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Abstract 

This study investigates the relationship among trade openness, poverty, and human capital development in the pur-
suit of sustainable development across a panel of ten ECOWAS economies over a 34-year period (1987–2020). Specifi-
cally, it examines the roles of trade openness, poverty, and human capital development in sustainable development, 
while also exploring the moderating role of trade openness on the poverty-sustainable development relationship 
within the ECOWAS region. To conduct this analysis, the study employs panel autoregressive distributed lag (ARDL) 
using both the Pool Mean Group (PMG) estimator and Cross-Sectional Autoregressive Distributed Lag (CS-ARDL) 
techniques, taking into account cross-sectional dependence, cointegration, and other relevant diagnostic tests. The 
findings indicate that poverty has a consistent negative long-run impact on sustainable development, while human 
capital is positively associated with sustainability over the long term. Trade openness lacks a significant relation-
ship with sustainability in both the short and long run. Inflation is insignificantly related to sustainability. Exchange 
rates demonstrate mixed effects. In terms of moderation, trade openness positively and significantly moderates 
the poverty-sustainability relationship in the long run but not the short run. Robustness testing using the AMG 
and P-OLS models further validates the significant positive impact of human capital and the insignificant effect 
of trade openness on sustainable development. Given poverty’s significant negative association and human capi-
tal’s positive link with sustainable development, the findings suggest the need for integrated policy mixes prioritiz-
ing multidimensional poverty reduction and human capability enhancement to promote sustainability objectives 
across both short- and long-term horizons in ECOWAS countries. Furthermore, prudent management of exchange 
rates and well-designed trade policies should complement these efforts to mitigate potential risks and harness any 
benefits for sustainability.
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Introduction
Sustainable development (SD) is a global imperative that 
encompasses economic growth, environmental pro-
tection, and social equity. It envisions shared goals for 

humanity and is essential for achieving a sustainable and 
desirable future [25]. In recent years, sustainable devel-
opment has gained significant traction, becoming a key 
priority for countries worldwide. This heightened focus 
is evident in the United Nations’ adoption of the 17 Sus-
tainable Development Goals (SDGs) to be achieved by 
2030. These goals, ranging from ending poverty to pro-
tecting the planet and ensuring prosperity for all peo-
ple, reflect the collective commitment of nations to 
address pressing global challenges in a comprehensive 
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and coordinated manner. By embracing the principles 
of sustainable development and working towards the 
attainment of the SDGs, countries aim to build resil-
ient, inclusive, and environmentally sustainable socie-
ties that promote the well-being of current and future 
generations. Through concerted efforts and collabora-
tive action at the international, national, and local lev-
els, sustainable development offers a pathway towards a 
more prosperous and equitable world. In the West Afri-
can region, the Economic Community of West African 
States (ECOWAS), a regional economic bloc consisting 
of 15 countries in West Africa, serves as a platform for 
member countries to collaborate on economic develop-
ment and integration. Despite these collaborative efforts, 
many ECOWAS nations grapple with significant hurdles 
in achieving the Sustainable Development Goals (SDGs). 
These challenges encompass a spectrum of issues, includ-
ing persistent poverty, inadequate access to healthcare 
and education, deficient infrastructure, and limited eco-
nomic diversification [7]. Importantly, existing literature 
extensively documents that trade openness, poverty lev-
els, and human capital development are fundamental fac-
tors profoundly impacting a country’s capacity to attain 
sustainable development (see, [2, 9, 36]).

Trade openness, defined as the degree to which a 
nation allows the movement of goods and services across 
its borders, plays a crucial role in shaping economic 
dynamics within ECOWAS countries. Open trade poli-
cies facilitate the exportation of resources and goods to 
global markets, thereby fostering economic growth and 
facilitating job creation and income generation [8]. By 
engaging with the global economy, ECOWAS nations can 
harness opportunities for diversification and specializa-
tion, enhancing their competitiveness and resilience. 
However, an increased exposure to global markets can 
also expose economies to external shocks and volatil-
ity [37], emphasizing the importance of strategic trade 
policies and risk management mechanisms to safeguard 
against economic instability. Despite the potential ben-
efits of trade openness, poverty remains a persistent chal-
lenge across West Africa, with an average poverty rate of 
approximately 35% in ECOWAS member states. Accord-
ing to the World Bank [75], poverty constrains economic 
opportunities and limits access to essential resources 
necessary for sustainable development. The prevalence 
of poverty underscores the urgency of targeted inter-
ventions aimed at poverty alleviation and inclusive eco-
nomic growth strategies. Furthermore, human capital 
factors such as health, education, and skills are critical 
determinants of a country’s productivity and adaptabil-
ity in the global economy. As highlighted by World Bank 
[76], investing in human capital is essential for build-
ing a skilled and resilient workforce capable of driving 

sustainable economic growth and development. In the 
context of ECOWAS countries, enhancing human capi-
tal development is imperative for equipping workers with 
the knowledge and skills required to navigate evolving 
economic landscapes and participate effectively in sus-
tainable enterprises.

Consequently, understanding the relationship among 
trade openness, poverty, and sustainable development 
within the ECOWAS region is crucial for informing 
effective policy interventions aimed at overcoming the 
multifaceted challenges hindering progress towards the 
SDGs. Numerous studies have explored various indica-
tors of sustainable development and trade openness, 
encompassing factors such as economic growth, environ-
mental sustainability, social equity, and institutional qual-
ity. However, the existing literature has primarily focused 
on the interplay between trade openness and economic 
growth or sustainable development, offering divergent 
perspectives (e.g., [11, 13, 17, 20, 31, 33, 46, 49, 65, 66, 69, 
71]). While some studies suggest that trade openness can 
positively impact sustainable development by enhanc-
ing production efficiency and fostering economic growth 
(see, for instance, [17, 46]), others argue that it can have 
negative consequences, such as a reduction in green GDP 
and deterioration in environmental quality [10, 28, 33, 65, 
66].

Although there has been much study conducted in 
this field, the current body of literature has mostly 
neglected to examine the precise correlation between 
trade openness, poverty, and sustainable development in 
the ECOWAS region. Furthermore, there is a conspicu-
ous deficiency in thoroughly analysing the interaction 
between trade openness and poverty in influencing sus-
tainable development outcomes in ECOWAS countries. 
Our current research aims to fill the gaps in knowledge 
by studying the impact of trade openness and poverty on 
sustainable development in specific ECOWAS econo-
mies. Additionally, we will investigate how trade open-
ness moderates the relationship between poverty and 
sustainable development in this context. In addition, 
our research includes important control variables like 
as human capital, inflation, and exchange rate to ensure 
a thorough investigation of their influence on sustain-
able development in the ECOWAS countries. These vari-
ables have a substantial impact on economic, social, and 
environmental results and are crucial factors to consider 
when developing effective policies [62]. Incorporating 
inflation and exchange rate variable is crucial because 
of their significant impact on macroeconomic stability, 
trade competitiveness, and investment choices.

We utilized a blend of econometric methodolo-
gies, including the Pooled Mean Group (PMG), Aug-
mented Mean Group (AMG), and Cross-Sectional 
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Autoregressive Distributed Lag (CS-ARDL) esti-
mations, due to their unique benefits in analysing 
panel data. The PMG estimator is beneficial because 
it accommodates variations in short-term interac-
tions among countries while assuming uniformity in 
long-term equilibrium relationships [54]. This adapt-
ability allows us to comprehend the fluctuations 
while upholding uniformity in enduring partnerships, 
thereby offering insight into the connections between 
trade liberalisation, poverty, human resources, and 
sustainable development throughout the ECOWAS 
region. In addition, the AMG estimator improves the 
reliability of our analysis by tackling potential endo-
geneity problems and providing consistent parameter 
estimates [53]. By utilizing the AMG methodology, 
we address difficulties pertaining to omitted vari-
ables and measurement errors, hence guaranteeing the 
dependability of our results. The CS-ARDL estima-
tion technique is particularly suitable for analysing 
both short- and long-term relationships in panel data 
settings and addressing cross-sectional dependence 
caused by spillover effects. This makes it ideal for our 
robust investigation of the interplay between trade 
openness, poverty, human capital, and sustainable 
development in the ECOWAS countries. By adopt-
ing this integrated strategy, we are able to utilise 
the advantages of each estimating method, thereby 
improving the reliability and accuracy of our empirical 
research.

