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Abstract
Petroleum economics is the field that studies human utilization of petroleum resources
and the consequences of that utilization. Petroleum use allows the production of energy.
Resources can be regarded as renewable or depletable; petroleum falls into the latter category, which can have an effect on pricing strategies. Crude oil is one of the main natural
feedstocks used to meet energy demands and price variation has a significant influence
on the society development. A large amount of research suggests that oil price fluctuations
have considerable consequences on economic activity. These consequences are expected to
be different in oil importing and in oil exporting countries. Whereas an oil price increase
should be considered positive news in oil exporting countries and negative news in oil
importing countries, the reverse should be expected when the oil price decreases. The paper
investigates the co-movements and causality relationship between oil prices and GDP of
selected oil exporting countries. Our assumption is decreasing oil prices has a negative
impact on the GDP of such countries.
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Introduction
The causality testing is based on the Granger-causality concept (Granger W. J. 1969).
Earlier studies assumed a symmetric relationship and generally found causality running from oil prices to GDP. The asymmetric specification which is based on Mork’s
(1989) oil price increase and decrease and also Hamilton’s (1996a, 1996b) net oil
price increase specifications significantly improved model specification of the oil
price-economics. Hooker (1996) identified the changes in the causality relationship
between oil prices and GDP while searching for a statistically stable specification.
The works of Hooker (1996a, 1996b) and Hamilton (1996) has played a very important role in establishing a stable statistical relationship between oil price changes
and GDP. Generally, the interaction of the oil price-GDP relationship with the mod-
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els of transmission channels has improved the understanding on how oil prices might
influence a macroeconomic aggregate such as GDP. Hamilton (1983) was the .first
to report the weakening statistical relationship between oil prices and GDP.
According to Rotemberg and Woodford (1996), these specifications did not entirely settle the question of whether a stable, long-term relationship between oil prices
and other macroeconomic variables existed. Finn’s (2000) specification of a similar
aggregate model reveals that an oil price shock causes sharp, simultaneous decreases in
energy use and capital utilisation. Using bivariate and multivariate VAR specifications,
Hooker (1999) examined the stability of the oil price GDP relationship over the period
1954-1995. Backus and Crucini (2000) found that terms of trade volatility is significantly related to increased oil price volatility, as opposed to fluctuations in exchange
rates. Bercement et al. (2009) examined how oil prices affect the output growth of
selected countries that are considered either net-exporters or net importers of oil using
time-series technique. Aliyu (2009) analysed the effect of oil prices on real macroeconomic activity employing both linear and non-linear specifications. The paper describes evidence of both linear and non-linear impacts of oil price shocks on real GDP.
The purpose of the analysis is to investigate the impact of the change in the price of
oil on the GDP per capita of three country-specific groups.

Material and Methods
To answer these questions, the 10 most important oil exporters (Group A), 10 most
important oil importers (Group C) and 13 OPEC countries (Group B) were selected, whose per capita GDP values were examined through the 16-year data series
(2002-2017).
Country groups (including abbreviations) in the study were as follows:
Group A (Top 10 non-OPEC oil exporting countries)
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

United States (USA)
Russia (RUS)
China, People’s Republic (CHN)
Canada (CAN)
Brazil (BRA)
Mexico (MEX)
Norway (NOR)
Kazakhstan (KAZ)
Colombia (COL)
India (IND) Three countries (the United States, China, India) are also exporters and importers.
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The estimated GDP per capita (thousand USD) was abbreviated as GDP / capita
during the analysis.
During the analysis, general statistical methods (descriptive statistics, regression,
correlation calculations, etc.) were used and the results were illustrated by appropriate types of graphs.

Figure 1: The price of oil prices between 2002 and 2016
Source: FRED (2019)

Figure 1 clearly shows that oil price changes can be divided into 3 phases. The
first period (2002-2008) shows a relatively steady increase in oil prices. During the
period under review, oil prices were almost quadrupled and annual average growth
rate was 25.4% while the average annual growth rate was USD 12.04.
In 2009, the price of oil decreased by 36.6% compared to 2008, and then started to rise again till 2012, exceeding the price level of 2008 by almost 15%, from
which a repeated decline in prices can be observed. In the year 2016, oil prices
show a nearly 75% increase compared to the base year of 2002, but a drop of nearly 60% compared to the most favorable 2012 figure occurred. During the period
under review, the oil price change showed a large fluctuation in relative variance
of more than 40%.
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Results
In the following part the impact of oil prices on GDP per capita is examined.
First, the changes of per capita GDP over the period under review is presented, then
the relationship between oil price and GDP / principal values in the case of the
examined three groups of countries. From the time series data first the values of the
mean, standard deviation and relative scattering of 15 years per GDP/capita were
calculated.
Group A
mean
s
s%

