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Econometric model of dependence between the oil prices,
and the global external debt level and oil production

Abstract. The article comprises theoretical discussion of the influence of the revenues obtained from the exploitation of oil 
reserves on the external debt level in the countries of the world. Econometric methods are applied to analyse statistical data 
for 2003-2016 and quantitative characteristics of this influence. It was concluded that rise in oil prices results in growth of the 
national external debt. We found that 1% growth in oil prices increases the volume of foreign debt to the unit of GDP of the world 
for 3.17%.
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Економетрична модель залежності світового рівня зовнішнього боргу та видобутку нафти від цін на нафту
Анотація. У роботі висвітлено теоретичні аспекти залежності зовнішнього боргу країн світу від прибутків, отриманих 
від використання запасів нафти. Для вивчення такого впливу застосовано економетричні методи аналізу статистичних 
даних. В результаті дослідження виявлено, що зростання цін на нафту веде до зростання рівня зовнішнього боргу, а 
саме, до зростання відношення зовнішнього боргу до одиниці виробленого ВВП.
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Эконометрическая модель зависимости мирового уровня внешнего долга и добычи нефти от цен на нефть 
Аннотация. В работе рассмотрены теоретические аспекты зависимости уровня внешней задолженности стран мира от 
доходов, получаемых от использования нефти. Данная зависимость раскрыта в результате применения эконометрических 
методов анализа статистических данных. В результате исследования доказано, что рост цен на нефть приводит к росту 
уровня внешнего долга, а именно, к росту отношения внешнего долга к единице произведенного ВВП.
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1. Introduction
Amid truly global outreach of the latest financial crisis 

and its protracted impact on both developed and developing 
economies, it is obvious that shifts in oil production volume 
and changes of oil prices are among other factors that has 
crucial effect on the current state of the world economy.

Over the years, oil prices became an important financial 
indicator which helps to value an economic system of the 
world. The increasing attractiveness of future oil deals and the 
available derivatives in these contracts produced the capital 
inflow into the oil markets. Thus, the raw material market has 
become the element of the financial market.

It is well known that the lack of finances is one of the main 
obstacles to the economic growth of emerging markets. There 
is always lack of foreign currency on such markets, primarily 
because of lower level of export incomes.

The lack of foreign currency makes its rate higher than that 
of local currency. Rising oil prices creates a surplus of funds 

in countries which produce and sell oil. Later these funds are 
lent to developing countries which need finance. Thus, we can 
observe that the rising oil prices cause the growth of the to-
tal amount of government debt in the world. Also, we have 
to note that oil prices may have a speculative character as it 
is defined by financial markets. Globalization of contemporary 
world economic system has connected many sectors which 
may affect the oil prices, including political one. Oil prices are 
also closely linked to currency rates. This link can be especial-
ly noticed in the rate of the US dollar, as far as dollar is a nomi-
nal currency which rate can be used to calculate real economic 
indicators (GDP, inflation rate) and refinancing rates. Oil pri
ces affect currency rates of different countries in different way. 
Currency rates in oil producing countries suffer of lower oil pri
ces, because their local currency began to weaken due to de-
crease in export incomes. If we look at the information provi
ded by the Ministry of Finance of Azerbaijan for 2011-2017, we 
see that the volume of Azerbaijan’s external debt rose from the 
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USD 3,857.3 million to USD 6,913.2. However, if we compare 
external debt figures in Azerbaijani manat (AZN), we can see 
bigger difference in its value - it grew from AZN 4,753.2 mil-
lion in 2014 to AZN 12,241.3 million in January 2017. This pe-
riod was the time of sharp decline in the oil prices. From 2011 
to 2016 US dollar rate strengthened, and that affected econo
mic indicators in Azerbaijan as well as in any oil selling country. 
That is why, in order to protect their local currencies, the big-
gest oil exporter countries (OPEC) try to control oil prices via 
reducing the volume of production (Worldbank, 2016).

