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ABSTRACT

This study investigates the effects of domestic investment, trade openness, inflation, and electricity access on economic growth
in nine ECOWAS countries from 2000 to 2023. Pooled mean group autoregressive distributed lag (PMG-ARDL) and nonlinear
pooled mean group autoregressive distributed lag (PMG-NARDL) models are applied to capture long-run relationships and
asymmetric adjustments. Results show that domestic investment supports income growth, but its effect weakens when com-
bined with electricity access, reflecting infrastructure inefficiencies. Trade openness produces mixed outcomes: linear estimates
indicate a negative long-run link, while nonlinear results reveal that increases in openness stimulate growth, whereas con-
tractions reduce income. Inflation also behaves asymmetrically, as disinflation enhances growth while rising inflation exerts
weaker adverse effects. The trade-inflation interaction suggests that inflation may ease some negative impacts of trade ex-
posure. Foreign direct investment displays asymmetry as well, with declines associated with stronger growth, possibly due to
greater domestic resource mobilization. Unemployment and population growth produce inconsistent effects across models. By
applying linear and nonlinear panel ARDL methods, this study evaluates macroeconomic and structural drivers of growth in
West Africa. The findings point to reforms in electricity infrastructure, balanced trade liberalization, and inflation stabilization
to sustain growth in ECOWAS economies.

1 | Introduction Onye et al. 2022). Trade openness, often advanced as a growth

strategy, has produced mixed results in ECOWAS due to shal-

Economic growth in West Africa remains uneven and con-
strained by structural and macroeconomic challenges. Despite
the Economic Community of West African States (ECOWAS)
promoting regional integration and development, member
countries continue to face limited productive investment, high
unemployment, weak industrial capacity, and persistent infla-
tion volatility (AfDB 2020; Emeka et al. 2024; Olaoye and
Aderajo 2020; UNECA 2015). Infrastructure gaps, especially
in electricity access, restrict firm productivity, discourage
investment, and weaken public service delivery (IEA 2022;

low domestic production structures, limited export diversifica-
tion, and import dependence (Rodrik 2017; UNCTAD 2021).
These weaknesses increase vulnerability to external shocks,
imported inflation, and supply-side bottlenecks, limiting the
region's capacity to translate reforms into sustained growth.

While capital accumulation, macroeconomic stability, and trade
openness are widely recognized as growth drivers (Barro and
Sala-i-Martin 1995; Sachs and Warner 1997), such relationships
may not hold in structurally constrained economies. In ECOWAS,
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investment produces limited returns when infrastructure
deficiencies—such as unreliable electricity—undermine produc-
tivity. Similarly, trade liberalization can expose fragile economies
to external price shocks and instability, especially where institu-
tional capacity is weak (Abusomwan and Izevbigie 2024; Easterly
and Levine 2003; Mahawiya et al. 2022; Mbate 2013). These
conditions suggest that investment, trade, and inflation effects on
growth depend on structural and institutional factors, calling for a
more integrative approach.

This study examines how domestic investment, trade openness,
inflation, and electricity access affect economic growth in nine
ECOWAS countries between 2000 and 2023. It investigates
whether the effects of investment and trade are shaped by
structural and macroeconomic conditions through interaction
terms capturing electricity access and inflation. Using pooled
mean group autoregressive distributed lag (PMG-ARDL) and
nonlinear PMG-ARDL (PMG-NARDL) models, the analysis
considers both long-run relationships and asymmetric short-
and long-run adjustments.

The study advances existing work by (i) introducing interaction
terms that account for conditional effects of structural and
macroeconomic variables, (ii) applying nonlinear estimation
techniques that capture asymmetric growth responses, and (iii)
employing updated panel data covering 2000-2023, reflecting
recent global shocks and regional dynamics. The findings
inform investment, trade, monetary, and infrastructure policy
design in West Africa.

2 | Literature Review
2.1 | Theoretical Framework

Economic growth theory increasingly incorporates macroeconomic,
structural, and institutional factors that influence capital accumu-
lation and productivity. Neoclassical models emphasize capital
deepening and exogenous technological progress, while en-
dogenous growth theories indicate human capital, innovation, and
spillovers in sustaining long-run growth (Acemoglu and
Robinson 2012; Hausmann et al. 2005). Recent approaches further
recognize the importance of infrastructure quality, institutional
strength, and macroeconomic stability in developing economies.

Traditional growth frameworks, however, often assume fric-
tionless capital markets, full factor utilization, and minimal
structural constraints-conditions rarely met in ECOWAS
economies. Persistent infrastructure gaps, weak institutions,
and inflation volatility limit the effectiveness of conventional
growth inputs, necessitating models that consider structural
and policy interactions.

Infrastructural deficits, especially unreliable electricity supply,
reduce the productive use of capital. Access to electricity im-
proves firm-level productivity, lowers transaction costs, and
enhances capital efficiency. The infrastructure-led growth
hypothesis posits that essential services in energy, transport,
and communications strengthen private investment productiv-
ity, especially in low-income economies (Calderon and
Serven 2010). Consequently, the growth impact of domestic

investment depends not only on the amount of capital but also
on the availability of complementary infrastructure.

