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Abstract
In a contest to attain equitable economic performance, emerging economies of the Global South are 
rapidly strengthening their institutional framework and improving investment in  the green energy 
sector and digitization. Also, these economies are extracting mineral resources to encourage devel-
opment but still lagging in the context of an equitable growth race, which creates uncertainty among 
policymakers. Therefore, it is crucial to analyse the influence of mineral resources, digital economy 
and governance on the economic development of the emerging economies of the Global South from 
1996 to 2022. In addition, the crucial role of green energy and foreign direct investment in economic 
growth are analysed. We use a second-generation stationarity test and a series of cointegration tests 
to confirm the stationarity of the variables and the stability of long-run association between them. 
Due to the issue of non-normality, the novel method of moments quantile regression offers robust 
nuances while accounting for the endogeneity issue. The outcomes indicate that mineral resources 
are adversely associated with sustainable economic development in the region. However, the digital 
economy, green energy and foreign direct investment drive sustainable growth in emerging economies 
in the Global South. On the other hand, institutional factors demonstrate mixed influences on sustain-
able economic development, where control of corruption and governance efficiency significantly lead 
to sustainable economic growth, while regulatory quality harms development. The study recommends 
strengthening the institutions, further investment in digitization initiatives, research and development 
and sustainable use of mineral resources to attain sustainable growth.
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List of abbreviations

ARDL		 Autoregressive distributed lag
ASEAN	 Association of South East Asian Nations
BRI		  Belt and Road Initiative
CD		  Cross-sectional dependence
COC		  Control of corruption
DOLS		  Dynamic ordinary least squares
EPRS		  Environmental policy stringency
FDI		  Foreign direct investment
FMOLS	 Fully modified ordinary least squares
GDP		  Gross domestic product
GEF	 	 Governance efficiency
MMQR	 Method of moments quantile regression
OECD		 Organization of Economic Cooperation and Development
RQ		  Regulatory quality
SCH	 	 Slope coefficient heterogeneity
VAR		  Vector autoregressive
VECM		 Vector error correction model

1.  Introduction 

Natural resources are part of development initiatives since they have been an imperative source 
of  income for decades, especially mineral resources (Li et  al., 2024). They offer substantial 
prospects for economic growth by generating revenues through export earnings or taxes but can 
also cause resource curses by over-reliance, price fluctuations or pollution, leading to economic 
instability and environmental deterioration. Therefore, many emerging economies both benefit 
and suffer from the excessive use of mineral resources (Imtiaz and Javid, 2023; Pang et al., 2024). 
However, the current global dynamics and digitization play a crucial role in shaping economic 
growth. Digitization is a transformative force that includes the incorporation of data analytics and 
information and communication technologies. These transformations have led to changes such 
as  automation in  various sectors of  the  economy, making them more productive and resilient 
(Kraus et  al., 2022). Digitization not only fosters innovation but also creates or  attracts new 
businesses (Tan and Huang, 2023).

The integration of natural resources and digitization is an emerging topic of this digital era 
and China is a classic case of rapid digitization. It is observed that the resource rents meaningfully 
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contribute to digitization. Technological advancements, such as lithium batteries and other elec-
tronic components, are part of the technological revolution. In addition to that, waste recycling 
and energy conversion are effectively contributing to a sustainable economy through the power 
of  digitization. All in  all, digitization is a  significant driver of  sustainable growth that fosters 
eco-innovation and development by expanding digital markets. Besides, it can be a resourceful 
way of limiting emissions and supporting sustainable development goals (Kraus et al., 2022; Tan 
and Huang, 2023). The digital economy drives growth, innovation and productivity at local and 
international levels. Above and beyond, high-tech exports are a positive sign for digital econom-
ic expansion (Wang et al., 2023). Therefore, the present extensive analysis seeks to  illuminate 
the  complicated relationship between mineral resources, the digital economy, sustainable eco-
nomic development and other imperative factors in growing Global South economies, helping 
policymakers, businesses and stakeholders achieve equitable and sustainable growth.

Several other factors influence the process of economic development to ensure sustainable 
growth. Among these, government indicators play an  imperative role. It  is a  known fact that 
sustainable growth requires good governance. The key components of governance are usually 
corruption control, government efficiency and regulatory quality (Wang et al., 2024). These are 
supported by digitization increasing productivity and investment opportunities in the country and 
increasing employment opportunities with easy access to  resources (Linkov et al., 2018). Yet, 
open, responsible and efficient governance systems improve investor trust, company growth and 
sustainable economic growth that can be achieved by promoting the digital economy. Conversely, 
poor governance structures negate countries’ prosperity and impede progress (Pang et al., 2024). 
Countries with strong digital governance become globally competitive by driving innovation and 
efficiency in different sectors/industries of  the economy (Shahbaz et al., 2022). Hence, we use 
three governance indicators – corruption control, government effectiveness and regulatory qual-
ity – to explore how governance indicators promote innovation, entrepreneurship and inclusive 
growth in the Global South. 

Global South countries such as China, India, Indonesia, Brazil, Pakistan, Nigeria and Mex-
ico have significant economic and human potential. This potential depends on mineral resourc-
es, the digital economy and financial governance. These regions have seen substantial economic 
changes in  recent decades due to  mineral resource development, digital technology and gov-
ernance reforms (Li et al., 2024). For instance, the mineral resources show a steady trend until 
the global financial crisis and maximum volatility afterwards, as  seen in Figure 1. The visual 
inspection shows that the contribution of mineral resources to GDP is fluctuating for every econ-
omy, indicating changes in resource management or various other underlying factors (Yan, 2024). 
Concerning digitization, it can be observed that the graphs for all the selected economies show 
an increasing trend except for Pakistan and Nigeria, as mentioned in Figure 2. The overall digital 
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economy graph reflects the global trend of digital transformation with different degrees of accel-
eration across the study countries. Due to this reason, the study examines the complex relation-
ship between these characteristics and sustainable economic development in  emerging Global 
South economies. Hence, the study uses advanced econometric methods to uncover new insights 
into this complex relationship using data from 1996 to 2022. The study employs rigorous panel 
data methods such as method of moments quantile regression and parametric robustness tests 
such as cointegration regressions. Methods that account for data variability and dynamics yield 
robust and reliable empirical conclusions. The study uses cutting-edge econometric methods for 
compelling policy implications to establish complex links between mineral resources, the digital 
economy, governance and sustainable economic growth in the Global South. 

