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ABSTRACT 
This study investigates the asymmetric effects of financial development, energy consumption, 
and foreign direct investment on carbon dioxide emissions in Vietnam from 1990 to 2021 by 
employing a nonlinear autoregressive distributed lag. The findings reveal complex and 
asymmetric relationships in both the short and long term. In the long term, carbon dioxide 
increases with positive shocks in financial and economic growth, and negative shocks in energy 
consumption. Conversely, these emissions decrease with negative shocks in financial 
development and positive shocks in foreign direct investment. Short-term results also show that 
financial development significantly promotes carbon emissions. Although energy consumption 
shocks initially reduce these emissions, they later increase them. Notably, positive foreign direct 
investment shocks were found to reduce carbon dioxide emissions in the short term. These 
findings emphasise the need for policies that balance economic development, energy use, 
foreign investment attraction, and environmental protection in a developing economy. 
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INTRODUCTION 
Carbon dioxide (CO2) emissions primarily occur when fossil fuels are combusted in 

industrial production, transportation, and household consumption [1]. These emissions 
contribute significantly to global warming and are a major driver of critical issues, such as 
climate change, environmental degradation, and air pollution. These challenges pose a global 
problem with profound and far-reaching implications for ecosystems, societies, and 
economies. 
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Concerns over CO2 emissions were first highlighted at the 1992 Earth Summit in Brazil, 
where the international community adopted the United Nations Framework Convention on 
Climate Change (UNFCCC). This foundational agreement was further strengthened by the 
2016 Paris Agreement, a pivotal milestone in climate policy. Under the Paris Agreement, 
almost all nations pledged to decrease greenhouse gas emissions and restrict the increase in 
world average temperatures to under 2 °C [2]. Additionally, the Intergovernmental Panel on 
Climate Change (IPCC) published a 2023 special report on global warming. It underscored the 
urgent need for immediate global action to avert the repercussions of climate change that will 
result from increased emissions [3]. 

Previous studies have established that the rise in CO2 emissions is a primary result of 
growth based on fossil fuel consumption [4], [5]. Fossil fuels, including oil and natural gas, 
presently satisfy almost 80% of worldwide energy requirements, while coal accounts for nearly 
50% of the world’s electricity supply [6]. Due to the environmental consequences associated 
with fossil fuels, this dependency has generated significant concern among the public, 
researchers, and policymakers. Transitioning to cleaner energy systems has been identified as a 
critical strategy to mitigate emissions [7], [8]. Such systems include nuclear, wind, and solar 
energies, which have substantially lower carbon footprints than coal and oil. Because these 
sources do not generate CO2 during energy production, they are considered sustainable 
solutions for reducing environmental degradation [9], [10]. Thus, while economic growth 
continues to rely on energy consumption, the choice of energy source can heavily influence 
environmental impacts. 

However, countries’ increasing reliance on clean energy often creates economic trade-offs, 
including negative shocks to fossil fuel markets and risks related to energy transitions [11], 
[12]. This dilemma underscores the need to balance economic development with sustainability. 
Implementing substantial transitions to cleaner energy systems demands significant financial 
resources, which remain out of reach for many nations, especially low-income and developing 
countries [6]. In this context, financial development is a pivotal factor in supporting economic 
growth, as it provides capital, enhances investment efficiency, and fosters technological 
innovation [13]. 

Nonetheless, the environmental implications of financial development are complex. On the 
one hand, financial growth may enhance environmental quality by fostering investments in 
cleaner technology and boosting energy efficiency [14], [15]. Sustainable financial practices 
have the potential to reduce carbon emissions by aligning financial services with 
environmentally friendly projects and initiatives [16]. On the other hand, financial 
development can increase energy demand by facilitating consumption and encouraging fixed 
investments, as well as by boosting investor and consumer confidence through dynamic stock 
markets. Consequently, financial development can stimulate economic activity and energy use 
[17]. Easing financial constraints for businesses, financial institutions, and markets enables 
firms to expand production. This rise in energy demand, linked to financial inclusion, may 
ultimately result in increased CO2 emissions [18]. 