In our research paper, we used econometric model to show 
the interconnection between oil prices and combined exter-
nal debt of the world. The analysis is made on data covering 
14 years. Methodology of our research is based on the descrip-
tive statistics and econometric modelling techniques. Also, the 
statistical significance of given dependence in the model has 
been verified, and its usefulness for forecasts has been proved.

2. The research problem and literature review
There are numerous scholarly researches on issues of natu-

ral resources development, as well as oil-rich countries pattern 
of economic behaviour, which analyse relation between exploi-
tation of these resources and soundness of development. For 
instance, a widely used «Dutch disease» and «Resource curse» 
terms also came as a result of such studies. Exploitation of oil 
resources is being done presently by transnational corpora-
tions, and revenues are distributed among all the participants 
who influence the global economic processes. Most of exis
ting works analyse economic development issues of resource 
rich countries. At the same time, significant share of produced 
energy commodities is exported to different countries and has 
sound effect on their economies. As a result, exploitation of re-
sources in oil-rich countries has influence far beyond their bor-
ders, to most elements of the global financial and economic 
processes.

As mentioned above, natural resources influence coun-
try’s economic development. One of the most analysed prob-
lems in oil-gas rich countries is «Dutch disease». In literature, 
the negative influence of natural resources on economic de-
velopment is reviewed under the «Resource curse» clause [1]. 
In many resource-rich countries economy’s ability to recover 
is ailing, thus, prices plunge or scarce resources directly im-
pact the economic growth. Studies of this phenomenon deter-
mined several scenarios to unfold [3]:
•	 «Dutch disease»;
•	 rent oriented behaviour and institutional degradation;
•	 political instability and declining physical and human capital.

Recently, many scholars re-evaluated the phenomenon of 
«resource curse» in Russia, with its abundance of natural re-
sources [6-8]. A number of studies specifically address effects 
of «Dutch disease» for Azerbaijan [24-25; 32], as well as the 
impact of oil revenues on the national currency value, import-
export operations, price level of non-tradables.

According to many researchers, most influential factor 
to the human capital deficit is «resource curse» problem. 
The impact by this factor is estimated to be around 11-25% 
[3,  p.181-193; 4, p.1011-1039]. In Suslova & Volchkova 
(2007) and Vasilyeva (2012) the influence of natural resour
ces on human capital savings level in Russia was analysed.

Many economists see human capital as the main driver 
of economic growth. The knowledge economy and other in-
vestments into human capital produce increased output in the 
economy. In contrast, investment in the physical capital shows 
a decreasing output. As an example, an investment has been 
allocated for the purchase of equipment or for construction pur-
poses. Of course, over time structures and equipment are ex-
posed to physical and moral erosion and, as a result, reduced 
productivity. Contrary, the effectiveness of the investments in 
education and science only increases over time. Thus, vehicle 
sold once is going through the constant decline in price, while 
teachers’ knowledge is not devaluing and constantly produces 
new knowledge as an outcome of the transferring to the stu-
dents. Higher level of education in the country multiplies effects 
by scientific and technological progress.

According to the studies, human capital also determines 
the quality of the management in the economy. Besides, there 

is a high probability of introduction of the democratic gover
nance and respect to the private property in the countries with 
high level of human capital. In many instances, developed hu-
man capital also contributes to the reduction of the level of 
corruption [5, p. 44-49]. 

A number of studies have shown that spendings of re-
source-rich countries on education are smaller than in non-
resource dependant countries with the same level of income 
[10]. In resource-rich countries, stimulation level to invest in hu-
man capital is low because of low demand for highly classi-
fied labour. «Dutch disease» and «rent-seeking behaviour» are 
the reasons for these. High level of rent income in sectors of 
mining, and non-tradable goods and services helps to increase 
production level, whilst processing and agricultural sectors that 
produce merchandise decrease it [11]. Usually, skilled labour is 
not required in the mining sector growth [12]. If incomes of in-
stitutions which can re-distribute incomes are higher than in 
production areas or entrepreneurial activity, then people prefer 
to work for government agencies [13-14]. One of the reasons 
is that the government sector is less exposed to the interna-
tional competition. Also, government sector prefer to consume 
goods and services by the national entities. The low level of 
competition further reduces demand for the skilled labour. Na-
tional business is aware that the government is going to pro-
tect the local production, either by raising customs tariffs or by 
direct subsidies, even if it is non-competitive [2].

