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Abstract 

Sustainable Development Goals are focused on international cooperation in the field of 

socioeconomic, political and environmental issues. This bachelor’s thesis deals with  

Goal 8, which promotes achievement of sustainable economic growth, decent work and 

full employment, and examines three indicators of the goal: annual growth of GDP per 

capita, domestic material consumption and the rate of unemployment. Thesis is based on 

the panel data analysis of 132 countries, which were obtained from the World Bank and 

Sustainable Development Goals databases for selected variables as observed in the time 

period of 2000 – 2019. According to the regression results, variables education, inflation, 

adjusted net savings and unemployment rate report significant effects on the annual 

growth of GDP per capita. Similarly, unemployment rate is strongly affected by the level 

of obtained education  and inflation, as well as by the growth of population and GDP per 

capita. Inference of domestic material consumption did not uncover any statistically 

significant variables. Evaluation of the best-fitted forecast models does not predict a 

strong probability of actually fulfilling the goal or at least its sub targets by the agreed 

deadline. Thus the Goal 8 proves to be difficult to achieve only a few years after the 

introduction of SDGs. Due to the interdependence with other goals, it is necessary for 

countries to make greater effort and strengthen their cooperation in order to achieve all of 

the goals by 2030. 
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Abstrakt 

Cíle udržitelného rozvoje jsou zaměřené na mezinárodní spolupráci v oblasti 

socioekonomických, politických a environmentálních otázek. Tato bakalářská práce se 

zabývá osmým cílem, tedy dosažením udržitelného ekonomického růstu, férových 

pracovních podmínek a plné zaměstnanosti, a je zaměřena na tři indikátory tohoto cíle: 

roční růst HDP na obyvatele, národní materiální spotřebu a míru nezaměstnanosti. Práce 

je založená na analýze panelových dat 132 států, které byly získány z databází World 

Bank a Cílů udržitelného rozvoje pro vybrané proměnné v rozmezí let 2000 až 2019. Na 

základě výsledků je možné konstatovat, že proměnné vzdělání, inflace, upravené čisté 

úspory a míra nezaměstnanosti mají významný vliv na roční růst HDP na obyvatele. Míra 

nezaměstnanosti je podobně silně ovlivněna dosaženým vzděláním a inflací, kromě toho 

také růstem populace a HDP na obyvatele. Regrese národní materiální spotřeby 

neodhalila žádnou proměnnou mající významný vliv. Vyhodnocení nejvhodnějších 

modelů předpovědi také nevykazuje silnou pravděpodobnost pro celkové splnění cíle, 

případně alespoň jeho dílčích podsekcí. Osmý cíl se tak pár let po představení SDGs 

ukazuje jako těžce dosažitelný. Vzhledem k vzájemné závislosti mezi dalšími cíli je tedy 

žádoucí, aby státy vyvinuly  větší úsilí a utužily spolupráci na cestě za splněním všech 

cílů do roku 2030. 
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Introduction 

The United Nations agenda of Sustainable Development Goals (SDGs) is an 

ambitious framework that aims to improve global socioeconomic and environmental 

conditions through 17 goals that are all set to be achieved by 2030. Established on the 

elements of Millenium Development Goals (MDGs), the agenda associates countries in 

resolving issues such as poverty, hunger, migration, gender and general social inequality, 

environmental problems or access to clean water and electricity. It further promotes 

political, social and economic cooperation of all participating countries and provides a 

necessary support system for countries when dealing with possible barriers and 

limitations standing in the way of reaching the goals. 

The eighth goal of SDGs, which is the subject of this thesis, aims to achieve and 

promote “…sustained, inclusive and sustainable economic growth, full and productive 

employment and decent work for all” while focusing on multiple indicators, such as 

annual growth rate of GDP per capita or employed person, proportion of informal 

employment, unemployment rate, proportion of children engaged in child labour and 

others. (United Nations, 2021a) The aim of this thesis is to examine the determinants of 

selected indicators by performing a panel data regression of empirical models that were 

built according to the literature and previous works written about this issue. Second aim 

of this thesis is to assess the probability of reaching the goal by 2030 and portray the 

global path of countries on their journey to fulfilling the agenda with ARIMA and ETS 

forecasting methods. 

The thesis contains two main sections, theoretical background and analytical part. 

Theoretical part summarizes the United Nations agenda of SDGs, with focus on Goal 8, 

defines decent work and fair employment conditions and offers explanations of economic 

development theory. It further provides indicators of economic growth as mentioned in 

the literature that serve as a basis for the empirical modelling. Last but not least, chapters 

introducing consequences of economic growth and theory of growthism close the 

theoretical section. Analytical segment consists of the summary of panel data theory, 

where four estimation models are presented, and follows by specification of used data 

with focus on missing data treatment and description of variables. Finally, regressions of 

all three empirical models and its results with explanations are reported. Analytical part 

is then concluded with ARIMA and ETS models, used for possible prediction of 

achieving Goal 8 by 2030 as proposed by the agenda. 
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1. Sustainable Development Goals 

In the past couple of years, the importance of both environmental and social 

problems has been growing, therefore the United Nations established the Millennium 

Development Goals (MDGs) in 2000. The MDGs consisted of 8 goals dealing with 

poverty, hunger, health conditions, education, social equality and environmental 

sustainability, which were set to be achieved by 2015. After only a few of the goals were 

actually achieved, the United Nations continued with a more comprehensive and complex 

2030 Agenda for Sustainable Development. 

The Sustainable Development Goals (SDGs) is a United Nations’ agenda accepted 

in 2015 at the UN Sustainable Development Summit in New York by all 193 member 

countries of the UN General Assembly. The agenda consists of 17 global goals 

accompanied by 169 targets concerning sustainable approach to social and environmental 

issues. These member countries have committed to implement such laws and regulations 

that will be beneficial for achieving the SDGs by 2030. Besides sustainable economic 

growth and decent work, the goals focus on questions regarding poverty, hunger, good 

education, social inequalities, climate change and others. (United Nations, 2021b) 

Many of the goals are interdependent, thus cooperation of countries in all fields is 

highly desirable in order to reach the agenda by 2030. One of the challenges for assessing 

the progress of SDGs fulfilment remains in collection of the data. Especially when it 

comes to developing countries, many of the data are not accessible, available or lack 

quality and granularity. These are caused by barriers in information sharing between 

institutions, absent data collection methodology or insufficient breakdown of data. In 

other cases, data of certain indicators are being reported every three or five years only, 

rather than on an annual basis, which makes examination and response to the situation 

less flexible and delayed. (Faye & Kane, 2018) 

While trying to improve socioeconomic and natural conditions around the world, 

the United Nations have been facing widespread criticism by the public. Whether it is 

aimed at the name of the agenda, controversy within chosen indicators and targets, 

allocation of power (Sultana, 2018), naïve and ambitious goals (Hickel, 2015) or overly 

expensive journey to reach the goals (Kharas & McArthur, 2019), many experts disagree 

with accepted approach. However, it remains a fact that the SDGs are the most extensive 

programme recognized by the majority of the world and will not be achieved without 

cooperation of all. 
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1.1 Goal 8: Decent work and Economic Growth 

The subject of this thesis is focused on theoretical background, analysis of the 

indicators and future prognosis of SDGs Goal 8: Decent work and economic growth. The 

goal aims to “… promote sustained, inclusive and sustainable economic growth, full and 

productive employment and decent work for all” by monitoring twelve targets. Three of 

the targets were chosen for analysis: 

 

8.1. Sustain per capita economic growth in accordance with national circumstances 

and, in particular, at least 7 per cent gross domestic product growth per annum in the least 

developed countries. 

Indicator: Annual growth rate of real GDP per capita 

8.4. Improve progressively, through 2030, global resource efficiency in 

consumption and production and endeavour to decouple economic growth from 

environmental degradation, in accordance with the 10-year framework of programs on 

sustainable consumption and production, with developed countries taking the lead. 

Indicator: Domestic material consumption 

8.5. By 2030, achieve full and productive employment and decent work for all 

women and men, including for young people and persons with disabilities, and equal pay 

for work of equal value. (United Nations, 2021a) 

Indicator: Unemployment rate  

 

When it comes to the current accomplishment of SDG, the coronavirus pandemic 

that broke out from China to the entire world at the beginning of 2020, caused enormous 

obstacle in the world’s journey to a sustainable future. As reported by the UN, a 2.5% 

estimated increase in global level of GDP was expected in January 2020, however only 

five months later the projection had to be adjusted to the situation, turning the expected 

economic growth into negative value of 5.2%. The pandemic affected employment as 

well, especially those classified as vulnerable workers – own-account and micro-

enterprise workers, youth and women. The continuous decreasing trend of lowering the 

number of vulnerable employees from 53% in 1991 to 45% in 2019 has been threatened 

by the ongoing pandemic. Greater progress and changes in employment areas are 

necessary in order to maintain and improve conditions of decent work. (World Bank, 

2020) 



 

5 

2. Literature Review 

2.1. Decent Work 

Defined as fair and caring working conditions that should be secured by all 

employers for their employees, decent work is a crucial component of tackling poverty, 

hunger and other SDG goals. Not only the workers deserve a justful level of income and 

social security for them and their families, but equal opportunities, space for their personal 

growth and the possibility of expressing their thoughts and ideas as well. Decent work 

further ensures workers with safe working conditions, dignity in the workplace, defence 

against exploitation and above all, the access to quality jobs. (International Labour 

Organization, 2021) 

Being part of the MDG.1 targets and evaluating a couple of years after the closure 

of MDGs, it can be clearly seen that the target of full and fair employment was not 

achieved. The overall global working-age population in employment, on the level of 62% 

before the introduction of MDGs, fell to 60% at the end of 2015 instead of reaching 

desired full employment at 100% level. (Ritchie & Roser, 2018) It was then included in 

the new SDGs agenda and combined with economic growth in one target. However, as 

Frey and MacNaughton (2016) imply, neither full employment or fair working conditions 

are dependent on economic development and they can be dealt with by various 

institutional implementations regardless of the level of the country’s economic growth. 