Domestic investment expands production capacity, but its effects
are contingent on infrastructure, labor absorption, and institu-
tional quality (Dabla-Norris et al. 2016; Mijiyawa 2015). Without
adequate capacity, capital accumulation may fail to generate
output. Inflation further complicates growth by distorting prices,
increasing uncertainty, and discouraging long-term investment.
Research suggests threshold effects, where moderate inflation is
tolerable, but high inflation undermines capital formation and
macroeconomic stability (Seleteng et al. 2013). In open econo-
mies, inflation can increase competitiveness and reduce trade
benefits. Trade openness is linked to technological diffusion,
market expansion, and efficiency, but these benefits depend on
institutional readiness, supportive policies, and macroeconomic
stability (Dabla-Norris et al. 2016; Rodrik 2017). Unemployment
and population trends also shape growth; rapid population
growth without sufficient employment can lower per capita
income and strain resources (ILO 2020).

This study hypothesizes that the growth effects of domestic
investment and trade openness are conditional on electricity
access and inflation stability. Interaction terms in linear and
nonlinear models test whether infrastructure enhances invest-
ment productivity and whether inflation volatility modifies
trade effects, capturing asymmetric responses and structural
heterogeneity in ECOWAS economies.

2.2 | Empirical Review

Empirical literature on the drivers of economic growth has
evolved, covering macroeconomic, structural, and institutional
factors across regions. In Africa and ECOWAS, findings vary
depending on variables, methods, and periods. This section
reviews studies on trade openness, investment, inflation,
infrastructure, and institutional quality, emphasizing relevance
to ECOWAS. Abendin and Duan (2021) examined the digital
economy's role in trade-growth links in 53 African countries
(2000-20138), finding trade supports growth when accompanied
by digital development. Ngouhouo et al. (2021) analyzed
domestic institutions in 36 Sub-Saharan African countries
(1996-2017), showing that government effectiveness, regulatory
quality, and rule of law enhance trade openness. Hussen (2023)
investigated institutional dimensions in 31 Sub-Saharan coun-
tries (1991-2015), indicating that investment-promoting, dem-
ocratic, and regulatory institutions foster growth, while conflict-
prevention institutions have limited effect. Olaoye et al. (2022)
assessed foreign capital, debt, aid, and FDI in 15 ECOWAS
countries (2008-2018), showing external inflows may crowd
out government spending and are less effective under weak
institutions.

Gyasi et al. (2024) examined exchange rates and global value
chain participation in African countries (1990-2018), finding
stronger governance reduces exposure to currency fluctua-
tions. Adjei and Kajurova (2022) analyzed consumption de-
terminants in 25 Sub-Saharan African countries (2005-2018),
revealing that trade and interest rates reduce consumption,
with consumption inertia remaining significant. Abaidoo and
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Agyapong (2023) examined governance and financial devel-
opment in 36 Sub-Saharan countries (1996-2019), finding
governance enhances financial development, while macro-
economic volatility weakens it.

Darkwah et al. (2023) studied trade openness-inflation in
ECOWAS (1970-2020), finding that openness supports long-run
growth but may reduce short-run performance due to import
dependence. Okoro et al. (2020) examined regional and non-
regional trade effects on ECOWAS growth (2007-2017), show-
ing regional trade supports growth, while non-regional trade
does not; domestic investment contributes positively, while
unemployment, population growth, and exchange rate depre-
ciation constrain it.

Mamba (2021) investigated open trade policies in ECOWAS,
finding growth benefits under strong governance but harm under
weak institutions. Aladejare (2019) compared ECOWAS and
COMESA, showing ECOWAS growth is driven by macro-
economic factors, while COMESA relies on resource prices.
Mamba and Balakin (2023) examined deep regional trade agree-
ments (RTAs) in 11 ECOWAS countries, finding deeper RTAs
increase foreign value-added with limited domestic effect.
Okunlola et al. (2024) assessed government expenditure in 15
ECOWAS countries (1999-2021), showing spending supports
growth when paired with effective corruption control. Abdullahi
et al. (2025) analyzed financial development, trade openness, and
urbanization (1980-2022), finding strong positive links moderated
by institutional factors. Obasaju et al. (2019) studied intermediate
tariffs and intraregional exports (2000-2015), showing tariffs are
not significant for exports within ECOWAS. Balogun et al. (2024)
examined sustainable development in 10 ECOWAS countries
(1987-2020), finding poverty undermines long-run sustainability,
while human capital supports it; trade has no direct effect but
positively moderates the poverty-sustainability relationship.

Despite extensive analysis, most studies treat trade openness,
inflation, and investment independently, often neglecting their
interaction. In particular, trade-inflation interactions, domestic
investment, and electricity access are underexplored. Many
prior studies also rely on linear or static methods, which may
not capture asymmetric or nonlinear short- and long-run ef-
fects. To address these gaps, this study examines the joint and
individual effects of domestic investment, trade-inflation inter-
actions, and electricity access on ECOWAS growth (2000-2023).

TABLE 1 | Variables description.

By applying PMG and PMG-NARDL estimators, it captures
long-run equilibrium relationships and asymmetric short-run
dynamics, integrating updated data from recent global crises,
providing a current and policy-relevant assessment.

3 | Methodology
3.1 | Data Source

This study employs annual data covering the period from 2000
to 2023 for nine-member countries of the Economic Commu-
nity of West African States (ECOWAS). The data set is obtained
from the World Development Indicators (WDI) provided by the
World Bank. Nigeria, Cabo Verde, and Liberia are excluded
from the analysis due to substantial data gaps across key vari-
ables. In addition, Mali, Niger, and Burkina Faso are omitted as
a result of their recent withdrawal from ECOWAS, which af-
fects the consistency and comparability of their inclusion in a
regional study. A detailed description of the variables is in
Table 1.