Also, the primary focus of this study is on the coun-
tries of the Economic Community of West African 
States (ECOWAS) due to the presence of data and 
the diverse economic, social, and political conditions 
found within the region of West Africa. The study’s 
importance is further emphasized by the region’s joint 
dedication to regional integration and collaboration. 
The persistent challenges of poverty and human capi-
tal development in ECOWAS countries continue to be 
urgent concerns, despite continued endeavours to fos-
ter economic growth and development. Several coun-
tries in the region nevertheless encounter substantial 
challenges, such as pervasive poverty, restricted avail-
ability of education and healthcare, and inadequate 
accumulation of human capital.

The rest of the paper are planned as follows. Sec-
tion  "Review of related literature" reviews the lit-
erature. Section  "Data and methodology" discusses 
econometric models and the data. Section  "Results 
and discussion" presents empirical results. Finally, Sec-
tion  "Conclusion and policy recommendations" con-
cludes with policy implications.

Review of related literature
Achieving sustainable development in the Economic 
Community of West African States (ECOWAS) coun-
tries poses a critical challenge, demanding a thorough 
examination of factors influencing economic growth 
and well-being in the region. Among these factors, 
trade openness, poverty reduction, and human capi-
tal development have garnered significant attention in 
the literature. This section synthesizes existing knowl-
edge on these elements, exploring their interconnec-
tions and roles in fostering sustainable development 
globally and within the ECOWAS region. Trade open-
ness, characterized by international trade and eco-
nomic integration, is widely recognized as an essential 
catalyst for economic growth in developing econo-
mies. This association stems from classical trade theo-
ries of Ricardo and Heckscher-Ohlin, which suggest 
that international trade can enhance resource alloca-
tion efficiencies, thereby boosting economic output. 
However, theoretical frameworks such as the Environ-
mental Kuznets Curve (EKC), human capital theory, 
and dependency theory offer valuable insights into the 
complex interplay among trade openness, poverty alle-
viation, sustainable development, and human capital 
formation. These frameworks provide diverse perspec-
tives on economic development, environmental sus-
tainability, and social progress. For instance, the EKC 
theory posits a relationship between economic devel-
opment and environmental degradation, suggesting 
that initial economic growth fuelled by trade openness 
may worsen environmental degradation but eventu-
ally leads to improved environmental quality as nations 
prioritize environmental protection measures. While 
some research suggests that trade openness may exac-
erbate environmental degradation (see, [10, 28]), others 
propose that it can foster sustainability by stimulat-
ing economic growth and technological progress [17, 
46]. Human capital theory underscores the crucial role 
of education, health, and skills in driving economic 
development and environmental sustainability. Invest-
ments in human capital, such as education and health-
care, enhance individuals’ capacity to innovate, adapt 
to changing environmental conditions, and contribute 
to sustainable development. Studies have underscored 
the positive influence of human capital on sustainable 
development outcomes, emphasizing the significance of 
investing in education and healthcare to achieve long-
term sustainability objectives (see, [12, 19]). In con-
trast, dependency theory portrays trade and economic 
relations between developed and developing nations 
as exploitative, attributing poverty in the latter to 
their reliance on primary product exports and foreign 
investment capital. Empirical studies have supported 
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dependency theory’s assertion that heavy dependence 
on primary product exports is linked to slower growth 
(for instance, [13, 49, 65, 66]).

Further, existing empirical literature on the inter-
play between trade openness and sustainable develop-
ment presents divergent perspectives [5, 11, 13, 17, 20, 
31, 33, 38, 46, 65, 66, 69, 71]. However, certain empiri-
cal investigations propose that the openness of trade can 
have a beneficial impact on sustainable development by 
enhancing production efficiency, fostering economic 
growth, raising income levels, and supporting initiatives 
to eradicate poverty. Ogede and Tiamiyu [46] exemplify 
this through the application of Fully Modified Least 
Square (FMOLS) and Autoregressive Distribution Lags 
(ARDL) techniques, revealing that trade openness signifi-
cantly and positively influences sustainable development 
in Nigeria. It serves as a crucial economic pillar for the 
country. Their research indicates a lasting positive effect 
of trade openness on sustainable development in Nigeria, 
suggesting that an augmentation in trade openness will 
bolster sustainable development. Conversely, the impact 
of the age dependency ratio is statistically insignificant, 
signifying no discernible influence on sustainable devel-
opment. In the short term, except for trade openness and 
the age dependency ratio, all other independent variables 
lack statistical significance. Arif et al. [5], utilizing panel 
data spanning from 1980 to 2018 and employing the 
autoregressive distributive lag method, assert that finan-
cial development has a positive impact on environmental 
economic growth in both the long and short run. They 
also find that trade openness positively affects sustainable 
economic growth in South Asian countries.

In contrast to research affirming a favourable influ-
ence, alternative perspectives [13, 33, 65, 66] posit that 
trade openness may yield adverse outcomes, encompass-
ing a decrease in green GDP and a deterioration in envi-
ronmental quality. These investigations underscore the 
importance of variables such as the structure of foreign 
trade and the utilization of authentic savings in shaping 
the repercussions of trade openness on sustainable devel-
opment. For instance, Belloumi and Alshehry [13] scru-
tinize the ramifications of trade openness on sustainable 
development in Saudi Arabia and ascertain a prolonged 
negative impact on economic growth and environmental 
well-being. Sheikh et al. [65] demonstrate a negative asso-
ciation between trade openness and the growth of green 
GDP, indicating harmful effects on future generations. 
Additionally, Sheikh et  al. [66], employing the dynamic 
panel autoregressive distributed lag (ARDL) methodol-
ogy, contend that economic growth bolsters sustainabil-
ity in both the short and long term, while trade openness, 
energy consumption, and foreign direct investment det-
rimentally affect sustainable development. Conversely, 

Huo et al. [33] identify positive contributions of financial 
development, trade openness, and foreign direct invest-
ment in advancing environmental sustainability.

Poverty, however, continues to be a significant chal-
lenge in numerous ECOWAS countries, hindering the 
pursuit of sustainable development. The objective of 
reducing poverty encompasses more than just economic 
growth. An increasing body of literature underscores the 
necessity of addressing poverty comprehensively, con-
sidering aspects such as income distribution, access to 
education, healthcare, and social services. The intricate 
but essential link between poverty reduction and sustain-
able development is highlighted in studies by Phimphan-
thavong [57], Maku et  al. [40], Yu and Huang [78], and 
Wei et al. [74]. These studies emphasize the importance 
of targeted policies promoting inclusive growth for pov-
erty reduction, contributing not only to human devel-
opment but also fostering social stability and broader 
economic participation. For example, Maku et  al. [40] 
utilized datasets from 1981 to 2019 and the Autoregres-
sive Distributed Lags (ARDL) methodology to demon-
strate that trade openness had diverse effects on poverty 
and inequality. While economic inequality is a short-term 
occurrence, poverty establishes a long-term association. 
The benefits of trade openness on inequality and poverty 
decrease as inequality affects trade openness.

Besides, the development of human capital stands as 
an essential element in sustainable progress, contrib-
uting substantially to the enhancement of workforce 
productivity, technological advancement, and overall 
economic competitiveness. A well-educated and skilled 
populace is more adept at meeting the challenges posed 
by a globalized economy. Recognizing the crucial role 
of human capital development, ECOWAS countries 
have taken steps to improve their education and health-
care systems. Several studies by Song et  al. [67], Eke-
owa et al. [24], and Olowookere et al. [48] delve into the 
correlation between human capital development and 
economic performance within the ECOWAS region. 
Their collective findings underscore the positive reper-
cussions of investments in education and healthcare 
on productivity and economic growth. These insights 
emphasize the necessity for ongoing initiatives in 
human capital development to attain sustainable devel-
opment. For example, Song et  al. [67] argue that the 
environmental development in developing countries 
relies heavily on the introduction of new technolo-
gies. The outcomes of dynamic panel analysis reveal 
that knowledge trade, regardless of its form, positively 
influences sustainable development up to a certain 
level. Additionally, Wang, et  al [72, 73] contend that 
certain factors such as growth are linked to a decline 
in sustainable growth, while economic openness and 
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the digital economy significantly support sustainable 
development. The study also identifies bidirectional 
associations between economic growth and urbaniza-
tion, as well as between trade openness, sustainable 
development, and economic growth. These results rein-
force policymakers’ confidence in collaborative efforts 
across countries for advancing sustainable development 
and advocate for the establishment of a sharing system 
among regions to mitigate the loss of economic growth.