Figure 1: Mineral resources in emerging Global South economies

Source: Author's own elaboration

The  present research is significant for policymakers, especially from the  Global South. 
The study outcomes help formulate evidence-based strategies to promote equitable growth, tech-
nological innovation and good governance by identifying sustainable economic development 
drivers. These measures could help develop economies by overcoming socioeconomic issues, 
boosting competitiveness and ensuring long-term prosperity (He et al., 2024). Besides, business-
es can make intelligent investments, find development possibilities and navigate regulations by 
understanding the relationship between mineral resources, the digital economy and government 
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indicators of economic growth. Following this research, businesses may boost competitiveness 
and economic growth in their regions (Nyantakyi et al., 2023). Sustainable economic develop-
ment in the Global South is crucial for national and global economic stability (Lin et al., 2024). 
Policies on equitable growth, technological innovation and effective governance make the glob-
al economy more balanced and resilient and benefit both developed and developing countries. 
Lastly, the research is significant to  international development agencies, non-governmental or-
ganizations and other stakeholders in the Global South to create specific initiatives by improving 
poverty reduction, social inclusion and sustainable development initiatives. Outside academia, 
this will have real consequences for politicians, enterprises, international development and global 
economic stability. 

Figure 2: High-tech exports of emerging Global South economies

Source:  Author's own elaboration

Based on the background, the study has the following objectives: Firstly, it aims to explore 
the effect of mineral resources on economic growth by analysing how mineral resources affect eco-
nomic growth in Global South regions. Secondly, the present research intends to explore the caus-
es of digital adoption and its effects on inclusive development. Therefore, the connection between 
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digital technologies and economic growth is evaluated. Thirdly, to evaluate governance structures 
and practices and assess their efficacy in promoting openness, accountability and the rule of law, 
the study examines how corruption control, government efficiency and regulation affect economic 
progress and attain sustainable growth. Based on the above objectives, the study helps identify 
significant drivers and barriers to sustainable economic development in the Global South. It will 
help understand how digital infrastructure, connectivity and skills affect economic growth. 

The present research is novel in the following ways. Firstly, the combined effect of mineral 
resources, the digital economy and governance factors are examined in the context of sustainable 
economic development in the Global South (Wang et al., 2023). This interaction is less common 
in the literature, which usually examines the factors individually (Song and Hou, 2024; Zhang 
et al., 2022; Van Thi Hong, 2020). Besides, this broader perspective is overlooked in the Glob-
al South. Unlike earlier works, the  study analyses these characteristics together and their ef-
fects on economic growth. Secondly, the study contributes to the empirical literature by ensuring 
thorough and trustworthy analysis by using advanced econometric methods such as the method 
of moments quantile regression (MMQR) and robustness tests using parametric approaches such 
as cointegration regressions. Accounting for heterogeneity and dynamic impacts throughout time, 
these methods enable deeper variable connections in the study, which is crucial for reliable re-
search. Hence, the study fills the literature gap by providing new empirical evidence, enriching 
this field and encouraging further empirical and academic research in  this area. Thirdly, many 
studies have concentrated on  developed economies or  specific parts of  the Global South, but 
the present study offers combined insights into China, India, Indonesia, Brazil, Pakistan, Nigeria 
and Mexico. By viewing these economies together, it hopes to better comprehend the sustainable 
development challenges and potential of the Global South. This research is important for Global 
South policymakers, enterprises and stakeholders. The analysis reveals the drivers and impedi-
ments to sustainable economic development, providing actionable insights for equitable growth, 
technological innovation and good governance practices. These findings can help create targeted 
initiatives to boost emerging economy resilience and prosperity via understanding the intricate 
interactions between mineral resources, the digital economy, governance and sustainable devel-
opment (Zhu and Niu, 2024). The use of a comprehensive approach, modern techniques, policy 
significance and potential to  expand academic understanding of  sustainable economic growth 
in the Global South make it a notable contribution to the field of sustainable development. 

The rest of the paper is organized as follows: Section 2 presents a literature review, Sec-
tion 3 deals with data and methodology and Sections 4 and 5 document the results with discus-
sions, conclusions and policy implications. 
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2.  Literature Review 

This section documents the  literature on  the dependent and independent variables used in  this 
study. 

2.1 Mineral resources, renewable energy and digital economy 

Environmental pollution has been considered a  consistent hurdle in  achieving sustainable 
development, usually caused by exploiting natural resources. Hence, utilizing natural resources, 
especially mineral resources, to accomplish economic progression degrades the environmental 
quality (Zhang and Guxue, 2024). Cheng et al. (2023) observed a negative association between 
mineral resources and green growth. The  study described that mineral resources significantly 
increase carbon emissions and their extraction negatively affects green prosperity. Despite 
contributing to  environmental pollution, mineral resources are useful for economic growth. 
The  study demonstrated that mineral resources are a  resource curse for low-income countries 
but a  blessing for high-income economies (Yan, 2024). In  another study on  a  similar nexus, 
Song and Hou (2024) explored the negative interaction between mineral resources and economic 
growth in ASEAN economies. The study depicted that increasing the use of mineral resources 
tends to validate the resource curse hypothesis. A high level of corruption and other traditional 
challenges might cause it in the study countries. In another relatable study, Huang et al. (2020) 
empirically observed that mineral rents are beneficial in nurturing economic growth in developing 
Asian economies. The study described that natural resources are imperative for the growth and 
development of  developing economies. Likewise, Shi et  al. (2023) determined the  positive 
relationship between mineral resources and economic growth using panel data in mineral-rich 
economies. 

Shortening the  emission-development gap is one of  the  imperative solutions to  reach 
sustainable development goals. Therefore, the  role of  renewable energy has been a  hot topic 
of debate among researchers for decades. For example, Saidi and Omri (2020) examined the positive 
influence of  renewable energy on  economic growth (GDP) and the  negative association with 
carbon emissions in 15 renewable consumption economies. The  research utilized the FMOLS 
and VECM approaches, and a bi-directional causal association between renewable energy and 
economic growth was found. Likewise, Shahbaz et al. (2020) examined the positive association 
between renewable energy and economic growth using DOLS and FMOLS in  38 renewable 
consumption economies. In the same vein, AlNemer et al. (2023) studied the positive contribution 
of renewable energy on economic growth in Saudi Arabia. In another research paper on a similar 
nexus, Wang et al. (2022) investigated the positive interaction between renewable energy and 
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economic development. The  study highlighted that renewable energy contributes to  economic 
development; however, if  it  is reliant on  certain risks prevalent in  the  economy, the  influence 
might become different. In  general, nevertheless, the  association is positive. On  the  contrary, 
Dogan et al. (2020) investigated the diverse interaction between renewable energy and economic 
growth in OECD economies. The study employed quantile regression and found that renewable 
energy negatively affects growth in central and higher quantiles, while it positively interacts with 
growth in low and low-central quantiles. 