Decent work and its components are being monitored by the International Labour 

Organization (ILO) as well, with most countries taking part in both institutions. The 

Decent Work Agenda, as introduced by ILO in 1999, proposes four fundamental 

elements: (1) rights at work, (2) fostering employment, (3) social protection, and (4) 

social dialogue. These pillars concentrate on implementing fair conditions for workers by 

employees. 

 

2.2. Economic Growth 

Economic growth is represented by a thriving society whose living standards are 

flourishing in the long-run scale. In most of the cases, the variation in GDP per capita 

determines the evolution of a country's economy; differences of economic growth can be 

therefore found across countries as well as over time. Comprehending the deviations in 

growth rates of countries, especially focusing on the long-run trends and anomalies, is a 
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crucial component for an insight into the nature of people’s living standards in different 

countries and for the creation of strategy on improving those. As Barro & Sala-i-Martin 

(2004)  indicates, not even a minor deviation of aggregate growth should be overlooked 

when assessing the effects on standards of living as these might have, over the years, 

greater impact than the usual interests of most macroeconomists; namely short-run 

variations in the market. 

As a first contributor to the growth theory might be considered the father of 

economics, Adam Smith, with his beneficial thoughts stated in the book “An Inquiry into 

the Nature and Causes of the Wealth of Nations”. In his opinion, the main determinants 

with an effect on economic development are: increasing level of population, advancement 

in technology, capital enhancement and legal structure accommodating to the economy, 

with labour specialization and division certainly enhancing economic development as 

well. His growth model may be therefore defined as: 

𝑌 =  𝑓(𝐾, 𝐿, 𝑁) 

i.e. the amount of output 𝑌 being equal to production function 𝑓 with variables 

including capital 𝐾, labor 𝐿 and land 𝑁. This is the Classical Growth Model. 

Although gaining numerous critics since publishing the text, for example David 

Ricardo or Karl Marx, Smith provided a valuable foundation for future macroeconomists 

studying growth theory in the middle of the twentieth century. First of these worth 

mentioning were R. F. Harrod and E. D. Domar, who elaborated on Keynes model by 

allowing for constantly changing, long-run framework and argued that in the long-term, 

steady rate of economic expansion is not secured by market processes. (Ucak, 2015) 

The Solow-Swan model, the Neoclassical Growth Model, was based on the Harrod-

Domar model and all of its assumptions except for one; stable ratio of capital and labour. 

As Solow (1988) writes himself, the idea of the increasing savings rate as a fuel for 

accelerating development seemed very improbable to him, just like he doubted the stable 

capital-output ratio (labour-output ratio) from the Harrod-Domar model as well. Instead, 

he substituted it for a more extensive depiction of the technology while admitting that 

technology might not be that elastic for each separate good at a point in time; at a global 

level, however, factor intensity is more flexible. 

Economists taking the baton afterwards, such as Cass, Koopmans, Romer or Lucas, 

had to deal with certain limitations of the Neoclassical model. Romer came up with the 

Endogenous Growth Model that investigates constant increase in output, specified by the 

structure that controls production, with crucial precondition of growing returns to scale. 
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This theory therefore suggests that for such an economy, the equilibrium level of income 

might not be achieved. 

2.2.1. Determinants of Economic Growth 

Among some of the most important factors affecting economic development are (1) 

growth of human, natural and physical capital per worker, (2) the rate of technological 

progress, (3) law and political system, (4) growth rate of population and of the labour 

force productivity. Weil and Howitt (2008) present the production function approach as 

a possible explanation of differences in standards of living. The function, defined as  

𝑦 =  𝑓(𝑘, 𝐴) 

where 𝑦 is a country’s output per worker, 𝑘 stands for the accumulation of human, 

physical and natural resources per worker with parameter for worker’s productivity 𝐴, 

then portrays the reliance of economic growth on the capital and productivity. The authors 

further define key determinants of economic development: 

 

Physical Capital. Physical capital represents one of the most important production 

factors. Firms invest into tools, machines, buildings, supplies and others to produce 

desired output, therefore physical capital is considered both produced and productive. 

Another characteristic is that it is a rival kind of capital, meaning that its usage is restricted 

for only a certain number of workers. Wide gap of the amount of physical capital can be 

found among rich and poor countries which can be in approximate sense the result of 

divergent incomes across these countries.  

 

Human Capital. Intangible factor of production including education, health, 

training, skills or professional qualities of workers. Human capital might be a significant 

contributor to the owner's future economic return due to its ability to increase workers 

productivity. Oppositely to physical capital, human capital comes as an internal 

equipment of the worker which makes its external control problematic. Investments in 

human capital create high expenses for firms. 

 

Natural Capital. Classified as the stock of the country's lands, forests, subsoil and 

other organic resources, natural capital cannot be self-produced. Associated with natural 

capital is the concept of a resource curse, a theory describing a phenomenon observed in 
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those countries which dispose of large natural supplies as less productive or being 

incapable of cumulation of other forms of capital. 

 

Population. Accelerated rise in population carries the burden of decreasing the 

amount of capital resources per worker and simultaneously enlarges the extent of 

schooling and investment expenditures that are desirable for sustaining the same amount 

of output per worker. Increasing population also decreases the produced amount of output 

per capita, considering a fixed amount of natural capital. 

 

Demographic Dividend. Associated with the population growth is the concept of 

demographic dividend, firstly indirectly introduced by Bloom and Williamson (1998)  in 

their study concerned with the Asian demographic transformation and economic 

expansion during the second half of the twentieth century. They explain the Asian miracle 

as being partially caused by rapidly declining mortality and fertility rates which together 

create growth of the working population proportion in the overall population. This 

condition creates a somewhat “open window”, a unique opportunity for economic growth 

that might last for several years. The authors draw attention to the fact that even though 

population fluctuations are important determinants of economic growth, it is the 

temporary effect of the age dispersion within the population that affects the development 

rather than the aggregate growth of population. Yet of course, certain conditions of the 

dividend must be kept - particularly the dependent and active populations growth rates 

must be dissimilar. The study brought about a much needed change in the way that experts 

studied demographic determinants of economic development, and provided possible 

future scenarios for regions that might follow in Asian steps.  

Requier-Desjardins (2020) classifies two indicators of the dividend: the dependency 

rate and the support ratio. Defined as the rate of passive to working population, the 

dependency rate decreases as a result of extending the share of the working population 

and positively contributes to further economic development through productivity and 

savings of the active population. As the writer points out, the dependency rate is merely 

a demographic indicator, therefore in order to assess its effect on economic development 

one has to make proper assumptions about the productivity of active workers, for example 

to presuppose that the productivity is kept constant hence the market is fully employed. 

In that case, the dividend is immediately calculated by the decrease of dependency rate 

which participates in the growth of income per capita. The support ratio is determined by 
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the share of active workers relative to the share of consumers within the population. As 

Wang & Mason (2007) and Mason, Lee, Abrigo & Lee (2017) show, the first phase of 

demographic dividend acquires positive values when the support ratio expands because 

ceteris paribus that results in higher income per capita. The support ratio further allows 

for the introduction of the second demographic dividend which might arise as a 

consequence of an aging population. Improved quality and access to health care induce 

increasing life expectancy hence people save more resources for their consumption in 

pension. As a result, the proportion of capital to labour increases, causing an increase in 

productivity of the working force. 

 

Productivity. According to economists investigating development accounting, 

cross-countries differences in productivity are in most of the cases responsible for 

divergences in people’s income – and not the stocks of capital. These differences are 

either connected to technological progress or might be explained by the efficiency of 

technology usage and organization. Recurring utilization of technologies in order to 

improve standards of living is limited, therefore the efficiency of technology usage does 

not perform much impact on growth rates when observed over time. However, it is 

believed that efficiency differences are responsible for productivity divergence across 

countries. 

 

Technology. Classified as a modification of fundamental inputs into ultimate goods 

or services, technology has oppositely to other types of capital non-rival nature. That 

means that the technology can be used by anyone for an unlimited number of times and 

its repeated use does not decrease the quality of the technology. Significant expenditures 

on research and development can be found especially within the world's greatest 

authorities, lower expenses on research and development recorded in other countries are 

associated with the implementation of these innovations. However, with the introduction 

and execution of new technology comes a possible risk of a drop in the level of income 

per capita and decreased productivity, caused by the initial learning and understanding 

phase of this technology that can last for several years. 