The preceding discussion underscores that existing 
literature widely acknowledges trade openness as a sig-
nificant driver of economic growth and development. 
However, its impacts on sustainability are multifaceted 
and subject to debate, as studies reveal both positive and 
negative effects. Nevertheless, further empirical research 
is warranted to elucidate the specific effects of trade 
openness within the ECOWAS region and individual 
member states. Existing studies offer mixed results, indi-
cating the necessity for more comprehensive investiga-
tions. Moreover, there is a paucity of studies examining 
the effectiveness of specific human capital development 
policies and investments in promoting sustainability 
within the ECOWAS context. Additionally, minimal 
research has been conducted on the interrelationships 
and synergies between trade, poverty reduction, human 
capital, and sustainability factors in ECOWAS countries. 
Most studies tend to focus on isolated effects rather than 
exploring the complex interactions among these varia-
bles. Therefore, there is a pressing need for more targeted 
empirical analysis to guide strategies for advancing sus-
tainable development in the region.

Hence, building upon the above discussion and existing 
literature, we propose the following hypotheses for the 
case of ECOWAS region:

Hypothesis 1  There is a significant relationship between 
trade openness and sustainable development across 
ECOWAS economies.

Hypothesis 2  Poverty has a significant impact on sus-
tainable development in the ECOWAS region.

Hypothesis 3  Human capital development positively 
influences sustainable development outcomes within 
ECOWAS economies.

Hypothesis 4  Trade openness moderates the relation-
ship between poverty and sustainable development in 
ECOWAS countries.

Data and methodology
Data and variables
In this study, panel estimation is employed to account 
for individual heterogeneity, identify unobservable char-
acteristics, and enhance the reliability of estimation. 
Data are sourced from various repositories, including 
the World Development Indicator (WDI, 2021), and the 
World Inequality Database (2021). The measurement 
of sustainable development is determined by adjusted 
net savings, which excludes the damage caused by par-
ticle emissions as a percentage of gross national income 
(GNI), as outlined by Cairns and Martinet [15] and 
Ogede and Tiamiyu [46]. Human capital is assessed using 
gross fixed capital formation, in line with the approaches 
of Abel and Eberly [1], and van der Eng [70]. Trade is 
quantified through the trade openness index, consistent 
with the methodology of Dithmer and Abdulai [21], while 
poverty is evaluated based on income below the poverty 
line, akin to Wang et  al. [72, 73] and Maku et  al. [40]. 
Inflation is measured using the consumer price index, 
as employed by Hodge [32], and the nominal exchange 
rate is utilized to gauge exchange rate dynamics, fol-
lowing the approach of Mlambo, Maredza, and Sibanda 
[42]. Detailed definitions of these variables are provided 
in Table  1. However, the analysis utilizes data spanning 
34 years (1987–2020) from ten countries within the Eco-
nomic Community of West African States (ECOWAS), 
resulting in a total of 340 observations. The selection of 
ECOWAS countries, including Benin, Ghana, Gambia, 
Guinea-Bissau, Togo, Mali, Niger, Nigeria, Sierra Leone, 
and Senegal, is justified for several reasons. Firstly, the 
choice of these countries was primarily influenced by 

Table 1  Description of variables.  Source: Author’s compilation

Acronym Description Measured as Source

Yit Sustainable Development Adjusted net savings, excluding particulate emission 
damage (% of GNI)

World Development Indicator (WDI), 2021

K Human Capital The ratio of gross fixed capital formation to GDP World Development Indicator (WDI), 2021

T Trade Openness Ratio of trade to GDP World Development Indicator (WDI), 2021

P Poverty Income below poverty line World Inequality Database, 2021

INF Inflation Consumer Price Index World Development Indicator (WDI), 2021

EXR Exchange Rate Nominal Exchange rate World Development Indicator (WDI), 2021
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data availability considerations. Secondly, these nations 
collectively represent a diverse array of economic, social, 
and political landscapes across the West African region. 
Consequently, examining their experiences with trade 
openness, poverty, and human capital allows policy-
makers to glean insights into the varied challenges and 
opportunities confronting countries with distinct levels 
of development and resource endowments. Moreover, 
the ECOWAS member states demonstrate a shared com-
mitment to regional integration and cooperation, evident 
in the establishment of the ECOWAS framework (Eco-
nomic Community of West African States (ECOWAS)). 
This regional integration provides a unique context for 
analyzing the impact of trade openness on sustainable 
development, as policies and initiatives implemented 
at the regional level may exert differing effects on indi-
vidual member states. Additionally, the persistent chal-
lenges related to poverty and human capital within the 
ECOWAS region highlight the significance of this study. 
Despite efforts to foster economic growth and develop-
ment, many countries grapple with entrenched poverty, 
limited access to education and healthcare, and inad-
equate human capital accumulation.

Theoretical framework and model specification
Various theoretical frameworks and models have been 
proposed to understand and analyse the connections 
among trade openness, poverty, human capital, and 
sustainable development. These range from Neoclassi-
cal trade theory and Endogenous growth theory, Capa-
bilities approach to the Environmental Kuznets Curve 
(EKC) theory, among others. The Neoclassical trade par-
adigm suggests that trade openness can drive economic 
growth and poverty reduction by fostering specializa-
tion, economies of scale, and efficient resource allocation 
[22, 26]. However, critics argue that the benefits of trade 
liberalization may not be evenly distributed, potentially 
increasing income disparities and areas of poverty [61]. 
In contrast, endogenous growth theory highlights the 
significance of human capital and technological progress 
in sustaining economic growth and long-term develop-
ment [62]. According to this perspective, trade openness 
can enhance the exchange of knowledge, technology, and 
skills, thereby improving human capital and promoting 
sustainable development [30]. Additionally, the capabili-
ties approach, as articulated by Sen [64] and Nussbaum 
[45], emphasizes the importance of expanding human 
freedoms and opportunities, which are closely tied to 
poverty reduction and the promotion of sustainability. 
Trade openness can increase access to a wider array of 
goods and services, potentially enhancing individuals’ 
capacities and overall well-being [14, 18].

Furthermore, the theory of the Environmental Kuznets 
Curve (EKC) provides a useful framework for exam-
ining the relationships between trade openness, pov-
erty, human capital, and sustainable development. This 
hypothesis suggests that as an economy expands, there is 
an initial rise in environmental degradation, followed by 
a subsequent decline once a particular level of revenue is 
reached. Contemporary scholarly works have expanded 
the Environmental Kuznets Curve (EKC) idea to include 
several aspects that influence the connection between 
trade openness, poverty, and human capital. These 
parameters have been recognized as crucial aspects that 
affect the EKC dynamic. Several studies have shown 
that trade openness can influence environmental quality 
through mechanisms such as technological transfer and 
regulatory competition [27]. Studies have demonstrated 
that poverty and wealth disparity could  disrupt or alter 
the Environmental Kuznets Curve (EKC), impeding pro-
gress in environmental improvements [34, 72, 73]. For 
instance, Wang et  al. [72, 73] argue  that rising inequal-
ity alters the association between economic growth and 
carbon emissions, shifting it from a U-shaped pattern to 
an N-shaped pattern. High-income disparity hinders the 
separation of economic growth and environmental dam-
age, making it more difficult to achieve environmental 
reforms. Human capital accumulation might enhance the 
Environmental Kuznets Curve (EKC), allowing countries 
to mitigate environmental degradation at lower income 
levels by adopting cleaner technology and sustainable 
practices [39, 63]. These studies emphasized the sig-
nificance of human capital and environmental rules in 
attaining sustainability and concluded that energy use 
and trade openness worsen ecological footprints, while 
enhanced controls and education can alleviate these 
impacts.

