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Unrelated Regression
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Abstract: Even though empirical evidence has shown that naturally endowed countries grow slower than their less naturally endowed
counterparts, the scenario tagged as “resource curse hypothesis,” but it seems there are exceptions. Therefore, this study examines the
confirmation or disputation of resource curse hypothesis among the West African Institutes for Financial and Economic Management
member countries during the period 1986–2016. The study applied seemingly unrelated regression and unraveled the strengthened effect
of natural resources on output growth in Gambia, Ghana, and Sierra Leone. But, the study revealed a negative and statistically
significant effect on economic growth in Liberia and Nigeria, thereby upholding the presence of resource curse hypothesis only in
Liberia and Nigeria. Therefore, an overall “umbrella” policy recommendation inappropriate, but individually designed strategy that
would help in managing the resource rents effectively in order to boost economic growth particularly in Liberia and Nigeria where their
resource endowment serves as a curse rather than a blessing is recommended.
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1. Introduction

The role of natural resources in the growth and development of
many nations has been at central axis of development theory and
practice. Coincidently, a substantial number of developing
countries have been endowed with different types of natural
resources such as oil, natural gas, and other mineral resources.
While judicious use of such resources might offer an opportunity
to resource-abundant countries to transform their economies, only
a handful of them were able to convert such endowments into
sustained and meaningful growth [1].

Africa is generously endowed with not only renewable but also
nonrenewable resources, and conventional economic theory posits
that natural resources strengthened economic growth.
Interestingly, some empirical studies have justified that,
particularly Brunnschweiler [2], Fan et al. [3], and Wu et al. [4].
However, their findings to a larger extent have been challenged
following the earlier studies of Sachs & Warner [5], Papyrakis &
Gerlagh [6], Boschini et al. [7], Daniele [8], Behbudi et al. [9],
Eregha & Mesagan [10], and Amini [11] where detrimental
effects of natural resources on economic growth were evidenced.
This finding is tagged as “resource curse” in the natural resource
economics literature.

But a critical review of previous studies revealed many
shortcomings. For instance, most of these studies [5, 12–15] were
based on a cross-sectional modeling using ordinary least square
(OLS) methods, and their conclusions were highly unreliable and

have been criticized based on different econometric problems.
This is not farfetched as convincingly argued by Wijesekere [16]
that findings of studies modeled from the lens of cross-sectional
framework are sensitive to number of samples chosen and
wrongly treat different economic entities as homogeneous.
Similarly, applying instrumental variables does not seem to have
solved the problems especially when the long periods of data have
been averaged. As for time series modeling, the solutions to the
problems are yet to be obtained because larger observations are a
prerequisite for robust econometric analysis, thereby restricting
their analysis to a fewer number of countries where the data
availability is another source of concern.

Attempt to solve the problems identified with both cross-
sectional and time series analysis led to introduction of panel data
which combine the two modeling frameworks and offer a variety
of estimation techniques such as static and dynamic panel
techniques as well as panel cointegration tests. However,
conventional fixed-effect and random-effect models produce
biased and inconsistent estimates in the presence of endogeneity
problem. Equally identified as a shortcoming is not only the
inability to capture the dynamic nature of most growth models but
also the homogeneity imposed across countries even when they
differed at their developmental stages [17].

Another point worth noting is the requirement of large numbers
of cross-sections over time periods for the application of both
difference and system generalized method of moments (GMM).
Thus, failure to satisfy this condition might likely produce
spurious results emanating from the number of instruments that
will become larger and consequently affects the validity of Sargan
test of over identify restrictions. Therefore, this study addressed
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the aforementioned limitations by deploying seemingly unrelated
regression (SUR) estimation proposed by Zellner [15] to examine
the confirmation or disputation of resource curse hypothesis
among the West African Institutes for Financial and Economic
Management (WAIFEM) member countries. The selection of
WAIFEM member countries is justified because most of the
countries have been identified with different types of natural
resources. For instance, Nigeria and Ghana have been endowed
with oil and gas, while Liberia and Sierra Leone with iron ore,
respectively [18]. Although economic growth can be strengthened
with abundant natural resources as priorily expected, but findings
from the recent empirical studies are yet to be conclusive.

