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Abstract 
 

This document questions the connection between infrastructure investment 

and GDP per capita across NUTS 2 regions in the European Union. Applying the 

fixed-effects regression model to the data extracted on Eurostat for a period of 

years, the research uncovers the fact that an increase in land used is associated 

with higher GDP per capita. This verification is subject to variations across 

regions and furthermore deepened through the elaboration of subtopics such as 

the impact of higher education on economic well-being and urban-rural per capita 

GDP comparison. The results obtained using Stata software suggest that 

investment in land used may contribute to economic performance in Southern and 

Northern Europe, and in regions defined as rural. Also, the impact of higher 

education on GDP per capita is observed predominantly in the Eastern and 

Western Europe. 
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Introduction 
 

Nowadays people suffer from countless problems may it be shelter, access 

to clean water, hunger, diseases, education, or unemployment. Of course, the 

density of the presence of these obstacles varies from one part of the world to 

another; nonetheless they can never be underestimated and must be elaborated to 

provide the best living standards to all people as much as possible. 

 If the world map is narrowed down to Europe to specify the topic, one of 

the keys to resolve the problem is studying the policies that governments have for 

their communities. The gap between the educated and illiterate, who has access 

to public transportation or not, living in urban or rural could all be the reasons 

that root for the income disparity among people. Thus, it can be easily recognized 

that there is a difference of income across European countries, which can be 

explained through the policies, and can be resolved through better economic 

performances. 

In this context, this research will focus on the impact of infrastructure on 

people’s income, GDP per capita representing the income, and to demonstrate if 

a connection exists between infrastructure and income. The experiment is 

conducted in the form of a panel structure. Three-year-data regarding the 

percentage of land used have been gathered for all the NUTS 2 regions of Europe. 

The corresponding GDP values have been put and then the analysis is conducted 

through the Stata software. The purpose is to see if the independent variable – 

along with the use of some control variables – is significant in justifying the GDP 

fluctuations across years for each NUTS 2 region.  

 The conducted analyses showed that the land used is a significant 

parameter in explaining the changes in GDP per capita. More specifically, the 

differences across Europe across regions such as North, South, East, West, 

Central have particularities, and the marginal impact of education and land used 

seem quite informative. Not only the geographical regions but also the marginal 
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effect on rural and urban territories can be elucidated, the welfare of the rural 

population can be improved following this analysis. Finally, the impact of the 

higher education on GDP per capita is also studied and a positive correlation has 

been observed.  
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Theory and Literature Review 
 

 The reagent under investigation is the relationship between infrastructure 

investment and the income in Europe. For the place of income, GDP per capita 

will be used. But what constitutes the GDP per capita? For this study the regional 

GDP per capita has been found on Eurostat with a factor PPS (Purchasing Power 

Standard), per inhabitant. PPS is an artificial currency unit which is used in the 

Euro area (a term used by Eurostat) and thanks to this unit one PPS can buy the 

same amount of goods and services in each country by adjusting for the price 

level differences using PPPs (Purchasing Power Parity). The formula is as 

follows: 

 

GDP per capita per NUTS 2 region =  
Regional GDP (in Euro)

PPP conversion factor ∗ Population
 

 

According to this formula, GDP per capita doesn’t only depend on regional 

GDP but also on population. The population is inversely related with the GDP per 

capita.  

For instance, the notably high GDP per capita seen in Luxembourg can be 

partly attributed to the significant number of cross-border workers like people 

commuting daily from France, Belgium, and Germany to work in Luxembourg. 

Although they contribute to the country’s economic output, they are not included 

in the country’s resident population. Consequently, though they increase 

Luxembourg’s GDP, their consumption is registered in their home countries 

which leads to a discrepancy between economic production and domestic 

consumption [1].  

A likewise case exists for Ireland too. The presence of multinational 

corporations boosts the GDP figures. These firms usually register intellectual 

property and manufacturing activities in Ireland for tax purposes, increasing 
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domestic production. However, a considerable amount of the profits generated 

are reallocated to foreign parent companies, and not to Irish residents, which 

means that the GDP per capita values may not fully show the actual income 

retained locally [1].  

There are a couple of theories present in the literature which can be used 

to explain the phenomenon. The first one is the ‘endogenous growth theory’ and 

according to that “improvements in innovation, knowledge, and human capital 

lead to increased productivity, positively affecting the economic outlook” [2]. 

This theory underlines the role of technology in economic output and rejects the 

neoclassical point of view as it ignores the role of technology. This is compatible 

in explaining the impact of infrastructure on income as the infrastructure in this 

research refers to transport, telecommunication, energy distribution, storage, and 

protective works – as per Eurostat’s use – and all of them have in some way a 

connection with technology. Transport requires the use of vehicles and roads 

which requires civil, mechanical, and automotive engineering, plus urban 

planning. Energy distribution covers a wide range of network such as electricity, 

gas, heating, renewable energy which all must be maintained functioning for the 

public through a solid engineering work, exploiting the use of technology. Storage 

covers energy, water, data, and logistics where both four can be linked to 

technology through the sensors for monitoring, and artificial intelligence for 

better estimation of the warehouse. Protective works include flood, seismic, and 

fire alert systems which can be linked to technology through the adoption of 

sensors.  

 The second theory that would be useful in explaining the connection 

between the infrastructure investment and income is the ‘new economic 

geography’. It is defined as “The ‘new economic geography’ models the 

centripetal forces that foster geographic concentration and agglomeration against 

the centrifugal forces such as immobile factors (including land, natural resources, 

and people)” [3]. According to this theory, it could be said that urban areas profit 
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from the centripetal forces such as common infrastructure, knowledge spillovers, 

and the network of customers. However, in the rural, since these benefits are not 

present most of the time, the people heavily depend on land-based activities such 

as farming and husbandry. The use of the physical force and the use of knowledge 

obtained throughout years as a result of the studies could be the cause of income 

differences, and this could also be a topic of this empirical research. The 

definition done by Eurostat to define an area as urban is a region with a population 

of at least 5000 inhabitants and/or population density greater than 300 

inhabitants/km2 [4]. It is good to note that this definition is given for NUTS 3 

regions. However, not to overcomplicate the research as the interest of the paper 

is on NUTS 2 so the same principal is adopted for NUTS 2 regions as well. It is 

very well known that there is a misbalance in the income levels of urban and rural, 

causing inequality. According to (An et al., 2011) this inequality could be 

diminished through the investment in transport infrastructure [5]. Another 

important fact is, in 2019, nearly 290 million immigrant workers took role in 

urban areas (CNSB, 2019) [5]. Most importantly, rural people’s income increased 

in non-agricultural activities in China and wages become their top source of 

income after 2014, as per national statistics [5]. This is thanks to the increasing 

labour mobility through the exploitation of high-end transport infrastructure in 

China [5]. In the following chapters, the regions categorized as urban-rural will 

be analysed, through the marginal effect on GDP for an incremental increase in 

land used.  