 



 

10 

2.2.2. Consequences of Economic Growth 

With economic development comes a burning question: To which extent is 

economic expansion ethical? The world’s desire for evenly elevated standards of living 

for all people across the continents is often redeemed by numerous aftermaths, namely 

uniformity of originally rich cultures or harm to the environment.  

Even experts are having a hard time finding the correct answer or a standpoint to 

this question. On one side, there is development ethics, an ethical field concerned with 

the consequences of economic, political and social growth on human lives that aims to 

clarify the benefits, costs and risks of development, find the interconnections between 

rich and poor population groups and provide standing for disadvantaged individuals. The 

department points out the disbalance and injustice in partition of the recipients of 

development consequences; as Gasper (2016) argues in an example with carbon 

emissions, the negative repercussion of rising emissions and hence global warming is 

often borne by equatorial countries that belong among the least polluters. Another, not 

less serious problem, arises as a result of urbanization, acquisition of natural wealth or 

building the infrastructure system; a physical transfer of inhabitants living in areas of 

interest. For these causes being usually linked to developers or investing groups whose 

only desire is to increase their already great wealth, the displacement harms poor people 

by taking away the little they have: a modest home and cultural heritage. In addition to 

this misconduct, most of the approximately 10-15 millions of people are being relocated 

unwillingly each year without any or only insignificant settlement. On the other hand, 

authors like Friedman (2006) argue that we should not compare material good with ethical 

evil, as they are subconsciously perceived by us, and look for compromises of these two. 

According to his belief, economic development comes along with important incentives 

for the reassessment of our social, political and ethical identities and with evidence from 

the past it can be stated that economic stagnation, or even decline, work the other way 

round. 

Probably the most significant costs of economic growth are those regarding the 

environment. Especially when it comes to energy consumption, there seems to be a trade-

off within countries; one option being large economic development redeemed by 

aggravated environmental conditions, or in the opposite case, a rather weak or no 

development with maintained environment. Of the many studies focused on the 

connections among economic growth, energy consumption and emissions, Antonakakis, 
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Chatziantoniou and Filis (2015) observe that during longer time periods, the pollutant 

strands of energy utilization eventually create a major proportion of energy consumption 

in high income countries. Namely oil and coal, two of the greatest pollutants, are most 

heavily used in these countries whereas the consumption of renewable energy sources 

holds only a low share. The lower the income per capita in countries, the more are these 

conditions overflowing each other with low income countries experiencing the exact 

opposite situation, i.e. high share of renewable energy sources and low share of significant 

pollutants. The authors find a two-way connection between economic development and 

energy utilization, meaning that when deciding appropriate energy regulations, policy 

makers ought to be conscientious and considerate of this fact as unilateral solutions might 

have a negative impact on either economic growth or environmental harmony. Another 

finding suggests overall decreasing relevance of coal, one of the two greatest pollutants, 

as an energy strand which is generally a positive revelation. Nevertheless, the authors do 

not observe any relevant evidence supporting the theory that utilization of renewable 

energy contributes to sustainable economic expansion and they report findings indicating 

that the ongoing economic development worsens the emissions of greenhouse gases. 

When finding the relationship between economic growth and the environment, the 

majority of literature mentions the environmental Kuznets curve (EKC), which takes the 

inverted U-shape and pictures the effect of economic growth on nature through two 

indicators, per capita income and environmental degradation. From this concept it follows 

that when starting from zero per capita income and steadily increasing, the amount of 

environmental damage increases as well. Then the peak of the curve is reached at an 

unspecified level of per capita income which is classified as the turning point by Stern, 

Common and Barbier (1996) for the level of environmental damage; from this point, with 

further increasing income, the degradation decreases, suggesting that with infinitely 

increasing per capita income the level of environmental damage is insignificant hence 

economic expansion bares no danger to the environment. However, the thought behind 

the concept is quite different; that decrease in environmental degradation with increasing 

level of income per capita comes as a consequence of involving better technology, 

environmental education, increased environmental spending and other factors, all of these 

made possible thanks to greater economic development. 
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2.2.3. Growthism 

Growthism, a concept used by multiple writers – see for example Haque (2013), 

Douglas (2008) or Daly (2019), encounters the issue of finitude of world economy growth 

and claims that there are no limits to economic expansion. According to growthism 

believers, the economy can grow indefinitely and as a matter of fact, it should - because 

of its capability to solve our problems such as poverty, hunger, environmental crisis, 

inequality, financial disbalance and many others. Therefore, by helping us this way, 

growthism implies that this expansion is right and higher levels of expansion are always 

desirable. Last but not least, the concept leads its followers (growthists) to make economic 

development their number one priority.  

Growthism arose as a response to environmentalism, although it is following a more 

radical path, with growthists too often acting quite irrationally and blindly repeating their 

convictions with no effort for understanding opposite opinions. Growthists promote a set 

of tenets regarding the aims and means of development; firstly, technology and 

innovations will enable us to reach any goal or invention. Second, human resourcefulness 

supported by freedom and encouragement to follow their pecuniary advantages allows 

for advancement at maximum level. In addition, the more individuals are permitted to 

follow their own pecuniary advantages, the faster will environmental issues be repaired 

as every individual will be rich and happy. (Douglas, 2008)  

The idea of growthism seems to have more opponents than supporters, as shown by 

for example Daly (2019) or Haque (2013). Haque points out the danger hidden behind the 

desire for constant growth which people are willing to maintain at basically any costs. 

Economic growth, perceived by many as the heal-all solution to our problems, is truly a 

crucial component of the human journey to the well-being of every single individual out 

of those seven billion people currently walking the Earth, but by no means it is the ending 

point.  

That can be seen in the United States of America, where despite continually 

increasing levels of economic development, the current age group of millennials (i.e. 

people aged 25-40) is for the first time since the Great Depressions worse-off than their 

ancestors. Even though American families are on average circa two times wealthier than 

40 years ago with likewise increasing average incomes, Millennials are the unfortunate 

ones carrying not only one, but multiple burdens. Starting off with a field quite nicely 

prepared by their parents, the first obstacle in their journey to fulfilling the ultimate 
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American dream hit as the Great Recession in 2007. With most Millennials graduating 

from universities or finishing their studies, they were substantially struggling to start 

repaying their study loans, mortgages and even to find a job in a suddenly hostile 

economic environment. And just as the world got back together, another strike hits; this 

time in the form of a coronavirus pandemic that imposes a quarantine on the whole world 

and freezes the world economy. (Cramer, 2019) 
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3. Panel Data Analysis 

Often also presented as longitudinal data, panel data include both cross-sectional 

and time series dimensions while observing identical individuals, firms or countries 

across time periods. Balanced panel then refers to a fully-observed panel where every 

cross-section is monitored the same amount of time, vice versa holds for unbalanced 

panel. It is believed by many that panel data models perform higher efficiency when 

compared to pooled cross-sections as these work with reiterated arbitrary selections of 

individuals, firms, etc., causing an increase in variance.  

The general model is defined as: 

 

𝑦𝑖𝑡 = 𝛽0 + 𝛽1𝑥𝑖𝑡 + 𝛼𝑖 + 𝑢𝑖𝑡 

 

where 𝑖 = 1, … , 𝑁 represents the cross-section dimension, 𝑡 = 1, … , 𝑇 stands for 

the time series dimension, 𝑥𝑖𝑡 is a K-dimensional vector of explanatory variables, 𝛽0 is 

the effect of the dependent variable 𝑦𝑖𝑡 when all of the explanatory variables are equal to 

zero, 𝛽1 is the (𝐾 × 1) vector of the slope, 𝛼𝑖 is a K-dimensional vector of individual 

properties independent of time and 𝑢𝑖𝑡 is the disturbance which varies over time and 

cross-sections. 

Two main problems can be encountered when working with panel data; 

endogeneity and autocorrelation in the errors. Independent variable is said to be 

endogenous when it is correlated with the disturbance as a result of omitted variable or 

measurement error. Therefore we must control for the exogeneity condition by assuring 

that 𝐸(𝑥𝑖𝑡, 𝑢𝑖𝑡) = 0. Serial correlation arises as a correlation between disturbances 

observed in various time periods, causing deceptive standard errors and inefficiency of 

OLS estimator.  

 

Pooled OLS model. The pooled model is not often used for panel data regressions 

within literature as it imposes quite a lot of limitations. It might be performed for 

estimation when cross-sections lack differences, constant in time, that would not be 

included in the independent variables. In this thesis it is used as a comparison for the other 

models.  
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First—differenced model. Panel data usually dispose with certain unobserved 

effects, hence the pooled OLS estimation cannot be used. One of the possibilities is to use 

first-difference estimator represented by the model: 

∆𝑦𝑖𝑡 = ∆𝛽1𝑥𝑖𝑡 + ∆𝑢𝑖𝑡 

 

Which takes the difference of original equations from 𝑇 and 𝑇 − 1 time periods and 

by that removes the time-invariant unobserved effect. For an unbiased and consistent first-

difference estimator, the exogeneity assumption must hold. The first-difference and fixed 

effects models are identical in case of two time periods, for three and more time periods 

it depends on the serial correlation of error terms which model is preferable. Assuming 

homoscedasticity and error terms 𝑢𝑖𝑡 being serially uncorrelated, the fixed effects model 

is more efficient. However in case of 𝑢𝑖𝑡 following a random walk, thus reporting a 

positive autocorrelation, the first-difference model is better as ∆𝑢𝑖𝑡 is serially 

uncorrelated. 

