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Abstract. Research on the relationship between oil wealth and economic growth has shown that the
impact of oil can depend on various factors or conditions. However, the role of the underground eco-
nomy in this relationship remains underexplored. This study aims to fill this gap by examining how
the underground economy influences the oil wealth-growth nexus in Nigeria from 1990 to 2022, using
the bootstrap autoregressive distributed lag (ARDL) bounds-testing technique. The empirical findings
reveal that the effect of oil wealth on economic growth varies with the size of the underground economy.
Specifically, the results indicate that the marginal impact of oil wealth on growth is positive when the
underground economy is relatively small, but becomes negative as the underground economy expands.
This suggests that the underground economy serves as a channel through which oil wealth negatively
affects long-term economic growth. The economic implication of this finding is that for sustained long-
term growth, increases in oil wealth must be accompanied by significant efforts to reduce the size of the
underground economy.
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1. Introduction

Over the last few decades, scholars have widely regarded natural resources and the
wealth associated with them as a ‘curse’ (Sachs & Warner, 1995). This conclusion is pri-
marily influenced by the relatively poor economic performance of nations with abun-
dant natural resources compared to the significant economic growth and development
experienced in resource-poor countries such as Taiwan, Singapore, and Hong Kong
(David et al., 2024). Both anecdotal and empirical evidence confirm the validity of this
phenomenon in several resource-rich countries across Africa, the Middle East, Europe,
Latin America, and Asia. In the literature on the resource curse, it is reported that the
adverse effects of natural resource wealth on growth may be transmitted through chan-
nels such as weak institutions, corruption, terms of trade, investment, openness, and
education, among others (David et al., 2025; Eregha & Mesagan, 2020; Papyrakis &
Gerlagh, 2004).

However, little is known about the capacity of the underground economy! to act as
a transmission channel for the negative impact of natural resource wealth on long-term
growth in resource-dependent economies. In the case of oil, for instance, it can be ar-
gued that the effect of oil wealth (or revenue) on long-term growth may be influenced
by the size of the underground economy in oil-rich countries. This argument is hinged
on two key issues. First, the expansion of the underground economy directly erodes the
tax base, leading to a reduction in tax revenue and forcing governments to seek alterna-
tive means of financing their expenditures (Mazhar & Méon, 2017). Second, evidence
suggests that higher oil rents tend to diminish the state’s willingness to tax its citizens,
delaying necessary tax reforms (Bornhorst et al., 2009; McGuirk, 2013; Ross, 2001).
Conversely, a decline in oil rents often increases the government’s willingness to adopt
and implement tax reforms to boost revenue (Ishak & Farzanegan, 2020).

In this context, the prevailing size of the underground economy may determine how
oil rent fluctuations impact economic growth by influencing the government’s ability to
generate higher tax revenues. Ishak and Farzanegan (2020), for instance, found that in
oil-rich countries where the underground economy accounts for more than 35 percent
of GDP, a decline in oil rents has a limited effect on raising tax revenues. In contrast,
countries with a smaller underground economy may experience an increase in tax rev-
enue following changes in oil rents, with minimal adverse effects on economic growth.
However, where the underground economy is extensive, economic growth is likely to
be hindered, as efforts to increase tax revenue are often unsuccessful.

In the present study, the underground economy (also referred to as the shadow economy) encompasses all
undeclared, under-declared, non-measured, and under-registered production and transactions—both illegal
activities associated with crime and corruption, and legal but non-market activities—that intentionally avoid
all forms of taxes, minimum wage requirements, safety standards, social security contributions, maximum
working hours, administrative procedures, and legal labour market standards (Sakanko et al,, 2024).
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The negative shocks in global oil prices in 2009, 2015, and 2020 led to significant
declines in oil rents and capital outflows in oil-dependent countries, including Nigeria
(World Bank, 2024). The resulting drop in revenue raised Nigeria’s fiscal deficit and
increased public debt from 27.6 percent of GDP in 2019 to 35 percent in 2021 (Central
Bank of Nigeria [CBN], 2022). Despite a series of non-oil tax reforms, the Nigerian
government has struggled to achieve higher tax revenues (CBN, 2022; Herbert et al,,
2018), while real GDP and per capita income have continued to decline (World Bank,
2024). The situation has been aggravated by the COVID-19 pandemic and oil theft in
the oil-rich Niger Delta region, raising concerns about fiscal sustainability and long-
term economic growth. Notably, with the underground economy averaging around
56.8 percent of official GDP during the 1991-2017 period (Medina & Schneider,
2019), the size of the underground economy may play a significant role in the relation-
ship between oil revenue fluctuations and economic growth.

Against this backdrop, we aim to assess whether the effect of oil wealth on eco-
nomic growth is influenced by the size of the underground economy in Nigeria. In the
literature, most research has focused either on the relationship between oil wealth and
growth (see Asiedu et al,, 2021; Dada & Abanikanda, 2019; David et al., 2024; Eregha
& Mesagan, 2020; Inuwa et al., 2022; Ofori & Daryn, 2021; Olayungbo & Adediran,
2017) or on the determinants and effects of the underground economy on economic
growth (see Ajide & Dada, 2024; Ajide et al., 2024; Dada et al., 2024; Camara, 2022;
Gamal et al., 2025; Goel et al., 2018; Nguyen et al., 2022). Although the conclusions
on the impact of oil wealth and the underground economy on growth are mixed and
remain inconclusive, the existing literature on the resource curse has largely over-
looked the underground economy as a transmission channel, despite its significant
presence in various economies. Substantial efforts have instead focused on validating
the resource curse through other transmission channels, such as the Dutch disease,
resource price variability, rent-seeking, human capital, savings-investment, and mon-
ey-inflation mechanisms (David et al., 2024; Eregha & Mesagan, 2020; Papyrakis &
Gerlagh, 2004).