The premise for the application of SUR relies on its ability to
estimate all the equations and obtain the coefficients of the
parameters concurrently, thereby accommodating the cross-sectional
dependence among the countries [19]. Similarly, the panel aspect of
data will not pose any challenge since the cross-section is small and
the time dimension is considerably large as explained by Breitung &
Peseran [20]. The techniques also produce efficient estimates in the
presence of heteroskedasticity.

The remaining parts of the study are configured into the following
sections, while the relevant related studies are reviewed in Section 2;
Section 3 is devoted to explanation of the data and model used in the
study. Section 4 focuses on empirical results alongside its discussion,
and finally, the conclusion section concludes the study.

2. Literature Review

The celebrated resource curse hypothesis opined that countries
much endowed with natural resources tend to grow slowly compared
to their less resource-endowed counterparts. Though, many
empirical studies justified that, but there seem to be some
exceptions especially where different proxies are used for natural
resource abundance and dependence, nature of data used, number
of countries included in the analysis as well as methodology
employed. Therefore, reviewed studies are grouped based on
confirmation or disputation of resource curse hypothesis as well
as mixed results.

Path-breaking work by Sachs &Warner [5] led the way for many
studies to uphold the outcome that natural resources retards output
expansion in resource-rich countries. For instance, Ilmi [21] studied
the question of whether natural resources could accelerate growth
for 89 countries during the period 1998–2002. The study utilized
OLS and documented that natural resources showed a detrimental
effect on economic growth. Also, when the natural resource
abundance interacted with governance stimulated economic growth.
However, the governance variable insignificantly influences
economic growth. Similarly, the extent to which natural resource
affects economic growth in 49 United States (US) states is studied
by Papyrakis & Gerlagh [6] with the aid of OLS and two-stage least
squares (2SLS) regression methods. The outcome evidenced that
natural resource abundance had a detrimental effect on output
expansion.

In a similar but larger sample of 87 countries, Boschini et al. [7]
unraveled the extent to which economic growth can be strengthened
by natural resources. The study utilized an OLS and 2SLS regression
analysis and demonstrated that natural resources adversely affect
economic growth. However, the institutional variable has been
found to have strengthened economic growth. Similarly, when
natural resources interacted with institutions, the study
documented a positive influence on output expansion. The study
therefore suggests that countries under study need to do more in
getting their institutions right so that their institutions can help the

resources abundance into an asset rather than a curse. Similarly,
Boyce & Emery [22] unraveled how natural resources boosted
economic growth for 50 US states with the aid of static panel
techniques demonstrated an adverse effect of resource abundance
on economic growth.

Daniele [8] examined the effect how natural resources influence
economic growth in a cross-section of countries during the period
1980–1990. The study applied OLS and 2SLS and demonstrated
that natural resource endowment detrimentally influences output
expansion. The study however showed that sound and qualitative
institutions stimulated economic growth. Jalloh [23] studied the
nexus between natural resource abundance and output expansion
for West African countries. The author deployed statics panel
techniques and two-step GMM. The outcome showed that natural
resources retarded output expansion. Finally, the outcome justified
that corruption discourages output expansion.

A comprehensive study by Amini [11] focuses on how natural
resources affect output expansion for 83 countries spanning from
1996 to 2010. The study applied pooled OLS, fixed-effect, and
random-effect. The results revealed that natural resource
endowment and sound institutional quality had not only a positive
but also insignificant influence on output expansion in advanced
countries. While, the resource curse hypothesis was upheld in
both underdeveloped and developing countries, however,
institutional quality has been found to have insignificantly
stimulated output expansion. A more recent study of top-ten
African resource-endowed countries; Inuwa et al. [24] deployed
newly developed GMM and showed that natural resources retard
economic growth. However, human capital and institutional
quality stimulate economic growth.