Thus, the theoretical concepts discussed form the basis 
for the propositions of this current study. Firstly, the 
study examines whether trade openness promotes sus-
tainable development in ECOWAS. Secondly, it analyses 
the impact of poverty on sustainable development and 
whether this impact is ambiguous in the region. Lastly, 
the study explores the interaction between trade open-
ness and poverty and its effect on sustainable develop-
ment in the sampled region. Drawing on the works of 
Sheikh et al. [65], Ogede and Tiamiyu [46], Gonese et al. 
[29], and Nessa and Imai [44], the empirical model is 
constructed as follows.

From Eq.  (1), Y  is the sustainable development 
(adjusted net savings), K  is the human capital (proxied by 
gross fixed capital formation), T  is trade (trade openness), 

(1)
Yit = β0i + β1iKit + β2iTit + β3iPit + β4iZit + µit



Page 7 of 18Balogun et al. Future Business Journal           (2024) 10:78 	

P is poverty (poverty depth), while Z is the vector for 
control variables [inflation, proxy with consumer price 
index (INF); exchange rate (EXC)]. it connotes the num-
ber of countries at time t , while µit is idiosyncratic distur-
bances. A functional relationship of the control variables 
considered in the model (1) is given in Eq. (2);

Which is stated explicitly as Eq. (3) as:

The second objective is addressed by incorporating the 
interaction variable (T*P) into Eq.  (3) and the improved 
form of model (4) is formulated as:

where the variable (P*T) is the interaction term between 
poverty and trade openness. Thus, by looking at the coef-
ficient of the interaction term, β4 , we can understand 
whether or not the long-run marginal effects of poverty 
on influencing or deteriorating sustainable development 
are dependent on the degree of trade openness in ECO-
WAS nations. By analysing partial derivatives of sustain-
able development and poverty at given levels of trade 
openness, the total effect of poverty can be estimated 
from the marginal effects of trade openness in Eqs.  (5) 
below:

The a priori expectations for the parameters’ esti-
mate as specified in the baseline regression models are: 
β1,β2 > 0 because an increase in capital (measured 
as gross fixed capital formation) is expected to induce 
the realization of sustainable development and also 
increase in the volume of trade is expected to induce a 
linear increase in sustainable development. However, 
β3,β4andβ5 < 0 . This is because an increase in pov-
erty depth (measured as income below poverty line), 
exchange rate and inflation measured as consumer price 
index is expected to induce a reduction in the attainment 
of sustainable development.

Estimation strategy
To accomplish the objectives outlined in this study, a 
specific three-step econometric approach was adopted. 
This approach entailed firstly identifying cross-sectional 
dependence and slope heterogeneity (SH), secondly veri-
fying the stationarity and cointegration among the series, 

(2)Zit ≡ f [CPIα1 ,EXRα2 ]

(3)
Yit = β0 + β1Kit + β2Tit + β3Pit

+ β4INFit + β5EXCit + µit

(4)
Yit = β0 + β1Kit + β2Tit + β3Pit + β4(Tit ∗ Pit)

+ β5INFit + β6EXCit + µit

(5)
δYit

δPit
= β1 + β4Tit

and finally considering both short- and long-term coef-
ficients. Given the interconnected nature of trade and 
other economic activities in the ECOWAS region, it was 
imperative to determine whether the series under exami-
nation exhibited cross-sectional dependence. Failure to 
address cross-sectional dependence could yield errone-
ous and misleading conclusions [3]. Thus, this study con-
ducted Pesaran’s [52] cross-sectional dependency test 
to ascertain the presence of cross-sectional reliability 
within the panel. The null hypothesis of cross-sectional 
independence was tested against the alternative hypoth-
esis of cross-sectional dependence. Rejection of the null 
hypothesis indicated the existence of cross-sectional 
dependence among the selected variables. Furthermore, 
to assess the presence of heterogeneity, the homoge-
neity test developed by Pesaran and Yamagata [56] was 
employed. Neglecting slope heterogeneity could bias 
the regression analysis and lead to erroneous hypoth-
esis testing [4]. The null hypothesis of homogeneity was 
tested against the alternative hypothesis of heterogeneity. 
Rejecting the null hypothesis indicated the presence of 
slope heterogeneity among the selected variables. Addi-
tionally, evaluating residual cross-sectional correlations 
and homogeneity is crucial for determining additional 
econometric assessments [16]. Moreover, the study pre-
sumed that a unit root process would characterize the 
study variables due to the extended period of the panel 
data utilized [43]. Based on this presumption and the 
potential for cross-sectional dependence, appropriate 
panel unit root tests, such as Pesaran’s cross-sectionally 
augmented IPS (CIPS) and cross-sectionally augmented 
Dickey–Fuller (CADF), were conducted to assess the sta-
tionarity of the series under investigation. Notably, both 
the CADF and CIPS unit root tests revealed that the vari-
ables were not integrated at the same order. Furthermore, 
to determine whether there is a long-term connection 
between the variables, panel cointegration techniques 
were utilized.

Resulting from the foregoing, the panel regression anal-
ysis was performed to delve deeply into the sustainable 
development literature by examining the impact of trade 
openness, poverty, and human capital on sustainable 
development, as well as exploring whether trade open-
ness moderates the nexus between poverty and sustaina-
ble development in sub-Saharan African countries (SSA) 
from 1987 to 2020. However, given the panel nature of 
the data, spanning 10 countries over 34  years (where 
N = 10 is significantly lower than T = 34), the General-
ized Method of Moments (GMM) estimator is deemed 
unsuitable for our analysis. Instead, the Autoregressive 
Distributed Lag (ARDL) approach is considered more 
appropriate, given the larger value of T compared to N. 
Therefore, the current study adopts the PMG-ARDL 
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approach to capture both short- and long-term coeffi-
cients to achieve its objectives:

with i and t representing country and time, respectively, 
y is the sustainable development, d is the trade openness, 
X is a set of other explanatory and control variables. The 
use of PMG-ARDL estimation is supported by literature, 
which emphasizes the suitability of ARDL in cases of sin-
gle or mixed series integration order. Additionally, these 
techniques help ensure consistent and accurate estima-
tion by addressing endogeneity concerns [68]. The PMG 
imposes homogeneity across countries in the long-run 
equilibrium while permitting short-run heterogeneity. 
Short-run dynamics account for country-specific dispari-
ties, which may stem from varying responses to stabiliza-
tion policies, external shocks, or financial crises [6]. The 
MG estimator accommodates both short-run and long-
run heterogeneity, making it suitable for a large number 
of countries. Alternatively, the CS-ARDL approach cap-
tures short- and long-term coefficients to achieve the 
same objective, organized as follows:

where Z = (�Y it , Xt ) and ’X’ stands for the previously 
mentioned set of explanatory variables. In the inquiry, 

(6)

Yit = ω1 +

p∑

i=1

β0Yi,t−1 +

q∑

i=0

β1Di,t−1 +

q∑

i=0

β2Xi,t−1 + µi,t

(7)

Yit = ω0 +

pe∑

i=0

∅i,tYi,t−1 +

px∑

i=0

ϕi,tXt−1 +

pz∑

i=0

itZt−j + µi,t

the term (i) signifies cross-sectional dependence, while 
the term (t) represents the time period. To obtain the 
average values for both explanatory and dependent vari-
ables, Zt−1 is used to resolve cross-sectional depend-
ence based on spillover effects. For each given variable, 
we include pe, pxandpz in order to determine the lag val-
ues. In a study by Ogede, Oduola and Tiamiyu [47], the 
coefficients of short-term correlation are used to derive a 
long-run value. Augmented Mean Group estimators were 
employed to bolster the robustness of this investigation.

Results and discussion
Pre‑estimation results
The summary statistics for the variables presented in 
Table  2 reveal key insights. The average genuine sav-
ings (y) stands at 1.39%, with the highest and lowest 
rates being 44.81% and − 31.72%, respectively. This sug-
gests that, on average, 1.39% of sustainable develop-
ment activities are accounted for by adjusted savings 
in ECOWAS countries during the review period. As 
for poverty (p), the mean value of the series is 0.126%, 
with maximum and minimum values of 0.16% and 
0.035%, respectively. Furthermore, the mean value of 
the trade openness variable, measured by the ratio of 
total trade to GDP (t), is 54.97%, with maximum and 
minimum values of 131.48% and 16.9%, respectively. 
Human capital proxy with gross fixed capital formation 
(k) shows an average value of 18.79% over the review 
period, with a maximum of 53.12% and a minimum of 
− 2.42%. Among the control variables, the mean values 
for inflation rate (inf ) and official exchange rate (exc.) 

