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This study investigated the activities surrounding crude oil and its impact on the economic
performance of Nigeria. Therefore, some economic variables surrounding crude oil in
Nigeria was analysed. Most multivariate economic variables suffer the problem of
multicollinearity, though often not tested or sometimes ignored by researchers. The
presence of multicollinearity among predictor variables often leads to bias estimate. In this
study, explorative data analyses were conducted on the data of petroleum variables and
gross domestic product and modelled using the Cobb-Douglas Production Function.
Multicollinearity was detected in the full model and corrected. The results showed that
Real Gross Domestic Product (RGDP) have a significant positive relationship with crude
oil Revenue and petroleum to GDP in the full model. The crude oil consumption, and
Petroleum to GDP significantly impact the RGDP in the reduced model. Based on the
findings of this study, it is recommended that the government implement policies to
preserve and manage the oil sector effectively to encourage international trade and increase
revenue at the same time make petroleum products available for local use in line with
sustainable development goals (SDGs) 7, to ensure that there is affordable, sustainable and

modern energy for all by 2030.

1. INTRODUCTION

Crude oil and oil products serve as a major source of
revenue for oil producing nations. The most common
hydrocarbon in crude oil is paraffin, also present in all liquid
refinery products and part of the process's heavy asphalt-like
by-products. Aromatics typically make up a relatively small
percentage of most crudes [1]. Nigeria produces the sweetest
oil in the Organization of Petroleum Exporting Countries
(OPEC), and it is comparable to that of North Sea Oil, and
usually classified as light and sweet since it contains little
sulfur. In addition to petroleum, Nigeria has natural gas, tin,
iron ore, coal, lead, limestone, niobium, and fertile land [2].
Over 90% of the country's earnings were international trade,
and 80% of revenue came from oil, which made a significant
contribution to the economy's GDP; in the middle of the 1970's
crude oil served as the primary source of revenue in Nigeria
[3].

Nigeria is a member of OPEC which is a cross-government
organization of some developing crude oil exporting countries
formed in the 1960s. OPEC's choices on production quotas
served as signals to the market about the desired range of
prices; however, the strength of the signals depended on the
market's perception of OPEC's ability to alter production in
response to market circumstances [4].

Historically, Nigeria significant source of income and
earnings in foreign currencies comes from crude oil.
According to the study [5], the oil and gas industry contributes
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almost 10% to the Gross Domestic Product (GDP), and almost
86 percent of all export earnings come from the sale of
petroleum products. On the other hand, in 2016, the economy
experienced its first economic decline in 25 years due to a
combination of falling oil prices worldwide, which hit a 13-
year low, and a decline in oil production brought on by militant
attacks and vandalization of oil pipeline in the Niger Delta.
The event led to a sharp contraction in the GDP of the oil
sector. Through the channels of money and currency rates, this
underperformance in the oil sector spread to the non-oil sector
of the economy [6]. The oil industry is Nigeria's most
prominent economic driver; and ranked tenth largest producer
of oil in the world and the third-largest producer in Africa. The
country's foreign exchange revenue is 95% derived from its oil
reserves ranging from 24 billion dollars to 31.5 billion dollars
[71.

The early 1980s saw a glut in the global oil market, which
reduced export profits in foreign currency and rendered the
nation's import-dependent structure unsustainable; this
resulted in the adoption of several policy initiatives, which
comprised the Stabilization Act of 1982, a strict monetary
policy and strict exchange rate control measures in 1984, all of
which proved ineffective at the end. The Structural
Adjustment Programme (SAP) was then implemented in 1986
which prepared the ground for the complete liberalisation of
the Nigerian economy, to create a competitive business
environment for the manufacturing sector [8, 9]. One of the
components of SAP was the export promotion
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industrialization policy. The policy is intended to encourage
both agricultural and industrial output for exports.
Nevertheless, the non-oil exports performed poorly after that,
although the country's overall output, as measured by its Gross
Domestic Product (GDP), had steadily risen [10], as study [11]
asserts that export is a foundation and the driver for economic
growth. Without a doubt, crude oil exports have been a notable
source of income for the economy over the years, and their
influence on the economic growth and development of oil-
producing nations, cannot be over-emphasized. The study [12]
investigated the effect of crude oil price shocks on the
economic growth of nine selected countries using the
Autoregressive Model. The study showed that crude oil prices
impacted economic growth positively. The study identified
some challenges in the countries and suggested that the
countries should improve on some macroeconomic policies
such as fiscal and monetary policies.

