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Abstract
The article examines price volatility of the following energy raw materials: uranium, coal, crude oil and natural gas, and its influence 
on GDP fluctuation with regard to selected European countries. The study was carried out using linear regression approach, in which 
the volatility of raw materials prices was determined as independent variables and GDP fluctuation as a dependent variable. The arti-
cle examines 33 European countries and the examined period covered 28 years (from 1990 to 2018). As demonstrated in the study, en-
ergy raw materials prices volatility influences GDP fluctuation, especially in the countries involved in their extraction and processing. 
Attention was also drawn to the fact that uranium and coal are the most significant energy raw materials for the European countries. 
In the case of crude oil, its volatility turned out to be significant only for two countries, i.e. Norway and the Russian Federation. It was 
a surprise that natural gas prices volatility slightly affects GDP fluctuation in selected European countries.
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Introduction
The article discusses the study on the influence of energy 

raw materials prices volatility on GDP fluctuation with re-
gard to selected European countries. As it can be assumed, 
the prices (their volatility, to be precise) of raw materials such 
as: uranium, coal, crude oil or natural gas, can positively or 
negatively influence the economic growth of the European 
countries. There are many factors influencing the economic 
development of individual countries of course, like demand 
for consumer goods, investments or the amount of taxes. Nev-
ertheless the authors focused on the previously mentioned 
energy resources in the article. The energy raw materials pric-
es may have direct or indirect impact on the aforementioned 
economic factor. The direct impact relates to the extraction 
and processing of a particular energy raw material by a select-
ed country, while indirect impact may affect GDP of a select-
ed country through its influence on prices of, e.g. of consumer 
goods, production or inflation. This thesis is confirmed by the 
research conducted by A. Geis, who states that influence of 
crude oil prices on such parameters as production and infla-
tion can be observed both in the long and short term in the 
European Union countries [1].  Within the framework of the 
research carried out by Hamilton J.D., the author claims that 
economic activity and crude oil prices have negative correla-
tion [2].   Nevertheless, it should be pointed out that crude oil 
prices – being the main focus of the majority of scientific pub-
lications – are continuously losing importance with respect to 
GDP development in selected countries [3]. It results, among 
other things, from the fact that the majority of developed 
economies have significantly improved the efficiency of the 
raw material’s consumption [4]. An upturn in the consump-
tion of crude oil is related to implementation of a worldwide 
trend aimed at reducing CO2 emissions to atmosphere, and 

the crude oil itself has an essential meaning in this respect. 
In terms of significance, the coal is second and natural gas is 
third in the classification [5]. As opposed to crude oil, in the 
case of coal, reduction of its consumption may result in de-
cline of GDP indicator in particular countries, especially the 
countries outside the Organisation for Economic Co-opera-
tion and Development (OECD) [6]. The prices of the energy 
raw materials in question directly translate into energy prices, 
which in turn affects GDP development in selected countries. 
As it has been shown, the significance of the aforementioned 
relationship depends on the country [7]. It has also been stat-
ed that energy prices affect GDP to a greater extent in the de-
veloped countries than in the developing countries [8]. 

The first part of the article presents the methodology of 
the study and data taken into account in the analysis conduct-
ed. The second part of the article contains study results for 
particular raw materials. The whole article ends with a sum-
mary which discusses the study results presented in the previ-
ous chapter and the references. 

Methodology and data for analysis 
The aim of this article is to examine to what extent en-

ergy raw materials prices volatility impacts GDP fluctuation 
with regard to selected European countries [9]. In order to 
determine the aforementioned relationship, the linear regres-
sion was used. It was carried out using Excel and data analysis 
function (linear regression).

For the linear regression analysis - showing the relation 
between dependent variable and independent variables - to 
be carried out properly, data for the study should be selected 
appropriately in the first place. This article analyses the in-
fluence of particular energy raw materials (their prices vola-
tility) on GDP fluctuation with respect to selected European 
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countries. Taking the above into consideration, raw materials 
prices (historical data) and GDP values for the selected coun-
tries are fundamental data. Figure 1 shows the prices of en-
ergy raw materials. The prices of the following raw materials 
were taken into account for the analysis: coal, crude oil, nat-
ural gas and uranium. The aforementioned raw materials are 
the base for electricity generation. It should also be stressed 
that they constitute more than 85% of the energy sources in 
the EU [10]. 

Figure 2 shows energy raw material prices volatility in the 
analysed period, i.e. in the years 1991–2018, as it is the main 
focus of the study. 

As shown in Table 1, the correlation between the volatil-
ity of particular energy raw material prices is not significant. 
Taking the above into consideration, data considered as in-
dependent variables were taken into account in the analysis.  