Our analysis adopts an approach similar to that of David (2024 ), which investigates
how the negative effects of oil prices on economic growth in oil-rich economies are
transmitted through corruption. Using a quarterly time-series dataset for the period
1990-2022, we apply the bootstrap autoregressive distributed lag (ARDL) bounds
testing methodology to demonstrate that the underground economy is a crucial chan-
nel through which oil wealth exerts a significant negative impact on long-term growth.
The findings reveal that, while oil wealth promotes economic growth, the underground
economy undermines long-term growth prospects, with the marginal effect of oil
wealth depending on the size of the underground economy. Specifically, the positive
impact of oil wealth on growth is stronger when the underground economy is relatively
small, whereas an extensive underground economy allows oil wealth to impede growth.
We highlight the need for a country to achieve sustained long-term growth by coupling
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increase in oil wealth with substantial efforts to reduce the size of the underground
economy.

In this paper, we make three important contributions. First, we provide a pioneer-
ing analysis of how the size of the underground economy influences the impact of oil
wealth on economic growth. Focusing on Nigeria—a major oil-producing country char-
acterised by a history of unimpressive economic performance and a large underground
economy—offers a unique opportunity to investigate the validity of the resource-curse
phenomenon through the lens of the underground economy. Second, by employing the
novel bootstrap autoregressive distributed lag (ARDL) model, we address issues such as
weak size and power properties and inconclusive inferences in traditional econometric
approaches. This technique allows us to draw more accurate conclusions regarding the
long-run relationship between oil wealth, the underground economy, and growth. Addi-
tionally, the use of high-frequency quarterly data enhances the robustness and precision
of our findings. Lastly, the findings of this study are expected to rekindle debate on the
topic and extend the frontiers of knowledge among economists, researchers, policy ana-
lysts, and policymakers in Nigeria, as well as in other oil-rich countries and beyond.

The paper proceeds as follows. Section 2 presents the stylised facts on oil wealth,
the underground economy, and the Nigerian economy. In Section 3, we outline the
theoretical framework, specify the model, and describe the data used in the study. This
section also discusses the econometric technique employed. Section 4 is dedicated to
the results, beginning with an examination of the stationarity properties of the data,
followed by the findings from the bounds-testing procedure and the main empirical
results. The policy implications of these findings are also discussed in Section 4. Finally,
Section S concludes the study.

2. Stylised Facts on Oil Wealth, the Underground Economy
and the Nigerian Economy

Nigeria’s economy is significantly shaped by its dependence on oil and the pervasive
presence of the underground economy. These two factors, intertwined with the coun-
try’s structural economic challenges, have profound implications for its growth and de-
velopment. As one of the largest oil producers in Africa, oil has long played a dominant
role in Nigeria’s economy. Since the discovery, exploitation, and subsequent exporta-
tion of crude oil, it has continued to play a critical role in the nation’s fiscal and mon-
etary policy, providing over 90 per cent of foreign exchange earnings and more than
70 percent of public revenue (CBN, 2022; World Bank, 2024). Data from the World
Bank indicate that oil has generated over US$942.517 billion for Nigeria’s coffers be-
tween 1970 and 2021, with an average of US$25.936 billion accrued annually during
the 1990-2021 period (see Figure 1). Despite contributing only 8 to 10 percent to the
Gross Domestic Product (GDP), oil’s significance lies in its role as the primary source
of fiscal revenue and foreign exchange. While Nigeria’s abundant crude oil reserves have
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supported the economy through increased revenue, infrastructural development, and
foreign investment, the country’s heavy reliance on oil has also made it vulnerable to
the volatile nature of global oil prices (David et al., 2024). This dependency has result-
ed in cyclical periods of economic boom during high prices and recessionary pressures
when prices fall.

The effects of oil price fluctuations are evident. For instance, while the oil booms of
the early 1970s, 2007/2008, and 2011/2012 boosted the country’s revenue potential
and overall economic performance, negative shocks in global oil prices in 2009, 2015,
and 2020 led to significant declines in oil revenue and economic contractions. As shown
in Figure 1, positive shocks in oil prices in 1996, 2008, 2011, and 2018 led to increases
in oil revenue and corresponding economic growth rates of 4.196 percent, 6.764 per-
cent, 5.308 percent, and 1.923 percent, respectively. In contrast, the economy contract-
ed from 5.308 percent in 2008 to 4.23 percent in 2009; from 6.309 percent in 2014 to
2.653 percent in 2015 and -1.617 percent in 2016; and from 2.208 percent in 2019 to
-1.794 per cent in 2020 following negative oil price shocks. These downturns also led to
a widening fiscal deficit and an increase in public debt, rising from 27.6 per cent of GDP
in 2019 to 35 per cent in 2021 (CBN, 2022). Despite the considerable wealth accrued
from oil sales, Nigeria continues to struggle with translating oil revenues into sustainable
development outcomes, such as poverty reduction, infrastructural improvements, and
inclusive economic growth, which reflects the symptoms of the “resource curse.”

Figure 1
Plots of Nigeria’s Economic Growth Performance, Oil Rent and Underground Economy

Trend of GDP growth rate, oil rent and underground economy
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Note. Authors’ computation based on data from World Bank’s World Development Indicators (WDI) and
Medina and Schneider (2019).
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Simultaneously, Nigeria has one of the largest underground economies in Africa
(Dada et al., 2024). According to estimates by Medina and Schneider (2019), the un-
derground economy relative to GDP between 1991 and 2017 ranged from 47.6 per-
cent to 60 percent, with an average of 56.78 percent (see Figure 1). The underground
economy encompasses a variety of informal economic activities, including unregistered
businesses, informal employment, tax evasion, and illegal trade (Sakanko et al., 2024).
Several factors contribute to its substantial size, such as high poverty rates, widespread
unemployment, inadequate financial inclusion, and the prevalence of cash-based trans-
actions (Abu et al., 2022¢; Dada et al., 2024; Sakanko et al., 2024). The underground
economy serves as a vital source of income and employment for a significant portion of
the population, particularly in rural areas and among the urban poor (Ajide et al., 2024;
Ishak & Farzanegan, 2022). While the underground economy helps alleviate pover-
ty and provide goods and services that may not be available through formal channels,
its expansion poses challenges. Evidence shows that it undermines tax revenue collec-
tion, complicates macroeconomic management, and impedes the development of for-
mal economic institutions, among other adverse consequences (Medina & Schneider,
2019; Sakanko et al., 2024).