 Moving on to the third theory which could be interesting in explaining the 

link between the choice of people to dedicate themselves into higher education 

and the intuitive result that has been obtained through the analysis. Before getting 

into the analysis in the following chapters, it would be useful to introduce the so-

called ‘human capital theory’. “A business executive invests in new equipment if 

the expected benefit derived from the equipment exceeds the cost. Human capital 

theory uses the same construct: an individual invests in education with an 
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expectation that the investment will provide a benefit in the form of higher 

earnings” [6]. Students have been studying for years to get a degree in the hope 

that in future they have a prosperous life, at least. However, this is for them to 

have a more rewarding job in future and with better working conditions. “We 

found that industrial land expansion was the leading factor for economic growth 

and emissions in developing regions, contributing 31% and 55%, respectively. 

Conversely, developed regions showed a diminished impact (8% and 3%, 

respectively), with a shift towards other economic growth drivers like education” 

[7]. As suggested by this data, it could be deduced that the regions having a decent 

percentage of highly educated people are expected to be less dependent on land 

used since the work being carried out is not mainly depending on physical work 

but more on a knowledge-intensive one where the use of land resources is not that 

essential. 

  Moving the attention from the theory to what has been said in the literature 

regarding infrastructure and GDP, Fedderke and Garlick (2008) after reviewing 

the empirical evidence in literature, came up with the conclusion that 

infrastructure has a positive connotation with productivity. Moreover, they found 

that GDP has a positive impact on airports’ passenger levels but remarked that the 

analysis wasn’t fruitful for electricity and rail. Nonetheless, according to the 

European Commission’s econometric analysis, in the long run both transport and 

electricity infrastructures are both positively related with GDP. It makes sense as 

these infrastructures would stand firmly in long-run as there is no obsolescence 

for these infrastructures. The only issue is to maintain them functioning through 

periodic checks and maintenances, to provide the public an uninterrupted service. 

For what regards if GDP has an impact on the infrastructures mentioned vice 

versa, the European Commission Services demonstrated this through a graph. For 

electricity, there is a mutual relationship: the electricity infrastructure increases 

GDP, in turn there is need for a higher electricity capacity due to the increased 
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GDP. This is caused by for instance more apartments and businesses being built 

through the increased GDP, in turn a need for a greater electricity capacity  

 

 

 

 

 

 

 

 

Figure 1: Long-term relationship between GDP and infrastructure stock [8] 

 

becomes essential. Yang (2000) also shares this idea. Regarding the Chinese 

Taipei, he finds dual causality for GDP and electricity [9]. For transport 

infrastructure there is a unidirectional relationship: It induces higher GDP but 

with higher GDP there is not necessarily a need for more roads. This is mainly 

due to the fact that transport infrastructure projects are long-term projects which 

require political, planning, environmental, and sustainability approvals from the 

authorities [8]. However, there is the domino effect of road infrastructure that 

must not be forgotten: by investing in roads, not only the production and 

transportation costs decrease but also education and health are improved as the 

roads pave the way for the citizens to reach schools and hospitals. Consequently, 

people can get education and health services easily, making them aware of what 

is going on with their life and what kind of life they want to live. Thus, the impact 

of infrastructure investment on income and welfare of people can be seen: to 

reach the desired life, people could get a degree to work in the favoured 

destination which would provide them better life conditions [10]. 

 Another important aspect to be mentioned is the Europe’s dependence on 

road infrastructure. “Road networks account for rough 75% of EU inland freight 
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transportation and 90% of inland passenger traffic” [11]. Moreover, since the 

1980s Europe had projects to provide adequate roads and highways which were 

mainly focused on Spain and Poland. The main purpose of the policymakers was 

to construct highways to support economic growth which would contribute to 

European economy altogether [11].  

  

Figure 2: The length and construction of highways in the European Union, km 

[11] 

This figure represents the highways built until 1990 and its comparison with the 

final condition in 2020. It can be realized easily that Spain surpassed all the 

countries within the 30-year-period, targeting the less developed regions. The 

country even had a period where the investment was at such a level that amounted 

to 1.8% of GDP on average during the 1997-2007 era. After Spain the biggest 

investments are made by Germany, Italy, and Poland; with Italy having a 

moderate increase, having built most of the highways up to 1990. Portugal, 

Greece, and Sweden are the countries trailing having a considerable development 
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in their highway structure [11]. The impact of these investments in terms of 

reduction in travel duration can be represented in the following table. 

 

Table 1: Summary of travel times along European road and highway networks 

[11] 

 

Table 1 sums up the median traveling times between the 227 EU regions for the 

1990-2020 period, taking into consideration NUTS 2 regions. (It is important to 

note that there have been some additions to this list and as of today this number 

is equal to 242 [11]). As per what has been represented in the table, there has been 

a cut of 1 hour and 13 minutes for the mean travel time, which is equivalent to 

8.6%. Also, a reduction of 45 minutes has been observed for the standard 

deviation amounting to 8% which leads to a greater decrease in travel times for 

farther destinations [11].  

 Moving on to what has been published for what regards 

telecommunication, Qiang (2009) and Qiang and Rosotto (2009) captured a 

powerful and compelling growth dividend from broadband access in developed 

countries. In high income countries, broadband penetration of 10 subscribers per 

100 inhabitants is equal to 1.2% increase in GDP per capita growth [13]. 

Broadband penetration is for what degree the internet services are available for 

use to public. As more people become eligible to access, online businesses can be 

run. Moreover, people can access these markets easier with higher broadband 

penetration, increasing the trade and therefore the revenues of the companies. Not 

only constrained with trade but also people can add value to themselves through 

online educations which could in return help them be more productive. There are 

also other reasons which make telecommunication investment worthwhile: The 
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first one is that the projects can begin quickly and require a substantial amount of 

labour which increases the need for recruitment. Secondly, telecommunication 

investment, due to its structure, is a territorial investment but a sectarian spending 

could yield higher benefits to public as the money spent goes less to outer regions 

due to recruitment of local workers and contracting with local suppliers, creating 

working opportunities for the regional public. Thirdly, expanding the 

telecommunication networks to regions which don’t have the adequate service; 

the impact could be more than developing the electricity, gas, water, and 

transportation networks as telecommunication networks opens new doors such as 

remote work, online shopping, and online businesses which increases the 

productivity of the region implicitly [13].  Stemming from this idea, a numerical 

example can be represented to introduce another point of view  

Figure 3: The sensitivity of telecommunication investment to economic growth 

[13] 

regarding GDP and telecommunication investment. GDP growth hits a maximum 

of 4,5% and falls to a minimum of 1% whereas the delta in investment is 

augmented as opposed to GDP with a peak of 30% and a bottom of -30%. Here 
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GDP growth is the independent and the change in investment is the dependent 

variable as the period is a short term. In the long term an impact of investment on 