3.2 | Model Specification

Drawing from the endogenous growth theory (Romer 1990) and
structuralist perspectives, this study model's economic growth
as a function of domestic investment, trade openness, macro-
economic stability, and infrastructure quality. GFCF are proxies
for domestic investment, capturing capital accumulation and its
contribution to long-run output. Infrastructure quality is rep-
resented by ATCOP, an enabler of production, investment uti-
lization, and service delivery. Given that reliable electricity
remains a major constraint in many ECOWAS countries, it
serves as a proxy for broader infrastructure conditions. TOP
reflects external sector dynamics, while inflation captures the
macroeconomic environment influencing the efficiency of
investment and trade. To account for conditional effects, the
model includes two interaction terms. The interaction between
TOP and inflation assesses whether price stability modifies the
growth effects of trade. Similarly, the interaction between GFCF
and ATCOP the complementarity between infrastructure and
capital in supporting productivity (Calderon and Serven 2010).
The core model is in Equation (1).

Variable

Acronyms in the equations

Detail

Gross domestic product per capita growth
Foreign direct investment

Gross fixed capital formation

Inflation

Unemployment

Trade openness

Population growth rate

Access to electricity

GDPPCG Annual growth rate
FDI Net inflows % GDP
GFCF % of GDP
INFLA Consumer price index
UNEM % of the total labor force
TOP Exports plus imports % of GDP
POPG Annual growth %
ATCOP % of the population

Source: World Bank 2025 (https://data.worldbank.org/).
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https://data.worldbank.org/

GDPPCGy = a + B,GFCF; + B,TOP; + B,INFLA
+ B,(TOP; x INFLAy) + B;ATCOP;
+ B,(GFCF; x ATCOP;) + 3,FDI;
+ ByUNEM;; + BoPOPGy + u; + &,

1

where

a is representing the constant;

B, coefficient associated with GFCF;

B, coefficient associated with TOP;

B, coefficient associated with inflation;

B, coefficient of the interaction term TOP x INFLA;
B coefficient associated with ATCOP;

B, coefficient of the interaction term GFCF x ATCOP;
B, coefficient associated with FDI;

B coefficient associated with UNEM;

B, coefficient associated with POPG;

u; is the captures country-specific effects;

g;; is the error term;

Subscript i = country, t = time.

3.3 | Cross-Sectional Dependence Test

To ensure valid panel estimation and avoid biased inference,
this study tests for cross-sectional dependence (CSD), which
may arise from unobserved common factors or contemporane-
ous shocks across countries. Given the panel structure (T = 24;
N =9), the Breusch-Pagan LM test (Breusch and Pagan 1980) is
most appropriate, as it is designed for panels where the time
dimension exceeds the cross-sectional dimension (T> N). To
strengthen the robustness of the diagnosis, the Pesaran
scaled LM test (Pesaran et al. 2008) and the Pesaran CD test
(Pesaran et al. 2004) are also applied. While these tests are
generally used in panels with larger N, they remain valid and
informative in small-to-moderate N condition. Applying all
three tests provides a comprehensive, cross-validated assess-
ment of CSD, which guides the selection of appropriate econ-
ometric estimators. The Breusch-Pagan LM test statistic is in
Equation (2).

N-1 N
IM= 3 % Tify ~Xke-y: (2
2

i=1 j=i+l1

where LM is the test statistic, Tj is the time overlap between
cross-sections i and j, and g; is the sample correlation

coefficient between cross-sectionsi and j. The LM follows a chi-
square distribution with w degrees of freedom. The cross-

sectional dependence (CD) test statistic is in Equation (3).

-1 N

ZZPU

lljl+1

d
N(N - N(0,1), 3)

where CD indicates the cross-sectional dependence statistic, T is
the time, N is the number of cross-sections and ﬁij is the sample
correlation coefficient between cross-sections i and j. The bias-
corrected Pesaran LM test is in Equation (4).

M NZ:I % (T - K)FA’E — My
adj = —_—
! N(N— 1) iz j=it1 Vi “4)

5 N(0, 1),

where K shows the number of regressors, ¢ is the bias-corrected
mean and v is the variance of Tj;.

3.4 | Panel Stationarity Test

Before estimation, the stationarity of panel series is assessed to
support the choice of appropriate econometric techniques. Both
first-generation panel unit root tests, which assume cross-
sectional independence, and conventional time-series tests are
applied for robustness. The Levin, Lin, and Chu (LLC) test
(Levin et al. 2002) assumes a common unit root process across
cross-sections, while the Im, Pesaran, and Shin (IPS) test (Im
et al. 2003) allows for individual unit root processes. Addi-
tionally, the ADF-Fisher test (Dickey and Fuller 1981) and the
PP-Fisher test (Perron 1988) are used as Fisher-type tests that
combine individual statistics across countries. These comple-
mentary approaches provide a thorough assessment of statio-
narity under varying assumptions of heterogeneity and dynamic
structure. The LLC test, based on the augmented Dickey-Fuller
(ADF) regression, is in Equation (5).

P
Ay = @i+ Py 1 + 2 Oy Ay .y + (5)
j=1
Null hypothesis: Hy: p = 0 (Unit root in all series);
Alternative hypothesis: Hy: p < 0 (all series are stationary).
It pools the data and imposes a common autoregressive
parameter p but allows for individual fixed effects a; and lag
dynamics. Unlike LLC, the IPS test allows individual unit root

processes, meaning each cross-sectional unit may have a dif-
ferent autoregressive coefficient in Equation (6).

pi
Ay, =ai+py,, + Z eijAyi,t—j + &t (6)
j=1

Null hypothesis: Hy: pi = 0 V i (Unit root in all series)
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Alternative hypothesis: H;: p < 0 for some i

The IPS test calculates the average of the individual ADF sta-
tistics and compares it to critical values derived under the null.
The ADF-Fisher test is based on combining the p-values of
individual ADF unit root tests using Fisher's chi-squared
method in Equation (7).