A related but different approach includes researcher [13]
who applied a synthetic control technique to study the effect
of the sharp decline in oil prices on oil-rich countries oil-
producing countries. The study demonstrated that oil volatility
negatively impacts the economy and the financial institutions.
The authors strongly drew the attention of policymakers to the
positive role of financial development in fostering growth and
improving energy security. Other related studies include
researchers [14-18]. The current study seeks to identify how
much the oil sector have imparted on the economic growth of
Nigeria.

The studies that are related to economic growth in the
Nigerian context include that of study [19], which is among
the few studies available in the literature that contain more
than two variables. The study considered the impact of Capital,
Labour, Real Gross, crude oil export, Domestic Product, and
crude oil consumption in Nigeria from 1970 to 2005. The
study showed that crude oil impacted the economic
development of Nigeria. Despite the favourable impact of
crude oil on economic development, the study concludes that
crude oil production (for Consumption and export) has not
greatly enhanced economic growth due to administrative
shortcomings. Another related study [20] was to determine
how susceptible the economy of an oil-producing nation was
to changes in oil prices, using Nigeria. The study identified a
significant impact of crude oil on economic development.
Despite the massive earnings from oil, the Nigerian economy
continues to face some challenges, including an increasing
unemployment rate, declining production output, neglect of
the agricultural sector and low earnings. The oil sector in
Nigeria has received so much attention in the past decades, and
it is important to identify various factors that enhances its
growth or otherwise. However, there are activities mitigating
revenue maximization at the same time impacting on the Real
Gross Domestic Product which is a metric for economy growth
[19].

Relative to existing studies in literature, the current study
uses the Cobb-Douglas production function (Non-linear) to
determine the relationship between Real GDP and some crude
oil variables, and employ multicollinearity checks on the
regressors. A non-linear model can either be an intrinsically
Linear Model or a non-intrinsically Nonlinear Model. When a
model is nonlinear, but can be transformed to become linear,
such model is referred to as an intrinsically non-linear model;
otherwise, it is a non-intrinsically non-linear model [21].
Study [22] applied the Cobb-Douglas production function to
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estimate the variables affecting the productivity of small-scale
fishermen. The application of the model helped to draw useful
inferences from the data obtained. Previous study [23] also
applied Cobb-Douglas to the level of component productivity
in banking. The model was also applied to analyse Poland's
Economy [24]. The authors examined the connection between
global commerce and Poland's economic and financial
development. The model was considered suitable for the study
and insightful inferences were drawn. Another study where the
Cobb-Douglas model was applied is in the determination of
the technical and economic efficiency of cement production in
Nigeria [25]. The study demonstrated that the Cobb-Douglas
Production function was suitable for modelling the data and
identified significant relationships among the variables of
interest namely labour, capital and material. The studies of
[26-33] provided the mathematical base, and areas of
applications of the Cobb-Douglas model.

As mentioned earlier, an intrinsically non-linear model
becomes linear after taking the log (log-linear), hence could
potentially suffer the problem of multicollinearity depending
on the nature of the data. Multicollinearity occurs when a
predictor variable in a multiple regression model can be
correctly predicted linearly from the others. The multiple
regression correlation coefficient estimates in this situation
may vary erratically due to slight modifications to the model
or data. Multicollinearity only impacts calculations about
specific predictors; it has no impact on the predictive
capability or reliability of the Model within the data set.
Multicollinearity is the term used to denote the relationship
between two or more linear explanatory variables.

No recent studies had been conducted on the crude oil and
economic performance in Nigeria, hence the need for the
current study. The current study utilizes a non-linear (log-
linear) model, namely the Cobb-Douglas model to analyse the
petroleum data. The remaining part of this study is structured
into three sections, the second section provides the material
and methods, followed by the results and discussion in the
third section and the last section is the summary and
conclusion.

2. MATERIAL AND METHODS

In this section, the methods adopted to obtain results are
highlighted. It describes the steps taken to conduct the study.