Foreign direct investment is required to foster technologically innovative activities and has 
been considered a prominent driver of economic development in a country. However, the overall 
influence of FDI on GDP varies depending on different factors (Utouh et al., 2024). Huang et al. 
(2020) discovered that FDI significantly contributes to economic development because it helps 
increase industrialization and technological innovation, ultimately increasing economic growth. 
Karahan and Çolak (2024) found a heterogeneous relationship between FDI and economic growth. 
The study demonstrated that the positive effect of FDI on GDP validates the FDI-induced growth 
hypothesis in RCEP economies.

Similarly, an asymmetric nexus between FDI and GDP is detected in the case of different-
income developing countries. In another study on the investment-growth nexus, Ciobanu (2021) 
applied the ARDL approach to the nexus between FDI and economic growth. Besides, the causality 
test revealed that FDI is a crucial determinant and has a  significant causal association. Labidi 
et al. (2024) empirically explored the positive interaction between FDI and economic growth, 
demonstrating that governance quality is crucial for fostering economic growth and development. 
Similarly, Cheng (2024) determined that FDI is essential to economic development, using the VAR 
model for the Ethiopian economy. Likewise, Minh and Trinh (2023) found a positive relationship 
between FDI and growth in 60 developing economies.  

The digital economy has become a crucial catalyst for economic development. Zhang et al. 
(2021) examined the association between the digital economy and economic growth in China. Their 
research highlighted that digital infrastructure and industry are essential and notably influence 
regional factor productivity. In general, the relationship was described as optimistic. On a similar 
nexus, Gomes et al. (2022) assessed the association in the case of 36 OECD economies. Based 
on their level of economic development and advancement of technology, the impact of the digital 
economy is positive in  endorsing economic development. Besides, strong policies regarding 
ICT infrastructure and social equity and their implementation are recommended for sustainable 
growth. Likewise, Zhang et al. (2022) empirically examined the nexus in BRI economies. Their 
empirical analysis revealed that the digital economy enhances growth and development initiatives 
by promoting industrial structures and digital industries.  
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2.2 Corruption control, government effectiveness  
and regulatory quality 

Corruption control is imperative in promoting countries’ economic progression. A study of de-
veloping economies from 2002 to 2017 (Van Thi Hong, 2020) revealed that corruption control 
is a valuable indicator of escalating economic growth, since inefficient stock markets and trade 
slow down the growth of the economy. Hence, the study stressed enhancing corruption control 
measures to increase the economy’s overall efficiency. In their renowned study on the corruption 
control and economic growth nexus, Leite et al. (2019) discovered a positive influence of corrup-
tion control on economic growth, demonstrating that controlling corruption increases economic 
development in the country. The study described that corruption interacts with other government 
components, negatively affecting growth (d’Agostino et al., 2016). Likewise, Cieślik and Goczek 
(2018) explained that in theory, it is deliberately defined that corruption hinders the growth pro-
cess and demonstrated in an empirical estimation that corruption control has positively increased 
the economic growth of 142 study economies while also endorsing investment. Hence, interna-
tional financing was recommended. Similarly, Zhuo et al. (2021) examined the direct influence 
of corruption control on economic growth in developed countries. 

Government effectiveness is necessary in making prompt political decisions that directly 
or  indirectly influence the country’s growth. Şaşmaz and Sağdıç (2020) assessed the  influence 
of  government effectiveness on  the  GDP of  European Union countries, highlighting efficient 
resource allocation, political stability and a  regulatory environment that stimulates growth 
in the country. Cooray and Nam (2025) also examined the association between the same nexus 
in 132 developed and developing economies. The empirical results provided a direct positive and 
intermediating effect of government effectiveness in  encouraging economic growth. Likewise, 
in another study on a similar nexus, the indirect role of government effectiveness was detected 
in  the  economic development of  developed economies, depicting its importance in  improving 
the economy (Zhuo et al., 2021). 

Lastly, the  influence of  regulatory quality is crucial in  shaping the  economy’s growth. 
It is an imperative component of good governance (Bagheri Pormehr and Zahedi Azad, 2020). 
In  the  literature, few studies on related areas have investigated the relationship, and Lee et al. 
(2021) empirically observed the role and importance of regulatory quality as a mediator in growth 
finance relationships. However, the  effect is multifaceted, highlighting the  symmetric and 
asymmetric associations among the study factors. Similarly, Bagheri Pormehr and Zahedi Azad 
(2020) examined the influence of regulatory quality on foreign direct investment and economic 
growth. Their four-country study described a  positive interaction between regulatory quality 
and economic development. Similarly, Abd Rahman et al. (2021) and Li and Gospodarik (2022) 
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observed the positive role of regulatory quality in enhancing growth in upper-middle-income and 
Asia-Pacific economies, respectively. 

2.3 Summary and research gap 

After carefully assessing the available literature based on the study variables, the literature has 
previously explored the individual effects of mineral resources, digital economy, FDI and govern-
ment indicators on economic growth. According to the current body of knowledge, the existing 
literature shows common trends such as the impact of mineral resources usually negatively affect-
ing environmental quality but at the same time, enhancing economic growth (Zhang and Guxue, 
2024; Cheng et al., 2023; Shi et al., 2023). Secondly, the existing literature on the role of renew-
able energy finds mostly positive effects on economic growth and significant emission decreases 
(Shahbaz et al., 2020; AlNemer et al., 2023; Wang et al., 2022). Thirdly, the interaction between 
the digital economy and economic growth is positive in endorsing economic development with 
effective ICT policies (Zhang et al., 2021; Gomes et al., 2022; Zhang et al., 2022). Fourthly, FDI 
fosters growth and boosts technological innovation. However, the influence is affected by other 
external factors (Ciobanu, 2021; Labidi et al., 2024; Cheng, 2024; Minh and Trinh, 2023). Lastly, 
the  interaction between corruption control, government effectiveness and regulatory quality is 
positive and helps in fostering economic growth. Controlling corruption and regulatory policies 
are important for both developed and developing economies (Van Thi Hong, 2020; Cooray and 
Nam, 2025; Cieślik and Goczek, 2018; Zhuo et al., 2021; Abd Rahman et al., 2021; Li and Gosp-
odarik, 2022). 