N
X =-23,In (p), (7

i=1

where pi is the p-value from the ADF test for unit i. Under the null
hypothesis of unit root, y? follows a chi-square distribution with
2N degrees of freedom. Similar to the ADF-Fisher test, but it
uses the Phillips-Perron (PP) test statistics from each cross-
sectional unit. The PP test is non-parametric and adjusts for serial
correlation and heteroskedasticity in the error term in Equation (8).

N
X2 ==2)In (BPP). (8)

i=1

The Fisher statistic follows a chi-square distribution under the
null of non-stationarity.

3.5 | Panel Cointegration Test

To examine the existence of a long-run equilibrium relationship
among variables, panel cointegration tests are conducted. Two
widely used first-generation tests are employed: the Kao (1999)
test and the Pedroni (2004) test. Both extend the Engle-Granger
methodology to panel data but differ in handling heterogeneity
and residual dynamics. The Kao test assumes homogeneity in
the cointegrating vector across cross-sections and examines the
stationarity of residuals from a pooled regression. In contrast,
the Pedroni test allows heterogeneity in intercepts and slope
coefficients across countries. The panel regression estimated for
the Kao test is in Equation (9).

Y = a + ﬁlxm + ﬁzxm + ...+ kakit + €. (9)
Then, it tests the null hypothesis of no cointegration by

checking whether the residuals ¢; are nonstationary using a
panel ADF-type test in Equation (10).

p
Agy = pe, i + D, Mg, + & (10)
j=1

Hy: p = 0 (no cointegration);
H;: p < 0 (cointegration exists).
Equation (11) estimates the Pedroni test.

Y =a + 6it + Blitxm + ﬁmxm + ...+ ﬁki[xkit + &j;.
11

The test involves checking the stationarity of the residuals g;.

3.6 | Panel Causality Test

To assess the direction of causality among the variables across
countries, this study applies the panel Granger causality test
developed by Dumitrescu and Hurlin (2012). This method ex-
tends the traditional Granger causality framework to hetero-
geneous panel data, allowing for country-specific causal
relationships while maintaining the panel structure. The
Dumitrescu-Hurlin test specification is in Equation (12).

K K
k
Yir = Z aE )yi,t—k + Z ,BEk)xi,t_k + €t (12)
k=1 k=1

The K represents the lag length. However, the panel for the test is
a balanced panel. al(k> denotes the autoregressive parameter, and
Bfk) represents the regression coefficient, which may vary across
entities (i). The panel-level Wald statistic is in Equation (13).

N
1
Wit = = Wr. (13)
Ni:l

The Wﬁf‘f represents the Wald statistic and N is the number of
cross-sections. The test calculates individual Wald statistics for
each unit and averages them to produce a standardized Z-bar
statistic. It is valid under heterogeneity and appropriate for
unbalanced panels with moderate time dimensions. The null
and alternative hypotheses for the panel are stated as follows:

Hy: X does not Granger-cause Y for any unit in the panel.

H,: X Granger-causes Y for at least one unit in the panel.

3.7 | Estimation Technique

To estimate both long-run and short-run relationships while
accounting for dynamic heterogeneity across countries, this
study employs the pooled mean group (PMG) estimator
(Pesaran et al. 1999). The PMG estimator is suitable for panels
where the time dimension exceeds the cross-sectional dimen-
sion (T=24, N=9). It constrains long-run coefficients to be
identical across countries but allows short-run coefficients, er-
ror variances, and intercepts to differ, reflecting that countries
may adjust differently in the short term while following a
common long-run path. The panel autoregressive distributed
lag (ARDL) framework captures both immediate and lagged
effects of explanatory variables on economic growth. PMG es-
timation is valid for variables integrated of order zero [I(0)] or
one [I(1)], confirmed through unit root tests, provided none are
I(2). This framework also accommodates cointegration, allow-
ing stable estimation of long-run relationships in the presence
of mixed stationarity. To explore nonlinearities in the effects of
investment, trade, and inflation, the study also applies the
nonlinear PMG-ARDL (PMG-NARDL) model (Shin et al. 2014).
This model decomposes explanatory variables into positive
and negative partial sums, capturing whether increases and
decreases in drivers affect growth differently. Interaction terms
between domestic investment and electricity access, and
between trade openness and inflation, are included to examine

5of 14

85U8017 SUOLUWIOD 3A11e.D) 3[cedl|dde aupy Aq peusenob afe saie O ‘8sn JO Sa|ni 1oy Akeiq1TauIIUQ AB]IAA UO (SUOTHPUOD-PUR-SLLBY WD AS 1M AReIq 1jBUlUO//SdNL) SUOTPUOD PUe SWIS 1 8L} 38S " [G20Z/0T/0E] U Aiqiaulluo A8 |IM ‘suig AeliZeAIUN eAORPUBIN AQ SE00. 892829V T/TTTT OT/I0P/LOY A8 | AReiq Ul juo//:Sdny Woij pepeoiumod ‘v ‘GZ0Z ‘8928.9T



conditional effects, assessing whether infrastructure quality
enhances investment productivity and whether inflation alters
trade's growth impact. The baseline panel ARDL model is
presented in Equation (14).