2.1 The data description

The data for the Real GDP and activities surrounding crude
oil, such as Real Gross Domestic Product (in ‘000 billion
Naira), crude oil Revenue (in ‘000 billion Naira), crude oil
Consumption (Metric tons), and crude oil Export (in ‘000
billion Naira), and, Petroleum to GDP (in ‘000 billion Naira)
were obtained from the National Bureau of Statistics from
1981 to 2023. The data can be found in the appendix.

In Table 1, the summary statistics is presented. crude oil
revenue is represented by COR, crude oil Consumption is
represented by COC, crude oil export is represented by Export,
Petroleum to GDP is represented by PGDP, and Real GDP is
represented by RGDP. The standard deviation explains the
deviation from the sample means to each of the variables. A
symmetric distribution would have a skewness of zero.



Table 1. Summary statistics of Nigeria’s crude oil data

COR cocC Export PGDP RGDP
Mean  2722.663 14756734 6900115 6616.806 208259.4
Med. 1707.6 9224971 2141718 63946  30745.19
SD 2800.888 14994444 7537538 1399.013 1112789
Var. 7844972  2.25E+14 5.68E+13 1957237 1.24E+12
Kurt  -0.86818 13.78343 -1.03634 -0.738 42.96836
Skew. 0.6324 3.634091  0.68522  0.197207 6.553906

The skewness of crude oil revenue is (0.6324), crude oil
export (0.68522), Petroleum to GDP (0.1972), Real GDP
(6.5539), and crude oil consumption (3.634). The Real GDP
and COC exhibited the highest right long tail to the right,
which implies frequent small increases and few large declines.
Kurtosis value for crude oil consumption (13.783) and RGDP
(42.96836) is leptokurtic because they are greater than 3,
hence implying heavier tails and more peaked distribution.
The kurtosis of COR (-0.8682), Export (-1.0363), and PGDP
(-0.738) are negative (platykurtic) implying a lighter tail and a
flatter distribution.

2.2 The Cobb-Douglass model

The four-parameter Cobb-Douglass model can be expressed

as:
RGDP = ARP1CP2EPspBs (1)

where,

RGDP= Real Gross Domestic Product

A = Constant term

R = Crude Oil Revenue

C = Crude Oil Consumption

E = Export and

P = Petroleum to GDP and Sy, 3, B5, and 3, are model
Parameters.

Taking the log of both sides of Eq. (1) to linearize Eq. (1).
The assumption that the variables are linearly related is
represented by:

logRGDP = B, + B,log. R + Blog. C +
Bslog.E + B4log.P + U

Bo = log.A

where, U is the estimation random error.
The expected signs of the explanatory variable’s
coefficients are:

2

3)

ﬂl' 321 .831 .84— >0 (4)
2.3 Detection of multicollinearity
Multicollinearity is high intercorrelations among

independent variables in a multiple regression model. The
presence of multicollinearity violates the best linear unbiased
estimator (BLUE) condition. The variance inflation factor
(VIF) is used to detect multicollinearity, if the VIF is 5 and
above it is considered high, and if the value of VIF is 10 or
above, the multicollinearity is called for concern.

It can also be detected using the Farrar Chi-square test. The
formula for VIF is given as follows:

Lo =X X))t k=1,2..

VIF = 0 =

)
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where, R? is the coefficient of multiple determination of X,
regressor on the rest of the regressors, that is, if k = 1, it will
be X, regressor on the rest of the regressors {X,, X5, ..., X,, } as
independent, given {X;,X,, ..., X, } is made of the overall
independent features. The denominator of Eq. (5) is the
tolerance and it is expressed as:
Tolerance, = 1 — R2 (6)
Tolerance level of less than 0.1 or 0.2 indicates that there is
presence of multicollinearity among the predictor variables.