USA
49075.4
1807.20
3.68

RUS
10162.6
1393.48
13.71

CHN
4275.2
1545.05
36.14

CAN
47967.4
1645.13
3.43

BRA
10548.4
1023.04
9.70

Group A
mean
s
s%

MEX
9088.6
406.07
4.47

NOR
88398.0
2181.41
2.47

KAZ
8674.2
1623.75
18.72

COL
6187.0
878.91
14.21

IND
1276.6
324.63
25.43

Table 1: The main indicators of members of the “A” country group
Source: authors’ own calculation

Based on the results of descriptive statistics about the examined 15 years (20022016), it can be seen that the relative deviation (s%) of GDP per capita in high
GDP/capita countries (NOR, USA, CAN) is low (below 4%) while in the case of
CHN and IND with a low GDP / capita, the relatively small standard deviation
results in relatively high relative scattering (36% and 25%, respectively).

Figure 2: Changes in oil prices and GDP / capita (2002-2016)
Source: authors’ own calculation
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The figure shows that the decline in oil prices in 2009 resulted in a smaller
decline / reduction of GDP / capita in economically developed countries (NOR,
USA, CAN), which was restored within 1-2 years after the decline.
The changes of GDP / capita of
 the smaller GDP / capita countries is illustrated in another figure (Figure 2/a)/ to better observe its formation and changes.

Figure 2 / a Changes of oil prices and GDP / capita in time (2002-2016)
Source: authors’ own calculation

Figure 2a presents a similar trend to the previous case. The decline in oil
prices has led to a decline in GDP per capita, which has started to grow again
in one year.
Exceptions were found only in two countries. The poorest country in India
has not responded to the decline in oil prices, continuing to increase its GDP per
capita on average by USD 74. 8 per year. China has also remained resistant to the
decline in oil prices with a stronger GDP per capita growth (USD 356.6 a year).
So far, we have been investigating the changes of oil price change and GDP /
capita in time, and we have demonstrated a decrease in the GDP / capita of the
oil price decrease in 8 oil exporting countries.
In the following part, the effect of oil price change on the GDP / capita value is examined directly by regression analysis. (Figure 3).
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Figure 3: Illustrating the correlations between oil price and GDP/capita (Part 1)
Source: authors’ own calculation

Assuming a linear relationship, the determination coefficients show a low value r2 = 20.15% (NOR); r2 = 14.50% (USA); r2 = 32.99% (CAN) for the 3 most
economically advanced countries. That is, oil prices cannot at all (NOR, USA)
or only slightly affect GDP / capita (CAN) statistically and other components of
the economy play much greater role.
The other 7 oil exporting countries in Group A show varying degrees of dependence on oil price change. (Fig. 3 / a)
Based on Figure 3 / a, it can be stated that, in examining the oil price and
the GDP / capita linear relationship, in certain countries oil price change has
had a different impact on GDP. For example, in RUS r2 = 64.64%) and BRA
(r2 = 67.77%), the dominant role of the oil price is high above 60%, while in
other countries it is more moderate (KAZ r2 = 43.64%, COL r2 = 29. 73%) and
in some cases it is statistically not justified (CHN r2 = 24.35% and IND r2 =
21.41%).
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Figure 3/a: Illustrating the correlations between oil price and GDP/capita (Part 2)
Source: authors’ own calculation

The table below (Table 2) shows the degree of dependence of GDP per capita in
relation to the oil price and the yearly effect. The yearly effect in this case means the
effect of the complete complex economic environment.
Countries

GDP pc

r2 (oil)

r2 (year)

b (oil)

b (year)