Table 2  Summary statistics and correlation matrix

S.Dev.—standard deviation; Max.—maximum; Min.—minimum; Skew.—Skewness; Kurt.—Kurtosis; Obs.—observation

Variable measurements Mean Max Min S.Dev Skew Kurt Obs

Outcome variables
Sustainable development (y) 1.3953 44.816 − 31.727 12.600 0.2922 3.4391 338

Poverty (p) 0.1267 0.169 0.0352 0.0226 − 1.2373 5.4314 338

Trade (t) 54.975 131.49 16.940 18.174 1.1916 4.9462 338

Main explanatory and control
Human capital (k) 18.798 53.122 − 2.4243 8.7327 1.1317 5.2025 338

Inflation (inf ) 76.327 305.98 − 87.192 52.392 0.5939 5.9288 338

Exchange rate (exc) 587.20 9010.2 0.0154 1056.71 4.8521 30.447 338

Correlation matrix

Sustainable development (y) 1

Poverty (p) 0.233 1

Trade (t) − 0.142 − 0.076 1

Human capital (k) 0.592 0.144 0.063 1

Inflation (inf ) 0.078 0.511 0.040 0.000 1

Exchange rate (exc) − 0.242 0.232 0.064 − 0.118 0.251 1
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are 76.32% and N587.20/US Dollar, respectively. These 
two control variables exhibit a range, with minimum 
values of − 87.19% and N0.015/US Dollar, and maxi-
mum values of 305.9% and N9010.22/US Dollar, respec-
tively. In terms of standard deviation, it indicates the 
extent to which these variables deviate from their mean 
values. Notably, poverty, trade openness, gross fixed 
capital formation, and inflation have low deviation 
rates, as their standard deviation values are lower than 
their mean values. Moreover, poverty shows a leftward 
skew with a value of − 1.2373, while sustainable devel-
opment (proxy with adjusted saving), trade openness, 
gross fixed capital formation, inflation, and exchange 
rate exhibit rightward skewness. The Kurtosis value of 
3.0 suggests a normal distribution. Table 2 also presents 
the partial correlation of trade openness, poverty, sus-
tainable development, human capital investment, infla-
tion, and exchange rate in ECOWAS countries using 
annual data for the period between 1987 and 2020. The 
correlation results indicate that the indicator of sus-
tainable development, proxied with adjusted net saving, 
positively correlates with human capital investment, 
poverty, and inflation. On the other hand, sustainable 
development negatively correlates with trade openness 
and the exchange rate. The correlation table also reveals 
that poverty has a positive correlation with human cap-
ital investment, inflation, and the exchange rate, but a 
negative association with trade openness. Furthermore, 
the correlation coefficient for trade openness indicates 
a positive correlation with human capital, the exchange 
rate, and inflation. Regarding the control variables, the 
inflation rate exhibits a positive correlation with the 
exchange rate.

The study anticipates the seamless integration of 
the selected ECOWAS nations—Ghana, The Gambia, 
Nigeria, Sierra Leone, Benin, Guinea, Guinea-Bissau, 
Mali, Niger, Senegal, and Togo—due to their intercon-
nected economic and geographical ties. Emphasizing 
the critical nature of identifying these discrepancies 
is paramount, as overlooking them may result in inac-
curate estimations. The comparison spans trade open-
ness, poverty, sustainable development, human capital 
investment, inflation, and currency rates, with Table 3 
showcasing the cross-sectional dependence within its 
frameworks. Notably, Table 3 underscores that all vari-
ables manifest cross-sectional dependency. To address 
the unit root testing, second-generation unit root tests 
are employed, given that not all panel variables conform 
to the null hypothesis of cross-sectional independence. 
This approach advocates for the use of second-genera-
tion unit root tests such as Pesaran’s [55] cross-section-
ally augmented IPS (CIPS) and cross section.

After conducting the cross-sectional dependence test, 
the analysis proceeds to examine panel unit roots. Utiliz-
ing second-generation unit root techniques, specifically 
cross-sectionally augmented IPS (CIPS) and cross-sec-
tion augmented Dickey-Fuller (CADF), the study antici-
pates identifying robust and consistent stationarity 
features amidst cross-sectional challenges in the data-
set. These techniques are applied to assess the stationary 
nature of the trade openness indicator, poverty, and vari-
ables related to sustainable development. The goal is to 
recommend the most suitable technique for estimating 
parameter coefficients. The results, outlined in Table  4, 
display unit root outcomes for the indicators, with criti-
cal values of − 2.21 (10%), −  2.33 (5%), and − 2.55 (1%) 
for different significance levels. Both CIPS and CADF 
approaches yield consistent decisions regarding the sta-
tionary status of variables of interest, predominantly not 
stationary at the 5% level, except for a few distinctions. 
In summary, both CIPS and CADF unit root estimation 
methods indicate that all variables are integrated at either 
the level or first difference. Contrarily, Table  5 presents 
evidence of co-integration processes, revealing the out-
comes of tests conducted by Pedroni [50, 51] and Kao 
[35]. The rejection of the null hypothesis of no co-inte-
gration at the 1% level across all test statistics indicates 
the presence of long-run co-movement among the varia-
bles. Specifically, the Kao [35] test confirms the existence 
of a co-integrating correlation among trade openness, 
poverty, sustainable development, human capital, infla-
tion, and exchange rate, in their stated order.

Empirical results
This section’s report the empirical findings on the con-
nections between ECOWAS trade openness, poverty, 
human capital, and sustainable development.

Results of direct effect of trade openness, poverty, human 
capital on sustainable development in ECOWAS countries
The study employs the PMG-ARDL method to capture 
both short- and long-term coefficients, aligning with our 
stated objective. This technique accommodates vary-
ing short-run responses across countries while ensuring 

Table 3  Results of Pesaran cross-sectional dependence test

**p < 0.05; ***p < 0.01

Variable Prob Abs(corr.)

LnpP 1.79 * 0.570

lnY 6.64 *** 0.318

Lnt 1.65 * 0.237

Lnk 3.61 * 0.327

Lninf 33.01 *** 0.904

Lnexc 27.01 *** 0.690
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consistency in the long run. However, literature indicates 
that despite its advantages, the PMG-ARDL method dis-
regards contemporaneous correlation across countries, 
attributed to unobserved factors. Consequently, neglect-
ing these factors may result in less reliable parametric 
and non-parametric estimators. This drawback stems 
from PMG’s inability to address cross-sectional depend-
ence in the error term, an issue expected to diminish 
with the introduction of the CS-ARDL model. This study, 
however, presents the findings derived from both the 
Pooled Mean Group (PMG) and Cross-Sectional Autore-
gressive Distributed Lag (CS-ARDL) analyses, outlined 
in Table  6, regarding direct effects, are summarized as 
follows. The error correction term (ECM) coefficient 
(− 0.47631) emerges as negative and statistically signifi-
cant in both models, providing evidence of cointegration.

In the long run, poverty consistently exhibits a nega-
tive and significant impact on sustainable development 
(SD) across both models. Specifically, a 1% increase in 
poverty corresponds to a 1.27% decrease in SD accord-
ing to the PMG model, while the CS-ARDL model 
indicates a 31.19% increase in poverty. In the PMG 
model, the short-term effect of poverty stands out as 
significant and negative. Notably, a 1% increase in pov-
erty results in a noteworthy 37.58% reduction in SD in 
the short run. Conversely, in the CS-ARDL model, the 

short-term effect of poverty emerges as significant and 
positive, indicating that a 1% increase in poverty coin-
cides with a 29.17% increase in SD in the short run. 
However, the significant negative impact of poverty on 
SD, both in the short and long run, aligns with previous 
research demonstrating that poverty is a key obstacle to 
achieving sustainability goals [74, 78, 80]. For instance, 
Wei et  al. [74] notes that the detrimental effects of 
poverty on SD, emphasizing the urgency of addressing 
poverty eradication as a fundamental component of SD 
strategies. Poverty hinders access to essential resources 
like education, healthcare, and clean water, which are 
critical for promoting SD. The magnitude of the nega-
tive short-term effect of poverty on sustainability in 
the PMG model underscores the urgency of addressing 
poverty to enable progress. Nevertheless, the positive 
short-term relationship between poverty and sustaina-
bility in the CS-ARDL model contradicts both the long-
term findings and conclusions from earlier studies. One 
potential explanation is that short-term poverty alle-
viation efforts like cash transfers or food aid projects 
may temporarily improve sustainability metrics, even 
though systemic poverty continues to hinder long-term 
SD.