However, due to the lack of combined comprehensive analysis, the present study proposes 
three models in which three different indicators for governance are employed along with other 
study factors, which is a new input in empirical and academic literature. The present study fills 
the  gap by assessing the  link between mineral extraction, digital technologies and economic 
growth focusing on how this interaction affects the country’s economic growth, innovation and 
productivity. Besides, the influence of the digital economy signifies that the effects of high-tech 
exports on economic growth combined with governmental indicators in  the Global South still 
need to be added. The present research plays an integral part in fulfilling the need for an empirical 
study that underscores these nexuses and highlights the complex interactions. 

3.  Data and Methods

Following the study objectives, we consider sustainable economic development as the primary 
dependent variable proxied via GDP. However, mineral resources (MNRNTS), digital econo-
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my (DE), institutional factors, green energy (EPRS) and foreign direct investment (FDI) are the  
explanatory variables. To identify the specific influence of each institutional factor, we consider 
control of corruption (COC), governance efficiency (GEF) and regulatory quality (RQ) in sepa-
rate models, given as: 

1 1 2 3 4 5ti ti ti ti ti ti tGDP MNRNTS DE COC EPRS FDIϕ α α α α α ε= + + + + + + 	 (1)

1 1 2 3 4 5ti ti ti ti ti ti tGDP MNRNTS DE GEF EPRS FDIϕ α α α α α ε= + + + + + + 	 (2)

1 1 2 3 4 5ti ti ti ti ti ti tGDP MNRNTS DE RQ EPRS FDIϕ α α α α α ε= + + + + + + 	 (3)

In  the models above, it must be noted that the φ’s and α’s are the  intercepts and slopes, 
respectively. In addition, ε refers to the random error term, while the period (t) covers the period 
from 1996 to 2022 for the cross-sections (i) of emerging economies of the Global South, including 
China, India, Indonesia, Brazil, Pakistan, Nigeria and Mexico. Detailed specifications, units and 
sources of data are presented in Table 1.

Variables such as MNRNTS, DE, governance factors (COC, GEF and RQ), EPRS and FDI 
are justified for the analysis of the economic growth in the Global South because of their mac-
ro-importance and mutual effect. Maximization of MNRNTS can generate good revenues for 
the government, yet often it causes the “resource curse”, meaning that good resource management 
is crucial. DE provides a platform that can help developing countries get to a higher level of pro-
ductivity and join the world market; thus, there is a possibility that such countries can bypass 
certain levels of development. Concerning the governance factors, these elements are inherent 
and affect policies, resources and investment promotion. Therefore, it is crucial to consider these 
elements in the research models to capture unbiased connections between variables. Even though 
environmental policy stringency may seem to place certain limitations on a company’s growth 
in the short term, it can assist in the generation of new ideas and sustainable development, specif-
ically regarding climate change. Lastly, FDI is a vital instrument for capital and technology flow; 
however, its effectiveness is contingent upon the host country’s capability to absorb and utilize 
FDI along with its institutional framework. Taking all these factors into consideration, the  re-
searchers may obtain a better tool for comprehending the character of the dynamics of the devel-
opment of economic growth in the Global South and can implement more precise and efficient 
developmental strategies.
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Table 1: Variable specification and units

Variables Specifications Units

GDP Gross domestic product (constant 2015 USD)

MNRNTS Mineral rents (% of GDP)

DE High-technology exports (current USD)

EPRS Electricity production from renewable sources, excluding 
hydroelectric (kWh)

FDI Foreign direct investment, net inflows (BoP, current USD)

COC Control of corruption Estimate

GEF Government effectiveness Estimate

RQ Regulatory quality Estimate

Source: WB (2024)

3.1  Analytical approach

Considering the raw panel data, it is necessary to compare the statistically processed information. 
Here, the mean, median and range figures will be used as the measures of interest. In addition, 
the descriptive statistic operation designed the standard deviation for each of the variables. This 
measure captures the turbulence of the variable, which means that it  is a measure of volatility. 
In this work, we use three indicators of normality: kurtosis, skewness and the Jarque and Bera 
(1987) test of normality. The test is typically presented in the following generic form:

( ) 2
2 3

6 4
KNJB S

 −
= + 

 
 

	 (4)

In  an  attempt to  test the  stationarity of  variables, we employ two diagnostic measures 
to distinguish the properties of panel data. Nonetheless, one of these methods (Pesaran, 2021) is 
based on cross-sectional dependence (CD) and the other method (Pesaran and Yamagata, 2008) 
relies on  slope coefficient heterogeneity (SCH). Nevertheless, it  is important to  pay attention 
to the results of these diagnostic measures, as overlooking these approaches may offer misleading 
results (Wei et al., 2022). Following the essentiality, the CD test can be expressed statistically 
as follows: 

( )

1

1/2
1 1

2  
1

N N

Test ik
i k i

TCD T
N N

−

= = +

=
−  

∑∑ 	 (5)
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This test reveals a cross-sectional dependence of variables as the null hypothesis. Along with 
the panel CD test, the SCH test (concerning both SCH and adjusted SCH statistics) can be written as: 

( ) 1 2SCH N k −∆ = (N–1Ś – K)	 (6)

( )
1  

2 1ASCH
TN

K T K
+

∆ =
⋅ − −

(N–1Ś – 2K)	 (7)

This test takes slope homogeneity as the null hypothesis.

The diagnostic results that coexist with the CD and SCH features in the panel allow the use 
of the second-generation stationarity test. Thus, in this study, the Pesaran (2007) CIPS stationarity 
test is utilized, which was developed later as an extension of  the Pesaran (2006) unit root test 
as it is required for long-run forecasts. This test is based on a null hypothesis (H0) that assumes 
that a series contains a unit root. Nonetheless, if the results are less than 0.01, 0.05 or 0.1, the null 
assumption will be rejected. The second difference is already checked if the variable is not trended. 
This test addressed the CD and SCH issues of the simulating panel. After the stationarity analysis, 
we use three measures to detect the long-run cointegration between variables. In this sense, we 
use the Kao (1999), Pedroni (1999) and Westerlund (2006) cointegration tests. All of these tests 
assume the absence of cointegration between variables. 