2.3.1 Chi square test for multicollinearity

If the correlation coefficients between the variables the four
predictor variables are 1y, 713,751, 723,131, Ta1, T4z aNd 743 .
The matrix R is given as follows:

1 ry n3 T

i, 1 13 Ty
R = 7
Tz Tz 1 Ty ™

T T Tz 1

where, R is the determinant.
Farrar-Glauber Chi-Square is calculated as follows:

X’ = [n -1- % 2k — 5)] log,(determinant R) (8)

3. RESULTS

In this session, the results of the analyses carried out are
presented accordingly. Table 2 contains the correlation matrix
of the data. The econometric method in this research considers
the variables, crude oil export, crude oil consumption, crude
Oil revenue, and Petroleum to GDP as the independent
variable and Real Gross Domestic Product as the dependent
variable. They were used to obtain a reliable estimate in the
regression model. The correlation coefficient of the data is
presented in Table 2.

Table 2. Correlation coefficient of Nigerian crude oil data

COR COC  Export PGDP  RGDP
COR 1
COC  0.27198 1
Export  0.89515 0.2675 1
PGDP  0.48980 0.0902 0.2358 1
RGDP  0.33892 0.0594 0.2651  -0.0767 1

Table 2 shows the correlation coefficients of the variables
in the data.

The results show that there is a strong positive correlation
between crude oil revenue and crude oil export, which shows
that increase crude oil trade increases revenue. Crude oil
revenue also had a positive relationship with RGDP and PGDP.



COC has a positive relationship with crude oil revenue.

Table 2 also shows that COC has positive relationship with
crude oil export, PGDP and RGDP. Crude oil export has a low
positive relationship with both PGDP and RGDP showing that
crude oil export impacts on economy of Nigeria, though reveal
low relationships. Finally, from Table 2, PGDP and RGDP
have a very low negative relationship (— 0.0767). The
Augmented Dickey-Fuller test for stationarity was conducted
on all the data. Alternative hypothesis: data is stationary, while
the null hypothesis: the data has unit root. The test results are
discussed as follows.
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Figure 2. Plot of Real GDP differenced at lag 3

Figure 1 is the plot of the raw data. It shows a steady Real
Gross Domestic Product from 1980 — 2000, followed by a
consistent increase from 2005 — 2015 and somewhat stable
from 2015 — 2020, the consistent increase between 2005 to
2015 could be attributed to some factors such as Economic
growth, Consumer spending, Employment opportunities and
Increased investments. Figure 2 is the plot of RGDP at lag 3,
after conducting a stationarity test with the Augmented
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Dickey-Fuller test (—1.7698), p-value = 0.6646. Since alpha
is greater than 0.05, we fail to reject the null hypothesis of unit
root. The results show that the data of RGDP is stationary at
lag 3.
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Figure 4. Plot of PGDP differenced at lag 3

Figure 3 is the plot of raw data of Petroleum to GDP, which
shows variations in the Petroleum to GDP over time, with
increases, decreases and the changing nature of the data points,
indicating the ratio is not constant and experiences change
over the years. Here are some possible causes for the increase
and decrease, Oil Prices, Production levels, Demand for
Petroleum products and Economic conditions. Figure 4 is the
plot of PGDP at lag 3, after conducting a stationarity test with
the Augmented Dickey-Fuller test (—1.1057), shows that the
data of PGDP is stationary at lag 3, p-value = 0.9105. Since
alpha is greater than 0.05, we fail to reject the null hypothesis
of unit root. The results show that the data of RGDP is
stationary at lag 3.
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Be+07 -

Be+07 -

de+07 -

Ze+07 -

1930 2020

Figure 7. Plot of crude oil consumption

101

4e+07  6e+07  8e+07
| | |

Crude Oil Consumption, lag 3

2e+07
|

T T T T 1
0 10 20 30 40

Year
Figure 8. Plot of crude oil consumption differenced at lag 3

Figure 5 is the plot of the raw data, shows that there was a
period of low exports, followed by significant growth, then a
more dynamic trend with fluctuations in the amount of crude
oil exports (barrels) in the later years, the reasons for this
fluctuation could be related to market conditions, production
levels and government policies, among others. While Figure 6
is the plot of crude oil export at lag 3, after conducting a
stationarity test with the Augmented Dickey-Fuller test
(—2.3156), p-value = 0.4490. Since alpha is greater than 0.05,
we fail to reject the null hypothesis of unit root. The results
show that the data of RGDP is stationary at lag 3.