GDP is foreseen as well.  It is important to point out that during the 22-year-

period the trends follow each other with a 60% interaction, although the impact 

of GDP on investment is sharper. 1% delta in GDP is approximately equal to an 

8% change in telecommunication investment. Thus, it can be deduced that the 

authorities tend to invest heavily – 8 times the GDP change – when the economy 

is thriving and cut the expenditure massively in the opposite case [13]. Ding and 

Haynes (2006) carried out a study and in the end, they concluded that the 

telecommunications infrastructure, measured by telephones per 100 people, is 

statistically significant and has a positive correlation with the regional economic 

growth in real GDP per capita in China. It is also important to mention that 

telecommunications investment is subject to decreasing return meaning that the 

positive correlation of telecommunications on GDP growth is greatest for regions 

with the minimum level of telecommunication infrastructure and the study found 

that keeping all else equal, backing with the conditional convergence hypothesis, 

regions with higher levels of GDP per capita are likely to grow at minor quotas 

in China. The public policy makers need to consider that to initiate growth in less-

developed areas, hence an appropriate telecommunications infrastructure is 

essential to uphold economic advancement in those regions. It has been 

confirmed by this study that fixed investment, foreign direct investment, and 

employment rate have a positive impact on economic growth, whereas population 

growth has a negative impact [14]. 

 Looking to what has been mentioned by the theories and in the literature, 

both go hand in hand, agreeing that infrastructure – transport, 

telecommunications, energy, storage, protective works – plays a central role in 

economic growth. To eliminate regional inequalities, investing in regions with 

less-developed infrastructure would result in substantial marginal impacts, which 

would close the gap with developed regions. Also, in the light of endogenous 
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growth theory, new economic geography theory, and human capital theory, this 

paper focuses on to bring forward numerical representations of the problems 

posed by the different percentile use of land across the European regions. Got 

informed thanks to the evidence presented in this section, this study assumes the 

following hypothesis: All else equal, an increase in land used in infrastructure is 

associated with an increase in GDP. By elaborating on this relationship, the aim 

is to provide a better understanding of this topic so that the policymakers can 

arouse growth across the regions. 
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Research and methodology 
 

In this paper, the research type will be a quantitative one. This way it will 

be possible to demonstrate the impact of land used and other control variables on 

GDP per capita. To proceed with the experiment, it would be necessary to focus 

on the European countries, excluding the U.K., Norway, Iceland, and Switzerland 

as they are not part of the European Union. 

There will be several analyses which are inspected under subgroups. First 

one is by geographic region. The research question to be answered is “how does 

the relationship between land used and GDP per capita vary across Northern, 

Southern, Eastern, Western, and Central European regions?” To do so, it would 

be handy to use three variables. Land used (I), GDP per capita (D), and regions 

(C). The EU countries have been subdivided into categories. Germany, Austria, 

Poland, Czechia, Slovakia belongs to Central; Estonia, Latvia, Lithuania, 

Denmark, Sweden, Finland to North; France, Belgium, Netherlands, 

Luxembourg, Ireland to West; Italy, Spain, Portugal, Greece, Cyprus, Malta to 

South; and Hungary, Romania, Bulgaria, Croatia, Slovenia to East. The 

parameters taken into consideration are obviously their geographical locations 

but also the culture they share and the habits they portray play an important role.  

The second question that explores an outcome is by education level. The 

research question posed is “does the effect of land used and other socioeconomic 

factors on GDP per capita differ between regions with high vs low level of higher 

education?” Here it would be necessary to introduce a control variable for 

education to be differentiated as low level and high level, in addition to the 

previously mentioned independent and dependent variables.  

Moving to the third question, research on urban vs rural will be conducted. 

The question that is being investigated is “is the impact of land used on GDP per 

capita stronger in urban regions compared to rural ones?” To be able to answer 

this question it is necessary to include another control variable to distinguish a 
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region as high-density or low-density. Here it is important to define the control 

variable population density per NUTS 2 regions which helps by defining a NUTS 

2 region to be defined as rural if the population/km2 is less than 300. It has been 

mentioned earlier that this simplification has been adopted as normally it would 

be necessary to introduce the NUTS 3 regions which would complicate the study. 

In all the analyses, the fixed effects model has been chosen to be 

implemented to panel data. Countries have been handled and there are a lot of 

factors that is not in control such as the culture, the impact of the historical events’ 

on today, etc. that could manipulate the results. It is not possible to be that precise 

in this study, defining that many parameters to obtain the best result, which is 

further beyond the scope of this study. To facilitate the experiment, it has been 

adopted the fixed-effects and not the random-effects which is much more 

straightforward with the accessible references.  

The independent variable, as insinuated above, is the land used overview 

by NUTS 2 regions whereas the dependent variable is the regional GDP by NUTS 

2 region. The control variables in action are population by education attainment 

level (less than primary, primary, and lower secondary education (levels 0-2), 

(tertiary education (levels 5-8)) which covers the age group of 15-64. The second 

control variable is population density by NUTS 2 region persons/km2, the third 

one is the NUTS 2 regions, and the last one is year which covers 2012, 2015, and 

2018. 

These variables have been selected since they are crucial to study the 

current welfare of the European citizens. It is important to point out these 

differences per country to reduce the country-wise income inequality, even 

beyond, curtail the gap between the disparity for a resident in rural with respect 

to that of in urban. Of course, this passes through education, and it is an aspect 

never to be ignored. The impact of education level is also to be assessed to steer 

people towards education to pare the income inequality.  
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Thus, the aim is to understand the dynamics of Europe through the 

econometrics approach utilizing the variables mentioned. Are these variables 

sufficient to explain the income differences region-wise, population density-wise, 

and education-wise? They will be investigated over periods of 3-years, 

aforementioned as 2012, 2015, and 2018.  
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Data collection 
 

As it was acknowledged in the previous section, the focus of this research 

is based on the countries in Europe, more specifically, in the European Union. 

The 27 countries are as follows: Austria, Belgium, Bulgaria, Croatia, Republic of 

Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Greece, 

Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, 

Poland, Portugal, Romania, Slovakia, Slovenia, Spain, and Sweden. The 

countries to be addressed have been selected as the E.U. because although they 

share a reconciled institutional framework, the income differences are evident in 

NUTS 2 regions, which is a standardized nomenclature across Europe. If this 

study were based on a more global scale the data accessibility and comparability 

would have been much more difficult, which is alleviated, thanks to NUTS 2 

nomenclature of Eurostat.  