Following the cointegration test, the long-run elasticities will be evaluated. For diagnostic 
measures to  be considered, an  efficient and adequate approach should be used to  analyse 
the coefficients. Owing to the non-normality of the data in question, we use the method of moments 
quantile regression (MMQR) approach of  Sarkodie and Strezov (2018). The  approach is not 
confined to simple regressions but also to specific scales and locations, considering endogeneity and 
non-normality problems. This approach estimates various quantiles (1 to 99) instead of estimating 
mean impact. Under certain assumptions, the equation depicts location-scale variance Qy(τ|R), 
which is reported below:

´
  itit i it i itY R Zα β γ ρ µ = + + + 

 
	 (8)

where p(γi + ρŹit > 0) = 1 is the probability function and α, β, γ and ρ are the predicted coefficients. 
Additionally, the fixed effect is portrayed by i and captured by αi and γi for a finite set (i = 1, 2, …, n). 
However, the distinctive characteristic R (k-vector) is shown by Z, whereas its changeableness is 
reported by ι, presented as:

( )1 1 ,  1, 2, , Z Z R k= = … 	 (9)

In  the  prior model, Rit is IID (i.e., independently and identically distributed) through- 
out i and t, yet sustaining quantiles and outside reserves (Machado and Santos Silva, 2019).  

ˆ

ˆ

´
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Following this reasoning, the primary models (i.e., Equation 1, 2 and 3) may generally be pre-
sented in the following form:

( ) ( )( ) ( )
´

ity it i i itQ |R q R Z qτ α γ τ β ρ τ= + + + 	 (10)

In this work, we have chosen MNRNTS, DE, EPRS and FDI as control variables while con-
sidering the  institutional instruments such as COC, GEF and RQ in  separate models as primary 
regressors – captured by Rit. All these variables are converted into natural logarithmic form. Also,  
Rit expresses the quantile distribution covering the coefficients of regression – signified via Yit – and 
acts as a dependent variable (GDP). Additionally, the expression “−αi(τ) ≡ αi + yiq(τ)” labels the vec-
tor section that consistently influences i, with no influence on the intercept. Finally, q(τ) delivers 
the τ-th sample of quantiles revealing Q0.25, Q0.50, Q0.75 and Q0.90, where the expression is given as:

´
   itq it i

i t

min R Z qτθ γ ρ  − +    
∑∑ 	 (11)

where θτ(A) = (τ – 1) AI{A ≤ 0} + TAI{A > 0} indicates the expression of assessment.

Once the results are obtained using appropriate measures, we move towards robustness test-
ing of models using parametric approaches. In this respect, we use fully modified ordinary least 
squares (FMOLS) and dynamic ordinary least squares (DOLS). In addition to these estimators, we 
also use the pairwise Granger causality test of Dumitrescu and Hurlin (2012) to detect causality 
between regressors and dependent variables. 

4.  Results and Discussion

This section includes descriptive statistics, slope homogeneity tests, cross-sectional dependence 
studies, stationarity tests, cointegration results, quantile regressions, robustness checks and cau-
sality assessments. This comprehensive analysis seeks to  understand economic processes and 
propose sustainable development strategies for the Global South.

4.1  Empirical results 

4.1.1 Descriptive statistics 

The  research commenced with a  descriptive analysis of  the  variables. The  mean and median 
values show balance in  the data. Among all the  study factors, GDP has the highest statistical 
mean value at  11.98, followed by digital economy and foreign direct investment at  9.76 and 
10.08, respectively. The range of available data is represented with minimum and maximum val-
ues. The standard deviation column reflects the value of dispersion in the dataset. The skewness 

´

´
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and kurtosis statistics describe the shape of distribution (whether the distribution is symmetrical 
or asymmetrical) by measuring the degree of peakedness of the distribution. Except for economic 
growth and mineral rents, the remaining variables are negatively skewed. For kurtosis, all the var-
iables show asymmetrical distribution. The  Jarque–Bera and probability distribution confirms 
the non-normality of the dataset, depicting the study factors exhibiting non-normal distribution. 
The statistical values of the descriptive analysis are presented in Table 2 below. 

Table 2: Descriptive and normality statistics

  GDP MNRNTS DE EPRS FDI COC GEF RQ

Mean 11.98 0.54 9.76 7.79 10.09 −0.61 −0.28 −0.314

Median 12.00 0.30 9.92 9.90 10.28 −0.52 −0.20 −0.31

Maximum 13.21 4.49 11.97 11.82 11.54 0.17 0.81 0.44

Minimum 11.16 0.00 5.25 0.00 8.16 −1.50 −1.21 −1.29

Std. dev. 0.48 0.65 1.23 4.35 0.76 0.39 0.45 0.40

Skewness 0.51 2.15 −0.46 −1.20 −0.32 −0.13 −0.28 −0.12

Kurtosis 3.07 9.99 3.03 2.54 2.41 2.02 2.36 2.24

Jarque–Bera 8.23 530.02 6.58 46.70 6.05 8.11 5.57 5.00

Probability 0.02 0.00 0.04 0.00 0.05 0.02 0.06 0.08

Observations 189 189 189 189 189 189 189 189

Source: Author’s own calculations

4.1.2 Slope heterogeneity and cross-sectional dependence 

Table 3 shows the values of slope heterogeneity for all the study models 1, 2 and 3. It signifies 
the differences in relationships among variables across regions or groups. It helps in highlighting 
the variable correlation. The statistical values for all the models show significant values at a 1% 
significance level. The  estimated and adjusted coefficient results depict that each model has 
rejected the null hypothesis of no slope heterogeneity with their respective significance levels. 
This means that associations between dependent and explanatory factors vary across the models. 
In general, the test shows homogeneity across the study models and leads us to assess the long-run 
associations among the variables. 
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Table 3: Slope homogeneity

Test Model 1 Model 2 Model 3

SCH 11.901*** 12.719*** 12.316***

SCHadj. 13.828*** 14.778*** 14.310***

Note: *** indicate significance at the 1% level.