In contrast, human capital exhibits a positive and sta-
tistically significant correlation with SD across both the 

Table 4  CIPS and CADF unit root tests

**p < 0.05; ***p < 0.01; Critical values: − 2.21 (10%); − 2.33 (5%); − 2.55 (1%)

CIPS CADF

Variables Level 1st Difference Integration order Level 1st Difference Integration 
order

Lnp  − 1.701  − 2.418 ** I1  − 2.472 ***  − 2.590 *** I0
lnY  − 3.054 ***  − 6.190 *** I0  − 1.737  − 3.818 *** I1
Lnt  − 2.411 **  − 5.603 *** I0  − 2.123  − 3.289 *** I1
Lnk  − 1.825  − 5.620 *** I1  − 1.448  − 3.417 *** I1
Lninf  − 1.911  − 4.161 *** I1  − 1.976  − 3.526 *** I1
Lnexc  − 1.892  − 3.706 *** I1  − 2.145  − 3.492 *** I1

Table 5  Results of panel co-integration test

v: variance; PP: Phillips-Perron; ADF: Augmented Dickie Fuller; DF: Dickie Fuller;
* p < 0.1; **p < 0.05; ***p < 0.01

Pedroni [50, 51] Kao [35]

Tests Within dimension Between dimension Tests Statistics

v-statistic − 3.327*** – Modified DF t 1.685**

rho-statistic 1.214 1.520 *** DF t 1.568**

PP-statistic 1.6453* − 2.089 *** Augmented DF t 1.317*

ADF-statistic 1.881** − 2.367 *** Unadjusted modified DF t 1.797***

– – – Unadjusted DF t 2.41***
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PMG and CS-ARDL frameworks. Notably, a 1% increase 
in human capital is associated with a 12.83% uptick in 
SD in the PMG model and an 8.42% increase in the CS-
ARDL model. While the short-term effect of human 
capital appears insignificant in the PMG model, it gains 
significance and positivity in the CS-ARDL framework. 
Specifically, a 1% increase in capital is linked to a 6.47% 
short-term enhancement in SD within the CS-ARDL 
model. The consistent positive relationship between 
human capital and SD, as evidenced in both the PMG 
and CS-ARDL models, aligns with previous findings 
from studies such as Di Fabio [19] and Bekele et al. [12], 
underscoring the pivotal role of human capital in pro-
moting sustainability, and that investing in human capital 
development is critical for achieving sustainable develop-
ment goals. However, the insignificant short-term effect 
of human capital in the PMG model contrasts with the 
significant positive short-term impact in the CS-ARDL 
framework. This aligns with Bekele et  al. [12] finding 
that human capital investments require time to gener-
ate returns, although the positive short-term effect in 
the CS-ARDL model suggests human capital may also 

confer some immediate sustainability benefits. The find-
ings, however, demonstrate that sustained improvements 
in healthcare, education, and skills are vital for advancing 
sustainability objectives in both the short and long term.

Interestingly, trade openness demonstrates a posi-
tive and statistically insignificant relationship with SD in 
both the PMG and CS-ARDL frameworks. Notably, a 1% 
increase in trade openness is associated with about 0.27% 
and 4.3% rise in SD in the PMG and CS-ARDL model in 
the long-run. The findings concur with those of Meq-
bel [41], Ogede and Tiamiyu [46], who assert that trade 
openness is advantageous to SD. One potential reason is 
that the economic and environmental impacts of trade 
may depend on the composition and policies around 
trade. However, the general lack of significance suggests 
trade openness alone may not drive sustainability with-
out complementary policies. Moreover, the short-term 
effects of trade openness prove insignificant across both 
models, suggesting that changes in these variables do 
not wield immediate influence on sustainable develop-
ment. This finding differs from Bekele et  al. [12], who 
concluded changes in trade hold immediate influence 

Table 6  Pooled mean group (PMG) and cross-sectional ARDL results-direct effect

*p < 0.10; **p < 0.05; ***p < 0.01; cross-sectional dependence (CD)

Dependent variable: sustainable development

PMG-ARDL CS_ARDL

Variables Coefficient Std. err Prob Coefficient Std. err Prob

Long run
Lnp  − 1.2719 1.9600 0.051* 31.190 16.964 0.066*

Lnt 0.2741 3.0115 0.927 4.3516 4.5515 0.339

Lnk 12.830 1.2745 0.000*** 8.4220 2.4312 0.001***

Lninf  − 0.9726 1.1656 0.404 10.771 9.6445 0.264

Lnexc 2.7361 1.2261 0.026**  − 8.3451 3.4768 0.016**

Short run
ECM (− 1)  − 0.47631 0.0942 0.000***  − 0.8132 0.0991 0.000***

D1. Lnp  − 37.575 28.434 0.018** 29.168 13.770 0.034**

D1.lnt  − 0.5175 2.6105 0.843 2.2867 2.7223 0.401

D1.lnk 0.5336 2.1157 0.801 6.4668 1.8815 0.001***

D1. Lninf  − 3.1419 5.3128 0.554 8.7139 6.4821 0.179

D1. Lnexc  − 2.4246 2.4043 0.013**  − 6.9936 2.4974 0.005***

Constant  − 22.679 5.0454 0.000*** 0.1867 0.0991 0.000***

Diagnostic
Hausman chi2 6.51 (− 0.27) –

RMSE – 4.09

CD test  − 0.068 1.13

CD test Prob 0.9457 0.2570

F-stat – 3.60***

R2 (MG) – 0.68

Observations 310 327

Groups 10 10
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over sustainability indicators. The divergence suggests 
trade openness may operate on longer timescales in this 
context.

The findings regarding inflation’s impact on SD pre-
sent a consistent pattern of insignificance across both the 
PMG and CS-ARDL analyses. This suggests that infla-
tionary changes do not exert a statistically significant 
immediate or long-term influence on sustainable devel-
opment outcomes. Conversely, the analysis reveals diver-
gent effects of the exchange rate on SD in the two models. 
In the PMG model, a positive and significant relationship 
is observed, indicating that a 1% increase in the exchange 
rate corresponds to a 2.74% increase in SD. However, in 
contrast, the CS-ARDL model illustrates a negative and 
significant effect, where a 1% increase in the exchange 
rate leads to an 8.35% decrease in SD. Furthermore, 
both models highlight the significant and negative short-
term impact of the exchange rate on SD, suggesting that 
immediate changes in the exchange rate can adversely 
affect sustainability efforts, with a 1% increase resulting 
in a decrease of 2.42% in the PMG model and 6.99% in 
the CS-ARDL model. These findings carry substantial 
implications for policymakers and stakeholders involved 
in fostering SD within the ECOWAS region. The consist-
ent insignificance of inflation suggests that policymak-
ers need not prioritize inflation control measures solely 
for the sake of sustainable development goals. However, 
the divergent effects of the exchange rate underscore the 
complexity of managing currency fluctuations within the 
context of sustainability efforts. Policymakers must care-
fully consider the economic implications of exchange 
rate policies and their potential impacts on SD out-
comes. Additionally, the significant short-term effects of 
the exchange rate across both models highlight the need 
for proactive measures to mitigate the adverse effects of 
exchange rate fluctuations on SD initiatives.

Regarding diagnostic tests, both models exhibit satis-
factory specification, with the CS-ARDL model demon-
strating a higher R-squared. Specifically, the R-squared 
(MG) for the PMG model registers at 0.68, indicating 
that 68% of the variation in SD is explained by the inde-
pendent variables in the PMG model. The Hausman test 
returns a p-value of 0.27, surpassing the 0.05 threshold, 
thereby confirming the efficiency and consistency of the 
PMG model. Conversely, the Root Mean Squared Error 
(RMSE) for the CS-ARDL model is calculated at 4.09, 
underscoring its goodness of fit. Further, the cross-sec-
tional dependence test for the CS-ARDL model yields a 
p-value of 0.2570, signifying no significant evidence of 
cross-sectional dependence among the residual terms 
from the estimated models. Ultimately, diagnostic evalu-
ations confirm the adequate specification of both mod-
els, with the CS-ARDL model demonstrating superior 

fit and no indication of cross-sectional dependence in its 
residuals.