The relationship between oil wealth and the underground economy in Nigeria is
complex and often symbiotic. Like most countries with abundant natural resources and
heavy reliance on them, high oil revenues have reduced the government’s incentive to
broaden the tax base and enhance tax enforcement, allowing the underground econ-
omy to flourish. This dependence on oil revenues diminishes the urgency to develop
alternative revenue sources, resulting in limited fiscal capacity to invest in public goods
and services. As argued by Ishak and Farzanegan (2020), reliance on oil revenues has
made efforts to increase public revenue following declines in oil revenue largely inef-
fective, pushing more individuals into the underground economy. The prevalence of
corruption, inefficient bureaucracy, and weak economic institutions further exacerbate
the situation. Moreover, economic downturns triggered by falling oil prices push more
economic activities into the underground economy. Reduced formal job opportunities
and cutbacks in public expenditure during periods of low oil revenue force individuals
and businesses to resort to informal economic activities for survival. Ultimately, the
country’s dependence on oil has not only made it susceptible to external shocks but has
also facilitated the growth of the underground economy by weakening incentives for
formal economic development.

3. Theoretical Background, Data, and Methodology
3.1 Theoretical background

A comprehensive theory explaining the role of the underground economy in the oil
wealth-growth relationship is challenging to find. However, a link between oil wealth,
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the underground economy, and economic growth can be forged through the well-
known “resource curse” hypothesis (RCH) popularized by Sachs and Warner (1995)
and the Ishak-Farzanegan model of the oil rent-taxation-shadow economy relationship
(Ishak & Farzanegan, 2020). According to the RCH, countries rich in natural resources,
such as oil, often experience slower economic growth compared to resource-poor coun-
tries due to factors like economic volatility, institutional weaknesses, and misallocation
of resources (Dada & Abanikanda, 2019; David et al., 2024; Sachs & Warner, 1995).
The underground economy can exacerbate these challenges by amplifying the negative
impacts associated with resource dependence. In resource-rich economies, substantial
oil revenues may reduce incentives for governments to diversify the economy or de-
velop strong institutions, leading to weaker regulatory frameworks (Brunnschweiler,
2008; Leite & Weidmann, 1999; Mehlum et al., 2006). This can allow the underground
economy to thrive, as businesses and individuals may seek to avoid taxes and regula-
tions that are perceived as burdensome or corrupt (Dada et al., 2024).

The presence of a large underground economy can further undermine the posi-
tive impact of oil wealth on economic growth by reducing public revenues, which are
crucial for investments in infrastructure, education, and healthcare. Additionally, the
underground economy may encourage rent-seeking behavior, corruption, and inefh-
ciencies in resource allocation, all of which contribute to the “resource curse” by dis-
torting economic incentives and reducing the effectiveness of public policies (Eregha
& Mesagan, 2020; Dada et al., 2024; David, 2024; David et al., 2024). This position
is supported by the Ishak-Farzanegan model, which demonstrates that underground
economic activities impede government taxation efforts in oil-dependent economies
during economic downturns induced by negative oil price shocks, thereby limiting the
government’s ability to finance essential public goods through taxation. In this context,
the underground economy acts as an intermediary that intensifies the resource curse,
turning oil wealth into a source of economic instability and long-term growth con-
straints, rather than a driver of development. Thus, the relationship between oil wealth,
the underground economy, and economic growth can be conceptualized as a cyclical
interaction, where the expansion of the underground economy due to weak institutions
and oil dependence exacerbates the negative outcomes predicted by the RCH.

3.2 Model specification

Following some studies (Abu et al., 2022b; David, 2024; David et al., 2025), an econo-
metric model is specified to demonstrate how the oil wealth-growth relationship de-
pends on the size of the underground economy as follows:

¥y, = a+Y0il, + yyue, + ¥, (oil, X ue,) + YZ,+ y, (1)

where y, is economic growth (proxy by real GDP), oil, represents oil wealth (measured
by the ratio of oil revenue to GDP), ue, denotes the underground economy (proxy by
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the ratio of the share of the underground economy to the official GDP), and Z', is the
vector of control variables (such as gross government debt, domestic investment, ex-
change rate, access to electricity, headline consumer price inflation, and primary fiscal
balance). In addition, a, ¥, and y,, represent the intercept and the slope coefficients of
oil revenue and the underground economy, respectively. ¥, is the parameter of the in-
teraction term, and § is the vector of the coeflicient of control variables. y, denotes the
stochastic error terms with zero mean and constant variance. To reduce skewness, real
GDP is log transformed before analysis, while the percentage change in the headline
consumer price index is computed.

Through the interaction term between oil wealth and the underground economy,
the marginal effect of changes in oil wealth on growth can be captured through the par-
tial derivatives of Equation (1) with respect to oil wealth as follows:

oy
doil,

=Yy +Y3ue; (2)

To determine whether the oil wealth-growth relationship is contingent on the size
of the underground economy, we focus on the signs of ¥, and v, , as they have fun-
damental policy implications. First, if ¥, and ;, are positive, it implies that oil wealth
stimulates economic growth, and an increase in the size of the underground economy
intensifies this effect. Second, if the coefficients have different signs, it signals the pres-
ence of a threshold effect, implying that the impact of oil wealth on growth varies with
the size of the underground economy.