Due to data gaps, Nigeria, Cabo Verde, and Liberia are ex-
cluded. Mali, Burkina Faso, and Niger are also excluded
because of recent ECOWAS withdrawal, which affects regional
comparability. While these exclusions maintain panel consist-
ency, they may introduce modest sample selection bias and
limit representativeness for the entire ECOWAS region.

k k

Yu = @it X Byuy + 2 Gy + My + & (14)
J=1 j=1

Where y, is the dependent variable, a; denotes the unit-specific
intercept, §; is the lag coefficient of the dependent variable y,_;,
X;;—; represents the independent variables with §; as their
corresponding coefficients, u; captures the fixed effects and ¢;
indicates the error term in the estimated model in the PMG-
ARDL. This can be reparameterized into an error correction in
Equation (15).

p—1
Ay, = /li(yi,t—l = O0iXi 1) + Z wij Ayi,t—j
j=1

1s)

q-1
+ Z 5‘} Ax;’t_j + M + &
Jj=0

where
A; is the speed of adjustment toward long-run equilibrium,

6; is the long-run coefficient (constrained to be homogeneous
under PMG),

A indicates first differences,
u; captures fixed effects.
The long-run nonlinear panel ARDL model is in Equation (16).

TABLE 2 | Descriptive statistics.

p
Ye =C+ l(yit—l -0t X5, - G_XE—I) + Z apAyy_,
p=1

(16)

Q
+ ) (ﬁ;ijy,q + /Bq‘AX;,q) + &
q=0

Where X} and X represent the positive and negative changes
in the explanatory variables capturing asymmetry. The param-
eters 6Tand 6~ denote the long-run coefficients for positive and
negative shocks, respectively.

4 | Results

Table 2 presents descriptive statistics for the selected variables.
GDPPCG shows both periods of strong expansion and sharp
contraction, with the distribution skewed toward lower values.
ATCOP is generally high but exhibits wide variation, reflecting
disparities in population coverage. FDI includes several extreme
values, concentrated at the upper end. GFCF shows a more
clustered distribution with occasional spikes, indicating varia-
ble investment activity. INFLA frequently reaches increased
levels, with a tendency toward higher values over the sample
period. POPG is relatively stable, though some unusually high
rates occur. TOP is generally high, with several extreme
observations. UNEM remains modest but occasionally rises to
elevated levels.

The correlation matrix in Table 3 shows mostly weak to mod-
erate relationships among the variables. GDPPCG has weak
positive links with FDI, GFCF, and TOP, minimal ties with
ATCOP and INFLA, and a slight negative link with UNEM.
ATCOP is positively related to GFCF and TOP, suggesting that
better electricity access coincides with greater investment and
trade. FDI is weakly positive with most variables but slightly
negative with POPG, and aligns most closely with UNEM and
GFCF. GFCF is positively associated with ATCOP and TOP, but
negative with INFLA, POPG, and UNEM, indicating stability
and lower unemployment. INFLA correlates positively with
FDI, TOP, and UNEM, but negatively with GFCF and POPG.
POPG is mainly negative, especially with ATCOP, GFCF, and
TOP. TOP is positive with FDI, GFCF, and ATCOP, while

GDPPCG ATCOP FDI GFCF INFLA POPG TOP UNEM
Mean 1.702 40.73 3.073 19.01 7.587 2.570 57.18 4.208
Median 2.197 39.75 2.087 18.77 4.661 2.521 54.79 3.730
Maximum 19.43 89.50 20.72 52.41 47.64 5.905 116.0 10.45
Minimum —22.31 1.100 —2.574 1.096 —3.502 1.309 22.97 0.690
Std. Dev. 3.865 20.31 3.313 6.520 8.871 0.444 17.225 2.245
Skewness —0.778 0.117 2.199 0.707 2.007 3.717 1.061 1.127
Kurtosis 13.17 2.250 9.657 6.150 7.353 28.87 4.732 4.060
Sum 367.8 8799 663.8 4107.5 1638.9 555.1 12352 908.9
Sum Sq. Dev. 3212 88760 2360 9140 16920 42.42 63793 1085
Observation 216 216 216 216 216 216 216 216

Source: Authors calculations.
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TABLE 3 | Correlation matrix of the variables (minimum significant correlation = 0.134; T = 216, a = 0.05).
GDPPCG 1
ATCOP 0.084 1
FDI 0.178 0.153 1
GFCF 0.125 0.391 0.292 1
INFLA 0.057 —0.040 0.142 —-0.131 1
POPG 0.001 —0.187 —0.092 —0.144 —-0.221 1
TOP 0.165 0.373 0.211 0.364 0.198 —0.196 1
UNEM —0.136 0.093 0.244 —0.194 0.259 0.002 0.204 1

Source: Authors calculations.

TABLE 4 | Results of the cross-sectional dependence and slope of
homogeneity test.

Test Statistic p value
Breusch-Pagan LM 36.189 0.459
Pesaran CD 1.154 0.248
Pesaran Scaled LM 0.022 0.982
Slope of homogeneity

Delta 2.020 0.043
Delta adj. 2.555 0.011

Source: Authors calculations.

UNEM is mildly positive with INFLA, FDI, and TOP, but
negative with GFCF.

41 | Cross-Sectional Dependence Test Results

Table 4 shows no strong evidence of cross-sectional dependence
across countries. All three tests-Pesaran CD, Breusch-
Pagan LM, and Pesaran Scaled LM-produce high p-values,
indicating that residuals across cross-sectional units are not
significantly correlated. However, slope homogeneity tests
reveal that coefficients differ across countries. Both the Delta
and adjusted Delta statistics are statistically significant, con-
firming heterogeneity in the relationships among variables
across ECOWAS member states.