Results of moderating role of trade openness 
in the relationship between poverty and sustainable 
development in ECOWAS
This sub-section presents the results relating to the mod-
erating role of trade openness in the relationship between 
poverty and SD in ECOWAS. The results from both the 
Pooled Mean Group (PMG) and Cross-Sectional ARDL 
(CS-ARDL) models, as detailed in Table 7, reveal remark-
able insights. The results from both the PMG and CS-
ARDL models, reveal that, in the long run, while the 
interaction between poverty and trade openness demon-
strates a positive and statistically significant association 
in the PMG model, this relationship appears statisti-
cally insignificant in the CS-ARDL model. This suggests 
that over time, trade openness may potentially mitigate 
the adverse effects of poverty on SD, yet the significance 
of this effect may vary depending on the econometric 
approach employed. The significant long-run moderat-
ing effect of trade openness on the poverty-sustainabil-
ity relationship in the PMG model aligns with Yu, & Liu 
[79] and Radmehr et al. [60], who found trade openness 
helped mitigate poverty’s negative sustainability impacts 
over time. However, the insignificant result from the 
CS-ARDL model diverges from their conclusion, reflect-
ing the complexity of the dynamics at play. The authors 
contend that the trade’s impact depends on comple-
mentary policies around human capital, institutions, 
and equity. Conversely, in the short-run, the modera-
tion effect coefficients (− 9.6757 and − 20.417 for PMG 
and CS-ARDL, respectively) is negative and statistical 
insignificance. This finding indicates that the immedi-
ate impact of trade openness on alleviating the negative 
consequences of poverty on SD may not be discernible 
within the observed time frame. The foregoing demon-
strates the importance of the time dimension, with short-
run effects insignificant in both models. The findings also 
underscore the complexity of the dynamics at play and 
emphasize the importance of considering both short- and 
long-term perspectives when formulating policies aimed 
at fostering SD in ECOWAS countries.

Additionally, the findings from both the PMG and CS-
ARDL models, as reported in Table 7, shed light on the 
relationship between poverty and SD, particularly in the 
long and short terms. In the long run, poverty exhibits 
a negative and statistically significant association in the 
PMG model, suggesting its detrimental impact on SD 
over time. However, this relationship appears statisti-
cally insignificant in the CS-ARDL model, highlight-
ing potential variations in the dynamics of poverty’s 
influence across different methodological frameworks. 
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Conversely, in the short run, poverty demonstrates a 
negative and statistically insignificant impact on SD in 
both the PMG and CS-ARDL models. These findings 
underscore the complexity of the relationship between 
poverty and SD, emphasizing the importance of consid-
ering multiple factors and methodological approaches 
in understanding and addressing poverty-related chal-
lenges within the context of SD efforts. The negative 
and significant long-run impact of poverty on sustain-
able development in the PMG model aligns with con-
clusions from previous studies highlighting poverty as a 
critical obstacle to sustainability progress. However, the 
insignificant short-run impacts in both models further 
highlight the complexity of linkages while the prepon-
derance of evidence points to poverty reduction being 
vital for sustainability suggesting the policy mixes to be 
tailored to local contexts and dynamics.

Further, as reported in Table 7, human capital emerges 
as a consistently positive and significant determinant 
of sustainable development across both models in the 

long run, but insignificant in the short run. Specifically, 
a 1% increase in human capital translates to a substan-
tial increase in sustainable development, with a mag-
nitude of 40.75% in the PMG model and 58.31% in the 
CS-ARDL model in the long run. The consistent positive 
and significant association between human capital and 
SD across both the PMG and CS-ARDL models under-
scores the fundamental role of human capital in fostering 
long-term SD outcomes within ECOWAS. The substan-
tial magnitude of this relationship, with a 1% increase 
in human capital translating to a notable increase in SD, 
highlights the importance of investing in education, skills 
development, and healthcare initiatives to drive progress 
towards sustainability goals. The uniformly positive and 
significant long-run impact of human capital on sustain-
able development corroborates findings from previous 
studies including Bekele et  al. [12] highlighting human 
capital as a vital enabler for advancing sustainability 
goals. However, the insignificance of human capital in 
the short-run suggests that the benefits of human capital 

Table 7  Pooled mean group (PMG) and cross-sectional ARDL results-moderation effect

* p < 0.10; **p < 0.05; ***p < 0.01

Dependent variable: sustainable development

PMG-ARDL CS_ARDL

Variables Coefficient Std. err Prob Coefficient Std. err Prob

Long run
Lnp  − 40.477 17.357 0.02**  − 35.735 101.35 0.724

Lnt 3.6806 2.6809 0.171 1.2542 2.8943 0.665

lnp*t 13.802 6.0382 0.023** 22.514 33.550 0.502

Lnk 40.753 12.265 0.001*** 58.307 69.655 0.033**

Lninf  − 2.2798 1.4623 0.123 7.9585 7.2122 0.270

Lnexc 4.1111 1.4213 0.004***  − 6.2979 2.7535 0.022**

Short run
ECM (− 1)  − 0.4995 0.0910 0.000***  − 0.8837 0.0838 0.000 ***

D. lnp  − 4.1139 59.654 0.945  − 27.415 64.020 0.668

D.lnt 0.9111 2.4278 0.707 1.3571 2.3551 0.564

D.lnp*t  − 9.6757 15.181 0.524 18.657  − 20.417 0.361

D.lnk 16.789 31.830 0.598 47.717 42.663 0.263

D. lninf  − 3.5846 4.3129 0.406 5.7246 5.7728 0.321

D. lnexc  − 2.9670 2.2316 0.184  − 5.2864 2.3698 0.026**

Constant  − 56.265 10.502 0.000*** 0.1162 0.0838 0.166

Diagnostic
Hausman chi2 12.65 (− 0.12) –

RMSE – 3.95

CD test  − 0.2716 0.97

CD test Prob 0.7859 0.3308

F-stat – 3.76***

R2 (MG) – 0.70

Observations 310 327

Groups 10 10
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investments may take time to materialize fully. The diver-
gence between long- and short-run impacts underscores 
the need for sustained, long-term commitments to devel-
oping human capabilities through education, health, and 
skills training as part of comprehensive policy mixes 
aimed at promoting equitable, socially-inclusive, and 
environmentally-sound SD within ECOWAS countries.

Moreover, as outlined in Table  7, the analysis reveals 
that trade openness consistently emerges as a positively 
insignificant determinant of SD across both the long-run 
and short-run perspectives. Specifically, a 1% increment 
in trade openness yields a notable enhancement in SD, 
with a magnitude of 3.68% in the PMG model and 1.25% 
in the CS-ARDL model over the long run. Similarly, in 
the short run, a 1% increase in trade openness corre-
sponds to a substantial increase in SD, with a magnitude 
of 0.91% in the PMG model and 1.35% in the CS-ARDL 
model. The uniformly positive yet statistically insignifi-
cant relationship between trade openness and SD across 
both the long-run and short-run highlights that trade 
liberalization in isolation may be insufficient to substan-
tially further sustainability objectives. The minimal mag-
nitude of trade openness’ impact in the single digit range 
in both timeframes indicates that adjustments to trade 
policies alone are unlikely to generate large sustainability 
gains without coordinated efforts across other economic, 
social, and environmental dimensions. Remarkably, a 
more robust policy approach beyond just expanding 
trade is imperative to effectively harness international 
commerce for equitable and sustainable development. 
The findings emphasize that trade openness should be 
situated within broader strategies to advance human 
well-being, social inclusion, and environmental sustain-
ability. While trade may confer some benefits, substan-
tially moving the needle likely necessitates holistic policy 
mixes tailored to local frameworks.