3.3 Data sources and description

This research uses quarterly data covering the 1990-2022 period. Quarterly real GDP
and exchange rate (domestic currency (Naira) per the US Dollar, period average) are
sourced from the IMF’s International Financial Statistics (IFS) database, while the data
for the gross general government debt (% of GDP), primary fiscal balance (the differ-
ence between total public revenue and expenditure, excluding net interest payments on
public debt, relative to the GDP), and domestic investment (ratio of gross capital for-
mation to the GDP) are extracted from the IMF’s World Economic Outlook (WEO).
The quarterly headline consumer price inflation is from the World Bank’s global data-
base of inflation (Ha et al., 2021). In addition, data on infrastructure (percentage of the
population with access to electricity) is sourced from the World Bank’s World Develop-
ment Indicators (WDI) database, while oil revenue (relative to the current GDP) data
is from the Central Bank of Nigeria’s (CBN) statistical bulletin. Lastly, the data for the
underground economy is from the shadow economy database computed by Medina
and Schneider (2019). As the available data for the underground economy do not meet
the requirements for time series analysis, the Denton (1971) interpolation procedure is
employed to convert the annual data (including the underground economy, gross debt,
domestic investment, access to electricity, and oil revenue) into quarterly figures. The
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robustness and advantages of this procedure are well documented in the literature (see
David et al., 2024, 2025).

Table 1
Descriptive Statistics and Correlation Analysis
y oil ue debt dinv fx elec fbal p
Mean 26.371 10.815 55915 33.739 16.593 146.551  47.767  -1.248 4.154
SD 0.475 5.925 4.638 20.551 4.067 115.795 8.331 4.336 4.443

Min. 25.725 2.323 47.149 7.060 10.331 7.901 24.071 -10.017 -4.667
Max. 27.012 24.075  64.503  75.714 27.633 445712 64.355 10406 22.296

oil -0.589* 1.000

ue -0.889* 0.484* 1.000

debt -0.609* 0.289* 0.552° 1.000

dinv 0.629* -0475* -0.532*  -0.229* 1.000

fx 0.867° -0.606*  -0.745*  -0.317* 0.789° 1.000

elec 0.916* -0.522*  -0.820*  -0.573* 0.6492 0.869* 1.000

fbal -0.329P 0.658* 0.211*  -0.151* -0.360? -0.403*  -0.291° 1.000

p -0.308* 0.063 0.347° 0.316* -0.283* -0.22b -0.279*  -0.081 1.00

Note. (*) and () denote statistical significance at 1% and 5% levels, respectively. y = log of real GDP; oil =
oil revenue relative to GDP; ue = underground economy relative to the official GDP; debt = gross debt
of the central government; dinv = ratio of domestic investment to the GDP; fx = exchange rate of Naira

per US Dollar; elec = percentage of population with access to electricity; fbal = primary fiscal balance; p =
headline consumer price inflation rate.

The summary of the descriptive statistics and correlation analysis of the variables
is presented in the upper and lower panels of Table 1, respectively. The results in Table
1 show that the mean value of real GDP (log-transformed) for the period 1990Q1-
2022Q4 is 26.371 (US$315.88 billion), with values ranging from 25.725 (US$148.67
billion) to 27.012 (US$538.18 billion). Additionally, the average share of oil revenue
relative to GDP during this period is 10.815 percent. The standard deviation indicates a
significant variation in government revenue from oil sales, with the value ranging from
2.323 percent to 24.075 percent of GDP. Furthermore, the results reveal that the av-
erage size of the underground economy (relative to the official GDP) is substantial, at
about 55.95 percent, with the lowest size during the period being 47.149 percent and
the highest being 64.503 percent. Regarding the correlation analysis, the results indi-
cate that oil wealth, the underground economy, public debt, fiscal balance, and head-
line consumer price inflation are negatively correlated with real GDP. In contrast, the
correlation between real GDP and domestic investment, exchange rate, and access to
electricity is positive and significant. The pairwise correlation between the variables of
interest and the control variables is also presented?.

2 We appreciate the anonymous reviewer for highlighting that the strong correlation between the variables

of interest and the control variables may raise concerns about multicollinearity. However, it has been noted
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3.4 Estimation technique

The bootstrap bounds-testing technique of McNown et al. (2018) is adopted to es-
timate the relationship specified in Equation (1). The technique, an extension of the
ARDL bounds-testing technique of Pesaran et al. (2001), addresses the weak size and
power properties associated with the traditional bounds-testing method (McNown
et al,, 2018). This is achieved by introducing an additional co-integration test on the
lagged level(s) of the independent variable(s) to complement the existing F- and t-tests
of Pesaran et al. (2001). The introduction of bootstrap-generated critical values also
eliminates the problem of inconclusive inferences that characterised the traditional
ARDL procedure (David et al., 2024; Gamal et al., 2024).
Generally, a bivariate ARDL(p, q) can be written as follows:

14 q
i=1 =0

where g, h* and «, represent the constant, response and explanatory variable, respective-
ly. w; and 7, are the coefficients of the lags of i, and «,, respectively, and ¢, is the error
term. Lastly, i and j are the indexes of lags,i=1,2, ...,p;j=0,1,2, ...,q.t=1,2 ..., T
is time.

We re-parameterise and express Equation (3) in an error correction representation
as follows:

p—1 q-1
Ahy=a+p'hey + X%+ ) Pidhe i+ ) yjAxe_;+ & 4)
i=1 =1
where A is the difference operator. ¢, and 7;are functions of p = —(1 - Z?:o wi),

P
andA = Z n;j , respectively.
=0

In line with McNown et al. (2018), the co-integration between h, and «, is deter-
mined by testing the following hypotheses: H, : p = 2 = 0 (for overall F-test on all
lagged-level variables, F,); H, : p = 0 (the t-test on the lagged level of the response varia-
ble, t); and H,, : 1 = 0 (the F-test on the lagged levels of the explanatory variable(s), F, ).
For a valid conclusion on the co-integration between series to be made, all three null
hypotheses must be rejected (Abu et al,, 2022a; David et al., 2024).

that the ARDL model can potentially mitigate multicollinearity, as it involves differencing the data to achieve
stationarity, which may reduce correlations between the variables (Adebayo et al., 2021; Ahmed et al., 2021).
To further investigate this, the variance inflation factor (VIF) was computed for both contemporaneous
and lagged independent variables. The results (summarised in Appendix Table A1) show an average VIF of
0.00008, indicating the absence of multicollinearity in the models. Additionally, it is worth noting that one
common indicator of multicollinearity is a high R* value combined with insignificant t-statistics for many
explanatory variables. However, this pattern is not observed in the results presented in Tables 4 and S.
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In the case that a co-integrating relationship is established, the long-run estimate is
derived by normalising the coefficients of the lagged explanatory variables by the coef-
ficient of lagged dependent variables, that is A/p. A corresponding dynamic short-run
error correction model can also be determined as follows.

p q
Ahy = a + Z {iAhe_; + Z f]"Axt—i + U1+ & (5)
i=1 j=1

where ¢ is the parameter of the one-period lag error term (g, _,), representing the speed
of adjustment back to equilibrium in the long run after a deviation in the short run.