In another country-specific study of Pakistan, Yasmeen
et al. [25] utilized a structural equation modeling to study the
influence of natural resource alongside other control variables on
output expansion. The outcome showed a detrimental effect of
natural resources on economic growth. However, the outcomes
demonstrated that renewable, nonrenewable energy consumption,
and financial openness stimulated economic growth in Pakistan.
Studying the aggregated and disaggregated effect of natural
resources on economic development in G-7 countries via the
deployment of the recent quantile via moments documented a
detrimental effect of both aggregated and disaggregated natural
resources on economic development.

Unlike the findings of the study of Sachs & Warner [5], other
strands of studies discovered that natural resources endowment
stimulated output expansion as a priorily posited. For instance,
Brunnschweiler [2] examined how natural resource and
institutional quality influence economic growth via the application of
OLS and 2SLS techniques and documented that natural resources
and institutional quality stimulate output expansion, thereby
disputing the resource curse hypothesis. Furthermore, Fan et al. [3]
unraveled the role of natural resources in stimulating economic
growth for 26 Chinese provinces spanning from 1997 to 2005 via
the application of the OLS technique. The results established that
there is no significant evidence justifying the resource curse
hypothesis in China. Specifically, the outcome established that
endowment in natural resources in a city showed a diffusional
influence on economic growth.

Furthermore, Chambers & Guo [26] used 93 countries to
unravel the influence of natural resources on output expansion for
an unbalanced panel of 93 countries. The study deployed a two-
step system GMM and documented that initial income from
natural resources significantly boosted output expansion. The
study therefore concluded that countries under study should not
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rely heavily on environmentally-intensive economic growth
strategies. More so, Ouoba [27] examined how resource funds
stimulated economic growth for 28 resource-rich countries
covering the period 1985–2010. The study deployed Driscoll-
Kraay technique and system GMM and showed that the more
countries depend on natural resources, more it retards their
growth. However, when natural resource is proxied by resource
funds, the outcome discovered a detrimental influence on growth.
Using a relatively recent methodology of mean group (MG) and
augmented mean group (AMG), Al-Mamun et al. [28]
investigated how both natural resource and governance variables
can determine output expansion in 50 oil-exporting economies
and the outcome disclose that oil-rent per capita and sound
institutions boost output expansion. In another recent study with a
novel methodology, Inuwa et al. [29] re-examined how natural
resources impacted economic growth in Organization of
Petroleum Exporting Countries (OPEC) member countries
spanning from 2008 to 2018 via the application of the recently
developed GMM of Kripfganz [30]. The study justified the
existence of the natural resource curse hypothesis. But, the study
discovered that financial sector development and institutional
quality stimulate economic growth.

Hassan et al. [31] deployed the conventional autoregressive
distributed lag (ARDL) model to find out the influence of natural
resources and globalization on economic growth in Pakistan and
demonstrated a strengthened influence of natural resource and
globalization on economic growth. Kwakwa et al. [32] studied the
extent to which aggregate and disaggregate natural resources
affect economic growth in Tunisia and unraveled a strengthened
effect of natural resources on economic growth. Similarly,
democracy, oil, mineral, and forest rents stimulate economic
growth. In another recent but multi-country study, Usman et al.
[33] deployed second-generation panel methodologies for eight
Arctic countries and concluded that natural resources,
globalization, financial development, renewable and nonrenewable
energy consumption spur economic growth.