The observations are to be obtained using variables mentioned which are: 

Land used, regional GDP per capita, population education attainment levels, and 

population density. Land used is the independent variable which will serve as the 

measure of infrastructure investment. Regional GDP per capita is the dependent 

variable which is the resultant to be explained with the independent and control 

variables. It reflects the average welfare of each NUTS 2 region through the value 

added obtained by production of goods and services in a country during a certain 

period [14]. It could be a topic of discussion whether education has a greater 

impact than population density on income. It must not be forgotten that the 

geographical differences, meaning classifying a country in West, East, North, 

South or Central Europe, that neither consider the education nor the population 

density, could also be an implicit justification. The work culture of the regions, 

their topography, climate, and the presence of industry or tourism opportunities 

in a region could account for the income gap.  
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Figure 4: Countries of the European Union [16] 

 
Below this paragraph a review of the variables and how they are going to 

be measured can be reached. All of them have been obtained through the dataset 

of Eurostat with the given unit of measure, and their types. It could be interesting 

to address why these variables have been selected to explain this phenomenon?  

In fact, the data have been selected with multiple times, meaning multiple years, 

along with multiple units, in the form of panel data, to better assess the change. 

It is noteworthy that there have been additional variables in the dataset such as 

net migration, total population change, natural change of population, and 

population on January 1 which were imagined to be useful during this research 

but were not fruitful in the end. 
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Variable Unit of 

measure 

Symbol Type Source 

Land Used % LU Independent Eurostat 

GDP per 

capita 

PPS GDPpc Dependent Eurostat 

Education 

Level 

% EL Control Eurostat 

Population 

Density 

Person/km2 PD Control Eurostat 

 

Table 2: Description of the variables 

  

 When the distribution of the variables is observed, an important remark is 

the homogenous picture present in the table. As it can be seen, there is one 

independent, one dependent, and two control variables. It is noteworthy to say 

that there are two types of education parameters, one is to represent tertiary 

education the other is the remaining (primary and lower secondary education). 

The purpose is to create links between the income, which is represented through 

the dependent variable GDP per capita, and the independent variable, which is 

land used. Any mediator variable that could be useful to create connections 

between the two and to create comparability among them has been used in this 

paper.  
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Regression equations 
 
 Before moving to the regression equation, it is necessary to define what 

regression means. According to Kenton, regression is a statistical method that 

attempts to establish a relationship between a dependent variable and one or more 

independent variables [17]. The important thing about regression is that the 

connection is quantified, in terms of coefficients, standard errors, and whether the 

confidence interval is satisfied or not. In turn, the hypothesis, meaning the 

existence of the relationship, can be accepted, or rejected. The significance of the 

variable comes out from this section, whether a subregion needs to be considered 

or discarded. 

 Mainly there are four analyses that have been conducted. They have been 

categorized according to the equation number indicated between parentheses as 

follows: 

1- Overall regression to decide which variables would be useful for this 

experiment (1) 

2- GDP per capita by regions: 

o Calculation of marginal increase in GDP per capita per regions (2) 

o The equation used for computing each region’s marginal increase in 

GDP per capita with respect to the base region chosen (3)  

3- Urban vs Rural comparison: 

o First model for measuring marginal impact (4) 

o Second model for measuring the marginal effect of rurality on GDP 

per capita for each NUTS 2 region (5) 

4- Education level: 

o Overall regression for measuring the marginal impact of higher 

education on GDP per capita across European Union (6) 

o The effect of marginal increase in land used for high education 

regions (7) 
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o Marginal increase in GDP per capita associated with higher 

education for the five European regions (8) 

o Expanded version of the previous equation (9) 
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Data analysis 
 
 

Overall regression 

 
The first model includes all the variables that have been thought as useful 

for the purpose of this research. It could be, if not the most, one of the most 

important regressions computed because stemming from these results the 

variables to be analysed individually have been chosen.  

 

 
 

 

 

 

 

GDPpercapitai,t = α  + β1⋅LandUsedi,t+ β2  ⋅ EducationLevel02i,t +β3

⋅EducationLevel58i,t+β4 ⋅ NetMigrationi,t + β5⋅TotalPopulationChangei,t + β6⋅ 
NaturalPopulationChangei,t + β7⋅PopulationOnJan1i,t + β8⋅PopulationDensityi,t

+εi,t  

 

(1) 

 

 
 

 

It should be noted that there are two subscripts. The one “i” refers to the region 

and “t” refers to the time which is the year.  
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Variable Coef. Std. Error t P >|t| [95% Conf. 

Interval] 

LandUsedbyNUTS

2regions 

613.94 105.1701 5.84 0.0 (407, 820) 

EducationLevels 

0–2 

-45.93 31.0796 -1.48 0.14 (-106, 15) 

EducationLevels 

5–8 

345.21 45.9148 7.52 0.0 (254, 435) 

Net migration + 

stat. adj. 

1096.77 2185.107 0.5 0.616 (-3196, 5390) 

Total population 

change 

-483.69 2183.151 -0.22 0.825 (-4773, 3805) 

Natural change of 

population 

1022.99 2193.847 0.47 0.641 (-3287, 5333) 

Population on Jan1 

(person) 

-0.0009 0.001799 -0.53 0.59 (-0.002, 0.0004) 

Population density 

(person/km²) 

0.857 0.5814773 1.48 0.141 (-0.28, 2) 

_cons 16708.5 1634.289 10.22 0.0 (13497, 19919) 

  
Table 3: Regression output for all the selected variables  

 
 

 

As it can be seen the variables with the corresponding coefficients, 

standard errors, t values, the probability that the coefficient is zero assuming that 

the hypothesis true, and finally the 95% confidence interval. If the probability is 

less than 5%, it can be deduced that the coefficient is statistically significant.  
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Figure 5: Confidence intervals of the variables 

 

 

This figure better illustrates the data on the table, visually. The dots show 

the estimated coefficients. The first thing to be checked is if all the coefficients 

are within the 95% confidence interval. For this case this condition holds for all 

of them as the horizontal lines represent the confidence intervals. The second is 

if the red vertical line crosses the confidence interval as the red vertical line 

represents no effect (i.e., the null hypothesis: coefficient being equal to 0). Vice 

versa if the vertical line doesn’t cross it, the effect is statistically significant at 5% 

level. This is true only for “Land Used by NUTS 2 regions” and “Education 

Levels 5-8” variables. Without the use of this figure this can be interpreted by the 

probability p being below 5%. This regression helps to eliminate the variables 

which wouldn’t be fruitful for this study. However, although population density 

resulted insignificant, it has still been considered but in a different manner. It will 

be detailed in the urban-rural part. 
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GDP per capita by five European regions 
 

Average GDP per capita 
 

The second model tries to measure the comparison of the impact of “Land 

Used by NUTS 2 regions” and “GDP per capita” among the five European 

regions. For this end, initially, as mentioned above, the partition of Europe has 

been realized as North, South, East, West, and Central.  

