lisbon Strategy, also known as the Lisbon Agenda, 

was adopted at a meeting of the European Council in 

Lisbon in 2000, with the aim of building a 

knowledge-based economy and creating the most 

competitive and dynamic economy in the 
world.[4]Agenda insists on sustainable economic 

growth with better jobs and greater quantity and 

quality and stronger social cohesion.It is envisaged 

that very ambitious goals will be achieved by 2010. 

Goals were translated into quantitative indicators. To 

achieve the envisaged goals, greater investments in 

economic development, education andbuilding 

professional skills, ICT-technology, science and 

innovation were required. The strength and resilience 

of the Lisbon Strategy were reflected in the 

interweaving of three inseparable segments in the 
contemporary global world: economic, social and 

environmental.The Lisbon Strategy was amended and 

improved in 2005 because the planned objectives 

were not achieved. The revised Lisbon Strategy 

focuses on three priorities: growth, employment and 

higher investment in research and development. The 

realization of the goals was supported by the funds 

from the European Union's structural funds and 

programs for the period from 2007 to 2013.The 

strategy that replaced the Lisbon Strategy is the 

strategy Europe 2020. The new Strategy was adopted 

by the European Commission in 2010 with the aim of 

the European economy coming out of the economic 

crisis and achieving the goals by 2020.According to 
the strategyEurope 2020, the European Union needs 

to achieve growth within three dimensions, which can 

be characterized as smart, sustainable and 

inclusive.[5]Smartgrowth implies the development of 

an economy based on knowledge and innovation. 

Sustainable growth promotes greater resource 

efficiency, as well as a "greener" and more 

competitive economy. Inclusive growth should enable 

the economy in which the level of employment and 

productivity will increase, which will affect territorial 

and social cohesion.The Strategy has formulated the 

five key objectives of the European Union that should 
be achieved by 2020, which include: employment, 

research and development, climate change and energy 

sustainability, education and the fight against poverty 

and social exclusion.The goals set out in the Europe 

2020 strategy have not been equally achieved in all 

EU member states.Also, EU candidate countries are 

making efforts to achieve the planned goals. 

 

III. CLUSTERING OF THE COUNTRIES 

 

In this paper, multivariate statistical analysis will be 
performed on data regarding objectives of 

macroeconomics for 391 European countries and 15 

years time period from 2002 to 2016. The countries 

included in the analysis are classified on the basis of 

their status in the integrative process in Europe. Six 

groups and belonging countries are:  

 

1.Euro area(of EU15): Austria, Belgium, Finland, 

France, Germany, Greece, Ireland, Italy, 

Luxembourg, Netherlands, Portugal and Spain. 

2.Other members of EU15: The United Kingdom, 

Denmark and Sweden. 
3.New 13 EU members: Bulgaria,Croatia, 

Cyprus,Czechia, Estonia, Hungary, Latvia, Lithuania, 

Malta, Poland, Romania, Slovakia and Slovenia. 

4.West European countries out of EU: Norway and 

Switzerland. 

5.South-east European countries out of EU 

(candidates): Albania, North Macedonia, Serbia and 

Turkey. 

6.Former Soviet Union (USSR) Countries: Armenia, 

Azerbaijan, Georgia, Kazakhstan, Russian Federation 

For these countries and fifteen years, are analyzed 
following data [6]: 

GDP-   Gross domestic product (GDP) at 2010 prices; 

growth rate; 2002-2016; 

IPI- Industrial production index; growth rate; 2002-

2016; 

UIR-    Unemployment rate; 2002-2016;  

CPR- Consumer price index, growth rate; 2002-2016. 

                                                             
1
European countries with missing data from the same source [6] are 

excluded from the analysis in order to avoid inconsistency. Data 

for the 39 remaining countries have been completed and analyzed. 
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The starting data matrix comprises 39 rows 

(countries) and 60 columns (4 variables describing 
macroeconomic achievements in 15 years period). 

The observed time period is divided into tree five 

years sub-periods: Pre-crisis 2002-2006, Crisis 2007-

2011 and Post-crisis 2012-2017. The reason for this 

division was the idea to compare the results in 

macroeconomic achievements of the countries before, 

during and after the 2008 Economic crisis.  The goal 

of the analysis was to see how the countries will be 

clustered on the basses of achieved objectives of 

macroeconomics and what will be the differences in 

the clusters (if any) regarding the periods before, 

during and after the crisis. The first step in the 
analysis was the calculation of five years averages for 

all countries and all variables, for tree analyzed 

periods. Instead of observing each year separately, 

the averages were used to avoid the influence of 

short-period fluctuation in data. InTable1. are given 

mean values and standard deviations for the variables 

used in further multivariate analysis. 