4.2 | Panel Unit Root Test Results

Table 5 shows that most variables are nonstationary at level but
become stationary after first differencing, indicating they are
integrated of order one [I (1)]. At level, GDPPCG, ATCOP,
POPG, and FDI fail to reject the null of a unit root under most
tests. GFCF and UNEM produce mixed results, with some tests
indicating stationarity but not consistently. TOP appears weakly
stationary under the LLC test, but this is not confirmed by other
tests. After first differencing, all variables reject the unit root
null hypothesis across LLC, IPS, ADF, and PP tests at the 1%
significance level, confirming stationarity in first differences.
No series is integrated of order two [I (2)], satisfying the

requirements for PMG and PMG-NARDL estimation, which
allow I (0), I (1), or a mix of both, provided no variable is I (2)
(Pesaran et al. 1999; Shin et al. 2014). These integration prop-
erties are consistent with prior PMG-ARDL applications. For
example, Azmi et al. (2023), Iorember et al. (2022), and Shaari
et al. (2020) employed PMG-ARDL with variables found to be I
(1), confirming the methodological validity of this approach.
Thus, the data set aligns with established empirical practice.

4.3 | Panel Cointegration Results

Table 6 shows the results of the Kao cointegration test. All
statistics strongly reject the null hypothesis of no cointegration.
The modified Dickey-Fuller ¢, Dickey-Fuller ¢, and augmented
Dickey-Fuller ¢ statistics, along with their unadjusted forms, are
all substantially negative, confirming the existence of a long-run
equilibrium relationship among the variables.

Table 7 presents the Pedroni cointegration test results, which
confirm the existence of a long-run relationship among the
variables. The modified variance ratio, Phillips-Perron ¢, and
augmented Dickey-Fuller statistics are all substantially nega-
tive. Although the modified Phillips-Perron ¢ statistic is posi-
tive, it still supports the presence of cointegration. These results
indicate a stable long-run equilibrium among the variables.

4.4 | PMG-ARDL and PMG-NARDL Estimated
Results

Table 8 shows the PMG-ARDL results. In the long run, GFCF
positively and significantly affects economic growth in ECO-
WAS. However, the interaction between GFCF and ATCOP
(GFCFAE) is negative, suggesting that investment's effect
weakens when electricity access increases, likely due to infra-
structure quality or sectoral allocation issues. The trade-
inflation interaction (TDINFLA) is positive, indicating that
higher trade openness reduces inflation's negative effect on
growth. Trade openness alone has a negative long-run associ-
ation, reflecting ECOWAS economies’ import dependence and
limited export capacity. Unemployment shows a positive long-
run coefficient, likely due to growth in capital-intensive sectors
with low labor absorption, while short-run unemployment is
negative, consistent with theory. Population growth negatively
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TABLE 5 | Panel unit root test on the variables.

Variable Level LLC IPS ADF PP
GDPPCG 0 —0.243 2.402 8.271 9.260
AGDPPCG 1 —9.768*** —7.725%** 81.919*** 101.370***
GFCF 0 —2.663%** -1.190 29.398** 22.687
AGFCF 1 —9.523%** —8.412%** 90.318*** 248.143%**
FDI 0 0.701 —0.281 34.801** 32.923%**
AFDI 1 —6.021%+* —8.099*** 97.012%** 488.954***
ATCOP 0 —0.624 3.597 11.461 0.861
AATCOP 1 —16.143*** —15.876%** 189.760*** 830.110%**
POPG 0 5.143 —0.004 21.344 11.221
APOPG 1 —6.368%** —8.554**x* 130.841%*** 121.444%**
TOP 0 —1.992%* —1.164 24.253 27.236*
ATOP 1 —11.121%** —12.205%** 143.762%** 177.079%**
UNEM 0 —1.827** —1.109 21.702 20.451
AUNEM 1 —7.408%** —7.299%** 87.575%** 119.123%**

Note: ***, 1%, **5%, * 10%, significance level.
Source: Authors calculations.

TABLE 6 | Kao cointegration test.

Kao cointegration Statistic  p value
modified Dickey—fuller ¢ —15.216 0.000
Dickey Fuller ¢ —12.068 0.000
Augmented Dickey-fuller t —8.500 0.000
Unadjusted modified Dickey- —17.476 0.000
fuller ¢
Unadjusted Dickey-fuller t —12.231 0.000
Source: Authors calculations.
TABLE 7 | Pedroni cointegration test.
Test Statistic p value
Modified variance ratio —3.571 0.000
Modified Phillips-Perron ¢ 1.878 0.030
Phillips—Perron ¢ —6.047 0.000
Augmented Dickey—fuller ¢ —6.493 0.000

Source: Authors calculations.

affects short-run growth, showing strain on capital and services.
The error correction term (ECT) is negative and significant
(—0.6148), indicating that 61.5% of deviations from the long-run
path adjust within one period, confirming stability. Figure 1
summarizes these results.

Table 9 presents the PMG-NARDL results, which separate posi-
tive and negative changes to capture asymmetric growth effects.
Long-run results show that negative shocks to FDI are positively
associated with growth, suggesting that reduced reliance on
foreign capital may encourage domestic investment and improve
resource efficiency. GFCF has a negative long-run effect for both

positive and negative changes, indicating that fluctuations in
capital formation do not immediately translate into higher out-
put, possibly due to inefficiencies or misallocation. In the short
run, positive investment shocks have a favorable but temporary
impact. TOP displays clear asymmetry: reductions harm growth,
while increases support it, showing the costs of inward-looking
policies and the benefits of liberalization. Inflation also behaves
asymmetrically: declines enhance long-run growth, while
increases have no significant effect. Short-run disinflation con-
tinues to promote growth, emphasizing the role of price stability.
POPG shows dual effects: long-run changes positively relate to
growth, reflecting demographic adjustments, whereas short-run
increases reduce output, likely due to immediate pressures on
infrastructure and services. The error correction term (ECT) is
negative and significant (—0.687), implying that 68.7% of devia-
tions from the long-run path adjust within one period, con-
firming a stable equilibrium. Figure 2 summarizes these results.