4. Empirical Results and Discussion
4.1 Preliminary data analysis

Before estimating the growth model in Equation (1), the stationarity properties of
the variables are assessed using the Augmented Dickey-Fuller (ADF), Phillips-Perron
(PP), and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) unit root tests. The unit root
test results, summarised in Table 2, present mixed outcomes. Specifically, the ADF and
PP test results indicate that all variables, except for headline consumer price inflation,
become stationary after first differencing. This suggests that the inflation rate is inte-
grated of order zero (I(0)), while the remaining variables in the model are integrated of
order one (I(1)). However, the KPSS test results show that all variables are integrated
of order one. Therefore, depending on the test used, the results imply that the variables
exhibit a mix of I(0) and I(1) integration orders. Notably, the ARDL bounds-testing
procedure remains robust when the variables have a mixed order of integration, as long
as they are not integrated of an order higher than one.

Table 2
Results of Unit Root Tests
Test 1(d) y oil ue debt dinv fx elec fbal p

1(0) -0237 -0.620 -0.237 -2.001 -0.834 1.856 -2.471 -144 -3.04"

ADE I(1) 269  -531"" 458" 382" -462" -9.68" -405" -5.81 -

pp 1(0)  -0.49 -1.89 -0.77 -1.99 -1.85 1.82 231 246 -6.63"
I(1) -335"  -3.017 242 254 2770 9637 286" -3.04" -

KPS 1(0) 1.39™ 076" 1227 0677 0797 1267 14277 0477 039

1(1) 0.25 0.06 0.08 0.17 0.04 0.09 0.16 0.05 0.07

Note. Asterisks ("), ("), and (") denote statistical significance at 1%, 5% and 10% levels, respectively. 1(d)
is the order of integration — I(0) is level and I(1) is first difference. The ADF and PP tests the null of a unit
root against the stationary alternative, while the KPSS tests the null of stationarity against unit root alter-

native. All tests are conducted with intercept (random walk with drift). The optimal lag-length is deter-
mined by Schwarz’s (1978) information criteria, while Bartlett kernel and the Newey-West methods are
adopted for PP and KPSS tests. MacKinnon’s (1996) critical values (CV) for ADF and PP tests are given
as:-3.48 (1%),-2.883 (5%) and -2.579 (10%). KPSS’s CV are: 0.739 (1%), 0.463 (5%), and 0.347 (10%).
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4.2 Bootstrap ARDL bounds-testing co-integration

The bootstrap ARDL bounds testing approach is employed to determine the presence
or absence of a co-integrating (long-run) relationship between the variables in the
specified equation. To ensure robustness, three models are estimated. The first mod-
el includes only the variables of interest (oil wealth and the underground economy),
the second model replaces the underground economy with the interaction term, and
the third model incorporates all the variables of interest (oil revenue, the underground
economy) along with their interaction. The results of the bootstrap ARDL bounds test-
ing for the three models are summarised in Table 3. Overall, the results indicate that the
values of the three test statistics exceed the bootstrap-generated critical values at the 1%
and/or 5% significance levels. Therefore, there is sufficient evidence to reject the null
hypothesis of “no co-integrating (long-run) relationship” in all three models.

Table 3
Results of Bootstrap ARDL Bounds-testing

Bootstrap-generated CVs

Models F, t F, ; » . P ; "
F| F'| t t F, E",
Model I 73757 47777 8.132" 865 7.2 -539 455 959 7.6l
Model IT 6416™  -4.839" 6966 591 480 -488 -394 607 495
Model IIT 26745 -3.8877 11242 2570 21.83 -3.57 -295 616 4.88

Note. Asterisks (") and (") denote significance at 1% and 5% levels, respectively. Model I is the baseline
model of Equation (1) without the oil wealth-underground economy interaction term (&',). Model I is
the equation with the interaction term (y,0"), but excluding the underground economy (ue,). Model

III is Equation (1) — all interest variables and interaction term are included. F, represents the overall
F-statistic for the lagged level variables, F, denotes the exogenous F-statistic for the lagged level of the
independent variables, and t is the t-statistic for the lagged level of the dependent variable. F',, ¢, and F’,,

and F”|, t", and F", are the bootstrap generated critical values (with 1,000 replications) at 1% and 5%
significance levels, respectively.

4.3 Estimation results of the autoregressive distributed lag model

After confirming the presence ofa co-integrating relationship between the variables across
the three different scenarios, the long-run and short-run models of the selected ARDL
model are estimated. The results of the long-run estimates, along with the post-estima-
tion diagnostics, are summarised in Table 4, while the short-run estimates are presented
in Table S. Starting with the assessment of the adequacy and reliability of the estimation
results, the post-estimation diagnostics summarised in Panel B of Table 4 indicate that
all specifications are free from issues related to serial correlation, heteroscedasticity, and
specification bias. Furthermore, the cumulative sum of recursive residuals (CUSUM)
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and cumulative sum of squares of recursive residuals (CUSUMSQ) plots? of Brown et
al. (1975) confirm the stability of the estimated model parameters. The non-normality
of the residuals across all three models, as indicated by the Jarque-Bera statistics, is not
coincidental. Evidence suggests that such issues often arise in estimations based on finite
sample sizes (David et al., 2024, 2025). As expected, in all three specifications, the error
correction term (@y, ), which represents the speed of adjustment from short-run dise-
quilibrium to long-run equilibrium, is negative, less than one, and statistically significant
at the 1% level. This not only reinforces the presence of co-integration between the series
but also indicates the speed at which disequilibrium is corrected: approximately 1.12%,
0.76%, or 2.03% of the short-term disequilibrium is adjusted within a quarter, based on
specifications I, II, or III, respectively.