Source: Author’s own calculations

The  results of  cross-sectional dependence are presented in  Table 4 below. It  is applied 
to  observe the  cross-sectional dependence of  variables to  ensure the  validity and reliability 
of panel data over time. The CD test results below show that most of the variables reject the null 
hypothesis of no correlation. The statistical values of the variables GDP, MNRNTS, GEF, EPRS 
and FDI shows significant coefficients at a 1% significance level, rejecting the null hypothesis 
of no interdependence. The values are 23.135, 12.918, −2.730, 14.631 and 14.509, respectively. 
The general results show that some variables reject the null hypothesis of no interdependence while 
some reject the hypothesis of interdependence. The degree of dependence varies for the variables, 
showing that each variable affects economic development differently. 

Table 4: Cross-sectional dependence

Variable CD test Prob.

GDP 23.135*** 0.000

MNRNTS 12.918*** 0.000

DE 0.895 0.371

COC −1.080 0.280

GEF −2.730*** 0.006

RQ 0.263 0.793

EPRS 14.631*** 0.000

FDI 14.509*** 0.000

Note: *** indicate significance at the 1% level.

Source: Author’s own calculations
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4.1.3 Stationarity testing and cointegration analysis

To avoid spurious regression results, stationarity tests are applied in econometric analysis. Table 5 
shows the outcomes from unit root testing. At level I(0), only a few variables such as mineral rents 
and government effectiveness are stationary, while the rest shows no sign of stationarity. At first 
difference I(1), all the study variables become stationary, depicting constant mean and variance 
values with time at a 1% significance level. Additionally, the negative coefficients denote that 
the variables have a unit root. The validation of stationarity after the first difference signifies and 
supports that the model can be tested further for analysis. 

Table 5: Stationarity testing

Variable I(0) I(1)

GDP  −1.793 −3.428***

MNRNTS −3.040** −5.462***

DE −1.472 −3.736***

COC −2.078 −4.297***

GEF −2.791* −5.309***

RQ −2.451 −5.366***

EPRS −0.726 −3.612***

FDI −3.509*** −5.336***

Note: *, **, *** indicate significance at the 10%, 5% and 1% level, respectively.

Source: Author’s own calculations

The study applies comprehensive cointegration tests known as the Kao residual and Pedroni 
residual tests for each model (1, 2 and 3), presented in Table 6. The asterisks depict a strong presence 
of cointegration among the variables. The asterisks on the coefficients reject the null hypothesis 
of no cointegration. The detailed analysis indicates that each study variable is statistically and 
significantly correlated with economic growth in  Global South region economies. Further, 
the Westerlund test validates the presence of a significant correlation among the variables. This 
portrays that renewable energy, digital economy, FDI and governance indicators are statistically 
correlated with economic growth in the long run. 
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Table 6: Cointegration results

Kao residual test

Specs Model 1 Model 2 Model 3

Modified D-F test −5.626*** −4.791*** −5.188***

D-F test −2.926*** −2.457*** −2.693***

Augmented D-F test −1.625* −1.510* −1.259

Unadjusted modified D-F test −4.465*** −3.705*** −4.292***

Unadjusted D-F test −2.679*** −2.188** −2.485***

Pedroni residual test

Modified PP test 2.5711*** 2.200** 2.652***

PP test 0.6111 −0.468 0.655

Augmented D-F test 0.1484 −0.852 0.425

Westerlund test

Variance ratio 3.9794*** 3.654*** 4.151***

Note: *, **, *** indicate significance at the 10%, 5% and 1% level, respectively.

Source: Author’s own calculations

4.1.4 Regression analysis 

The MMQR approach is employed for regression analysis. The results of Model 1 are presented 
in Table 7 below. Firstly, mineral rents show an insignificant association. Initially, the effect is 
positive, but then it becomes negative, indicating an  inverse association of mineral rents with 
economic growth. Secondly, the digital economy is positively and significantly associated with 
economic growth, depicting the contributing effect of the digital economy on economic growth. 
Thirdly, corruption control plays a positive role in increasing economic development. Fourthly, 
the  influence of  renewable energy on  economic growth is initially positive, but it  becomes 
negative in the second, third and fourth quantiles. Fifthly, the impact of FDI on GDP is positive 
in all the quantiles, describing an encouraging effect of FDI on economic development. Figure 3 
presents a graphical presentation of the variables whose values are documented in Table 7 below. 
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Table 7: Quantile results – MMQR [Model 1]

Variable Location Scale
Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

MNRNTS −0.018
[0.123]

−0.019
[0.017]

0.001
[0.026]

−0.015
[0.023]

−0.032
[0.028]

−0.046
[0.036]

DE      0.125***
[0.021]

     0.055***
[0.015]

     0.073***
[0.023]

     0.117***
[0.021]

     0.166***
[0.024]

     0.205***
[0.034]

COC 0.086
[0.062]

−0.026
[0.045]

0.111
[0.070]

0.090
[0.061]

0.066
[0.074]

0.048
[0.096]

EPRS −0.002
[0.007]

−0.008*
[0.005]

0.006
[0.007]

−0.001
[0.007]

−0.008
[0.008]

−0.014
[0.010]

FDI       0.401***
[0.033]

−0.004
[0.024]

      0.404***
[0.0037]

      0.402***
[0.033]

     0.398***
[0.040]

     0.396***
[0.051]

Constant      6.789***
[0.349]

−0.308
[0.252]

     7.080***
[0.390]

     6.835***
[0.345]

     6.561***
[0.415]

     6.344***
[0.543]

Note: *, *** indicate significance at the 10% and 1% level, respectively.

Source: Author’s own calculations

Figure 3: Quantile estimates of Model 1

Source: Author’s own elaboration
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The results of Model 2 are presented in Table 8 below. Firstly, mineral rents again show 
insignificant association. The effect in all the quantiles is negative, indicating an inverse associ-
ation between mineral rents and economic growth. Secondly, the role of the digital economy is 
positively associated with economic growth, depicting the contributing effect of the digital econ-
omy on economic growth in most quantiles. Thirdly, the role of government effectiveness is neg-
ative in  economic development, indicating that increasing government effectiveness decreases 
the growth rate. The interconnection can be directly or indirectly affected by the role of poverty 
in the economy. Fourthly, the influence of renewable energy on economic growth is initially pos-
itive, but it becomes negative in the third and fourth quantiles. Fifthly, the impact of FDI on GDP 
is positive in all the quantiles, describing an encouraging effect of FDI on economic development 
under government effectiveness. Figure 4 presents a graphical presentation of quantiles for all 
the variables incorporated in Model 2. 