4.5 | Panel Causality Test Results

The causality test results in Table 10 reveals the directional
relationships among the variables. Unidirectional causality runs
from GDPPCG to ATCOP, suggesting that higher per capita
output supports greater infrastructure investment and energy
availability in ECOWAS countries. GDPPCG also Granger-
causes UNEM, indicating that output expansion affects labor
market conditions through job creation or changes in labor
force participation. GFCF exhibits unidirectional causality to-
ward economic growth, confirming that GFCF contributes to
output expansion over time and supporting the role of capital
accumulation as a growth driver. Additionally, POPG and
GDPPCG display bidirectional causality. This reciprocal rela-
tionship implies that demographic expansion influences output
levels, while growth affects population dynamics through
mechanisms such as fertility decisions, migration, and
improvements in health and education services.
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TABLE 8 | Estimated coefficients from the PMG-ARDL model.

Long run Coefficient Std. Error t-Statistic p value
ATCOP 0.103 0.056 1.827 0.070
FDI 0.026 0.139 0.187 0.851
GFCF 0.890 0.132 6.732 0.000
GFCFAE —-0.010 0.002 —4.593 0.000
INFLA —0.360 0.210 -1.711 0.090
POPG 1.245 1.048 1.187 0.237
TDINFLA 0.011 0.004 2.876 0.005
TOP —-0.115 0.029 —3.915 0.000
UNEM 0.571 0.268 2.126 0.036
Constant —7.628 1.878 —4.061 0.000
Short-run

ECT (-1) —0.615 0.150 —4.097 0.000
AGDPPCG (-1) —0.259 0.158 —1.635 0.105
AATCOP —0.026 0.239 —0.110 0.912
AFDI 0.380 0.560 0.678 0.499
AGFCF —0.580 0.552 —1.050 0.295
AGFCFAE —0.003 0.019 —0.179 0.858
AINFLA —0.331 0.870 —0.381 0.703
APOPG —16.14 5.167 —3.125 0.002
ATDINFLA 0.003 0.014 0.188 0.850
ATOP 0.102 0.088 1.157 0.250
AUNEM —2.866 1.497 —-1.913 0.058

Source: Authors calculations.

4.6 | Discussion

The empirical results confirm that domestic investment sig-
nificantly contributes to economic growth in ECOWAS
countries. PMG-ARDL estimates show a positive long-run
relationship between gross fixed capital formation and
income growth. However, the interaction between domestic
investment and electricity access suggests that the positive
effect of investment weakens as electricity coverage expands,
indicating that improvements in electricity availability do not
automatically enhance capital productivity if inefficiencies in
energy supply persist (Aladejare 2019; Calderon and
Serven 2010). For policymakers, these findings imply that
investment policies should be complemented by efforts to
improve the reliability, efficiency, and targeting of energy
infrastructure. The interaction between trade openness and
inflation indicates that inflation moderates the growth effects
of trade openness. A positive coefficient on the interaction
term suggests that trade integration can offset some negative
effects of domestic price instability (Olaoye and
Aderajo 2020). However, the negative long-run coefficient on
trade openness in the PMG-ARDL model indicates that
ECOWAS economies may not fully benefit from liberalization
due to structural weaknesses, including import dependence,
limited industrial competitiveness, and narrow export bases.
These findings emphasize the need for policies that combine

trade liberalization with macroeconomic stabilization and
improvements in supply chains.

PMG-NARDL results reveal asymmetric effects. Increases in trade
openness support growth, while reductions lower income, indi-
cating the importance of maintaining open trade regimes in small,
import-reliant economies (Okoro et al. 2020; Rodrik 2017). Dis-
inflation supports growth, whereas inflation increases exert
weaker adverse effects (Darkwah et al. 2023; Seleteng et al. 2013).
Declines in FDI are associated with stronger growth, suggesting
that domestic resource mobilization may compensate for reduced
foreign inflows, where institutional constraints limit the efficiency
of external investment (Olaoye et al. 2022). Unemployment and
population growth show mixed effects. Unemployment exhibits
both positive and negative associations with growth depending on
the model, reflecting labor market rigidities, dual-sector dynam-
ics, and informal sector activity. Population growth demonstrates
a nonlinear relationship with income: both increases and
decreases can be associated with growth depending on the period,
reflecting demographic transitions, labor force participation, and
household demand shifts. Panel causality results reinforce the
role of domestic investment as a direct driver of income growth.
Additionally, economic growth contributes to improvements in
electricity access and influences unemployment dynamics. The
bidirectional causality between growth and population growth
shows the two-way interaction between demographic change and
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FIGURE1 | Summary of the long-run coefficients of the PMG estimated model.

economic performance. These results underline the need for
integrated policies that simultaneously address investment,
infrastructure, labor markets, and demographic planning.