Table 4
Long-run Estimates of Oil, Growth and the Underground Economy Relationship
Model I: ARDL(2,2,4,2,2,2,4,4,2)

Regressors Dependent Ay Variable: Model II: ARDL(2,4,4,2,2,0,4,4,2)
8 Model I11: ARDL(1,1,1,1,1,0,1,4,2,4)
I I 111
Panel A: Long-run estimates
oil 0.0704 (0.018)™" 0.6497 (0.186)™ 0.0846 (0.026)"
ue -0.1062 (0.019)™ -0.0661 (0.018)™
oil X ue -0.0103 (0.003)" -0.0066 (0.004)"
debt -0.0137 (0.003)"™" -0.0067 (0.004)" -0.0131 (0.004)™
dinv 0.0331 (0.018)" 0.0539 (0.032)" -0.0039 (0.015)
fx 0.0019 (0.001)™ 0.0021 (0.001)" 0.0052 (0.002)""
elec -0.0152 (0.012) 0.0002 (0.015) -0.0358 (0.017)"
fbal -0.0231 (0.013)" 0.0048 (0.021) -0.0191 (0.015)
P 0.0498 (0.016)™ 0.0589 (0.027)™ -0.0295 (0.014)™
Constant 31.7419 (1.161)™ 24.5179 (0.961)™ 31.1586 (1.386)™"
Panel B: Diagnostics

QU -0.0112 (0.001)™ -0.0076 (0.001)™ -0.0203 (0.001)™
e 4.357[0.113] 3.675[0.159] 4.182[0.124]
e 0.003 [0.959] 2.338[0.129] 0.171 [0.679]
iz 6.411[0.041] 8.269 [0.016] 15.926 [0.001]
Ajd. R? 0.887 0.932 0.604
CUSUM Stable Stable Stable
CUSUMSQ Stable Stable Stable

Note. The specification in Column (I) excludes the interaction term. Column (II) is the specification
without the underground economy. For CUSUM and CUSUMSQ, “Stable” imply that the CUSUM and
CUSUMSAQ statistics are within the 5 percent critical line. All the variables are included in the specifica-
tion of Column (III). Asterisks ("), (") and (") denote statistical significance at 1%, 5% and 10% levels,
respectively. Values in (.) are standard error. Values in square parentheses [.] in panel B are the probability

3 Thesix CUSUM and CUSUMSQ plots for the three estimated models are presented in the Appendix (Figures
Al,A2and A3).
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values of the LM test statistics. gy, ,is the coefficient of the error term lagged by a period, indicting the
speed of adjustment to long-run equilibrium. x*s., x* 5, and y*z; denote Breusch-Godfrey’s serial cor-
relation LM test, Jarque-Bera normality test and Ramsey RESET F-statistic, respectively. The model is
estimated by setting the maximum lag to 4, while the optimal lag-length is suggested by AIC.

Focusing on the long-run estimates in the second column of Table 4, the results
show that oil revenue has a significant long-term impact on economic growth, while the
relationship between the underground economy and economic growth is negative and
significant at the 1% level. The corresponding short-run estimates in panel A of Table
S reveal that the immediate effects of oil revenue and the underground economy on
economic growth are positive and statistically significant. However, the coefficients of
lagged oil revenue and the underground economy are negative.

While the immediate and long-term impacts of rising oil revenue are positive, the
negative effect of oil revenue on growth in previous periods can be attributed to the vol-
atility of the commodity, which accounts for over 70% of public revenue. This finding
is crucial, as a series of negative shocks to oil revenue in recent years has constrained
public finances, increased fiscal deficits and debt, and raised concerns about the coun-
try’s fiscal sustainability and long-term growth prospects. The short-term positive im-
pact of the underground economy on growth may be linked to its role in creating jobs,
alleviating poverty, reducing income inequality, and serving as an informal safety net
during economic volatility, thereby reducing social pressure on the state and stimulat-
ing the economy (Ajide & Dada, 2024; Ajide et al,, 2024; Dada et al., 2024; Ishak &
Farzanegan, 2022; Sakanko et al., 2024). However, its negative long-term impact on
growth may be explained by the “destructive cycle” it initiates, including reduced tax
revenue, inefficiencies in public policies, and distortions in resource allocation, which
significantly outweigh any perceived short-term benefits (Sakanko et al., 2024). These
findings are consistent with other studies (see Abubakar & Akadiri, 2022; Dada &
Abanikanda, 2019; David et al., 2024; Inuwa et al., 2022) that document a significant
positive long-term and short-term impact of oil revenue on output in Nigeria, as well
as evidence of a long-term negative effect and short-term positive effect of the under-
ground economy on growth (see Goel et al., 2018; Nguyen & Duong, 2021; Nguyen &
Luong, 2020; Younas et al., 2022).

In Column II of Table 4, where only oil revenue and the interaction term are includ-
ed in the specification, the results show that the long-term impact of oil revenue on eco-
nomic growth is significant and positive, while the interaction term enters the model
with a significant negative coeflicient. In contrast, the short-run estimates in Table 5 in-
dicate that oil revenue has an immediate negative effect on economic growth, whereas
the coefficient of the interaction term is positive and statistically significant. The results
suggest that an increase in oil revenue leads to a short-term decline in economic growth
by 0.011 percentage points. However, in the long run, economic growth responds pos-
itively to the increase in oil revenue, expanding by 0.649 percentage points. The neg-
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ative coeflicient of the interaction term implies that a simultaneous increase in both
oil revenue and the underground economy would result in a deceleration of economic
performance by 0.01 percentage points.

The third model includes oil revenue, the underground economy, and their inter-
action term in the specification. The long-run results in Table 4 indicate that the coef-
ficient of oil revenue is positive and significant at the 1% level, while the underground
economy and the interaction term have negative and significant coeflicients. Converse-
ly, the short-run results in Panel C of Table S show that the coeflicients for oil revenue,
the underground economy, and their interaction are all positive. Including both oil rev-
enue and the underground economy along with their interaction in the specification
reduces the magnitude of the coefficients for both the long- and short-run estimates
and weakens the statistical significance of the short-run estimates. In the short run, only
the interaction term remains significant, at the 10% level.