Table 8: Quantile results – MMQR [Model 2]

Variable Location Scale
Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

MNRNTS −0.030
[0.039]

   −0.022***
[0.034]

−0.009
[0.064]

−0.028
[0.042]

−0.045
[0.031]

−0.062
[0.039]

DE      0.135***
[0.043]

     0.047***
[0.036]

0.089
[0.067]

       0.129***
[0.044]

        0.164***
[0.033]

      0.200***
[0.043]

GEF −0.055
[0.123]

     0.012***
[0.105]

−0.067
[0.201]

−0.057
[0.0131]

−0.047
[0.098]

−0.038
[0.122]

EPRS 0.004
[0.011]

   −0.008***
[0.009]

0.011
[0.017]

0.005
[0.011]

−0.001
[0.008]

−0.007
[0.011]

FDI       0.423***
[0.051]

    −0.009***
[0.044]

      0.431***
[0.084]

      0.424***
[0.055]

       0.417***
[0.041]

      0.411***
[0.051]

Constant        6.369***
[0.647]

    −0.159***
[0.552]

       6.524***
[1.057]

       6.389***
[0.688]

      6.268***
[0.516]

      6.145***
[0.645]

Note: *** indicate significance at the 1% level.

Source: Author’s own calculations
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Table 9 presents the  results of Model 3 below. Firstly, the  effect of mineral rents shows 
a  negative association with economic growth, indicating that increasing utilization of  mineral 
rents decreases economic growth. Secondly, the digital economy is positively and significantly 
associated with economic growth, again depicting the effects of the digital economy on economic 
growth. Thirdly, the role of regulatory quality is mixed with economic development in Global 
South region economies. Fourthly, the influence of renewable energy on economic growth is pos-
itive overall, which shows that renewable energy is resourceful in enhancing economic growth. 
Fifthly, the influence of FDI on GDP is positive in all the quantiles, describing an encouraging  
effect of FDI on economic development. Figure 5 presents a graphical presentation of the varia-
bles of Model 3, whose statistical values are documented in Table 9 below. 

Figure 4: Quantile estimates of Model 2
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Table 9: Quantile results – MMQR [Model 3]

Variable Location Scale
Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

MNRNTS −0.043**
[0.018]

−0.002***
[0.012]

−0.041**
[0.016]

−0.042**
[0.017]

−0.044*
[0.024]

−0.046
[0.024]

DE 0.133***
[0.016]

−0.006***
[0.011]

0.139***
[0.014]

0.135***
[0.015]

0.129***
[0.021]

0.122***
[0.021]

RQ −0.351***
[0.038]

−0.019***
[0.025]

−0.335***
[0.033]

−0.347***
[0.036]

−0.366***
[0.050]

−0.385***
[0.050]

EPRS 0.019***
[0.005]

0.004***
[0.003]

0.016***
[0.005]

0.019***
[0.005]

0.022***
[0.007]

0.026***
[0.007]

FDI 0.459***
[0.023

−0.013***
[0.015]

0.471***
[0.020]

0.462***
[0.022]

0.449***
[0.031]

0.435***
[0.031]

Constant 5.804***
[0.203]

0.281***
[0.312]

5.563***
[0.177]

5.735***
[0.191]

6.016***
[0.268]

6.300***
[0.268]

Note: *, **, *** indicate significance at the 10%, 5% and 1% level, respectively.
Source: Author’s own calculations
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4.1.5 Robustness check and causality analysis

Before moving towards causality analysis, a robustness check is employed to check the reliability 
of  the models. The  research uses parametric approaches such as  the panel FMOLS and panel 
DOLS tests, the results of which are presented in Table 10. The role of mineral rents is negative 
in each of the models. The impact of the digital economy is positive, with economic growth in all 
three models (1, 2 and 3) in both parametric approaches. Next, the influence of renewable energy 
and FDI is positive, with GDP denoting that both variables are resourceful in encouraging growth 
under corruption control, regulatory quality and government effectiveness. Lastly, corruption 
control and government effectiveness positively interacts with economic growth, whereas the role 
of  regulatory quality is negatively associated with economic growth. Overall, the  robustness 
analysis is reliable based on the findings above. After the successful analysis, the study moves 
forward with causality analysis.

Table 10: Robustness via parametric approaches

Panel FMOLS

Variables Model 1 Model 2 Model 3

MNRNTS −0.027 −0.016* −0.042*

DE 0.302*** 0.247*** 0.302***

COC 0.066 – –

GEF – 0.159*** –

RQ – – −0.026**

EPRS 0.026*** 0.028*** 0.027***

FDI 0.282*** 0.254*** 0.289***

Panel DOLS

MNRNTS −0.043* −0.026* −0.034

DE 0.281*** 0.263*** 0.328***

COC 0.100* – –

GEF – 0.224*** –

RQ – – −0.090**

EPRS 0.024*** 0.032*** 0.024***

FDI 0.243*** 0.179*** 0.278***

Note: *, **, *** indicate significance at the 10%, 5% and 1% level, respectively.

Source: Author’s own calculations
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Table 11 shows causality assessment outcomes from the  pairwise Dumitrescu causality 
test. It  shows causal association among the  following pairs of  variables: GDP → MNRNTS,  
GDP → DE, GDP → FDI, COC → GDP, GDP → COC, GDP → GEF and GDP → RQ.  
All these pairs show the effect caused by another variable. The arrows signify the causal relation-
ship and the asterisks show the level of significance for each variable.

Table 11: Causality assessment: pairwise Dumitrescu–Hurlin panel causality tests

H0: W-stat. Zbar-stat. Prob.

MNRNTS  g GDP 2.330 0.115 0.908

GDP  g MNRNTS 4.338** 2.253 0.024

HTE  g GDP 2.768 0.581 0.560

GDP  g HTE 4.762*** 2.705 0.006

FDI  g GDP 2.269 0.050 0.959

GDP  g FDI 7.001*** 5.089 0.000

COC  g GDP 4.511** 2.437 0.014

GDP   g COC 7.062*** 5.154 0.000

GEF  g GDP 1.718 −0.536 0.591

GDP  g GEF 5.588*** 3.584 0.000

RQ  g GDP 3.258 1.103 0.269

GDP  g RQ 4.174** 2.078 0.037

Note: **, *** indicate significance at the 5% and 1% level, respectively.