The high level of inequality is immanent in the resource-
oriented countries, and it impacts negatively the development 
of the human capital [12; 15]. Even if there is a request for 
quality education on the labour market, social inequality in so-
ciety is hampering investments in human capital.

Exploitation and export of natural resources produce the 
abundance of foreign currency, and lead to the increase in the 
national currency’s value. The high value of the national curren-
cy and low value of foreign currency stimulates import. Inflow of 
cheaper goods into the country stimulates the changes in the 
structure of capital. In other words, cheaper fiscal and finan-
cial capital reduces the demand for labour and human capital.

Many scholars investigated the hypothesis that rich natural 
resources in the country have the negative influence on the ac-
cumulation of human capital, but there is still no solid result on 
this issue [3; 4; 9; 15-18; 20-22]. Moreover, there are examples 
of the natural resource-rich developing countries where human 
capital development is at high pace [16, p. 1765-1779].

Statistical analysis of the impact of the natural resources 
on the accumulation of human capital provides conflicting re-
sults. Gylfason (2001) [10], Papyrakis & Gerlagh (2004) [3], 
Suslova & Volchkova (2007) [9], Papyrakis & Gerlagh (2007) 
[4] discovered negative correlations, while Davis (1995) [4], 
Alexeev & Conrad (2009a, 2009 b) [18-19] discovered positive 
correlations, and Stijns (2006) [17], Papyrakis, Gerlagh & Gyl-
fason T. [15], Blanco & Grier R. [20] ended up with mixed cor-
relations between variables. Suslova & Volchkova (2007) [9] 
concluded that developing and resource-rich countries have 
a high level of human capital accumulation. However, most of 
the analysis estimated the negative correlation between rich 
natural resources and accumulation of human capital. Stu
dies of Azerbaijani economy shows the shortage of skilled la-
bour to fully involve in the physical capital [23].

3. Theory and methodology aspects
In the study by Hasanli (2014) [25] the pattern of repro-

duction by K. Marks was modified to meet modern require-
ments and to justify the process of formation of «extra reve
nue» from the exploitation of natural resources. In the pro-
cess of exploitation of natural resources demand for marginal 
product in non-natural resources sector is growing, followed 
by the growth of their import.

The Keynesian theory gives three motives for the money de-
mand: transaction motive, precautionary motive, and specula-
tive motive. In the second, precautionary motive, the money de-
mand is set according to future and unexpected operations [26, 
p. 91]. The first and the second motives are classical in terms 
of economic history, they are widely depicted by classical eco
nomists. The scale of money demand under these motives pro-
portionally depends on income. The level of the money demand 
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under the third motive depends on income and inte
rest rates. The surplus income generated from the ex-
ploitation of natural resources stimulates the money 
demand on the third motive. In other words, increase 
of the level of securities demand further produces 
growth in national debt. Income surplus from the ex-
ploitation of natural resources leads to money surplus, 
and this process spirals up to the «financial bubble» in 
the financial markets, including security market. «Fi-
nancial bubble» is seen by many experts as a key fac-
tor behind the global financial crisis of 2007-2008. 
Numerous research support the statement that easi
ly earned money in real estate and securities markets 
can lead to financial crises [27, p. 204]. 

Thus, we can say that there is a positive correla-
tion between oil prices and level of international in-
debtedness which is exposed in our research by the 
following formula: 

ED_W = f(OP) + u,

where ED_W indicates a total value of an external govern-
ment debt in the world, OP - the oil prices (in our case, those 
for Brent oil), and u is a random error in this dependence. 