Within European countries, 46 countries can be distin-
guished. For the purpose of the analysis, 33 countries were 
taken into account. The remaining 13 countries were not an-
alysed due to a lack of data. The following countries were not 
analysed: Bosnia and Herzegovina, Croatia, Montenegro, Es-
tonia, Liechtenstein, Lithuania, North Macedonia, Moldova, 
Monaco, San Marino, Serbia and the Vatican City. 

The analysis covered the period between 1990 and 2018. 

Study results
Based on the assumptions presented in the previous chap-

ter, an appropriate study of the relationship between energy 

raw material prices volatility and GDP fluctuation with re-
gard to selected European countries was carried out. Firstly, 
the coefficient of determination of independent variables to 
dependent variable (R squared) was determined. This coeffi-
cient value determines to what extent the independent vari-
ables describe the dependent variable.  The study results are 
presented in Table 2.  

Based on the results obtained, it can be generally stated 
that energy raw material prices volatility describes GDP fluc-
tuation with regard to selected European countries within the 
range of nearly 14% to 70%. As it can be readily seen from 
Table 2 – Norway and the Russian Federation are the coun-
tries where GDP fluctuation depends on raw materials prices 
volatility to the greatest extent. In the case of the first of the 
aforementioned countries, GDP fluctuation depends on raw 
material prices volatility in 70%, and in the case of the second 
one this value slightly exceeds 64%. In the case of Poland, this 
value is at the level of nearly 45%, and for all the EU countries 
it is close to 40%. This means that energy raw materials pric-
es volatility describes GDP fluctuation in 40%, thus the raw 
materials prices shape the level of dependent variable in 40%. 
As it can also be seen, the countries that mainly depend on 
energy raw materials prices volatility, rely on extraction and 
processing of these resources. 

The further part of the article examines, which of the 
energy raw materials prices volatilities are of particular sig-
nificance for development of GDP fluctuation with regard to 
selected European countries. The significance of particular 

Fig. 1. Energy raw material prices. Source: own elaboration based on [11]

Fig. 2. Volatility of energy raw materials prices taken into account for the analysis. Source: own elaboration based on [11]

Rys. 1. Ceny surowców energetycznych. Źródło: opracowanie własne na podstawie [11]

Rys. 2. Zmienność cen surowców energetycznych wzięty pod uwagę w analizie. Źródło: opracowanie własne na podstawie [11]
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independent variables for the formation of a dependent vari-
able is determined by the value „p”. If this value is below 0.05, 
then it can be assumed that the influence of a particular en-
ergy raw material (its volatility) affects development of GDP 
fluctuation of a selected country (bearing in mind importance 
of development of GDP fluctuation depended on energy raw 
materials prices volatility presented in Table 2). 

Firstly, it was examined whether uranium prices volatil-
ity affects GDP fluctuation with regard to selected European 
countries. In the case of this energy raw material, it can be 
stated that it affects GDP fluctuation in the following coun-
tries: Norway, Kazakhstan, the Czech Republic, Slovakia, 
Luxembourg, Greece, Great Britain, Iceland and Ireland. The 
results are presented in Table 3. 

With regard to all the aforementioned countries, an in-
crease of the raw material price results in raise of GDP value 
in particular countries. Nevertheless, it should be remem-

bered that with regard to all these countries (despite of Nor-
way) the influence is not significant. As shown in Table 3, 
Polish GDP fluctuation does not depend on the volatility of 
uranium prices. However, with regard to all European coun-
tries, there is such relation and similarly as in the case of the 
countries where GDP fluctuation depends on volatility of ura-
nium prices, an increase of this raw material price results in 
raise of European GDP value.  

Coal is another energy raw material subject to analysis. 
From the point of view of Poland and its resources, this raw 
material’s volatility seems to be important for development of 
Polish GDP fluctuation. It should be remembered that in the 
case of Poland, raw materials prices volatility is described by 
GDP fluctuation to the extent of 35%. The results with regard 
to this raw material are presented in Table 4. 

Analyzing coal, it should be stated that its volatility – from 
the perspective of GDP development in particular countries – 

Tab. 1. Correlation matrix showing relation between the energy raw material prices taken into account for the analysis. Source: own elaboration

Tab. 2. R squared for selected European countries. Source: own elaboration

Tab. 1. Macierz korelacji pomiędzy zmiennością cen surowców wziętych pod uwagę w analizie. Źródło: opracowanie własne

Tab. 2. R kwadrat dla poszczególnych krajów Europy. Źródło: opracowanie własne
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is much more important that changes in the uranium prices. 
As regards coal prices volatility, it is crucial for 13 countries, 
and in the case of uranium, the number of countries amounts 
to 9.  As shown in Table 4, coal prices volatility is not of signif-
icant influence on GDP development only with regard to two 
countries, these are: Norway and Kazakhstan. It is also worth 
noting that in the case of Poland, coal prices in the context of 
GDP are the most important among the mentioned countries.