Given that the signs of the estimated coefficients (for oil revenue and the interaction
term) differ, it is imperative to determine the marginal effect within the sample using
the estimated long-run coeflicients in Column II as follows:

0y
doil;

The marginal effects of oil revenue (relative to GDP) on economic growth, com-
puted at the mean (55.915), minimum (47.149), and maximum (64.503) levels of the
underground economy (as a percentage of GDP), are 0.0761, 0.1666, and -0.0120, re-
spectively. This implies that a unit increase in oil revenue would spur economic growth

= 0.6497 — 0.0103ue;.

by approximately 0.0761% and 0.1666% at the average and minimum levels of the un-
derground economy, respectively. However, at the maximum level of the underground
economy, a unit increase would lead to a deceleration in economic growth by approxi-
mately 0.0120 percentage points. Therefore, it is indicative that an increase in oil reve-
nue, coupled with a reduction in the size of the underground economy, is imperative for
sustained long-term economic growth. The simultaneous increase in both oil revenue
and the size of the underground economy is likely to result in economic slowdown.

Table §
Short-run Estimates of Oil, Growth and the Underground Economy Relationship

Dependent Variable: Ay

Regressors Lag order
0 1 2 3
Panel A: Model I - ARDL(2,2,4,2,2,2,4,4,2)

Ay 0.9612 (0.028)"

Aoil 0.0033 (0.001)™ -0.0030 (0.001)™" -0.0004 (0.001) 0.000S (0.001)
A(oil X ue) 0.0046 (0.001)™ -0.0055 (0.001)™"

Adebt -0.0016 (0.0003)™  0.0014 (0.001)™ -0.0002 (0.001) -0.0001 (0.0003)
Adiny 0.0065 (0.001)™ -0.0053 (0.001)™"
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Afx 0.0001 (0.00003)"  0.0001 (0.00003)"  0.0001 (0.00003)”
Afbal 0.0021 (0.0003)™  -0.0021 (0.0003)™"
Ap 0.000002 (0.0001)
Panel B: Model II - ARDL(2,4,4,2,2,0,4,4,2)
Ay 0.8325 (0.0218)™
Aoil -0.0105 (0.004)™ 0.0069 (0.007) 0.0045 (0.006) -0.0117 (0.004)™
A(oil X ue) 0.0003 (0.0001)™" -0.0002 (0.0001) -0.0001 (0.0001) 0.0002 (0.0001)™"
Adebt -0.0015 (0.0002)™  0.0009 (0.0002)""
Adinv 0.0088 (0.001)™" -0.0065 (0.001)™"
Afx 0.0001 (0.00002)™  0.0001 (0.00002)™  0.00008 (0.00002)™"  0.00004 (0.00002)"
Afbal 0.0021 (0.0003)™  -0.0022 (0.0003)™"
Ap -0.0002 (0.0001)™  -0.0005 (0.0001)™  -0.0005 (0.0001)™"  -0.0002 (0.0001)"
Panel C: Model III - ARDL(1,1,1,1,1,0,1,4,2,4)
Aoil 0.0012 (0.002) -0.0006 (0.003) 0.0009 (0.002) -0.0038 (0.001)™
Aue 0.0017 (0.002) 0.0004 (0.002)
A(oil x ue) 0.0004 (0.0003)" 0.00001 (0.0004) 0.0001 (0.0004) 0.0004 (0.0003)"
Adebt -0.0012 (0.0002)™"
Adinv 0.0027 (0.001)"
Aelec 0.0005 (0.001)
Afbal 0.0022 (0.001)™"
Ap -0.0003 (0.0002)"

Note. A represents first difference operator. The interaction term is excluded in the Model I specification in
Panel A. Panel B specification excludes the underground economy variable. All the variables are included
in Model I11 specification presented in Panel I11. Asterisks (™), (") and (") denote significance at 1%, $%
and 10% levels, respectively. Values in parentheses (.) are the standard error. The models are estimated by
setting the maximum lag to 4, while the optimal lag-length is suggested by AIC.

Regarding the control variables in all three specifications, the long-run results in-
dicate that public debt, fiscal balance, access to electricity, and the inflation rate are
negatively related to long-term growth. In contrast, the long-term impacts of domes-
tic investment and exchange rates on growth are positive and significant. Interesting-
ly, these outcomes are consistent with existing studies (see David, 2024; David et al,,
2024; Ehigiamusoe et al., 2019; Ehigiamusoe & Lean, 2020; Eregha & Mesagan, 2020;
Olayungbo & Adediran, 2017).

4.4 Oil, growth and the underground economy: policy implications

The findings from this study are quite revealing and carry important policy implica-
tions, which can be summarised as follows. First, regardless of the specification, oil rev-
enue has a significant positive long-run impact on economic growth. This corroborates
several existing studies (see Abubakar & Akadiri, 2022; Dada & Abanikanda, 2019;
Inuwa et al., 2022; Olayungbo & Adediran, 2017; Rotimi et al., 2021). Thus, the policy
implication of these findings is that governments in oil-rich countries should imple-
ment policies and reforms aimed at increasing revenue from oil sales. Such actions may
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include instituting reforms in the oil and gas sector, removing bureaucratic bottlenecks,
adopting new technologies in oil extraction, upgrading oil infrastructure, and eliminat-
ing corrupt practices in the industry. However, caution should be exercised to avoid a
situation where all attention and resources are channelled into the oil and gas sector to
the detriment of other sectors of the economy, as this could have far-reaching conse-
quences. Moreover, given the volatile nature of oil prices, the establishment of a sover-
eign wealth fund (SWF) by the government to mobilise “excess” wealth from oil may
provide the state with an opportunity to maintain a stable growth path, independent of
fluctuations in oil prices.