Specifications for the model to depict this correlation have 
been evaluated via econometric tools. 

4. Data collection and empirical results
Data under analysis is presented in Table 1. 
Figure 1 shows oil price dynamics based on Table 1, and 

Figure 2 depicts dynamics of the level of external debt to GDP 
per unit globally.

Comparative analysis of dynamics in Figure 1 and Figure 2 
shows that there is direct dependency of the level of foreign 
indebtedness to the unit of the world GDP from the oil prices. 
Data in Table 1 show dramatic changes in prices in 2009 and 
2015. To determine how those changes contributed to the fi-
nal results, we considered it appropriate to include two dum-
my variables to the model [28]. 

Modelling and testing. To create a stationary feature of 
analysing data as a dependent variable, we have chosen the 
level of foreign indebtedness to the unit of the world GDP 
(ED_W/GDP_W). 

The following logarithmic linear regression equation is ap-
plied to show the relation between the level of foreign indebt-
edness to the unit of the world GDP (ED_W/GDP_W) and the 
oil prices (OP). 

LOG(ED_W/GDP_W) = C(1) + C(2)*LOG(OP) +
+ C(3)*DUMMY2015 + C(4)*DUMMY2009 ,                   

 (1)

where C(1) and C(2) are parameters of an equation, e is a 
random deviation. C(2) characterizes the influence of the sta-
ble factors which have not been taken into account, C(1) is a 
coefficient of elasticity. In other words, it shows the change 
of dependent variable in percents, according to 1% change 
of independent variables (external debt to GDP ratio and oil 
prices). 

The model (1) was represented by the regression equation 
(1) and tested by the Least squares method to the proper data 
from Table 1, with the use of Applied Program Packet Eviews7 
(Econometric Views) [29]. 

The main statistical characteristics of the model are pre-
sented in Table 2.

According to Table 2, econometric model can be written 
as following: 

R-squared = 0.897992; Adjusted R-squared = 0.867389; 
Durbin-Watson stat = 1.970314.

Statistical characteristics and the t-test of coefficients 
in the regression equation given in Table 2 show that the va
lues found for coefficients are significant in more than 99.9%. 
Note that we were testing the significance of influence of dif-
ferent indicators to the dependent variable with t-statistics. 

The value of t-statistics is high and p-value 
(t-Statistics) is close to zero if standard error of 
parameters significantly smaller than the value 
of coeffi cient. P-value (t-Statistics) characteri
zes the non-influence probability of indepen
dent variable to the dependent variable in the 
model (H0 is supported as p-value is closing 
to 0). The cost of determination coefficient 

(R-squared = 0.897992) shows that within the period of time 
under analyses shift of indicator ED_W/GDP_W is 89.8%. It de-
pends on changes of the costs of explanatory indicators  OP. 

Tab. 1: Oil prices, GDP, external debt and external debt to GDP ratio

Source: Compiled by the authors based on IMF and WB data [33-35]

Fig. 2: Dynamics of external borrowing level to GDP per unit
Source: Compiled by the authors based on IMF and WB data 

[33-35]

Fig. 1: Oil prices dynamics
Source: Compiled by the authors based on IMF and WB data 

[33-35]

LOG(ED_W/GDP_W) = -14.4693440041 + 3.17288294906*LOG(OP) +    

(2)
                (s.s)                       (1.551097)                          (0.358795)       

+ 2.04763058581*DUMMY2015 + 1.27848865248*DUMMY2009 + e
                     (0.332261)                                     (0.411961)
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Other 10.2% shift occurs as a result of the influence of 
non-stable factors not taken into account. Slight diffe
rence in the values of the coefficients of determination and 
adjusted determination (adjusted R-squared) tells that the 
sample regression line fits the data and it is not random. 