Cude oil is another energy raw material subject to analy-
sis. The results obtained with regards to this variable are pre-
sented in Table 5. 

In the case of this raw material, crude oil prices volatili-
ty affects GDP fluctuation only with regard to the following 
two countries: Norway and the Russian Federation. The re-
sults obtained for these two countries should be beyond any 

doubt, taking into consideration the fact that their economies 
are based on the extraction and processing of crude oil itself. 
Admittedly, in the case of Poland and EU countries crude oil 
prices volatility is not important (according to the study re-
sults), nevertheless, even if it is assumed that there is some 
relation with regard to this raw material, it should be stated 
that it is negative, i.e. the increase in crude oil prices causes 
the Polish GDP decrease, as well as for the EU in general. 

Natural gas is the last energy raw material subject to analy-
sis. The results obtained for this study are presented in Table 6. 

According to the study results, presented in the table 
hereinabove, natural gas prices volatility has no significant 
impact on GDP fluctuation with regard to selected Europe-
an countries. Even for countries like Norway and the Russian 
Federation. The study results concerning this scope can be in-

Tab. 3. Uranium. Source: own elaboration

Tab. 4. Coal. Source: own elaboration

Tab. 5. Crude oil. Source: own elaboration

Tab. 3. Uran. Źródło: opracowanie własne

Tab. 4. Węgiel. Źródło: opracowanie własne

Tab. 5. Ropa naftowa. Źródło: opracowanie własne
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terpreted in such a way that crude oil is much more important 
for the economic situation of these countries than natural gas.   

Summary
According to the analysis conducted, raw materials prices 

volatility affects GDP fluctuation in selected European coun-
tries. This dependence is particularly evident in the case of 
countries that are involved in the extraction and processing 
of particular energy raw materials. It concerns the countries 
such as Norway and the Russian Federation. In the case of 
Norway, crude oil and uranium have the greatest impact on 
GDP fluctuation. With regard to the Russian Federation, 
crude oil and coal prices volatility are the most significant.  
According to the study carried out, countries within the con-

tinent in question, depend primarily on resources such as ura-
nium and coal. In the case of Poland, only the volatility of coal 
prices has an impact on GDP fluctuation. It should also be 
noted that within the European countries in question, GDP of 
Poland depends on coal prices volatility to the greatest extent. 
Considering the European Union countries, these are urani-
um and coal prices volatilities that mainly influence GDP de-
velopment. Summing up the study results, it should be stated 
that coal and uranium are still significant for GDP fluctuation 
development with regard to selected European countries. 

This paper was supported by the AGH University of Sci-
ence and Technology [No. 16.16.100.215]

Tab. 6. Natural gas. Source: own elaboration
Tab. 6. Gaz ziemny. Źródło: opracowanie własne
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Wpływ zmienności cen surowców energetycznych na zmienności wartość produktu krajowego 
brutto dla poszczególnych krajów Europy

W artykule poddano badaniu zmienność cen surowców energetycznych, do których zaliczono: uran, węgiel, ropę naftową oraz gaz 
ziemny, na zmienność produktu krajowego brutto poszczególnych krajów Europy. Badanie przeprowadzono przy użyciu regresji linio-
wej, w której zmienność cen surowców określono jako zmienne niezależne a zmienność PKB jako zmienną zależną. W artykule wzięto 
pod uwagę 33 kraje Europy, a badany okres obejmował 28 lat (od roku 1990 do roku 2018). Jak wykazano w badaniu zmienność cen 
surowców energetycznych wpływa na zmienność PKB szczególnie dla krajów zajmujących się ich wydobyciem oraz przetwarzaniem. 
Zwrócono również uwagę na fakt, iż najistotniejszymi surowcami energetycznymi, które mają znaczenie dla krajów Europy to uran 
oraz węgiel. W przypadku ropy naftowej zmienność tego surowca okazała się być istotna tylko dla dwóch krajów tj. Norwegii oraz 
Federacji Rosyjskiej. Zaskoczeniem okazał się fakt, iż zmienność cen gazu ziemnego w nieznacznym stopniu wpływa na zmienność 
PKB poszczególnych krajów Europy.

Słowa kluczowe: produkt krajowy brutto, surowce energetyczne, zmienność cen