The last category of studies documented a mixed finding by
showing natural resources as both a blessing and a curse. For
example, Mehrara [34] studied the influence of oil revenue on
economic growth of 13 oil-exporting economies taking into
cognizance inter-country and inter-temporal variation spanning the
period 1965–2005. The study applied generalized least squares
(GLS) with the aid of a spline technique which allows
relationships to have a turning point. The results of the linear
model revealed that oil revenue influenced economic growth only
when the threshold taking is below 18%. But when the threshold
taking was around 18–19%, the results displayed a significant and
detrimental effect on output expansion. Moreover, Gerelmaa &
Kotani [35] examined how natural resource influences economic
growth in 182 countries structuring the sample into two periods
(1970–1990 and 1990–2010); the study applied quintile regression
technique and displayed a deteriorating effect of natural resources
on economic growth for the period 1970–1990. However, from
1990 to 2010 the study unraveled a significant effect of natural
resources on economic growth.

Focusing on the 11 Middle East and North Africa (MENA)
countries, Apergis & Payne [36] unravel how oil abundance and
sound institution stimulate economic growth via the deployment of
time-varying cointegration test and evidenced an adverse influence
of oil abundance on economic growth prior to 2003, but started to
exert positive impact on growth up to 2013. But, institutional
quality showed a significant and retarding influence on economic
growth. In another study of 29 major petroleum exporting countries,

Behbudi et al. [9] unraveled how natural resource influences
economic growth taking human capital as a control variable. The
study deployed static panel regressions and demonstrated the
devastating effect of natural resources on output expansion.
Similarly, the coefficient of human capital has been established to
have a deteriorating influence on economic growth.

Eregha & Mesagan [10] studied how natural resources when
controlled for institutional quality stimulate economic growth for
5 selected oil-rich African countries via the application of static
panel techniques, and the outcome established that net oil per
capita and oil export have deteriorated economic growth. But, the
study evidenced that institutional quality insignificantly stimulates
economic growth. Similarly, oil production has been found to
have strengthened economic growth. Considering 30 Provinces in
China, Wu et al. [4] investigated the disaggregated influence of
natural resources on economic growth for 30 during the period
1997–2015 via the application of static panels in the form of
pooled OLS, fixed-effect, and random-effect. The outcome
unraveled a significant influence of natural resources on economic
growth. The study however showed that natural resource-oriented
industries insignificantly retard output expansion.

To study a disaggregated influence of natural resource on output
expansion in Nigeria covering from 1981 to 2017, Inuwa et al. [37]
deployed Bayern and Hanck test and disclosed that both oil and
forest rents retarded output expansion in Nigeria. However, the
study established a strengthened effect of natural gas, coal, and
mineral rents on economic growth. Inuwa et al. [19] studied the
effect of natural resources on economic growth in Gulf Corporation
Council (GCC) countries and unraveled a positive impact of oil and
natural gas rents on economic growth in United Arab Emirate and
Kuwait, Bahrain, and Qatar, respectively. However, oil rents retard
output growth in Qatar, Bahrain, and Saudi Arabia. Also,
disaggregating the natural resources into dependence and abundance
in 5 West African countries in 1990–2020 by using the recent
methods of moment quantile regressions, Inuwa et al. [38]
demonstrated that countries dependent on natural resources retarded
output expansion in all quantiles. However, abundance, natural
resource insignificantly boosts output growth in all quantiles.

3. Data and Model

3.1. Data

To unravel the presence or absence of resource curse
hypothesis among the 5 selected countries (Nigeria, Gambia,
Liberia, Sierra Leone, and Ghana), data covering the period
1986–2016 on GDP per capita (GDP) and total natural resources
rents (NRR) were sourced from the World Development
Indicators, respectively. The logarithmatic transformed GDP per
capita is measured in constant 2010 US$ as a proxy for
economic growth and the logarithmatic transformed total natural
resource rents measured as the percentage of a country’s GDP
that stands for natural resources.