 

Fixed effects model. In case of fixed effects model, there is usually no general 

intercept  𝛽0 as the model allows for differences between cross-sections represented by 

individual intercepts 𝛼𝑖 (i.e. specific effects) that are fixed for certain 𝑁. The fixed effects 

equation is defined as: 

𝑦𝑖𝑡 = 𝛽1𝑥𝑖𝑡 + 𝛼𝑖 + 𝑢𝑖𝑡 

 

 With 𝑦𝑖𝑡 representing the dependent variable for each cross-section 𝑖 and time 

period 𝑡, 𝑥𝑖𝑡 is the independent variable, 𝛽1 stands for the coefficient of each independent 

variable, 𝛼𝑖 is the already mentioned specific intercept for each cross-section and 𝑢𝑖𝑡 is 

the error term. The condition of exogeneity for the independent variables 𝑥𝑖𝑡 and 

disturbances 𝑢𝑖𝑡 must still hold, however no rules apply for correlation between individual 

intercepts 𝛼𝑖 and 𝑢𝑖𝑡. Fixed effects model also permits correlation of specific effects 𝛼𝑖 

with independent variables 𝑥𝑖𝑡. 

 

Random effects model. Random effects model focuses on the estimation of 

possible interconnections of variables across time and across individuals. The main 

difference between random effects and fixed effects models is that random effects allow 

for random variation in cross-sections that is uncorrelated with independent variables. 

Also the nature of intercept terms is different for random effects – 𝛼𝑖 contains the value 
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of intercept for each 𝑖, with the general intercept contained in 𝛽0. One of the advantages 

of random effects model is the possibility of including time-invariant variables, such as 

ethnicity, which is not possible in case of fixed effects model. The general model is: 

𝑦𝑖𝑡 = 𝛽0 + 𝛽1𝑥𝑖𝑡 + 𝛼𝑖 + 𝑢𝑖𝑡 

 

The exogeneity condition must hold for both 𝛼𝑖 and 𝑢𝑖𝑡, which makes it difficult to 

meet and gets disobeyed quite often as specific heteroscedasticity 𝛼𝑖 may correlate with 

some of the independent variables. Using fixed effects instead helps to solve this problem. 

 

Additional tests. Before running the regression, multiple tests were introduced in 

order to control for various issues regarding panel data analysis and securing valid 

inference. The Augmented Dickey-Fuller test examines stationarity of variables. All of 

the variables included in the dataset reported p-value of 0.01, indicating stationarity in the 

data by rejecting the null hypothesis. The Lagrange Multiplier Two-ways test revealed 

either time or individual unobserved effects in each of the empirical models which 

required fixed effects or random effects models to be applied. Generally, tests that help 

to decide which of the presented panel data models fit best are the Lagrange Multiplier, 

Chow and Hausman tests. The LM test compares pooled OLS with the random effects 

model, Chow test evaluates pooled OLS to the fixed effects model and finally Hausman 

tests the random effects model versus the fixed effects model. After performing these 

tests, fixed effects model came out as the best option for all three models. 

All three models also suffered from heteroskedasticity and serial correlation as 

detected by the Breusch-Pagan and Breusch-Godfrey tests, respectively. Neither 

heteroskedasticity or autocorrelation affect the consistency of estimators, however they 

create bias in standard errors. This issue was handled by performing a robust standard 

errors regression. (Wooldridge, 2012) 
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4. Data 

The dataset used for this thesis is a combination of data from multiple sources. 

Majority of the data were obtained from the World Bank and from the Global SDG 

Indicators Database. The World Bank collects data and statistics from member countries 

and merges them into various macro, financial and sector databases. Their primary 

collection of World Development Indicators served as a main source for thorough 

comparison of different variables and their data availability across time periods and 

countries. (World Bank, 2021) In order to track the progress of every target of each goal, 

the United Nations Statistics Division gathers data through their system and reports them 

in the Global SDG Indicators Database. (United Nations Statistics Division, 2021) 

Additional data for the independent variable Mean years of schooling were taken 

from the United Nations Development Programme, Human Development Reports 

website. (United Nations Development Programme, 2021) The Democracy Index data 

were merged from the annual Economist Intelligence Unit’s Democracy Index Report by 

an independent Swedish foundation Gapminder. (Gapminder, 2021)  

By combining data on all desirable variables together, one cumulative panel dataset 

for the time period 2000-2019 was created as all three models work with similar variables 

and focus on the same goal. 

 

4.1. Missing Data 

In order to perform correct regression analysis, the unobserved values in the dataset 

had to be taken care of. One of the first classifications of various reasons for missing data 

comes from Rubin (1976). He distinguishes between data missing completely at random 

(MCAR), missing at random (MAR) and missing not at random (MNAR). The key for 

assigning missing data to correct groups lies in the probability of these data to be missing. 

In the case of equal likelihood, we are dealing with data missing completely at random 

that are unobserved independently on the reason why they are missing, such as an online 

questionnaire that went straight to the spam folder unnoticed and therefore failing to 

collect the data. Data missing at random are defined by their predisposition to be missing 

in relation to the observed data. These are for example financially weaker families that 

do not want to share their education level in a questionnaire even though the observer is 

aware of their socioeconomic status. When the probability of missing data does not fit 
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either MCAR or MAR mechanisms, we are dealing with data missing not at random. In 

this case, the unobserved data are dependent on the missing values. One example is that 

people are less willing to provide information they are sensitive or even ashamed about, 

i.e. weight of heavier person, age of older person and others. 

First inspection of missing data failed to uncover any kind of specific pattern of 

missingness. Those countries with missing data on most or all of the variables, such as 

Bermuda, Bouvet Island, Cayman Islands, Christmas Island, Mayotte and others, were 

excluded from the dataset. Unobserved data on Inflation for countries Argentina and 

Kazakhstan were filled in from the website Statista as they were missing in the original 

data file obtained from the World Bank. (Statista, 2020a & 2020b) Even after these 

adjustments, the panel was still unbalanced as there were a couple of countries with no 

observations for certain independent variables for the measured time period. These 

countries were excluded from the panel as well.  

Finally, the dataset now lacked only sporadic missing data. When observing the 

pattern of these missing data in R, it turned out that the data were following a monotone 

and connected missing data pattern as displayed in Picture 1. As Van Buuren (2018) 

indicates, monotony might be the matter of longitudinal data as the result of occasional 

failures in their collection. Connection in data is also desirable for its ability to estimate 

missing values. 

 

Picture 1: Inspection of missing data pattern within the dataset 

(Source: author) 
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The Democracy Index variable reported missing data for years 2000 to 2005 for 

every observed country, hence the method of mean imputation was performed. This type 

of imputation might sometimes cause a few biases, such as underestimated standard 

errors, when used for imputation of large numbers of missing data. The rest of the 

unobserved values was suitable for applying the imputation method of last observation 

carried forward. These imputations resulted in a balanced dataset observing 132 countries 

in the span of 20 years, i.e. from 2000 to 2019. Data for the year of 2020 were not 

available, probably due to the coronavirus pandemic that created additional limits in data 

collection. 

 

4.2. Dependent Variables 

Annual growth rate of Gross Domestic Product (GDP) per capita. Indicator of 

the 8.1. target, annual growth rate of GDP per capita, represents the year-over-year GDP 

per capita percentage difference in observed countries. GDP per capita is measured in 

constant US dollars as the ratio of GDP at constant prices to the size of a country’s 

population. The United Nations Statistics Division collects the data for estimation of GDP 

on an annual basis by sending a national accounts questionnaire to each of the countries 

or areas of interest, with the UN Population Division providing estimations for the 

population data. As the reported data for GDP are obtained in local currencies, they are 

recalculated to US dollars with market exchange rate from the International Monetary 

Fund, valid for the specific year.  

There are certain limitations associated with this variable. Even though the 

countries follow the United Nations System of National Accounts (SNA) policies for 

measuring GDP, there are multiple versions of the SNA (i.e. versions from 1968, 1993 or 

2008) that might result in differences of estimates across countries depending on the used 

version. Another obstacle is associated with the general problem of countries’ inability to 

measure the proportion of the informal side of the economy and its contribution – whether 

positive or negative – to the GDP. Also, the variable does not provide any information 

about environmental or social production costs when indicating the level of people’s 

standards of living. 

 

Domestic material consumption. Recording the true amount of material used up 

in countries’ economies during the year, domestic material consumption at the same time 
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reports the amount of material that has to be processed within the market. While defined 

as a material flow accounting (MFA) indicator, domestic material consumption should be 

assessed together with material flow as it represents the overall quantity desired by supply 

to satisfy entire market demand and hence complements the DMC.  