Second, we show that the underground economy has a positive long-term impact
on economic growth, while its short-term effect is negative. This finding aligns with
the results of several studies (see Goel et al., 2018; Nguyen & Duong, 2021; Nguyen
et al,, 2022; Saunoris, 2018; Schneider & Hametner, 2014; Younas et al., 2022) that
demonstrate how the underground economy can stimulate growth in the short term
but stifle long-term growth. The short-term positive impact may be attributed to the un-
derground economy’s capacity to create jobs, alleviate poverty, reduce income inequal-
ity, and serve as an insurance policy against economic volatility, thereby reducing social
pressure on the state and stimulating the economy (Ajide et al., 2024; Ishak & Farzane-
gan, 2022; Sakanko et al., 2024). However, its negative long-term impact on growth can
be explained by the “destructive cycle” it initiates, which includes reduced tax revenue,
inefficiencies in public policy, and distortions in resource allocation—factors that nega-
tively affect the overall economy. Moreover, the expansion of the shadow economy may
impair long-term growth by providing a safe haven for activities associated with the
criminal economy, such as money laundering, kidnapping for ransom, and tax evasion
(Aljassmi et al., 2024), all of which threaten economic stability. Thus, any short-term
benefits the underground economy may offer are eventually outweighed by its substan-
tial adverse effects in the long term (Sakanko et al., 2024). Given the feedback causality
link between the size of the underground economy and the growth of the formal sector
(Bilan et al., 2020), it can be argued that significant improvements in formal economic
activities could help reverse the negative impact by encouraging firms and individuals
to transition to the formal sector, thereby reducing the size of the underground econ-
omy. Therefore, the policy implication is that governments and policymakers should
take proactive measures to shrink the underground economy by addressing its root
causes, such as poverty, unemployment, and weak institutions. According to Sakanko
et al. (2024), the size of the underground economy in developing countries could be
halved through enhanced access to quality financial products and services, increased
opportunities for participation in formal and international trade, economic stability in
terms of inflation rates, and the development of the agricultural sector.

Lastly, and most importantly, the study reveals that the size of the underground
economy adversely moderates the impact of oil revenue on economic growth in Nigeria.
Consequently, the marginal effect of oil revenue varies with the size of the underground
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economy, with oil wealth having a larger stimulating impact on economic growth when
the size of the underground economy is very low, while stifling growth at higher lev-
els of the underground economy. Among other things, this finding is significant to the
growing literature on the resource curse hypothesis. Beyond confirming the existence
of a resource curse issue, it demonstrates the dependence of the impact of oil revenue
on the size of the underground economy. This is evidenced by the diminishing positive
impact of oil revenue on long-term growth as the size of the underground economy
increases. This provides another perspective on the explanation of the resource curse
hypothesis, indicating that the underground economy is an important channel through
which the resource curse is transmitted into an oil-rich economy.

Overall, the policy implication of this finding is that reducing the size of the under-
ground economy is fundamental for oil wealth to support long-term economic growth
in oil-rich countries such as Nigeria. In other words, an increase in oil wealth coupled
with a decrease in the size of the underground economy appears to offer more ben-
efits for long-term economic growth compared to the simultaneous increase in both
oil revenue and the size of the underground economy. Besides its deleterious effect on
long-term growth, the underground economy also stifles growth through an economy’s
dependence on oil. Therefore, the government must intensify and strengthen its efforts
to reduce the size of the underground economy to mitigate its impact on the overall
economy and oil wealth. To achieve long-term economic benefits from abundant oil re-
sources, countries must implement appropriate monetary and fiscal policies to control
the development of the underground economy.

S. Conclusion

The empirical literature on the oil-growth relationship demonstrates that the impact
of oil wealth may be dependent on some factors and conditions such as the quality of
institutions (including the control of corruption), human capital development, indus-
trialisation, rent-seeking, and economic policies, amongst others. However, little or no
attention has been paid to exploring the role of the size of the underground economy
in determining how the wealth from oil impacts growth. Therefore, this study seeks
to investigate the role of the underground economy in the oil wealth-growth relation-
ship using the bootstrap ARDL bounds testing co-integration method. Evidence from
the results demonstrates that oil wealth promotes long-term economic growth, while
the long-term impact of the underground economy on growth is negative. In addition,
and most importantly, the findings indicate that the marginal effect of oil wealth on
economic growth varies with the size of the underground economy. This suggests that
the positive impact of oil wealth on economic growth is larger when the size of the
underground economy is very low. The economic implication of this finding is that the
underground economy is a transmission channel through which the ‘resource-curse’
adverse impact of oil wealth is exerted on economic growth. Therefore, for a long-term
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economic growth, an increase in oil wealth must be accompanied by a significant re-
duction in the size of the underground economy. Hence, governments and policymak-
ers must adopt appropriate macroeconomic strategies to reduce the size of the under-
ground economy to enable the country and economy to reap the benefits of oil wealth.

Despite this study’s pioneering effort to examine the role of the underground econ-
omy in the relationship between oil rent and economic growth, it is not without limi-
tations. The primary limitation lies in the measurement of the underground economy.
The data used, sourced from Medina and Schneider (2019), is based on the multiple
indicators multiple cause (MIMIC) approach and is restricted to the 1991-2017 pe-
riod. Additionally, the analysis is limited to Nigeria, which may affect the generalisa-
bility of the findings. However, these limitations do not diminish the policy relevance
and unique contributions of this study. Future research could build on this work by
incorporating more comprehensive and granular datasets with alternative measures of
the underground economy across multiple oil-rich economies and extending the time
frame. Such studies could provide deeper insights into how the size of the underground
economy influences the impact of oil rent on economic growth.
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Appendix
Table Al
VIEF for Contemporaneous and Lagged Independent Variables
Lags oil ue 0il X ue debt dinv fx elec fbal p
Model I
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000
4 0.000 0.000 0.000
Model II
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000
Model ITI
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000
3 0.000 0.000
4 0.000 0.000
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Figure Al
Model I CUSUM and CUSUMSAQ Plots
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Figure A3
Model III CUSUM and CUSUMSQ Plots
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