Source: Author’s own calculations

4.2  Discussion of f indings 

We utilized the method of moments quantile regression and parametric robustness analysis to de-
termine the  impact of  governance indicators, mineral rents and digital economy on  economic 
growth in Global South region economies. The study outcomes are consistent with a few studies 
in the literature, which are documented subsequently. Firstly, the role of mineral rents on econom-
ic growth despite any governance indicator is negative. The impact result in one way or another 
is reliable with the outcomes of Song and Hou (2024) and Chen et al. (2023). This implies that 
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increasing utilization of mineral resources tends to validate the resource curse hypothesis. Also, 
high corruption and other traditional challenges might further aggravate the situation. Secondly, 
the digital economy and economic growth are positive in all the models under each governance 
indicator. The outcome is reliable based on the results of Zhang et al. (2021) and Gomes et al. 
(2022). This implies that the digital economy is a crucial catalyst for economic development, indi-
cating that digital infrastructure and industry are essential for economic progression. In addition, 
strong policies regarding ICT infrastructure implementation are required for sustainable develop-
ment. Thirdly, the influence of renewable energy on economic development has shown mixed re-
sponses under different governance indicators, which is somehow reliable according to the studies 
of Wang et al. (2022) and Dogan et al. (2020). This implies that renewable energy is a beneficial 
contributor to economic development; however, depending on specific circumstances, the influ-
ence might become different. The diverse interaction between renewable energy and economic 
growth might occur due to price volatility, energy poverty risks and excessive usage of nonrenew-
able development in the study countries. Fourthly, the nexus between FDI and economic growth 
is positive overall, showing that FDI helps foster growth and development. These arguments 
were also claimed in the studies of Utouh et al. (2024) and Huang et al. (2020). This implies that 
FDI fosters technologically innovative activities because it helps increase growth initiatives that 
promote industrialization and technological innovation in the country. Fifthly, the interconnection 
between governance indicators and economic growth can be directly or  indirectly affected by 
the role of poverty or other external factors in the economy. However, improved governance can 
escalate the growth rates in the economy (Ochi et al., 2024). Hence, the role of corruption control 
is positive with economic growth, implying that the positive influence of controlling corruption 
increases economic development opportunities in the country. This nexus result is consistent with 
the studies of Leite et al. (2019) and Zhuo et al. (2021). Next, the relationship between regulatory 
quality and economic growth is negative. Uncertain regulatory environments or poorly designed 
regulations might cause this occurrence. Lastly, the impact of government effectiveness is also 
negative, denoting inefficiency in governance that hinders the country’s growth. In one way or an-
other, these arguments were also claimed in the studies of Lee et al. (2021) and Zhuo et al. (2021), 
respectively.

5.  Conclusion and Policy Implications 

There is a scarcity of study of the individual effects of mineral resources, digital economy, FDI 
and government indicators on economic growth. The present study concentrated on a combined 
comprehensive analysis proposed in three models in which three different indicators for govern-
ance were employed. Hence, the study investigated the nexus between mineral resources, the dig-
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ital economy, FDI, government indicators and economic growth to fill this void. For this purpose, 
the study utilized panel data methodology such as MMQR, FMOLS and DOLS based on available 
data characteristics. Our research advances the theoretical and empirical understanding of the fac-
tors driving sustainable economic development in the Global South, contributing to the develop-
ment economics debate. This research fills gaps in the literature and gives new insights, enriching 
this discipline and laying the groundwork for future research. The present investigation highlight-
ed that countries use digital technologies to transform their economy. Digital infrastructure, digi-
tal literacy, foreign direct investment, renewable energy and governance indicators have a crucial 
effect on the country’s economic development.

Based on the study findings, the following recommendations are made.  

Policies on  the  digital economy must be strengthened because they could improve lives 
of millions by tackling crucial concerns connected to sustainable economic growth in the Global 
South. Secondly, policies related to mineral resources must be reformed. Economic policymakers 
must understand how mineral resources, the digital economy, governance and sustainable economic 
development in  rising Global South economies interact and formulate reasonable strategies 
to foster growth and development. It  is recommended to invest in eco-friendly technology and 
create high-value products that will not only create job opportunities but also increase trade 
among countries. Thirdly, policy proposals to boost the economic growth of  the Global South 
should be created using the research findings. They should develop methods to maximize mineral 
resource use, digital economy possibilities and governance frameworks that highlight inclusive 
growth, technological innovation and strong governance policies and promote sustainability with 
long-term prosperity. Governments must strengthen policies regarding digital infrastructure and 
transparent revenue management. In this case, adaptive governance can be of utmost importance. 
The governments can continuously monitor and adapt strategies that will improve digitization and 
resource management. Fourthly, a contribution to academic knowledge in development economics 
by developing unique insights into the interaction between mineral resources, the digital economy, 
governance and sustainable economic development is required. For this purpose, spreading 
knowledge encourages more research and publishing findings in peer-reviewed publications and 
academic conferences. Besides, Global South policymaking and practice should be informed 
with evidence-based insights and recommendations. It is recommended to engage policymakers, 
government agencies and stakeholders to  incorporate research findings into policy and 
programme design that will promote sustainable development by identifying ways for inclusive, 
resilient and ecologically sustainable economic growth in emerging economies. It  is suggested 
to develop partnerships with international development organizations, NGOs and the commercial 
sector to  undertake research-based sustainable development initiatives. This will empower 
the  stakeholders by providing enterprises, civil society organizations and local communities 
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with knowledge and skills to participate actively in sustainable economic development efforts. 
Besides, providing capacity-building and knowledge-sharing mechanisms can be resourceful for 
stakeholders to  capitalize on  research-identified opportunities and problems. Global economic 
stability and prosperity would be supported by fostering inclusive and sustainable economic 
development in the Global South. Governments should support policies that promote balanced 
economic growth, minimize inequality and strengthen emerging countries’ resilience to external 
shocks.

5.1  Study limitations and future recommendations 

Firstly, future research could further investigate the connection of environmental regulations with 
the  study factors to  provide a  more comprehensive understanding of  sustainable development 
practices in China and other economies. Secondly, the findings may or may not apply to other 
developing countries due to  their diverse social, political and economic structures. Therefore, 
the  study suggests evaluating the  applicability of  this study to  other economies for analysing 
the  observed relationships more comprehensively. Besides, cross-country comparisons are 
recommended for a detailed understanding of the variables and their aspects for each economy. 
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