The United Nations Environment Programme (UNEP) receives data on DMC on a 

yearly basis from material flow accounts of the EU and Japan, estimates for the rest of 

the world are calculated based on the information from various national databases, namely 

the IEA, USGS, FAO, COMTRADE and their statistics on energy, forestry, fishery, 

agriculture and mining. The amount of DMC in tonnes is computed by adding direct 

imports of material to domestic extractions of material, followed by subtracting direct 

exports of material. Such obtained data need further modelling to meet the 

methodological conditions of the MFA. The inability of DMC to be separated into 

specific divisions of the economy restricts its effectiveness to contribute to the System of 

National Accounts. 

 

Unemployment as a portion of total labour force. Unemployment rate measures 

the percentage of total labour force that is not working but willing to work and actively 

searching for a job, including also people that are not employed at the moment but have 

guaranteed forthcoming employment. A certain level of unemployment is always present 

in the market as there are always people that are seeking better positions and companies 

that are trying to choose the best employees. Even though high unemployment does not 

always have to indicate a lower level of economic growth and considerable level of 

poverty in a country, it surely suggests an inability of proper allocation of capital. 

Increasing proportions of youth unemployment are appearing in more and more 

countries nowadays, attracting the attention of governments as youth people struggling to 

find work create substantial economic issues. Some of the many inconveniences of this 

matter are that youth without work often suffer from the impossibility to have their voices 

heard, to be able to push for their interests of improving their lives and they also have 

lower participation in economic development, all of these resulting in lower spending, 

investments and consumption of young generation. 

The International Labour Organization (ILO) estimates the data accordingly to 

national labour force questionnaires, with the help of other sources (such as censuses and 

estimates made by the country) in cases of missing data. The estimates are properly 

syntonized by ILO through considerations of various methodologies, variances of data 
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sources and similar factors, in order to secure cross-country and cross-time comparisons. 

There are multiple limitations associated with unemployment. Seasonality of specific 

market divisions, such as agriculture, distorts the accuracy of collected data when the 

survey gets released off-season. Also informal employment associated with informal 

economic activities that are generally difficult to track cause inexact estimates. Last but 

not least, both social discrimination of disadvantaged minorities and, especially in certain 

regions, gender inequality, create obstacles as these people are discouraged to search for 

jobs due to self-awareness of their limitations. (United Nations Statistics Division, 2021) 

 

4.3. Independent Variables 

Population growth. The World Bank defines annual population growth as “… the 

exponential rate of growth of midyear population from year t-1 to t, expressed as a 

percentage. Population is based on the de facto definition of population, which counts all 

residents regardless of legal status or citizenship.” (World Bank, 2021) Combinations of 

data from multiple sources, such as the United Nations Population Division, census 

questionnaires with statistics from countries’ offices, Eurostat or for example U.S. Census 

Bureau, are used for calculations of the growth by taking the natural logarithm of the ratio 

of the ending time span population to the beginning time span population, dividing the 

logarithm by the number of years between the time spans. 

 

Inflation. Inflation measures the year-over-year percentage change in consumer 

prices using the Laspeyres formula. With information from the International Monetary 

Fund and International Financial Statistics databases, the difference in how expensive a 

general basket of goods and services bought by an average consumer gets over a certain 

time period is computed.  

 

Mean years of schooling. The amount of received education significantly varies 

across states and often also within countries over a time period, mean years of schooling 

variable therefore measures the average number of years of acquired education by people 

aged 25 or older, taking into account official time spans of each educational level. The 

United Nations Development Programme merges data from multiple sources: UNESCO 

Institute for Statistics, Barro and Lee, ICF Macro Demographic and Health Surveys, 



 

22 

UNICEF Multiple Indicator Cluster Surveys and OECD. (United Nations Development 

Programme, 2021) 

 

Gross capital formation. Gross capital formation represents the increments of 

fixed assets and net differences in the amount of inventories in a country’s economy. 

Fixed assets, also known as the PPE (i.e. power, plant and equity), count machinery, 

upgrade of facilities (such as sewerage or fencing), factories and equipment, as well as 

infrastructure, health care and education expenses. Inventory represents the amount of 

supplies that firms dispose of for unpredictable or sudden changes in production and 

demand, and also for continuous production. Data are obtained from the World Bank and 

OECD National Accounts databases. (World Bank, 2021) 

 

Democracy Index. The Democracy Index is annually measured since 2006 by the 

Economist Intelligence Unit (EIU) and its aim is to record levels of democracy in 

countries around the world by taking into consideration 60 democracy indicators 

estimated by experts in various departments as well as data obtained from different 

sources, for example the World Values Survey. These indicators are further grouped into 

five subindexes: (1) Electoral pluralism index; (2) Government index; (3) Political 

participation index; (4) Political culture index; (5) Civil liberty index. The EIU then 

reports an index on a scale from 0 to 10 for each country that can be interpreted as one of 

the four types of regime: full democracy, flawed democracy, hybrid regime and 

authoritarian regime.  

The source of data used for this thesis, Gapminder, rescales the indexes to a range 

from 0 to 100 for easier explanation. As EIU did not report years 2007 and 2009 due to 

their beginning inconsistency, Gapminder filled in the missing years of 2007 and 2009, 

one of the main reasons why their data were used for the regression. (Gapminder, 2021) 

 

Foreign Direct Investment inflows. Foreign direct investment (FDI) records the 

amount of investment that is sourced by an entity, either direct investor or parent 

enterprise, based in an economy different from the economy of the investment recipient 

(foreign direct enterprise, affiliate enterprise or foreign affiliate). The relationship 

between parent and affiliate enterprise is characterized by a long-lasting involvement and 

management in affiliated companies. The United Nations Conference on Trade and 
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Development (UNCTAD) gathers FDI data directly from national central banks, 

statistical offices or other authorities. (United Nations Statistics Division, 2021) 

 

Adjusted Net Savings. Sometimes referred to as genuine savings, adjusted net 

savings (ANS) assess the real saving rate in the economy by making adjustments for 

human capital investments, exploitation and pollution of the environment. Referring to 

the notion of extended national accounts, it is often considered as one of the measures of 

economy’s sustainability and as an instrument for policymakers in evaluation of 

sustainability progress. Increases in wealth through positive amounts of savings secure 

no less than the same possibilities for future generations as current generations are gifted 

with, while continuous negative levels of ANS suggest an unsustainable state of the 

country’s economy. 

The mentioned adjustments are performed in following steps: first, subtracting 

consumption of fixed capital from the amount of gross national saving results in net 

national saving. Then, by adding human capital investment in the form of public 

expenditure on education and further deducting estimations of environmental exploitation 

such as energy, mineral or forestry depletion, as well as environmental damages from 

emissions, the total value of adjusted net savings is calculated. However, using estimates 

of natural resources depletion sometimes limits the calculations as there is not enough 

data for specific resources, such as stocks of minerals or fish, and also methodology for 

certain ecosystem services varies in some cases. (World Bank, 2021) 
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5. Empirical Models 

This section of thesis is focused on modelling and analysis of the data for each 

indicator, based on previous research and panel data regression in R. Table 1 presents a 

summary of all variables used in the empirical models. 

 

Table 1: Summary of variables used in regression 

 

Abbreviation Full title 

GDP Annual growth rate of GDP per capita [%] 

pop_growth Population growth [%] 

education Mean years of schooling 

inflation Inflation rate [%] 

democ_index Democracy Index 

adj_net_sav Adjusted net savings per capita [current US $] 

capital Gross capital formation [%] 

FDI Foreign Direct Investment inflow [millions of US $] 

unempl Unemployment rate, share of labour force [%] 

consum Domestic material consumption [millions of t] 

 

 

8.1. Annual GDP per capita growth 

As it was already mentioned in the literature review, main determinants of 

economic growth are human, physical and natural capital, population, technology and 

productivity. With respect to available data and papers dealing with the issue, following 

model for the analysis of economic development was formed:  

 

𝐺𝐷𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝑝𝑜𝑝_𝑔𝑟𝑜𝑤𝑡ℎ𝑖𝑡 + 𝛽2𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽3𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡

+ 𝛽4𝑑𝑒𝑚𝑜𝑐_𝑖𝑛𝑑𝑒𝑥𝑖𝑡 + 𝛽5𝑎𝑑𝑗_𝑛𝑒𝑡_𝑠𝑎𝑣𝑖𝑡 + 𝛽6𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑡 + 𝛽7𝐹𝐷𝐼𝑖𝑡

+ 𝛽8𝑢𝑛𝑒𝑚𝑝𝑙𝑖𝑡 + 𝑢𝑖𝑡 

 

These independent variables are all assumed to have an effect on GDP per capita 

growth. When testing in R, the data for years 2000-2019 reported stationarity, indicating 

that the statistical properties remain unchanged over time. Breusch-Pagan and Breusch-

Godfrey tests uncovered serial correlation and heteroscedasticity, which were treated by 
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a robust standard errors regression. After running all of the four regressions, with the 

results summarized in Table 2, several tests were carried on to find the best estimator. 