3.2. Methodology

SUR proposed by Zellner [15] is applied to estimate a system of
equations that are seemingly unrelated but are actually related by the
fact that their error terms are correlated. This is easily achieved since
the unobserved factors linked in the different equations’
errors can be estimated simultaneously taking into cognizance
contemporaneous correlation and heteroskedasticity [39, 40].
Therefore, the system of equations is expressed as follows;
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LGDPi ¼ LNRRiβi þ µi

i ¼ 1; 2; 3����;N
(1)

where LGDP denotes logarithm of GDP per capita for country
i and LNAR denotes logarithm of natural resources at country
i and finally βi are coefficients to be estimated and µi are the error
terms. This approach is based on generalized least square (GLS) and
is further specified using matrix as;

LGDPG

LGDPGA

LGDPL
LGDPN

LGDPS

2
666664

3
777775
¼

LNRRG 0 0 0

0 LNRRGA 0 0

0 0 LNRRL 0
0

0

0

0

0

0

LNRRN

0

0

0

0
0

LNRRS

0
BBBBB@

1
CCCCCA

�

β1

β2

β3

β4

β5

0
BBBBBBBB@

1
CCCCCCCCA

þ

µG

µGA

µL

µN

µS

0
BBBBB@

1
CCCCCA

where LGDPi andµi are n� 1 vectors; βi is a pi � 1 vector; LNRRi is
a n� pi matrix; LGDP and µ are 5n� 1 vectors; and
β is a p1 þ p2 þ p3 þ p4 þ p5ð Þ � 1 vector; LNRR is a
5n� p1 þ p2 þ p3 þ p4 þ p5ð Þ matrix [41]. Therefore, the mean of
the error term must be equal to zero {E µi=LNRRið Þ ¼ 0} and follow
variance-covariance matrix of errors {Ω ¼ E µµ

0� �¼ P�IN}. The
permissibility of estimating multiple equations concurrently while
taking into consideration unobservable country-specific correlations
justifies the application of SUR technique. Also, the point worth
noting is the ability of the model to provide unbiased and efficient
estimates.

4. Empirical Results

In order to achieve the objective of this study, this section
focuses on the empirical results of the study. Thus, the study
tested unit root of the variables with a view to unravel the degree
of integration and stationarity properties of the explained and
explanatory variables, the Phillips-Perron (PP) unit root test was
conducted, and the outcomes are presented in Table 1 below.

Table 1 presents the outcomes of Phillip-Perron tests for all the
variables, and the outcome established that variables at their level
values are not stationary. This suggests that the null hypothesis of
the variable containing a unit root is accepted. However, all the
variables turned to stationary after taking their first difference at
either 1% or 5%, respectively. Thus, the same order (i.e. I(1)) of
integration of all the used variables is established.

OLS is efficient in estimating equation by equation when there is
absence of contemporaneous correlation between the errors among
different equations. Table 2 presents the outcomes of the correlation
matrix of residuals. Based on the outcomes, the hypothesis that the
correlation among the five equations is zero can be rejected and
concluded that the model is well and better fit with SUR method
than estimation with OLS for each equation using simple linear
regression model.

After confirming the possible unobservable effect from one
country to another in the panel based on the outcome of Breusch-
Pagan test of independence, the study deployed the SUR method,
and the outcomes are presented in Table 3. The outcome

demonstrated that natural resources positively stimulated output
expansion in Gambia, Ghana, and Sierra Leone. This implies that 1
percent in natural resources boosts output growth to rise by 0.03,
0.46, and 0.16 percent in Gambia, Ghana, and Sierra Leone,
respectively. Therefore, the effect of natural resources on economic
growth in Gambia, Ghana, and Sierra Leone justifies the a priori
expectation that a natural resource stimulates economic growth.
This finding corroborated that of Brunnschweiler [2], Chambers &
Guo [26], Hassan et al. [31], Al-mamun et al. [28], Kwakwa et al.
[32], and Usman et al. [33]. However, in the cases of Liberia and
Nigeria, their results revealed that natural resources have
detrimentally affected output growth. Thus, a 1% surge in natural
resources deterred output growth by 0.28% and 0.97%,
respectively. This outcome is in support of Daniele [8], Boyce &
Emery [22], Jalloh [23], Amini [11], and Inuwa et al. [37].
Therefore, their results confirm the resource curse hypothesis that
the more a country is naturally resource-endowed, the less it grows.
Moreover, all the F-statistics values are higher than the p-values
suggesting a good overall significance of the estimated models for
all the countries under study.