Figure 7 shoes that from 1981 to 1990, crude oil
consumption remained at around 14 million metric tons per
year, however, there was a significant spike and consumption
increased to about 80 million metric tons per year in 1997.
Nigeria experienced economic growth in the 1980s was
occasioned by industrial growth between 1981 to 1990 which
necessitated the increase in demand of petroleum products.
Nigeria attracted more investors in textile, wood and wood
products, Metals and metal products, chemical, to mention but
a few. Speedy industrialization received priority in Nigeria’s
development objectives [34]. The significant spike in crude oil
consumption was also due to the need for people to power
generators for homes and businesses and increase in demand
of petroleum products due to the acquisition of privately
owned vehicles. It came down to about 10 million metric tons
per year in 1999, the consumption was relatively stable until
2011 when there was another increase, and the consumption
rose back to about 70 million metric tons per year. The period
of stable consumption, significant spikes and declines could
be influenced by shifts in global demand for petroleum
products, technological factors or changes in energy policies.
Figure 8 is the plot of crude oil consumption at lag 3, after
conducting a stationarity test with the Augmented Dickey-
Fuller test (—3.6503), p-value = 0.04064. Since alpha is less
than 0.05, we reject the null hypothesis in favour of the
alternative hypothesis that the data of crude oil export is
stationary at lag 3.

Figure 9 is the plot of the raw data; the plot shows that
between 1981 and 1991 crude oil revenue were not so much
but started picking up from 1992. Figure 9 shows how crude
oil revenue fluctuated throughout the observed period. There
were periods of slow and large growth rate of revenue. It also
indicates that crude oil revenue showed irregular variations,
both increase and decrease over the years.
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Figure 10. Plot of crude oil Revenue differenced at lag 3

Figure 10 is the plot of crude oil revenue at lag 3, after
conducting a stationarity test with Augmented Dickey-Fuller
test (—2.4694), p-value=0.3883. Since alpha is greater than
0.05, we fail to reject the null hypothesis of unit root. The
results show that the data of RGDP is stationary at lag 3. The
result of the full model is presented in Table 3 as follows:

Table 3. Estimates using the full model

Estimate SE  t-Value
Intercept 19.2599 2.3985 8.030 1.04e-09
*kk
Log (COR) 0.2745 0.1049 2.615 0.0127 *
Log (COC) 0.0411 0.0492 0.835 0.4088
Log (Exp) 0.0039 0.0881 0.045 0.9646
Log (PGDP) -1.2895 0.2131  -6.053  4.8e-07 ***
Model Summary
R-squared 0.9148
Adj. R_2 0.9059
F-Statistics 102.1
p-value <2.2e-016

---Sig. codes: 0 “***’(0.001 “** 0.01 “** 0.05 *.” 0.1

The second column of the upper part of Table 3 is the
coefficient estimate of the model and present in a log-linear

form in Eq. (9) based on Eq. (2).

logRGDP = 19.2599 + 0.2744log R
+ 0.0411logC + 0.0039l0g E )
— 1.28951log P

Table 3 shows the results of the full model. The intercept,
log (COR), log (COC), and log (PGDP) significantly impact
Real GDP at a 0.05 significant level. R-squared is 0.9148,
which shows that 91.48% variation in the response variable
results from the independent variables included in the Model.
Adjusted R-squared: 0.9059, F Statistics is 102.1, p-
value<2.2e-016 and its significant at 1%, which shows that the
model is highly significant. Table 4 shows the
multicollinearity diagnostics for the full model.

Table 4. Overall multicollinearity diagnostics for the full

model
MC Results Detection
Determinant |X'X|: 0.0044 1
Chi-Square: 216.1725 1
Red Indicator: 0.6003 1
SLI 187.8429 1
Theil's Method 0.1076 0

If multicollinearity is detected, the ‘detection’ column for
each metric is 1, and if ‘detection’ is 0, it means that
collinearity is not detected. The results showed that based on
the Determinant |X’X|, Chi-Square, Red Indicator Sum of
Lambda Inverse (SLI) metric, multicollinearity was detected
since they have a value of “1”. From Table 4, there is the
presence of multicollinearity among the regressors. We then
proceed to VIF checks to determine the regressors causing
high collinearity. Table 5 shows the VIF multicollinearity test
on the full model.