Figure 6: Partition of European Union countries into five categories [18] 

This partition would allow to better represent the like-cultured countries’ incomes 

as per their use of the land.  
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The first analysis conducted on Stata has been regarding the average GDP per 

capita by each region. The purpose of this is to be used in the calculation of the 

final GDP per capita after computing the marginal impact.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Average GDP per capita by region 

 

As can be seen, the highest GDP per capita belongs to the West whereas the lowest 

is observed for the East. The average GDP per capita for each region is as follows: 

1- West: 30,960.28 PPS 

2- North: 30,621.21 PPS 

3- Central: 28,917.54 PPS 

4- South: 23,801.79 PPS 

5- East: 19,848.15 PPS 

The most prominent observation is the income gap between West and East, 

which is quantified as 11,112.13 PPS which accounts for more than half of the 

average income in East. Another interesting fact also comes from an opposite 

direction: The average wage differences for North and South is 6,819.42 PPS. In 

this case the gap is not that high but still more than a quarter of the income in the 
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South. The Central region demonstrates an intermediate position, which is closer 

to the West and North. 

 It is not surprising that Western Europe is leading as Luxembourg and 

Ireland are the top two countries, Luxembourg with an average GDP value around 

≈ 76,000 PPS and 43,000 PPS respectively. Then comes Croatia representing the 

East with ≈ 37,000 PPS and they are trailed by Austria and Germany from the 

Central with ≈ 35,000 PPS and ≈ 33,000 PPS. The first two countries from the 

North are Denmark and Sweden with very close PPS values ≈ 33,000. The final 

observation worth mentioning is the first two flag holders of the South are Malta 

and Italy with average GDP per capita values ≈ 27,500 PPS. These data are 

explanatory for the fact that the West is the leading region whilst the East is the 

last region as after Croatia there is a long way for the East region in terms of GDP 

per capita in PPS. The full ranking of the table can be found in the appendix 

section.  

 

Marginal GDP per capita 
 

This section tries to measure the impact of a marginal increase in Land 

Used on GDP per capita by each region. The regression equation is as follows: 

 

GDPpci,t = α +β1⋅LandUsed+β2⋅Region+β3⋅(LandUsed×Region)+ εi,t  (2) 

 

To calculate the marginal effect, the following equation can be utilized:  

 

Marginal Effect=βLandUsed+βRegioni×LandUsed (3) 
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Region 
Base Effect 

(β₁) 

Interaction 

Effect (β₃) 

Marginal 

Effect (PPS) 

Significance 

(p-value) 

Center 299.01 –236.03 62.98 

0.047 

(borderline 

significant) 

East 299.01 142.57  441.58 
0.261 (not 

significant) 

North 299.01 827.84 1126.85 
0.030 

(significant) 

South 299.01 1397.01 1696.02 
0.000 (highly 

significant) 

West 
299.01 

(baseline) 
— 299.01 

(reference 

group) 

Table 4: Marginal effect of GDP per capita 

 

As also represented by the graph, the highest marginal effect is seen in the South 

whereas the lowest is observed in the Central. Moreover, the value of the East is 

considered as not significant due to the fact the p-value exceeds the limit of 5% 

with a percentage of 26.1%, not making it useful data. The data still can be 

ranked: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Marginal Effect of Land Used by region 
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These data indicate the fact that the South and North are the regions that 

are open for infrastructure investments, as they demonstrate an increase over 

1,000 PPS per annum. When it comes to the East, this region still shows a need 

to invest. However, the same can’t be stated for the Central region as the increase 

is infinitesimal compared with its average GDP, which is ≈ 31,000 PPS. These 

regional disparities may reflect differences in land productivity, infrastructure 

investment efficiency, or urbanization patterns. For the East, although the effect 

is positive, it is statistically insignificant thus it can be deduced that there are 

structural inefficiencies that cause this inefficiency and/or diminishing returns 

due to land used policies.  

Cumulative GDP per capita 
  

This ultimate section of this part tries to demonstrate the final GDP per 

capita by incorporating the average and marginal values. The purpose is to see if 

the marginal impacts would change the rankings of the regions and percentage 

increases for each region compared to the previously calculated averages. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Cumulative GDP per capita by region 
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The most outstanding observation is the fact that the ranking has changed. 

Previously, the West had the highest average GDP, however after studying the 

marginal GDP per capita, the North surpassed the West. The other regions’ 

rankings remained the same. It would be useful to represent the changes in a table 

to better illustrate the magnitude of the differences in marginal GDP per capita. 

 

Region 

Average GDP 

per capita 

(PPS) 

Marginal 

GDP per 

capita (PPS) 

Final GDP 

per capita 

(PPS) Increase 
Central 28,917.54  63  28,980.52  0,22% 
East 19,848.15  441.58 20,289.73  2,22% 
North 30,621.21  1,126.85 31,748.06  3,68% 
South 23,801.79  1,696.02 25,497.81  7,13% 
West 30,960.28  299  31,259.29  0,97% 

 
Table 5: Increase in average GDP per capita by region 

 

 

 The highest increase is observed for the South region, however the lowest 

is seen for the Central. The low increases can be related to the diminishing returns 

as the Central and West regions have already been using the land efficiently thus, 

they would undergo smaller GDP gains. Under-developed regions like the South 

and East would yield higher marginal GDP gains from additional investments in 

infrastructure reinforcing the idea of catch-up growth. It is defined as “catch up 

effect, alternatively called the theory of convergence, states that poor or 

developing economies grow faster compared to economies with a higher per 

capita income and gradually reach similarly high levels of per capita income. This 

theory of convergence of incomes is based on the logic of better opportunities of 

growth available for developing economies like access to technological know-

how from the developed world and increasing returns to capital, etc” [19].  
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GDP per capita: Urban vs Rural regions 

 

First model 
 

 This section is the one that has required an utmost attention to details. To 

start off, the variable “Population density per km2 ” has been chosen to advance. 

According to this variable, as mentioned in the theory and literature review 

section, the definition done by Eurostat to define an area as urban is a region with 

a population of at least 5000 inhabitants and/or population density greater than 

300 inhabitants/km2 [4]. The results obtained assuming this definition is as 

follows: 

 

GDPpci,t=α+βi,t⋅(Urban×LandUsedbyNUTS2regions)i,t +εi,t (4) 

 

 

Area Type 
Base Effect 

(Land Used) 

Interaction 

Effect (Urban 

× Land Used) 

Marginal 

Effect (PPS) 
Significance 

Rural 533.21 PPS — 533.21 
Significant (p 

= 0.000) 

Urban 533.21 PPS –488.42 PPS 44.79  
Significant (p 

= 0.000) 

Table 6: Marginal Effect calculation 

 

 As a result, the marginal impact of investing in land in a rural area is 533 

PPS whereas in an urban area it is 45 PPS. This can be explained by several 

factors. Since in urban areas the land has already been used, there are not as much 

space as the one in rural areas to invest. Moreover, the development potential, 

type of growth, return on land used, and regulations differ for both. It makes the 

development more in favour of rural areas, usually.  
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Figure 10: Urban vs Rural GDP per capita comparison 

 

This figure demonstrates visually the confidence interval and the marginal 

increase in GDP per capita. The huge gap between the rural and urban is displayed 

in this figure. Though, the problem with this method is that it works for NUTS 2 

regions.  The definition given by Eurostat is for NUTS 3 regions, so this method 

must be updated with a more accurate one, proper and adapted to the definition. 