 

Paired samples t-test[7] showed that mean values for 

GDPand IPIwere statistically significantly greater 

before the crisis than these during and after the crisis 
(p˂0.01), while mean values for CRP were 

statistically significantly smaller after the crisis, 

compared to these before and during the 

crisis.UIRshowedno statistically significant 

difference in tree observed periods. 

 

 
Table1. Mean values and standard deviations for the variables 

 

In order to cluster the countries, based on data 

described earlier, two multivariate statistical 

techniques are used: Principal component analysis 

and Cluster analysis. 

 

3.1. Principal component analysis 

The principal component analysis is a technique 

which is used to check the correlation between 
variables and remove redundancy in the data caused 

by it [8]. The starting data matrix is reduced so that 

the number of variables describing research units is 

reduced. New variables are the factors and each 

factor represents the group of original (highly 

correlated) variables. Factors are not correlated 

mutually, but the majority of the original variability 
in data is conserved. In the new data matrix, each 

research unit achieves its values for each factor. The 

new matrix still contains almost all unredundanced 

information contained in the original data matrix.  

 

The matrix used in the analysis described here had 39 

rows (research units - countries) and 12 columns 

(variables – average values for four macroeconomic 

indicators and tree observed periods). In the principal 

component analysis for the data, executed in IBM 

SPSS Statistics 20 software [9], it is concluded that 

farther analysis can be based on four new variables, 
factors, i.e. principal components. These factors 

contain 83% of the total original variability in data. 

The new matrix, which was used as the basis for 

clustering process, had 39 rows, and only four 

columns. In the addiction, variables in this matrix are 

unredundanced and not correlated. 

 

From the rotated component matrix, presented in 

Table 2.it can be seen what variables are important 

for each factor [10]. For the first factor, i.e. 

component, important original variables are the Gross 
domestic product (GDP) and Industrial production 

index (IPI) before and during the crisis. The second 

factor sublimates the influence of Unemployment 

rates (UIR). The third component describes the 

impact of Consumer price indices (CPR) for the tree 

observed periods, while the fourth factor summarizes 

the influence of GDP and IPI in after the crisis 

period. 

 

 
Table 2. Rotated component matrix 

 

3.2. Cluster analysis 

Next step in the analysis is the use of the obtained 

values of factor scores to cluster the countries. The 

main target in clustering is to find units, countries, 
with similar values for factors, i.e. countries with 

similarity in data on objectives of macroeconomics. 

The countries in the same cluster will be similar 
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among them, and different from the countries in other 

clusters. All countries will be classified in one of the 
mutually exclusive clusters, which are completely 

covering the observed territory.  

 

All different techniques and methods for clustering 

elements can be divided into two main groups, on 

hierarchical and nonhierarchical methods. Here is 

used agglomerative hierarchical Ward’s method and 

squared Euclidean distance [9]. Each new element is 

joined to the “nearest” cluster and the agglomeration 

process can be graphically presented in dendrogram. 

From that chart, it can be seen how close (similar) or 

distant (different) the elements (countries) and the 
clusters are. The different number of clusters can be 

identified, depending on the wanted hierarchical 

level. 

 

Members of subgroups are very similar in their 

achievements and, as the level of the clustering 

increases, the differences between the members of the 

same cluster (group or supergroup) are increasing too, 

but they are still more similar to the countries in their 

cluster then these from the others. 

Dendrogram regarding clustering of European 

countries described in this paper is given in Fig 1. 
 

3.3. Clusters 

Dendrogram can be cut at different distances.  

The dendrogram in Fig.1.is cut three times in order to 

form a hierarchical structure of clusters. The clusters 

– supergroups, groups, subgroups and their members 

are given in Table 3. 

The structure of clusters is formed of tree 

supergroups: GA, GB and GC. The largest GA 

supergroup,is formed out of 25 “old“ EU countries, 

Norway and Switzerland. Among them, Ireland is the 

country whose macroeconomic indicators mostly 
differ from other members of GA.Remaining 26 

countries can be divided into twogroups,GA1 and 

GA2,while GA1 can additionally be divided into two 

subgroups (GA11 and GA12). Supergroup GB, 

divided into three subgroups, is formed out of 5 

countries with different states in the European 

integration process, as well as 7 countries in 

GCsupergroup, divided into several groups 

 and subgroups too.