Firstly, LM test confirmed the presence of significant effects in the model, ruling out 

pooled OLS in behalf of the random effects estimator. Also the Chow test unveiled 

significant effects when comparing pooled OLS to the fixed effects estimator, which lead 

to testing the fixed effects versus the random effects. In this case, the Hausman test 

reported the fixed effects model as more suitable. Even though the Hausman test does not 

take into account robust standard errors, possibly leading to reporting wrong results, the 

specific effects 𝛼𝑖 might be here considered as estimators for each larger geographical 

unit hence supporting the choice of the fixed effects estimator. (Wooldridge, 2012) 

The independent variable inflation is strongly statistically significant for all models. 

Inflation has a negative effect on growth of GDP per capita; a 1 percentage point increase 

of inflation results in 0.1 percentage point decrease of GDP for both FE and RE models. 

Some of the previous studies, such as Mamo (2012),  suggest the possibility of a causal 

relationship between inflation and growth of GDP. That phenomenon can be further 

studied and tackled by for example Granger test, which is beyond the goals of this thesis. 

Similar results hold for unemployment, which is strongly statistically significant for 

all models as well. Increase of unemployment negatively affects growth of GDP; a 1 

percentage point increase in unemployment means 13.7 percentage points reduction in 

GDP for FE and 7.7 percentage points for RE. Such contradictory behaviour of these two 

variables is anticipated based on Okun’s law, a theory developed by Arthur Okun (1962)  

which studies the relationship between national output and unemployment rate. 

For education variable, represented by mean years of schooling, estimates for FE 

and RE are both negative, with FE estimate being strongly statistically significant. Such 

result might be quite surprising, because it is rather reasonable to expect a positive impact 

of education on GDP growth – the more education workers receive, the higher is their 

knowledge and thus productivity. However, as Hanushek & col. (2008)  point out, more 

years spent in school do not automatically secure higher economic growth. According to 

their findings, additional average years of education contribute to economic growth only 

when an increase in schooling stimulates development of cognitive skills, i.e. 

mathematics and science performance of students. 

Statistical significance is also shown for the adjusted net savings variable; when 

increasing it by 1 US $ per capita, GDP per capita increases by 0.1 percentage points. 

Positive relationship between these variables in the FE model indicates that countries are 
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overall able to compensate for the environmental damage, such as pollution or natural 

resources exploitation, by investment in education and by national savings. 

The rest of the independent variables used in regression of the empirical model are 

not reported as statistically significant for the best fitted FE model. As previously 

suggested, population growth results in a decreased amount of capital resources per 

worker with higher education and investment expenditures at the same time. In addition, 

literature proposes a negative relationship between produced output per capita and 

population growth, which is on a significant level confirmed by the RE model only. The 

results also do not show evidence for the effect of political situation, as captured by the 

Democracy Index variable, gross capital formation and inflow of foreign direct 

investment on GDP growth. 
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Table 2: Regression results with robust standard errors  

 

Dependent variable: GDP per capita growth [%] 

     

 Pooled OLS FD FE RE 
     

intercept 6.196*** 

(0.893) 

-0.141*** 

(0.052) 

 5.827*** 

(1.079) 

pop_growth -0.832*** 

(0.158) 

0.086 

(0.265) 

-0.260 

(0.340) 

-0.662*** 

(0.216) 

education -0.048 

(0.070) 

0.094 

(0.441) 

-0.673*** 

(0.167) 

-0.118 

(0.074) 

inflation -0.001*** 

(0.001) 

0.001*** 

(0.001) 

-0.001*** 

(0.001) 

-0.001*** 

(0.001) 

democ_index -0.025** 

(0.010) 

0.024 

(0.033) 

0.065 

(0.044) 

-0.015 

(0.012) 

adj_net_sav -0.001 

(0.001) 

0.001*** 

(0.001) 

0.001*** 

(0.001) 

-0.001 

0.001 

capital 0.010 

(0.009) 

0.006 

(0.008) 

0.008 

(0.008) 

0.009 

(0.009) 

FDI 0.000 

(0.000) 

0.001 

(0.001) 

0.001 

(0.001) 

0.000 

(0.000) 

unempl -0.078*** 

(0.020) 

-0.480*** 

(0.097) 

-0.137*** 

(0.053) 

-0.077*** 

(0.023) 

     

     

Observations 2640 2508 2640 2640 

R² 0.086 0.034 0.051 0.048 

Adjusted R² 0.083 0.031 -0.002 0.045 

F-statistic 30.750*** 

(df = 8, 2631) 

11.096*** 

(df = 8, 2499) 

16.831*** 

(df = 8, 2500) 

133.681*** 

     

Note: *p<0.1; **p<0.05; ***p<0.01 
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8.4. Domestic material consumption 

Subsequent empirical model for the dependent variable Domestic material 

consumption was defined as: 

 

𝑐𝑜𝑛𝑠𝑢𝑚𝑖𝑡 = 𝛽0 + 𝛽1𝑝𝑜𝑝_𝑔𝑟𝑜𝑤𝑡ℎ𝑖𝑡 + 𝛽2𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽3𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑡 + 𝛽4𝐹𝐷𝐼𝑖𝑡

+ 𝛽5𝑢𝑛𝑒𝑚𝑝𝑙𝑖𝑡 + 𝑢𝑖𝑡 

 

Similarly to the first empirical model for GDP growth, data for years 2000-2019 

were used in the regression analysis with the same characteristics reported by the ADF, 

Breusch-Pagan and Breusch-Godfrey tests; stationarity, serial correlation and 

heteroskedasticity. After robust standard errors correction, comparison of pooled OLS, 

FE and RE models performed by the LM, Chow and Hausman tests denoted the FE model 

as the best option. 

All independent variables – population growth, inflation, gross capital 

accumulation, inflow of foreign direct investment and unemployment rate, are reported 

statistically insignificant for FE model as displayed in Table 3. The RE model refers to 

the value of 𝜃 on a high level of 0.911, indicating that FE and RE models are very similar 

hence RE estimates of coefficients might be used instead. However, RE model performs 

insignificant results as well for all independent variables, only variable inflation performs 

weaker correlation with the dependent variable. Therefore, the unit changes in 

explanatory variables do not correspond to significant changes in dependent variable with 

estimated coefficients of explanatory variables being insignificant for both FE and RE 

models. 

Such results for this empirical model were not expected, however it still provides 

useful information for further studies of this matter. Since the increase in population, 

inflation, capital formation, inflows of foreign direct investment or unemployment seem 

to have zero effect on the level of domestic material consumption, one possibility would 

be to restructure the empirical model and include different explanatory variables. Also, 

some of these independent variables might have indirect effects rather than a direct one, 

which would require further inspection and inclusion of the connecting variables for the 

effect to be apparent. 

 

 

 



 

29 

Table 3: Regression results with robust standard errors  

 

Dependent variable: Domestic material consumption [millions of tones] 

     

 Pooled OLS FD FE RE 
     

intercept 412.544** 

(191.685) 

14.221 

(9.549) 

 509.373*** 

(139.363) 

pop_growth -75.483 

(50.367) 

-0.500 

(0.493) 

-13.886 

(13.459) 

-19.897 

(15.531) 

inflation -0.004 

(0.004) 

-0.001* 

(-0.001) 

-0.001 

(0.001) 

-0.001* 

(0.001) 

capital 0.324 

(0.515) 

0.009 

(0.009) 

-0.191 

(0.195) 

-0.191 

(0.192) 

FDI 0.042* 

(0.022) 

0.001** 

(0.001) 

0.010 

(0.010) 

0.010 

(0.011) 

unempl -19.132 

(12.617) 

-3.494* 

(1.966) 

-3.063 

(4.288) 

-4.307 

(3.561) 

     

     

Observations 2640 2508 2640 2640 

R² 0.260 0.006 0.038 0.044 

Adjusted R² 0.258 0.004 -0.014 0.042 

F-statistic 184.763*** 

(df = 5, 2634) 

2.819*** 

(df = 5, 2502) 

19.883*** 

(df = 5, 2503) 

120.147*** 

 

     

Note: *p<0.1; **p<0.05; ***p<0.01 
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8.5. Unemployment rate  

Following empirical model was formed for analysis of dependent variable 

Unemployment: 

 

𝑢𝑛𝑒𝑚𝑝𝑙𝑖𝑡 = 𝛽0 + 𝛽1𝑝𝑜𝑝_𝑔𝑟𝑜𝑤𝑡ℎ𝑖𝑡 + 𝛽2𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽3𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽4𝐺𝐷𝑃𝑖𝑡

+ 𝑢𝑖𝑡 

 

Proceeding with the same approach as in the case of the two previous analyses, data 

covering the time span of years 2000-2019 were used for the panel data regression. The 

same properties were measured by ADF, Breusch-Pagan and Breusch-Godfrey tests as 

well; stationarity, serial correlation and heteroscedasticity. The latter two were adjusted 

by robust standard errors regression. Similarly to the previous empirical models for GDP 

per capita growth and Domestic material consumption, FE estimator proved to be the 

most suitable. Comparison of FE and RE models shows almost identical results for all 

variables as reported in Table 4, with 𝜃 = 0.905. 