Similarly, foreign direct investment plays a dual role in influencing environmental 
outcomes. While foreign direct investment can create “pollution havens”, where investors 
capitalise on low-cost resources, labour, and lenient environmental regulations [19], [20], it 
can also lead to the “pollution halo” effect, where multinational corporations introduce cleaner 
energy technologies and practices, thereby reducing marginal costs and enhancing productivity 
in host economies [21], [22]. These contrasting impacts reflect the complex and dependent 
relationships between economic factors and environmental quality. It is therefore difficult to 
balance development and sustainability objectives across different nations. 

Nevertheless, previous studies on the relationship between financial development, energy 
consumption, and CO2 emissions often focus on the overall impact while neglecting 
asymmetric effects [23], [24], [25]. This is a notable shortcoming because economic factors 
such as financial development, energy consumption, or foreign direct investment do not always 
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have a homogeneous impact on CO2 emissions. For example, positive changes (growth) in 
independent factors can lead to an increase in the value of the dependent variable, while 
negative changes (degradation) can lead to a decrease in the value of dependent variables in 
asymmetric models [26], [27]. 

Vietnam is an interesting case for examining these relationships in both theoretical and 
practical terms. As a developing country with rapid economic growth, Vietnam faces an 
environmental challenge. Figure 1 illustrates the change in CO2 emissions and economic 
development in Vietnam in the 1990–2021 period, during which CO2 emissions increased 
sharply and were observed to have close relationships with economic growth and energy 
consumption. Furthermore, Vietnam has implemented key policies aimed at balancing 
economic growth with environmental sustainability. The country is expected to require about 
368 billion USD to reach its goal of net zero emissions by 2040. The amount includes the state 
budget, international funding, and contributions from domestic and foreign enterprises [28]. 
This target puts pressure on the development of financial markets. Therefore, it is vital for 
policymakers to consider economic development, energy transition, and long-term 
environmental protection. 

Previous studies have not adequately clarified how economic shocks affect emissions in 
both the short and long term, particularly in developing countries. Compared to developed 
countries, these nations exhibit significant differences in economic structure, management 
capacity, and environmental policies. This study aims to address this gap, and its findings will 
be helpful to policymakers in developing countries which are struggling to achieve sustainable 
development goals with limited financial resources and technology. 
 

 

Figure 1. The trend of CO2 emissions and economic factors in Vietnam  
(Source: World Development Indicator) 

This study utilises Vietnam as a case study to investigate the correlation between financial 
development, energy consumption, foreign direct investment, and CO2 emissions. For the 
analysis, a nonlinear autoregressive distributed lag (NARDL) model was employed to examine 
the impacts of these factors in both the short and long term, adopting an asymmetric perspective. 
The study makes contributions to the existing literature in three key areas: 
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(i) This study provides a comprehensive analytical framework for understanding the 
drivers of economic and environmental sustainability in the context of a developing 
country. This framework also clarifies the mechanisms behind the varying outcomes 
observed in previous studies. 

(ii) The NARDL model allows for analysing the asymmetric effects between the 
dependent variable and explanatory variables. This empirical method tests whether 
positive and negative shocks to an independent variable have different impacts on the 
dependent variable [29]. This approach clarifies the dual roles of financial 
development, energy consumption, and foreign direct investment, which is crucial for 
formulating more precise policy recommendations. Additionally, NARDL captures 
both short-term effects and long-term relationships [30], making it particularly 
valuable for studying economic dynamics and sustainability impacts over time. 

(iii) This study’s approach highlights how local circumstances influence the relationship 
between economic dynamics and environmental sustainability by focusing on a 
country-specific context. It offers valuable insights for policymakers in other 
developing nations, allowing them to learn from Vietnam’s experience. These 
contributions collectively demonstrate the originality of this research, which aims to 
provide both methodological and contextual advancements in the field. 

The paper is organised as follows: Section 2 examines pertinent literature. Section 3 
describes data sources, variable estimation methods, and methodological approaches. Section 4 
presents the results and their analysis. Section 5 presents conclusions and policy 
recommendations. 

LITERATURE REVIEW 
This section focuses on exploring the asymmetric and nonlinear impacts of financial 

advancement, energy use, and the influx of foreign direct investment on CO2 emissions. 
Moreover, it describes and addresses a significant gap in the existing literature. 
Financial development and carbon dioxide emissions 

According to Alshagri et al. [16], energy consumption is the primary way that financial 
development influences CO2 emissions. This relationship operates via two distinct pillars. The 
first pillar involves a positive association between financial development and energy use. 
Financial development stimulates economic growth, thereby driving higher energy demand. 
The second pillar, known as the technology effect, highlights the role of financial development 
in encouraging countries to develop and adopt energy-efficient technologies, thereby 
enhancing environmental quality. Hence, the level of energy consumption fluctuates in 
response to expansions or contractions in financial development, which then impact emissions 
[31]. However, financial development does not have a uniform impact on emissions, as the 
effect varies based on the “shocks” within the financial system. 