Diagnostic tests affirm the adequacy of the PMG and 
CS-ARDL models. The Hausman test p-value of 0.12 
(> 0.05) demonstrates the efficiency and consistency of 
the PMG model. The CS-ARDL model’s lower Root MSE 
of 3.95 compared to the direct effect model indicates 
superior fit. The CS-ARDL framework corrects for cross-
sectional dependence. The CD test p-value of 0.3308 
(> 0.05) confirms the absence of residual cross-sectional 
dependence. The significant F-statistic of 3.76 points to 
joint regressor significance. Finally, the PMG model’s 
R-squared (MG) of 0.70 shows 70% of variation in sus-
tainable development is accounted for, slightly higher 
than the direct effect model. In summary, key diagnostics 
validate the appropriateness of the PMG and CS-ARDL 
models for robust analysis.

However, the disparities in the number of observa-
tions in the summary statistics and the PMG results are 
most likely due to the deletion of outliers, which might 
potentially alter result interpretation by introducing bias 
and reducing sample representativeness. As a result, we 
use the Augmented Mean Group (AMG) and Pooled 
Ordinary Least Squares (P-OLS) to perform robustness 
checks to ensure that PMG results are consistent. One of 
the primary justifications for using an Augmented Mean 
Group (AMG) is its ability to account for cross-sectional 
dependence and heterogeneous dynamics in panel data, 
with the caveat that it may be sensitive to structural 
breaks, whereas Pooled OLS may overlook individual-
level effects. However, the findings of the Augmented 
Mean Group (AMG) and P-OLS models, as given in 
Table 8, show that human capital had a consistently sig-
nificant positive effect on sustainable development across 
all four models (AMG, P-OLS, PMG, and CS-ARDL). 
Meanwhile, all models found no significant link between 
trade openness and SD. The robustness testing using the 
AMG and OLS techniques confirms the PMG findings, 
as well as the absence of a statistically significant influ-
ence of trade openness on sustainable development. Fur-
thermore, the Wald Chi-square test in AMG, as shown 
in Table 8, assesses the overall significance of the model’s 
coefficients. A significant result at the 1% level indicates 
that the independent variables collectively have explana-
tory power.

Conclusion and policy recommendations
While ECOWAS countries have made commend-
able progress in regional integration and also pur-
sued greater trade openness as a pathway to economic 
growth and sustainable development. However, the 
benefits of trade have not reached all segments of the 
population equally. Persistent poverty and varying lev-
els of human capital across ECOWAS countries pose 
challenges to ensuring trade-driven growth is inclu-
sive and sustainable. Therefore, this paper investigates 
the relationship among trade openness, poverty, and 
human capital development in the pursuit of sustain-
able development across a panel of ten ECOWAS econ-
omies over a 34-year period (1987–2020). Specifically, 
it examines the roles of trade openness, poverty, and 
human capital development in sustainable develop-
ment, while also exploring the moderating role of trade 
openness on the poverty-sustainable development 
relationship within the ECOWAS region. To conduct 
this analysis, the study employs the Pool Mean Group 
(PMG) estimator and Cross-Sectional Autoregressive 
Distributed Lag (CS-ARDL) techniques, taking into 
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account cross-sectional dependence, cointegration, and 
other relevant diagnostic tests.

The findings highlight important implications for pol-
icy formulation and decision-making regarding sustaina-
ble development in ECOWAS countries, given the strong 
negative correlation of poverty and the positive link of 
human capital with sustainable development. The persis-
tent detrimental effect of poverty on sustainable devel-
opment highlights the immediate necessity for focused 
measures aimed at reducing poverty. For example, in 
Nigeria, the largest economy in ECOWAS, about 69% 
of the population lived below the poverty line of $2 per 
day. This high poverty rate has been linked to environ-
mental degradation, as poor communities often resort to 
unsustainable practices like deforestation for fuel wood. 
Policy measures should give priority to tackling multidi-
mensional poverty through comprehensive policies that 
include income production, social protection, access to 
essential services, and infrastructure development. For 
instance, Ghana’s Livelihood Empowerment Against Pov-
erty (LEAP) program, which provides cash transfers to 
extremely poor households, has shown positive impacts 
on food security, health, and education outcomes (see, 
[58]).

The correlation between human capital and sustain-
ability emphasizes the crucial significance of educa-
tion, healthcare, and skill enhancement in advancing 
sustainable development goals. In Senegal, for example, 
increased investment in education led to a rise in pri-
mary school enrollment from 69.8% in 2000 to 84.6% 
in 2018 (UNESCO), contributing to improved human 
capital and potential for sustainable growth. It is crucial 
for policymakers in ECOWAS to prioritize investing in 
human capital development to improve productivity, fos-
ter innovation, and strengthen the resilience of regional 
economies. Creating a supportive atmosphere for entre-
preneurship, research, and technological innovation 
helps enhance the utilization of human resources to 
attain sustainable development results. The Tony Elumelu 
Foundation Entrepreneurship Programme in Nigeria, 
which provides training, mentorship, and seed capital to 
young entrepreneurs across Africa, is an example of fos-
tering innovation and sustainable business practices.

Although the impact of trade openness on sustainabil-
ity is varied, the major role of trade openness in reduc-
ing the negative effects of poverty on sustainability in the 
long term highlights the potential of trade policies to sup-
port efforts in reducing poverty. For instance, the ECO-
WAS Trade Liberalization Scheme (ETLS) has helped 

Table 8  Robustness check

* p < 0.1; **p < 0.05; ***p < 0.01; While figures in parentheses are t-stat values

Dependent variable: sustainable development

Pooled OLS Augmented mean group

Variables Main effect With interaction Main effect With interaction

Lnpov  − 101.574 ***  − 401.763 *** 446.499 604.603

(− 3.270) (− 4.030) (1.100) (1.280)

Lnt 0.108 *** 0.614 *** 0.014 0.606

(3.670) (2.670) (0.300) (0.860)

lnpov*t –  − 5.818 *** –  − 4.276

– (− 3.160) – (− 0.870)

Lnk 0.777 *** 0.784 *** 0.271 ** 0.354 ***

(12.220) (12.490) (2.490) (4.240)

Lninf  − 0.011  − 0.007  − 0.024  − 0.146 ***

(− 0.920) (− 0.580) (− 0.470) (− 3.560)

Lnexc  − 0.002 ***  − 0.002 ***  − 0.099  − 0.340

(− 4.610) (− 3.450) (− 0.610) (− 0.780)

Constant  − 19.528 ***  − 56.999 ***  − 57.327  − 85.863

(− 4.360) (− 4.500) (− 1.100) (− 1.310)

F-stat 41.83 37.52 – –

F-stat prob 0.000 *** 0.000 *** – –

Adj-R2 0.39.0 40.7 – –

Wald chi2 – – 21.86 205.49

Wald chi2 prob – – 0.001 *** 0.000
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increase intra-regional trade, potentially contributing to 
economic growth and poverty reduction. Policymakers 
should actively pursue trade liberalization measures that 
aim to facilitate inclusive growth, improve market access 
for small-scale producers, and encourage economic 
diversification. The West Africa Agricultural Productivity 
Program (WAAPP), which aims to generate and dissemi-
nate improved agricultural technologies, is an example 
of a regional initiative that combines trade openness 
with support for small-scale producers. It is important to 
combine careful management of exchange rates and trade 
policies with initiatives to enhance domestic institutions, 
regulatory frameworks, and infrastructure. This will help 
ensure that the advantages of trade are spread fairly and 
contribute to sustainable development goals.

It is crucial to acknowledge the constraints of the study 
and propose potential directions for future empirical 
investigation. In order to capture the short-term dynam-
ics that impact sustainable development, future research 
should consider increasing the frequency of data collect-
ing or conducting case studies. While panel autoregres-
sive distributed lag (ARDL) models and techniques such 
as PMG and CS-ARDL are generally reliable, they may 
not completely consider all the dynamic interactions and 
external shocks that affect trade openness, poverty, and 
human capital development. Henceforth, it is impera-
tive for forthcoming studies to investigate the repercus-
sions of worldwide economic disturbances, such as the 
COVID-19 pandemic, on the interconnections among 
trade openness, poverty, and human capital in ECOWAS 
nations. This research would offer policymakers evi-
dence-based insights to create policy frameworks that are 
more robust and adaptable.
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