5 | Conclusion and Policy Implications

This study examined the effects of domestic investment, trade
openness, inflation, and electricity access on income growth in
ECOWAS countries from 2000 to 2023. Using PMG-ARDL and
PMG-NARDL estimators, the results show that domestic
investment positively affects growth, but its effectiveness
declines when combined with higher electricity access, indi-
cating infrastructure constraints. Trade openness exhibits both
linear and nonlinear effects: linear estimates suggest higher
openness is associated with lower income, whereas nonlinear
results indicate that increases in openness promote growth,
while reductions constrain income. Inflation has asymmetric
effects, with disinflation supporting growth, while moderate
increases produce weaker adverse impacts. The interaction
between trade openness and inflation suggests that trade inte-
gration can partly offset inflationary pressures. FDI shows an
asymmetric pattern, where declines in foreign inflows are
associated with stronger growth, emphasizing the importance of
domestic resource mobilization and potential inefficiencies in
external capital allocation. The effects of unemployment and
population growth vary across models, reflecting complex labor
market structures and demographic dynamics.

Policy implications are clear. Strengthening electricity infra-
structure is essential to enhance the growth impact of investment,
through targeted reforms, renewable energy development,

improved grid reliability, and rural electrification. ECOWAS could
benefit from regional coordination, drawing on examples such as
the Eastern Africa Power Pool, which has improved reliability and
private sector participation. Maintaining growth-supportive mac-
roeconomic conditions requires disinflationary policies and
inflation-targeting frameworks, supported by regionally co-
ordinated fiscal and monetary surveillance, as practiced under the
West African Economic and Monetary Union (WAEMU) con-
vergence framework. Trade policy should preserve openness while
building domestic production capacity, focusing on industrial
upgrading and export diversification. Regional initiatives, such as
harmonizing customs procedures and improving transport corri-
dors, can strengthen the benefits of trade integration; the ASEAN
Single Window offers a replicable model for ECOWAS under the
African Continental Free Trade Area (AfCFTA). Labor market
policies that promote technical education, labor mobility, and job
quality are critical for absorbing demographic pressures. Invest-
ment in vocational training aligned with industrial priorities can
improve workforce productivity. Coordinated reforms across
investment, infrastructure, trade, and macroeconomic policy are
more effective than fragmented national efforts in promoting
sustained growth in ECOWAS.

5.1 | Limitations and Future Research

This study relies on annual panel data from nine ECOWAS
countries due to data availability, excluding others such as Cabo
Verde, Liberia, and Nigeria. This selection may limit the gen-
eralizability of the findings to the entire region. The analysis
focuses on selected macroeconomic and structural variables-
domestic investment, trade openness, inflation, and electricity
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TABLE 9 | Estimated coefficients from the PMG-NARDL model.

Long run Coefficient Std. Error t-Statistic p value
FDI™ 0.473 0.090 5.258 0.000
FDI* 0.041 0.095 0.437 0.662
GFCF~ —0.415 0.096 —4.295 0.000
GFCF* —0.587 0.115 —5.096 0.000
TOP™ —0.263 0.035 —7.411 0.000
TOP™* 0.179 0.031 5.739 0.000
INFLA™ 0.221 0.052 4.198 0.000
INFLA™ —0.049 0.038 —1.285 0.200
POPG™ 4.323 0.609 7.088 0.000
POPG™ 5.411 0.625 8.657 0.000
Constant 0.666 0.411 1.620 0.106
Short-run

ECT (-1) —0.687 0.275 —2.495 0.013
AGDPPCG (-1) —0.050 0.136 —0.366 0.714
AFDI™ 1.790 1.482 1.208 0.228
AGFCF~ 0.726 0.450 1.612 0.108
AGFCF* 0.202 0.113 1.782 0.076
ATOP™ 0.365 0.259 1.408 0.160
AINFLA™ —0.574 0.293 —-1.952 0.052
APOPG™ —6.584 6.705 —0.981 0.327
APOPG™ —37.04 15.72 —2.356 0.019

Source: Authors calculations.
Economic
gliowith
POP"* (+)
FIGURE 2 | Summary of the long-run coefficients of the PMG-NARDL estimated model.
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TABLE 10 | Pairwise Dumitrescu Hurlin panel causality test.

Null Hypothesis W-Stat Zbar-Stat. p value Conclusion
ATCOP » GDPPCG 3.693 0.165 0.868 None
GDPPCG - ATCOP 7.478 3.410 0.001 Unidirectional
FDI » GDPPCG 3.755 0.218 0.827 None
GDPPCG - FDI 3.070 -0.367 0.713 None
GFCF » GDPPCG 6.376 2.465 0.013 Unidirectional
GDPPCG - GFCF 3.423 -0.065 0.947 None
INFLA - GDPPCG 3.745 0.210 0.833 None
GDPPCG - INFLA 2.454 -0.896 0.370 None
POPG - GDPPCG 6.663 2.711 0.006 Bidirectional
GDPPCG - POPG 6.767 2.800 0.005 Bidirectional
TOP - GDPPCG 3.789 0.248 0.804 None
GDPPCG - TOP 4.265 0.655 0.511 None
UNEM - GDPPCG 4.043 0.466 0.641 None
GDPPCG - UNEM 6.206 2.320 0.020 Unidirectional

Source: Authors calculations.

access-while other relevant factors, including institutional
quality, fiscal dynamics, and sectoral productivity, were not
included. Using country-level aggregate data may also mask
subnational or sector-specific variations that influence eco-
nomic performance. Future research could address these gaps
by incorporating institutional indicators, such as governance
quality or regulatory efficiency, to assess their moderating ef-
fects on trade, investment, and inflation-growth dynamics.
Additionally, given the conditional impacts of infrastructure
and inflation observed in this study, further work might explore
how sectoral characteristics interact with macroeconomic pol-
icies to shape long-term development outcomes in ECOWAS.
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