In the first pillar, positive shocks enhance access to external capital flows and affordable 
credit. These shocks include fiscal easing, investment promotion policies, and commitments to 
economic openness. Positive shocks bring opportunities for households and firms to buy more 
products, boosting energy consumption to support economic growth [32]. In addition, positive 
shocks to financial development can encourage countries to prioritise highly profitable but 
environmentally harmful industries [33]. As a result, financial development in developing 
countries can worsen environmental deterioration [34]. Without strong institutions, such 
development may fund harmful industries instead of sustainable projects [35]. Moreover, 
credit expansion reduces financing constraints, boosting economic output and energy 
consumption and intensifying ecological stress and footprints [36]. Conversely, negative 
shocks, such as financial crises or strict investment policies, can decrease energy consumption. 
Under these conditions, businesses tend to reduce their activities, and consumers limit their 
spending due to concerns over restricted credit access and reduced future income [37], [38]. 
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In the second pillar, financial development plays a critical role in promoting 
environmentally friendly and green technologies. It can provide a positive shock that 
efficiently mobilises capital and strengthens the financial capacity of enterprises, which may 
promote sustainability by facilitating investments in green technology innovation and 
efficiency [39]. Advanced financial mechanisms, such as green credits, green bonds, and 
environmental investment funds, have incentivised enterprises to adopt cleaner production 
methods [40], [41]. However, negative shocks to financial development, such as financial 
crises, often cause financial institutions to become risk-averse. Under these circumstances, 
they may focus on low-risk projects at the expense of clean technology investments, which 
may in turn affect CO2 emissions [32], [42]. Such projects are critical for reducing emissions, 
but they are typically associated with higher risks and longer payback periods, which may limit 
their financial support [43], [44]. As a result, both positive and negative shocks within both 
channels can significantly affect environmental quality. Figure 2 illustrates the asymmetric 
effects of financial development on CO2 emissions through these two distinct pillars. 

 

 

Figure 2. The asymmetric impacts of financial development (FINDE) on CO2  
emissions in the literature 

In the empirical literature, research consistently demonstrates that financial development 
has complex and often contradictory impacts on environmental quality, particularly CO2 
emissions. Two primary viewpoints emerge: one highlights the environmental benefits of 
financial development, and the other emphasises its potential to exacerbate environmental 
degradation. These mixed outcomes reflect underlying gaps in scholarly understanding of the 
complex relationship between financial development and emissions. 

On the one hand, several studies argue that financial development can improve the 
environment, primarily by facilitating investments in green technologies and sustainable 
projects. For instance, Lee et al. [45] find a significant negative association between financial 
development and CO2 emissions. They attribute this beneficial outcome to effective financial 
management that supports cleaner production practices. Similarly, Sheraz et al. [46] provide 
evidence that financial development significantly reduced emissions among G20 nations from 
1986 to 2018. This positive environmental effect often arises from advanced financial 
instruments, such as green bonds and credits, which are crucial for funding low-carbon 
initiatives [40], [47]. Collectively, these studies emphasise the “green technology” channel, 
suggesting that positive shocks to financial development encourage investments in sustainable 
technologies, thereby curbing emissions. 
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In contrast, a substantial body of research reveals that financial development can increase 
environmental degradation, as it generates increased economic activity and promotes reliance 
on fossil fuels. For example, Habiba et al. [23] observe a significant positive link between 
financial development and CO2 emissions, which they attribute to economic growth patterns 
driven by carbon-intensive activities. Similarly, Mukhtarov et al. [34] identify financial 
development as a driver of increased emissions, emphasising that financial expansion 
frequently stimulates fossil fuel-based production and consumption. These studies emphasise 
an “economic growth” channel, where financial development facilitates growth that leads to 
higher emissions. This outcome is particularly notable for economies that rely on traditional 
energy resources. 