Independent variable GDP reports statistical significance for all models with 

negative effect on unemployment rate, relationship of these two variables following 

Okun’s law as already described in summary of the first empirical model. Specifically, 1 

percentage point increase in GDP results in 5 percentage points decline of unemployment 

rate. 

The result for variable inflation supports the theory of Phillips curve which suggests 

an inverse relationship between price stability and unemployment. According to the 

analysis of FE model, 1 percentage point inflation increment causes unemployment rate 

decline of 0.1 percentage point. However, many economists have argued inaccuracy and 

invalidity of Phillips curve and such suggestions might be in place given rather low 

coefficient. 

The model also confirms strong statistical significance of education. When 

previously discussing the relationship between education and economic development, a 

suggestion of the importance of cognitive skills expansion was made as an explanation 

for a somewhat unexpected result. However, the interconnection between unemployment 

and education is, in this case, more straightforward with the generally known fact that the 

majority of employers gives priority to applicants with higher education. 

Last statistically significant independent variable, population growth, indicates 

negative relation to unemployment. The result can be interpreted in a way such that 
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economies around the world are successful at creation of new jobs with acceleration of 

their populations; increase of country’s population leads to decline in unemployment rate. 

 

 

Table 4: Regression results with robust standard errors  

 

Dependent variable: Unemployment rate, share of total labour force [%] 

     

 Pooled OLS FD FE RE 
     

intercept 10.983*** 

(2.084) 

-0.094*** 

(0.026) 

 12.344*** 

(1.540) 

pop_growth -1.610*** 

(0.436) 

-0.166 

(0.102) 

-0.618** 

(0.255) 

-0.693*** 

(0.253) 

education -0.094 

(0.166) 

-0.028 

(0.164) 

-0.557*** 

(0.176) 

-0.440*** 

(0.150) 

inflation -0.001*** 

(0.001) 

0.000 

(0.000) 

-0.001*** 

(0.001) 

-0.001*** 

(0.001) 

GDP -0.136*** 

(0.044) 

-0.027*** 

(0.007) 

-0.050** 

(0.021) 

-0.049** 

(0.020) 

     

     

Observations 2640 2508 2640 2640 

R² 0.106 0.022 0.056 0.050 

Adjusted R² 0.105 0.020 0.005 0.049 

F-statistic 78.454*** 

(df = 4, 2635) 

13.885*** 

(df = 4, 2503) 

37.255*** 

(df = 4, 2504) 

139.625*** 

 

     

Note: *p<0.1; **p<0.05; ***p<0.01 

 

 

 

 

 

 

 

 



 

32 

6. Forecast Methods 

The last part of analysis serves for the prediction of fulfilling the goal on a global 

level by 2030 as proposed by the agenda. While estimating dependent variables growth 

of GDP per capita, domestic material consumption and unemployment rate based on 

historical data for the years 2000-2019, the two of the most widely used approaches for 

time-series forecasting, ETS and ARIMA models, were chosen for the prognosis of future 

evolution. World data were used for the analysis since all countries have committed to 

accomplish the goal. 

Time-series forecasting is typically a univariate analysis with two aspects; time 

index and a dependent variable that is defined as a function of its own previous values. 

Every time-series has four patterns: (1) seasonality, (2) trend, (3) cyclical variations and 

(4) random variations. By plotting the data of dependent variables and swift analysis of 

their graphs, both GDP growth per capita and unemployment rate report sudden changes 

around the period 2007-2009, caused by the Great Recession. The pace of Domestic 

material consumption during this period seems to had slowed down as well, however 

promptly returned back to the old tracks after 2009. No seasonality is evident in the data. 

An upward trend is apparent in Domestic material consumption as there is a long-run 

increase throughout the observed period. Cyclic pattern might be a matter of GDP growth 

per capita and unemployment rate as they are both considered determinants of the 

business cycle. 

First of used forecasting methods is the Exponential smoothing, also known as ETS 

(stands for error, seasonality and trend). The logic behind this type of prognosis lies in 

weighted averages of the previous observations, with weights distributed according to the 

age of observations; most recent ones obtaining the highest weight. Exponential 

smoothing was introduced in the middle of the twentieth century and has served as a 

trustworthy method for broad scope of time-series data. One of the advantages of the 

model is its ability to include trend and seasonal elements of various properties, i.e. none, 

additive or multiplicative components, and form multiple combinations that suit data the 

best. For both GDP growth per capita and unemployment rate, the resulting ETS model 

is ETS(A, N, N) – additive error, none trend, none seasonality. However, as it was already 

mentioned, domestic material consumption data reveal a trend, hence its model is ETS(A, 

A, N) – additive error and trend, no seasonality. (Jofipasi, 2018)  
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Contrary to the ETS model, which is working with the trend and seasonality of the 

data, the Auto Regressive Integrated Moving Average (ARIMA) model focuses on 

autocorrelation in stationary time series. By merging differencing with autoregressive and 

moving average models, ARIMA (p, d, q) model is received. The argument p stands for 

order of the autoregressive part, d is the degree of included first differencing and q 

represents order of the moving average component. While it might be quite challenging 

to decide on the relevant values for variables p, d, q, the auto.arima function in R directly 

selects appropriate values. (Hyndman & Athanasopoulos, 2018)  

Before running the forecast, ADF test for stationarity was performed and revealed 

unit root in all observed variables. Such property has to be dealt with in order to obtain 

accurate ARIMA predictions by allowing for differencing, represented by the argument 

d. It should be also noted that naturally, all of the predictions are made solely on available 

historical data without taking into account any possible future socioeconomic changes or 

shocks affecting economic growth. Current pandemic of coronavirus will surely have a 

significant impact on portrayed prognosis. 

After running the forecasts, the Akaike Information Criterion (AIC) technique for 

comparison of ETS and ARIMA models was performed. The method evaluates fitness 

within the sample for assessment of the models’ likelihood to forecast future progression. 

General condition holds that the lowest AIC value indicates a better fitting model. 

(Mohammed, 2015) 

 

8.1. GDP growth per capita. For the variable determining overall economic 

growth, ETS model as displayed in Graph 1 reports constant predicted value at 1.81% as 

the best estimate has no trend or seasonal components. ARIMA prognosis estimates more 

pessimistic value of 1.22% of GDP growth per capita reached in 2030, with a broader 

80% confidence interval level represented by the light grey area in Graph 2. According 

to the AIC method, the ETS model is of better prediction properties as pictured in  

Graph 7. 

 

8.4. Domestic material consumption. Based on the historical data, an undeniable 

trend in material consumption is expected to continue in the future years as shown by 

both ETS and ARIMA models in Graph 3 and Graph 4. The ETS model predicts a higher 

level of consumption in 2030 than the ARIMA model by circa 3.5 billion tonnes with 

much narrower 80% confidence intervals. AIC test results in Graph 8 imply the ARIMA 
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model is more suitable, thus the predicted level of domestic consumption reached in 2030 

is 347.2 billion tonnes.  

 

8.5. Unemployment rate. For the last target, ETS model in Graph 5 predicts 

unemployment rate of 5.37% in 2030 with 80% confidence level boundaries between 4.50 

– 6.25, whereas ARIMA model in Graph 6 shows a rate of 5.42% and 80% confidence 

level span from 4.69 to 6.16 to be reached in 2030 assuming current conditions. As shown 

in Graph 9, ARIMA model reports better prognosis according to the AIC technique. 
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Graph 1: ETS forecast for the annual growth of GDP per capita by 2030 

 

 

 

 

Graph 2: ARIMA forecast for the annual growth of GDP per capita by 2030 
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Graph 3: ETS forecast for domestic material consumption by 2030 

 

 

 

 

Graph 4: ARIMA forecast for domestic material consumption by 2030 
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Graph 5: ETS forecast for the unemployment rate by 2030 

 

 

 

 

 

Graph 6: ARIMA forecast for the unemployment rate by 2030 
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Graph 7: AIC comparison of models for the annual growth of GDP per capita 

 

 

 

Graph 8: AIC comparison of models for domestic material consumption 
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Graph 9: AIC comparison of models for the unemployment rate 
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Conclusion 

The thesis is divided into two main parts. First is a theoretical part, which includes 

basic information about the Sustainable Development Goals with focus on Goal 8, and 

serves as a mean to gain acquaintance with theoretical background on the issue of decent 

work, economic development and its indicators, moral and environmental consequences 

and further literature review associated with this matter. This review of literature was 

utilized as a useful framework for further definition of empirical models as inferred on 

subsequent pages. The overall economic development, as indicated by the annual growth 

of GDP, was expected to further continue in positive numbers; specifically in January 

2020 the estimated global level of economic growth was at 2.5%. However, only after a 

couple of months, this estimation had to be reassessed as the whole world fought the 

coronavirus pandemic. New projections in June 2020 forecasted sharp decrease in GDP 

growth of -5.2% and the battle still continues. According to the World Bank and SDG 

Fund, overall global level of GDP is forecasted to experience its greatest decline since the 

1970s. The mission for decent work, as represented by unemployment and working 

conditions of employees, has been harmed by the pandemic as well. 