 
Fig. 1.Dendrogram 
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Supergroup Group Subgroup Country EU status 

GA GA1 GA11 Germany 1 

      Sweden 2 

      Belgium 1 

      Austria 1 

      Luxembourg 1 

      Netherlands 1 

      Czechia 3 

      Malta 3 

      Switzerland 4 

      Denmark 2 

      United Kingdom 2 

      Norway 4 

    GA12 Estonia 3 

      Lithuania 3 

      Bulgaria 3 

      Hungary 3 

      Slovenia 3 

      Latvia 3 

  GA2 

 

Greece 1 

    

 

Spain 1 

    

 

Finland 1 

    

 

France 1 

    

 

Cyprus 3 

    

 

Italy 1 

    

 

Portugal 1 

      Croatia 3 

  GA3   Ireland 1 

GB 

 

GB11 Romania 3 

  

 

  Turkey 5 

  

 

GB12 Kazakhstan 6 

  

 

  Russian Federation 6 

  

 

GB13 Serbia 5 

GC GC1 GC11 Armenia 6 

      Georgia 6 

      Poland 3 

      Slovakia 3 

      Albania 5 

    GC12 North Macedonia 5 

  GC2   Azerbaijan 6 
Table 3. Clusters and belonging countries 

 

As the illustration of the reasons for the hierarchical 

structure of clustering presented in Fig. 1. InTable 

4.are given mean values for the variables on the basis 

of which the analysis is performed. The differences in 
supergroupsˈ means for all the variables (except for 

post-crisis GDP and UIR) are statistically significant. 

Similar results can be obtained for the groups ata 

higher level of clustering (groups and subgroups).  

Ireland and Azerbaijan can be identified as 

exceptional cases in the analysis, as they differ the 

most from other members in their clusters. The 

reason for this can be found in specific 

macroeconomic paths in the periods analysed in this 

paper. Namely, average values for Ireland, for the 

variables GDP and IPI after the crisis, were greater, 

compared to other countries. Azerbaijan, on the 

contrary, achieved maximal values among all 

analysed countries for the same variables in periods 

 
Table 4.Mean values for the clusters 
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before and during the crisis. Mean values for them are 

given in Table 5. 
 

  Ireland Azerbaijan 

Pre-crisis 

 

GDP 5.24 18.58 

IPI 4.42 17.24 

Crisis 

 

GDP 0.3 10.04 

IPI 1.28 7.24 

Post-crisis 

 

GDP 8.08 1.76 

IPI 11.02 0.14 
Table 5. Mean values for Ireland and Azerbaijan 

 

IV. CONCLUSION 

 

The analysis presented in this paper is focused on 
differences and similarities in the achievements of 

macroeconomic goals in European countries at the 

beginning of the 21st century. 

 

The period is divided into three subperiods, and the 

countries are clustered at different hierarchical levels, 

as illustrated in Fig. 1. and Table 3. 

 

From Table 4. it can be seen that the main reasons for 

this classification scheme are following: 

 
For the countries in GA, GDP and Industrial 

Production Index indicators had lower values during 

the crisis, while in the post-crisis period this values 

increased. For the supergroups GB and GC, GDP 

rates are greater than those for GA, as well as for the 

Industrial Production Index, but they are decreasing 

during the observed period. The greatest values were 

before the crisis and the lowest in the post-crisis 

period. The Consumer Price Index was at the greatest 

level for allthree periods for the countries in GB, 

compared to the supergroups GA and GC. For the 

countries in GB, it decreasedduring the observed 
period, while for the countries in the other two groups 

this indicator had maximal value in the period of 

crisis. As far as the Unemployment Rates are 
concerned, from Table 4. it can be seen that the 

values for GC are still very high, slightly decreasing 

in three periods, while for the supergroup GA the 

highest value for this indicator is observed in the 

post-crisis period.It should be noted that one of the 

members of the European Union, Romania, belongs 

to the supergroup GB (subgroup GB11). Also, two 

members of the EU, Poland and Slovakia, are in 

GC(GC11).Of the EU candidate countries, Turkey 

has the best position. Developed Western European 

countries outside the European Union, Switzerland 

and Norway, are in GA(GA11). 
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