The robustness test of the results has been displayed in Table 4.
Based on the outcome presented, natural resources significantly
retarded economic growth in Sierra Leone, Nigeria, and Gambia.
This suggests that a 5%, 10%, and 5% rise in natural resources
will retard economic growth in Gambia, Nigeria, and Sierra Leone
by 0.06%, 0.22%, and 0.37%, respectively. However, the
outcomes demonstrated a negative but insignificant effect of
natural resources on output expansion in Ghana and Liberia,
though the outcomes of OLS showed different coefficients from
that of SUR. But, this is not unexpected because of the inability
of the OLS to compute all the equations concurrently with
efficiency. Similarly, the inherent ability of the SUR to

Table 1
Results of Phillips-Perron unit root test

Variable
PP-Test at
Level Value

PP-Test at
First Difference

Order of
Integration

LGDPG −2.448 −6.769*** I(1)
LGDPGA 1.625 −2.996** I(1)
LGDPL −2.364 −3.099** I(1)
LGDPN −0.002 −5.235*** I(1)
LGDPS −1.361 −5.479*** I(1)
LNRRG −0.570 −5.989*** I(1)
LNRRGA −1.860 −6.271*** I(1)
LNRRL −2.379 −4.911*** I(1)
LNRRN 0.259 −5.403*** I(1)
LNRRS −2.900 −5.823*** I(1)

Notes: *** and ** indicate 1% and 5% significance level, respectively.

Table 2
Results of the correlation matrix of residuals

LGDPG LGDPGA LGDPL LGDPN LGDPN

LGDPG 1.0000
LGDPGA 0.3077 1.0000
LGDOL −0.0847 0.2743 1.0000
LGDPN 0.1867 0.2958 −0.0792 1.0000
LGDPS 0.1117 0.5535 0.5539 0.3846 1.0000

Breusch-Pagan test of independence: χ2= 33.456, Pr= 0.0002***,
***indicate level of significance level at 1%.
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accommodate cross-sectional dependency among the countries
might have been one of the reasons.

5. Conclusion

Most of the African countries have been endowed with one form
of natural resources or the other, but this endowment has not been
established in their growth trajectory; hence, this study is set to
unravel the extent to which natural resources stimulate output growth
among WAIFEM countries spanning the period 1986–2016. The
study applied the SUR method, and the outcome established that
natural resources play a critical role in stimulating economic growth
in Gambia, Ghana, and Sierra Leone. However, the study unraveled
a detrimental effect of natural resources on economic growth in
Liberia and Nigeria. The policy implication of the findings suggests
that natural resources when managed sustainably will stimulate
output growth of the rents accrued to the endowed countries via the
formulation and application of the appropriate policies capable of
turning the curse of natural resources into blessings. Similarly,
policymakers among the countries should formulate policies that
would ensure the effective and efficient use of rents generated from
natural resources as well as significant improvement in both
manufacturing and labor markets which will in turn stimulate not
only inclusive but also sustainable economic growth. Thus, the
findings of both “positive” and “negative” effect of natural resources
endowment on economic growth among the studied countries would
make an overall “umbrella” policy recommendation to WAIFEM
member countries inappropriate, but individually designed strategies
that would help in managing the resources rents effectively in order
to stimulate economic growth particularly in Liberia and Nigeria
where their resource endowment serves as a curse rather than
blessings as established in this study. The outcomes of this study are
limited for the fact that it unraveled only the conditional mean
influence of natural resources on output growth. Therefore, further
studies will be required to examine all the conditional distribution
effects of explanatory variables on explained variable via the
deployment of the recent and novel method of moment quantile
regression. Similarly, capturing governance and institutional
variables by future studies will also go a long way in providing the
actual picture of the presence or absence of a resource curse.
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