The latter part, analytical section, summarizes econometrics theory for panel data, 

describes how, where and which data were obtained for the analysis and the process of 

treating missing data. Many of the countries had to be excluded from the original dataset 

as they reported unobserved variables for the examined time period for all or majority of 

the variables. Those eliminated were mostly developing and small countries, that are 

fighting the socioeconomic problems represented by the SDG agenda and should be 

therefore the ones in the centre of attention and examination. Such reality makes the goals 

even more complicated to reach. 

 The section continues with modelling for observed variables with respect to 

previous research and literature, presents results of panel data regression and explains 

them. As expected, inflation, unemployment rate and the level of adjusted net savings 

have an impact on the annual growth of GDP per capita, as well as the education, 

represented by the amount of mean years of schooling. However, the nature of educational 

impact is reported with negative estimate, indicating that the correlation between 

economic growth and average additional years spent in school is negative due to 

insufficient development of cognitive skills that would further contribute to economic 

progress. Second empirical model for domestic material consumption performed 
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unexpected results as none of the variables used in analysis performed statistical 

significance, even though the model reports statistical significance for all four estimation 

methods. As implied, neither population growth, inflation, capital formation, FDI or 

unemployment rate seem to have any effect on the level of consumption. Further 

advanced inspection and restructuring of the model with different variables might explain 

changes in domestic material consumption. The third empirical model, inferring the rate 

of unemployment, states statistical significance for all employed variables; education, 

inflation, GDP growth per capita and population growth. 

The last part of analysis is focused on simple prognosis of SDG 8 fulfilment by the 

year 2030 as proposed by the agenda by performing two forecast methods, ETS and 

ARIMA models. AIC comparison is then performed to display better fitted models. 

Growth of GDP per capita is estimated at 1.81% level in 2030 by more suitable ETS 

model, ARIMA forecast of material consumption reports continuously increasing trend 

in global consumption of almost 347.2 billion tonnes in 2030 and unemployment rate is 

predicted to reach the level of 5.42% in 2030, still substantially distant to the desired 0% 

level. 

Based on inference analysis and future prognosis, it is highly unlikely that the goal 

of economic growth and decent work will be reached by 2030 under current conditions. 

Insufficient increase in GDP per capita, ongoing trend of accelerating material 

consumption and unsatisfactory level of unemployment are significant barriers on the 

world’s journey to sustainability. Higher involvement, participation and immediate action 

by governments, international institutions and the private sector are necessary in order to 

improve the situation and reach the goal. 
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Appendix 1: List of countries used in analysis 

 

 

Country Income group Region 

Albania Upper middle income Europe & Central Asia 

Algeria Upper middle income Middle East & North Africa 

Angola Lower middle income Sub-Saharan Africa 

Argentina High income Latin America & Caribbean 

Armenia Upper middle income Europe & Central Asia 

Australia High income East Asia & Pacific 

Austria High income Europe & Central Asia 

Azerbaijan Upper middle income Europe & Central Asia 

Bahrain High income Middle East & North Africa 

Bangladesh Lower middle income South Asia 

Belarus Upper middle income Europe & Central Asia 

Belgium High income Europe & Central Asia 

Benin Low income Sub-Saharan Africa 

Bhutan Lower middle income South Asia 

Bolivia Lower middle income Latin America & Caribbean 

Botswana Upper middle income Sub-Saharan Africa 

Brazil Upper middle income Latin America & Caribbean 

Bulgaria Upper middle income Europe & Central Asia 

Burundi Low income Sub-Saharan Africa 

Cabo Verde Lower middle income Sub-Saharan Africa 

Cambodia Lower middle income East Asia & Pacific 

Cameroon Lower middle income Sub-Saharan Africa 

Canada High income North America 

Colombia Upper middle income Latin America & Caribbean 

Comoros Low income Sub-Saharan Africa 

Congo, Rep. Lower middle income Sub-Saharan Africa 

Costa Rica Upper middle income Latin America & Caribbean 

Côte d'Ivoire Lower middle income Sub-Saharan Africa 

Croatia High income Europe & Central Asia 
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Cyprus High income Europe & Central Asia 

Czech Republic High income Europe & Central Asia 

Congo, Dem. Rep. Low income Sub-Saharan Africa 

Denmark High income Europe & Central Asia 

Dominican Republic Upper middle income Latin America & Caribbean 

Ecuador Upper middle income Latin America & Caribbean 

Egypt Lower middle income Middle East & North Africa 

El Salvador Lower middle income Latin America & Caribbean 

Estonia High income Europe & Central Asia 

Eswatini Lower middle income Sub-Saharan Africa 

Finland High income Europe & Central Asia 

France High income Europe & Central Asia 

Gabon Upper middle income Sub-Saharan Africa 

Gambia Low income Sub-Saharan Africa 

Georgia Lower middle income Europe & Central Asia 

Germany High income Europe & Central Asia 

Ghana Lower middle income Sub-Saharan Africa 

Greece High income Europe & Central Asia 

Guatemala Upper middle income Latin America & Caribbean 

Guinea Low income Sub-Saharan Africa 

Guinea-Bissau Low income Sub-Saharan Africa 

Haiti Low income Latin America & Caribbean 

Honduras Lower middle income Latin America & Caribbean 

Hungary High income Europe & Central Asia 

Chile High income Latin America & Caribbean 

China Upper middle income East Asia & Pacific 

Iceland High income Europe & Central Asia 

India Lower middle income South Asia 

Indonesia Lower middle income East Asia & Pacific 

Iraq Upper middle income Middle East & North Africa 

Ireland High income Europe & Central Asia 

Israel High income Middle East & North Africa 

Italy High income Europe & Central Asia 
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Jamaica Upper middle income Latin America & Caribbean 

Japan High income East Asia & Pacific 

Jordan Upper middle income Middle East & North Africa 

Kazakhstan Upper middle income Europe & Central Asia 

Kenya Lower middle income Sub-Saharan Africa 

Kuwait High income Middle East & North Africa 

Kyrgyzstan Lower middle income Europe & Central Asia 

Lao PDR Lower middle income East Asia & Pacific 

Latvia High income Europe & Central Asia 

Lesotho Lower middle income Sub-Saharan Africa 

Liberia Low income Sub-Saharan Africa 

Lithuania High income Europe & Central Asia 

Luxembourg High income Europe & Central Asia 

Madagascar Low income Sub-Saharan Africa 

Malawi Low income Sub-Saharan Africa 

Malaysia Upper middle income East Asia & Pacific 

Mali Low income Sub-Saharan Africa 

Mauritius Upper middle income Sub-Saharan Africa 

Mexico Upper middle income Latin America & Caribbean 

Mongolia Lower middle income East Asia & Pacific 

Morocco Lower middle income Middle East & North Africa 

Mozambique Low income Sub-Saharan Africa 

Namibia Upper middle income Sub-Saharan Africa 

Nepal Low income South Asia 

Netherlands High income Europe & Central Asia 

New Zealand High income East Asia & Pacific 

Nicaragua Lower middle income Latin America & Caribbean 

Niger Low income Sub-Saharan Africa 

Nigeria Lower middle income Sub-Saharan Africa 

North Macedonia Upper middle income Europe & Central Asia 

Norway High income Europe & Central Asia 

Oman High income Middle East & North Africa 

Pakistan Lower middle income South Asia 
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Panama High income Latin America & Caribbean 

Paraguay Upper middle income Latin America & Caribbean 

Peru Upper middle income Latin America & Caribbean 

Philippines Lower middle income East Asia & Pacific 

Poland High income Europe & Central Asia 

Portugal High income Europe & Central Asia 

Korea, Rep. High income East Asia & Pacific 

Moldova Lower middle income Europe & Central Asia 

Romania Upper middle income Europe & Central Asia 

Russian Federation Upper middle income Europe & Central Asia 

Rwanda Low income Sub-Saharan Africa 

Saudi Arabia High income Middle East & North Africa 

Senegal Low income Sub-Saharan Africa 

Serbia Upper middle income Europe & Central Asia 

Sierra Leone Low income Sub-Saharan Africa 

Singapore High income East Asia & Pacific 

Slovak Republic High income Europe & Central Asia 

Slovenia High income Europe & Central Asia 

South Africa Upper middle income Sub-Saharan Africa 

Spain High income Europe & Central Asia 

Sri Lanka Lower middle income South Asia 

Sweden High income Europe & Central Asia 

Switzerland High income Europe & Central Asia 

Tajikistan Low income Europe & Central Asia 

Thailand Upper middle income East Asia & Pacific 

Togo Low income Sub-Saharan Africa 

Tunisia Lower middle income Middle East & North Africa 

Turkey Upper middle income Europe & Central Asia 

Uganda Low income Sub-Saharan Africa 

Ukraine Lower middle income Europe & Central Asia 

United Kingdom High income Europe & Central Asia 

Tanzania Low income Sub-Saharan Africa 

United States High income North America 
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Uruguay High income Latin America & Caribbean 

Uzbekistan Lower middle income Europe & Central Asia 

Venezuela Upper middle income Latin America & Caribbean 

Vietnam Lower middle income East Asia & Pacific 

 

 

 

 

 