Table 5. Multicollinearity test (VIF) for full model

. log Log Log Log
Variable  oopy (coc)  (Export)  (PGDP)
VIE 97723 12435 85.768 3.108

From Table 5, the VIF of log (COR) and log (Export) is high
with 97.7230 and 85.7685 respectively, and these values are
greater than 10 as mentioned in section 2.2. It shows that the
variables have high linear relationships and hence the best
linear unbiased estimator assumption is violated, and the
results could be misleading. We remove these variables and
re-run the analysis. Table 6 shows the estimates after removing
variables responsible for multicollinearity.

Table 6. Estimates after removing variables responsible for
Multicollinearity

Estimate SE t-Value Pr (>[t))
(Intercept) -4.9920 3.5298 —1.414 0.1650
log(COC) 0.3822 0.1207 3.168 0.00294**
log (PGDP) 1.0494 0.3303 3.177 0.00286**
Model
Summary
R-squared 0.4612
Adj. R-2 0.29575
F-Stats. 9.891
p-value 0.0003234




The second column of the upper part of Table 3 is the
coefficient of the model and present in a log-linear form in Eq.
(10).

logRGDP = —4.9920 + 0.3822 logC (10)
+ 1.0494log P

Table 6 shows the results of the reduced model. R-squared
is 0.4612, which shows that 46.12% variation in the response
variable results from the independent variables included in the
Model, adjusted R-squared is 0.2975. The F Statistics is 9.891;
p-value is 0.0003234, the significant at 1%. Both log (COC)
and log (PGDP) are significant at 1% alpha level indicating a
very strong relationship whereas log (COC) was not
significant in the full model, Table 7 is the overall
multicollinearity diagnostics for the reduced model.

Table 7. Overall multicollinearity diagnostics

MC Results Detection
Determinant |X'X|: 0.9997 0
Chi-Square: 0.0126 0
Red Indicator: 0.0176 0
SLI: 2.0006 0
Theil's Method: -0.1398 0

Table 7 shows that collinearity is not detected based on the
Determinant |X’X|, Chi-Square, Red Indicator Sum of Lambda
Inverse (SLI) metric, multicollinearity was not detected since
all the values in the column “detection” is 0. We proceed to
VIF test presented in Table 8.

Table 8. Multicollinearity test (VIF)

Variable
VIF

Log (COC)
1.00031

Log (PGDP)
1.00031

From Table 8, the VIF for the remaining variables are lower
than 5, implying that the result obtained is reliable and the Best
linear unbiased estimate condition has not been violated.

4. SUMMARY AND CONCLUSION

The study explored the relationship between crude oil and
economic growth in Nigeria and proposed the Cobb-Douglas
model to fit the oil data. The results showed that there is a
strong positive correlation between crude oil revenue and
crude oil export, this implies that most crude oil revenue was
obtained by crude oil export. Crude oil revenue has a positive
relationship with RGDP, implying that revenue from crude oil
contributes significantly to the economy development of
Nigeria. In the full model, the crude oil revenue and petroleum
to GDP significantly impact the economy of Nigeria. After the
removal of variables that led to multicollinearity, the reduced
model showed that crude oil consumption and petroleum to
GDP (PGDP) significantly impact on economy growth. The
results have shown that crude oil revenue and consumption
results in economic growth. In the Nigeria context, in spite the
oil sector having a favorable impact on economic growth,
Nigeria's oil export, Petroleum to GDP, and Real Gross
Domestic Product have not expanded for several reasons,
including corruption and ineffective government management.
The government of Nigeria should look closely at the activities
of the oil sector. Doing this will help to actualize the
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sustainable development goals (SDGs) 7 which this study

aligns with. SDG 7 is to ensure that there is affordable,

sustainable and modern energy for all by the year 2030.
Based on the result of this study, the following are

recommended.

(i) There is urgent need to revive local refinery of petroleum
products in Nigeria since the results are not in favour of
crude oil export. Reviving the refinery will make Nigeria
to be self-reliant and boost the economy. It will also
improve the exchange rate of Nigeria Naira against the
world major currencies.

(ii) Nigeria needs to expand its export markets, particularly the
oil industry.
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