To this end, a new method is going to be introduced. 

 

Second model 
 

This version of the analysis considers the use of NUTS 3 regions. Each of 

NUTS 2 regions’ subregions which are referred as “NUTS 3 regions” are written 

next to it with the corresponding binary that represents if its rural or urban. In 

fact, there are three numbers which have been used: 1 represents urban, 2 

represents intermediate, and 3 represents rural. For this study, the NUTS 3 regions 

that only have the number “3” next to them are considered as rural, the 

intermediates are discarded. Then, the percentage of rurality of each NUTS 2 
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region is decided by taking the ratio of the total number of its rural NUTS 3 

subregions divided by the total number of its NUTS 3 subregions.  

Figure 11: Rural region calculation method 

  

This method can be thought of as a derivative. Since the focus of this study 

is not NUTS 3 regions, but instead NUTS 2 regions, the rurality of each NUTS 2 

region is derived from its subregion here indicated as “NUTS_ID”. Then, as seen 

by the example above which represents Austria, the sum of the rural subregions 

is divided by the total number of subregions in that region to obtain the rurality 

ratio. It is remarkable to mention that this “urban-rural categorization” has only 

been found for the years 2016 and 2021. Alternately, the panel format contained 

the years 2012, 2015, and 2018 for the other variables and their corresponding 

GDP per capita. Thus, for this spreadsheet, the GDP per capita had to be adapted 

to 2016 and 2021. In Figure 11 the matching GDP per capita values can be found 

for the 2016 data.  
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GDPpci,t= α +β1⋅RuralRatioPctit+αi+εi,t (5) 

 

α represents the intercept i.e., the baseline GDP per capita when rural ratio 

is zero. β1 shows the effect of rural population share, αi is for region-specific fixed 

effects and finally εi,t displays the error term both accounting for time- and region-

varying shocks.   

 

Variable Coef. Std. Err. t P >| t | 95% Conf. 

Interval 

RuralRatioPct -58.67 7.4 -7.93 0.00 [-73.35; -

43.99] 

Cons 33,493.39 622.34 53.82 0.00 [32,256.06; 

34,728.72] 

Table 7: “Urban-Rural Ratio” regression results 

 

The results are represented above, and they both seem to be significant as 

the p-values are both 0. The first variable tells that a 1 percentage increase in the 

rural population share causes a decrease of approximately 58.67 PPS in GDP per 

capita, while holding other factors constant. “Cons” represents the intercept when 

RuralRatioPct is equal to 0. It shows the average GDP per capita ≈ 33,500 PPS   

within a region when the independent variable (e.g., RuralRatioPct) is equal to 0, 

meaning the region is totally urban. Every 1% increase in rurality decreases this 

value by the abovementioned value of ≈ 59 PPS. 
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Impact of higher education on GDP per capita 

 

Overall regression 

 
The impact of higher education on GDP per capita is measured through a 

regression where the main independent variable represents the effect of land used 

in low education and the marginal impact of high education is computed thanks 

to this equation. 

 

GDPpci,t= α + β1⋅ LandUsedi,t + β2 ⋅(HighEduit×LandUsedi,t) +εi,t (6) 

 

Variable Coef. Std. Err. t P>|t| [95% 

Conf. 

Interval] 

Land Used by NUTS 

2 regions (β1) 

425.34 100.956 4.21 0.000 [226.62, 

624.06] 

Interaction: HighEdu 

× LandUsed (β2) 

-284.15 82.1095 -3.46 0.001 [-445.77, 

-122.53] 

Table 8: Higher education regression results  

 

 

The results come out significant for both variables as the p-values are ≈ 0. 

When there is no higher education, the effect of land used is equal to 425 PPS 

whereas when there is higher education, there is a huge gap. Thus, the effect of 

land used for higher education regions is calculated as follows: 

 

425.34 + (-284.15) = 141.19 PPS (7) 

 

Consequently, it can be deduced that for regions with a tertiary-education, 

the impact of higher-education is minor compared to regions that lack it, but 

still positive. 
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Regression across the regions in the European Union 

 To better investigate the GDP per capita impact of education, not only the 

NUTS 2 partition is done but also a more detailed picture can be viewed thanks 

to the subdivision of Europe into 5 main categories previously. To this end, the 

regression has been computed: 

 

GDPpci,t=α+β1⋅EducationLevel58i+ ∑r δr⋅(RegionGroupr×EducationLevel58i,t) 

+εi,t (8) 

As it can be realized, this time there is a new symbol “sigma” used for 

accounting for the fact that each region’s own contribution can be summed but 

also can be demonstrated in an expanded format, as follows: 

 

GDPpci,t=α + β1⋅EducationLevel58i +δ1⋅(East × Edu58) + δ2⋅(North × Edu58) + 

δ3⋅(South × Edu58) + δ4⋅(West × Edu58) + εi,t (9) 

 

Variable Coefficient Std. Err. T P>|t| [95% Conf. 

Interval] 

EducationLevels58 

(Central) 

408.50 58.85 6.94 0.0 [292.83, 

524.17] 

RegionGroup_East 

× 

EducationLevels58 

582.15 181.32 3.21 0.001 [225.78, 

938.53] 

RegionGroup_North 

× 

EducationLevels58 

142.33 139.91 1.02 0.31 [-132.64, 

417.29] 

RegionGroup_South 

× 

EducationLevels58 

241.32 113.04 2.13 0.033 [19.16, 

463.48] 

RegionGroup_West 

× 

EducationLevels58 

504.41 109.72 4.6 0.0 [288.75, 

720.05] 

Table 9: Marginal impact of higher education across European Union - 

regression results 
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Table 9 displays the fact that the marginal effect of tertiary education across 

European Union is substantial. To start off, the first row refers to the base group 

which has been chosen as the Central Europe, arbitrarily. For this region, 1% 

increase in higher education is associated with an increase of 408.5 PPS in per 

capita GDP, also the result is highly significant, underlined by the probability of 

rejecting the null hypothesis being equal to 0. Only for the North region the result 

is not significant as the p-value exceeds the limit of 5%, with a grand percentage 

of 31%. The calculation of the rest of the regions are dependent on the base group 

so it would be better to show them on a table: 