NOR

88392,4

0,204

0,321

33,85

285,36

USA

49095,4

0,139

0,707

23,56

357,38

CAN

48002,6

0,307

0,812

32,25

352,96

BRA

10548,4

0,678

0,796

28,98

211,28

RUS

10227,5

0,634

0,813

39,70

302,57

MEX

9088,6

0,312

0,789

7,81

83,50

KAZ

8674,3

0,436

0,958

36,91

367,81

COL

6187,0

0,297

0,993

16,49

202,72

CHN

4275,2

0,244

0,995

26,24

356,64

IND

1276,6

0,214

0,992

5,17

74,83

Table 2 Regression parameters for countries in Group A
Source: authors’ own calculations from basic data
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Legend
r2 (oil) = determination coefficient that shows how much oil price volatility explains the fluctuation of GDP / capita.
r2 (year) = determination coefficient that shows the extent to which the yearly effect (general economic environment) changes the fluctuation of GDP / capita.
b (oil) = regression coefficient that shows the average change of the unit price of
oil on the GDP / capita change over the period under review.
b (year) = regression coefficient that shows the average GDP / person change over
the year in the examined period.
Based on the indicators in Table 2, it can be stated that the change in the oil price
has no statistically verifiable effect on the GDP / capita value in four out of 10 countries. Two of them are the most developed ones (NOR, USA) and the other two are
the poorest countries in the group CHN, IND).
That is, the price of oil is only slightly affected by GDP / capita and the other
components of the economy play a greater role.
In the case of BRA and RUS, the impact of oil price change on the GDP / capita
(r2 = 67.8% and 63.4%), i.e. the economic growth, is strongest.
The yearly impact (general economic environment) is very significant for the 4
poorest countries (95-99%) and for other countries (70.7-80.3%) it is also decisive.
An exception is NOR, where the determination is only 32.1%, but this is also statistically significant.
Table 3 below shows the strength of linear relationships between the characteristics of correlations (of Table 2).
GDP pc
r2 (oil)
r2 (year)
b (oil)
b (year)

GDP pc
1.000
-0.399
-0.892
0.360
0.370

r2 (oil)
1.000
0.148
0.457
0.009

r2 (year)

1.000
-0.322
-0.137

b (oil)

1.000
0.818

b (year)

1.000

Table 3: The value of the correlation coefficients between the indicators in Table 2
Source: authors’ own calculations from basic data

Based on the value of the correlation coefficients, it can be concluded that,
by analogy, GDP / capita is in the strongest correlation with the yearly effect (r
= -0.892). In this case, the negative sign indicates that the GDP per capita of the
more developed countries (e.g. NOR) is less dependent on the yearly effect, while
the economically underdeveloped countries (KAZ, COL, CHN, IND) depend on
the yearly effect. Dependence on oil price fluctuations and GDP / capita also have
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a negative but lesser correlation (r = 0.399). That is, in this case, economically more
advanced countries are less exposed to oil price fluctuations, while the less developed
countries are more dependent on changes in oil prices.
There is no significant correlation between the degree of dependency on the yearly effect and the degree of dependence on oil (r = 0.148). Thus, these two indices
appear to be suitable for the graphical comparison of countries (Figure 4).
Scatterplot of r2 (year) vs r2 (oil)
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Figure 4: An illustration of countries in Group A based on the yearly impact
or the extent of dependence on the effect of the oil price change
Source: authors ‘own calculation

Figure 4 shows that oil exporting countries can be classified into three main
groups according to their oil price change exposure. For NOR, USA, IND, and
CHN, the evolution of GDP per capita does not depend statistically on the change
in oil prices. It is interesting to note that this group included the richest (NOR) and
the poorest (IND, CHN) countries. These countries show great differences in their
response to the yearly impact. The more economically advanced a country, the less
exposed it is to the impact of the economic environment (yearly effect). For MEX,
CAN, COL, and KAZ in Group 2, the price of GDP per capita is statistically dependent on the oil price change. In Group 3 (RUS, BRA), there is a strong dependence
on oil price change.
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Conclusions
High GDP / capita countries (NOR, USA, CAN) were affected by the oil price fluctuation to a smaller extent while in the case of countries with lower GDP / capita
two tendencies were observed.
The 4 countries with the lowest GDP / capita (IND, CHN, COL, MEX) show a
positive linear correlation, which means that the dependence on oil prices is also
slightly increasing with the GDP / capita growth.
Three countries with similar GDP / capita values show the strongest dependence on
oil price change. While in the case of BRA and RUS the dependence is stronger
(60-70%), for KAZ it is more moderate, as it hardly exceeds 40%.
Looking at the aggregate of the 10 countries, there is no statistically justifiable trend
between the magnitude of GDP per capita and the decisive role of the oil price
change. (R 2 = 15.89%)
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