As the Durbin-Watson statistics is equal to 1.97, it 
means that there is no first compiling autocorrelation bet
ween the indicators, which is desirable. Note that the value 
of Durbin-Watson statistics changes in the range of (0; 4): 
there is a positive autocorrelation if the value of coefficient 
is closer to zero, and negative autocorrelation if the value 
nears 4. If DW statistics is closer to 2, that indicates that 
there is no autocorrelation, which can be seen in our case 
[29, p. 421-423; 30, p. 621-632]. 

If all disturbances have the same variance, it is one of the 
Gauss-Markov conditions which indicates the adequacy of 
the model [31, p. 41]. The case of stable disturbances rep-
resents homoscedasticity, while non-stable case shows he
teroscedasticity. There are some testing methods for these 
cases in applied economics program Eviews. One of them 
is Breusch-Pagan-Godfrey test of heteroscedasticity. Its re-
sult is provided in Table 3. As we analysed them, we rejected 
heteroscedasticity of disturbances hypothesis and accepted 
homoscedasticity hypothesis, because probability value of 
Fisher’s F-statistics is higher than 0.05 significance level. 

The results for Dickey-Fuller test applied to determine 
the stationarity of disturbances show that disturbances in 
our model can be defined as non-stationary. Thus, the ab-
solute value of t-statistics (4.03) is greater than the critical 
value at 90% (see Table 4). It means that disturbances of 
the model (2) can be taken as stationary only at significance 
level higher than 90%.

One of the important steps in disturbances diagnos-
tics is normality testing (see Figure 3). Histogram shows 
that the mean of disturbances in the model is significant-
ly closer to zero. Standard deviation is equal to 0.34. It in-
dicates that disturbances spread around the average value 
with the small interval. The dimension of Kurtosis is equal 
to 2.55, which shows the shape of disturbances. This indi-
cates the existence of the deviation from the normal dis-
tribution. Note that the ideal value of Kurtosis is equal to 3. 
In general, Jarque-Bera test for normality has shown that the 
distribution within the model can be considered normal distri-
bution [30; p. 646-648].

Approximate level of actual values of the model is presen
ted in Figure 4. It shows that the values from the model (2) are 
significantly close to the actual numbers. 

5. Conclusion
Today, oil is the only commodity to be under constant atten-

tion and review not only by business community but by the wide 

public. Testing the model (1) which was presented in a form of 
logarithmic linear regression equation to show the relation bet
ween the level of foreign indebtedness to the unit of the world 
GDP and the oil prices may be considered as adequate that 
means there is a positive correlation between oil prices and the 
level of foreign indebtedness to the unit of the world GDP. Tes
ting the model (1) using the Least squares method allowed us to 
formulate an econometric model (2) for further application. The 
values found for coefficients of the model (2) are significant in 
more than 99.9%. Within the results of Breusch-Pagan-Godfrey 

Tab. 2: Statistical characteristics of the econometric model

Source: Elaborated by the authors

Tab. 3: Heteroscedasticity Test of Breusch-Pagan-Godfrey

Source: Elaborated by the authors

Tab. 4: Dickey-Fuller Test 

Source: Elaborated by the authors
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test, we rejected heteroscedasticity of disturbances hypothe-
sis and accepted homoscedasticity, because probability va
lue of Fisher’s F-statistics is higher than 0.05 significance le
vel. Dickey-Fuller test has shown that disturbances in our model 
can be defined as non-stationary. Jarque-Bera test for norma

lity has shown that the distribution within the model can be con-
sidered as normal distribution. The value of elasticity coefficient 
C(2) of the model (2) is equal to 3.17. According to this, we can 
say that 1% growth in oil prices increases the volume of foreign 
debts to the unit of GDP of the world for 3.17%.

Fig. 4: Graphical description of fitted, actual and residual values 
from the model (2)

Source: Elaborated by the authors

Fig. 3: Histogram of disturbances in the model (2) 
Source: Elaborated by the authors
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