 

Region Base Effect – 

Central (β1) 

Interaction 

Effect (δ) 

Marginal Effect 

(β1 + δ) 

East 408.4985 582.1516 990.6501 

North 408.4985 142.3250 550.8235 

South 408.4985 241.3193 649.8178 

West 408.4985 504.4069 912.9054 

Table 10: Calculation of marginal effects by region 

 

Table 10 summarises the marginal effects of higher education (levels 5–8) 

on GDP per capita across different European regions. The base effect, calculated 

for the Central region, remains constant across all comparisons, while the 

interaction terms represent the additional regional influence. As shown, the East 

displays the highest marginal effect, followed by the West, South, and North, 

although the marginal impact in the North is insignificant. These disparities 

suggest that the economic return on higher education is not uniform and may be 

shaped by region-specific factors such as labour market dynamics or local 

infrastructure. To better visualise these differences and facilitate comparison, the 

following figure presents the same data in a graphical format. 
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Figure 12: Marginal impact of education level 5-8 by region 

 

As exhibited visually in Figure 12, the East region demonstrates a 

particularly stronger marginal effect of higher education on GDP per capita 

compared to other regions, followed by the West and South. These effects are 

observed for the years 2012, 2015, and 2018 so it is not a generally accepted fact 

but a more constrained one. This reinforces the numerical findings in Table 10 

and highlights the regional gaps in the economic benefits of education. The 

relatively lower marginal effects observed in the North and Central regions may 

suggest that these areas are either closer to saturation in terms of educational 

returns or influenced by other economic factors. This visual evidence supports 

the argument that education policies may need to be regionally targeted to 

maximise their economic impact. To do so, instead of an approach that tries to fit 

to all the regions, those areas with higher marginal returns from education, like 

the Eastern and Western Europe, could prioritize the access to universities, 



 44 

scientific research, vocational trainings. Instead, those that have a minor marginal 

return which are close to saturation could focus more on fostering innovation. 
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Bridging Empirical Results with Real-World Data 
 

The data analysis conducted through the results obtained from the insertion 

of the regression equations to the Stata software have been finalized and it would 

be necessary to connect these findings with real-world evidence. Before getting 

to that, the marginal effects underlined the fact that, regarding higher education, 

land used enhancements would have the highest positive impact in the Eastern 

Europe, followed by the Western, Southern, Northern, and Central European 

regions. These results stem from the data taken from Eurostat. 

Figure 13: Changes in GDP per capita in the EU countries [20] 

This figure shows the changes in GDP per capita (in PPS) at country-level 

between the period of 2004-2020. It is interesting to point out that the last four 

countries are part of the Southern Europe. Moreover, some of the Nordic 

countries show an uprising trend as Lithuania, Estonia, Latvia are shaded in 

turquoise with an increase above 20 percentage points (p.p.). Romania and 

Bulgaria exhibit a surge of 20 p.p. and more, which corresponds with the 

regression results obtained in higher education as the Eastern countries are 
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expected to have the highest marginal increase in GDP per capita through the 

interaction of education and land used. Poland displays an increase after its 

inclusion in the European Union in 2004, the country which plays an important 

role in the Central Europe as the Central region’s higher education regression 

would trigger an increase of 408 PPS of GDP per capita.  

These patterns align with the regression results obtained. Countries and 

regions with strong urban centres and concentrated investment in higher 

education tend to move up in the rankings. As already mentioned, Luxembourg 

and Ireland, although having small populations, stand out with extremely high 

GDP per capita as these values are inflated due to the cross-border workers and 

multinational flows, which may not return directly as population’s income. 

Figure 14: Changes in GDP per capita in the EU regions [20] 

 

This figure shows which regions inside the European Union countries have 

increased or decreased their GDP per capita values, benchmarking the EU 
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average. An interesting fact is the strong surge of the Eastern European regions: 

While the regions of Hungary, Croatia, Bulgaria and Slovenia have been subject 

to an increase up to 20 percentage points, for Romanian regions this rise even 

soared up between 20-95 percentage points. The Northern region countries also 

present a likewise trend that of the Eastern countries. Estonia, Latvia, Lithuania, 

Denmark showcased positive changes whereas Finland and Sweden’s GDP per 

capita values dropped. Contrarily, the Southern European regions, particularly 

some parts of Italy, Spain, and Greece were exposed to decline as showcased by 

most of the red and orange colouring. As the Southern part is eager to grow with 

a potential of 1696 PPS marginal increase in GDP per capita, this means that the 

capability of these regions is not utilized at its maximum. It would be good to 

focus on urban development and labour market accessibility to vitalize the 

economic activity. For sure tourism is one of the key factors in this region but it 

must be accompanied with other sectors to keep up with the GDP growth. Another 

interesting point to touch upon is Western and Central Europe that don’t show a 

huge change. Some of the regions in France, Ireland, and Germany portrayed 

gains, but the rest of the regions were either stagnant or declining. It could be 

deduced that either there are not sufficient investments in these regions or there 

is saturation in terms of the effect of higher education and urbanization. 

Therefore, linking with the statistical findings, the areas with better infrastructure 

and education programs have realized more substantial benefits if their growth is 

not yet saturated.  
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Figure 15: Changes in households’ per capita income in the EU regions [20] 

As a symbol of quality of life, this figure represents the changes in the 

households’ real adjusted per capita income, the adjustment is for the price level  

differences. An important counterintuitive fact is the drop observed for Ireland 

and Luxembourg. As it was already touched upon, GDP growth may not always 

benefit the residents of the country itself and in this case the situation worsened. 

Although the two countries have high economic performance and which is 

expected to reflect to their living standards, the population might be suffering 

from the cost of living as the PPS adjustment mirrored the fact that the disposable 

income has decreased massively, by 15.6 and 18.4 percentage points. Another, 

even more important, fact is that all the countries in the Southern Europe have 

shown a declining trend in the disposable income. After the 2008 financial crisis 

the Southern Europe faced a recession phase where the unemployment increased. 

Moreover, during this 15-year-period there has been a decline in wages which 

caused the emigration of young people especially from Italy and Spain. For the 

Eastern and Central Europe, the situation had a positive sign which contributed 

to decrease the unemployment rates and thus the GDP per capita increased which 
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translated into higher household incomes. The positivity in the Northern 

European countries can be explained by the strong welfare systems that provide 

income support to its citizens even during economically problematic times, 

meaning that the social government understanding is very much observed. 

Moreover, there is a movement of digital infrastructure that is essential nowadays 

which also creates job opportunities for those who are eligible and seeking. The 

other region that fills the orange-part ranking is the Western Europe along with 

Southern Europe. In the Western European countries, the populations are aging 

which leads to economic downturn. As these countries have been living in 

prosperity generally, there is not as much search for increase in wages as in the 

Eastern. Moreover, the high taxing prevents the people having an easy access to 

high income. 

As the Southern Europe has the highest marginal increase in GDP per 

capita, it is open to investments. For the East, the relatively low marginal increase 

is understandable as their potential is already revealed in this table with a positive 

change. 
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Conclusion 

This thesis has been a research that scrutinized the relationship between 

infrastructure investment and regional economic performance with a focus on the 

European Union countries, utilizing GDP per capita as a proxy for income. Some 

control variables have also been used to demonstrate the situation for urban-rural, 

for the five regions in Europe as the North, South, East, West, and Central; and 

finally, to show the impact of higher education in these regions. To do so, a panel 

data structure has been chosen as not only to have different variables but also to 

be able to compare these variables over time among themselves. Thanks to the 

panel structure, the research has become more rigorous in terms of an economic 

regression model. 

The initial regression model included all the variables chosen. Along with 

the main independent (Land Used by NUTS  2 Regions) and dependent variables 

(GDP per capita by NUTS 2 regions), 6 control variables have been tested. 

Although only higher education resulted significant, also population density has 

been chosen with a modification in the method of experimentation. Primary 

education, net migration, total population change, natural population change, 

population on January 1, have been discarded either they resulted insignificant or 

couldn’t create any connection with the research after the regression.  

Having analysed the rural and urban, it has been concluded that rurality has 

a negative influence on the economic output of the region. This doesn’t 

necessarily mean that rural regions would always lag the urban, in fact they have 

a bigger potential of growth when compared with the urban, as already 

demonstrated by the marginal effect with the first model. It has been mentioned 

that the first model was not rigorous enough as it didn’t meet the NUTS 3 

definition. This is a limitation of the study which was then followed by a second 

model to demonstrate the negative impact of rurality on the economic output. 
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The results obtained for higher education attainment (levels 5-8) showed a 

statistically significant relationship with GDP per capita. The East would benefit 

the most from the marginal increase in GDP per capita whereas the Central would 

yield the least. The West and the and the South also show considerable increases, 

though in a lessor margin compared to the East. The North benefits a little above 

the Central, tough at a modest extent compared to other three regions. 

The five regions’ GDP per capita in terms of PPS has been examined. Also, 

the marginal increase that would be obtained by increasing the land used by 1% 

along with the final situation that has also been put after the addition of the 

marginal increase. It can be deduced stemming from the results of this thesis that 

the disparities in GDP per capita are not just results of structural factors such as 

geography or demographics. Instead, policy choices, historical development, 

strategic use and allocation of resources are crucial in explaining the 

discrepancies across the regions of the European Union. 

One of the purposes of this thesis was to underline the differentiated 

regional policy strategies. To help mitigate the income disparities across the 

European Union some actions could be taken such as improving and incentivising 

people for higher education especially in the lower-performing areas. Improving 

the infrastructure such as transportation, telecommunication, and protective 

works. Transportation would ease the people’s lives by facilitating the access to 

the universities. In the aspect of rural-urban, people who work in the urban areas 

could return their homes in an easier way for example by reducing the 

transportation times or increasing the frequency of the commute between rural 

and urban areas. As for telecommunication it is essential for education because 

the modern world requires the use of internet for education, as it was experienced 

by generation Z during the Covid-19 pandemic, without any access to Internet the 

higher education would have been interrupted, and the students couldn’t have 

taken their exams.  
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There have been several limitations of this study. Although there are some 

valuable findings between infrastructure, education, urban-rural comparison, and 

income levels across European regions, the limitation part needs to be 

acknowledged. Initially, the study doesn’t take into account the specific impacts 

of each sector that has been included in the “Land Used” parameter. Thus, 

transport, telecommunication, and energy sectors’ impacts on GDP could be 

undermined or possibly overlooked. Secondly, the existence of 2008 financial 

crisis and/or the COVID-19 pandemic and their possible impacts on the gross 

domestic product of each country could have been addressed and thus analysed 

regionally although this would further complicate the research. As the third 

constraint, possibly, defining a region as urban or rural in a binary mode could 

have oversimplified the urban-rural case, although this classification has been 

done using the dataset of Eurostat.  

For the future research, there are several options to be included to enrich 

the research more profoundly. The first one is to include longer time series, 

instead of just 3 years for two variables and 2 years for the third. A longer time 

series would provide a more robust panel data for instance having 10 years data 

for each variable. This was one of the shortcomings of this study as the data 

available have been used at its maximum availability. The second suggestion to 

improve this research is adding more variables that consider also other aspects 

such as healthcare access and digital infrastructure that would impact the GDP 

per capita. Another recommendation to enhance is maybe adding the countries 

outside the EU to see if there are similar issues and ongoing trends regarding 

rurality, education, and income outside the EU. This could show how other 

countries outside the EU address these topics and maybe could propose solutions 

that have been already working or could reject possible solutions that have been 

already attempted. Another action that could be taken is adjusting the part of the 

possible solution that didn’t work out to implement in the EU, by taking lessons 

from previous failures of others to save both time and money.  
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What makes this thesis a significant one is the fact that it tries to unveil the 

relationship between infrastructure development, higher education attainment, 

rurality, and GDP per capita across different regions of the European Union. 

Utilizing statistics by means of regression models through the Stata software to 

obtain the coefficients of each variable, this research quantified how much do 

land used, rurality, and higher education change GDP per capita across North, 

South, East, West, and Central Europe.   

Considering these findings, this thesis underlines the importance of 

creating integrated development strategies that address not only infrastructure but 

also human capital and institutional strength. The differences seen across 

European regions tell that a one-size-fits all policy doesn’t seem likely to yield 

optimal results. So, tailoring regional strategies based on specific socio-economic 

and structural conditions seems essential.  

 

Figure 16: Answers to the research questions 
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Appendix 

 
 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Country 

Average GDP per capita 

of 2012-2015-2018 (PPS) Region 

Luxembourg 75,933 West 

Ireland 43,167 West 

Croatia 36,983 East 

Austria 35,326 Central 

Germany 33,285 Central 

Netherlands 33,153 West 

Denmark 32,847 North 

Sweden 32,825 North 

Belgium 31,921 West 

Finland 31,773 North 

Malta 27,600 South 

Italy 27,395 South 

France 25,774 West 

Slovakia 25,558 Central 

Spain 25,448 South 

Czechia 25,004 Central 

Cyprus 24,800 South 

Lithuania 24,233 North 

Slovenia 23,600 East 

Hungary 22,530 East 

Portugal 22,005 South 

Estonia 21,967 North 

Latvia 17,533 North 

Romania 17,217 East 

Poland 17,098 Central 

Greece 16,718 South 

Bulgaria 12,372 East 
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