Some scholars take another approach, arguing that the environmental impact of financial 
development is nonlinear and context-dependent. For example, Zioło et al. [48] suggest that 
whether financial development promotes the adoption of green technology depends 
significantly on a country’s emission levels. While financial development is beneficial in 
high-emission countries, it may have limited or even negative effects in lower-emission 
contexts. Omer et al. [49] and Prempeh [50] offer similar findings, indicating that financial 
development yields environmental benefits in certain contexts, such as economies heavily 
reliant on fossil fuels, but shows limited effectiveness in others. Tran [51], in an analysis of 148 
countries, emphasises the need to align financial development strategies with environmentally 
friendly policies. The study reinforces that this relationship can vary depending on context. 
Similarly, Tao et al. [52], Xiong et al. [53], Patel et al. [54], and Nguyen et al. [55] indicate 
that nonlinear and asymmetric relationships are present. Thus, both positive and negative 
financial shocks can significantly influence environmental outcomes across diverse economic 
settings. 

While existing studies have addressed financial development, they primarily focus on its 
symmetric and linear effects. As a result, they overlook the possibility that positive and 
negative financial shocks may cause different environmental outcomes. Additionally, previous 
studies have not attempted to identify these asymmetric effects in both the short and long term. 
This study addresses these gaps by applying the NARDL model to disaggregate financial 
development into positive and negative changes, allowing for a more precise assessment of its 
impacts. Furthermore, although many cross-country analyses have explored the link between 
financial development and emissions, limited research has addressed the specific context of 
emerging economies such as Vietnam. This study contributes by providing empirical evidence 
and policy insights relevant to countries undergoing rapid financial and structural changes, as 
these places are often overlooked in broader comparative research. 
Energy consumption and Carbon dioxide emission 

Energy is central to producing, delivering, and consuming essential goods [1], [56], but it 
predominantly comes from fossil fuels [4], [5]. Although energy consumption is vital for 
economic development, scholars debate its role in environmental degradation. Indeed, 
previous studies consistently show that energy consumption is a major driver of ecological 
degradation, as observed in various contexts, such as groups of nations [24], China [57], and 
the United States [58]. When energy from fossil fuels is consumed for industrial production, 
transportation, electricity generation, and household use, it releases CO2 and other emissions 
into the atmosphere. These emissions contribute to global warming and climate change, 
particularly in low-developed and developing economies [24], [59]. However, attempts to 
curtail energy supply can decrease economic performance in various sectors, as noted by 
Yıldırım et al. [60]. 

Many researchers view transitioning from fossil-based energy sources to renewables as a 
promising strategy for mitigating environmental damage [9], [10]. Even so, empirical evidence 
on the effectiveness of renewable energy remains mixed. Some researchers have identified 
unexpected negative environmental impacts associated with renewable energy use, such as 
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hydropower-induced emissions [61], negative impacts of wind energy on ecosystems and land 
use [62], [63], and unforeseen ecological effects of geothermal energy [64]. These findings 
underscore a critical problem: renewable energy consumption may not yield uniformly positive 
environmental outcomes and can sometimes create unintended ecological consequences. 

According to recent evidence, asymmetric and nonlinear effects can increase the 
complexity of energy’s environmental impact. For instance, Azam et al. [65] highlight the 
nonlinear influence of diverse energy sources – including nuclear, natural gas, and renewables. 
Their study demonstrates that renewable energy consumption can effectively reduce CO2 
emissions without compromising economic growth. Similarly, Majeed et al. [26] assert that 
negative shocks (i.e., reductions) in fossil fuel consumption significantly reduce the ecological 
footprints of countries. Their study emphasises the importance of examining asymmetries in 
energy–environment relationships. Further reinforcing this perspective, Alshehry et al. [66] 
incorporate asymmetric effects within an ARDL framework. They demonstrate bidirectional 
causality between energy consumption and emissions, further illustrating that traditional 
symmetric analyses may overlook crucial dynamics. 

Despite valuable contributions from previous research, several important limitations 
remain. Many studies rely on linear and symmetric models. Such models assume that energy 
consumption has uniform environmental effects, regardless of whether energy use increases or 
decreases, and may fail to capture the complexities of the energy–environment relationship. 
Furthermore, studies often overlook the asymmetric relationships between fossil and 
renewable energy consumption in developing countries, leading to a lack of specific policies 
based on a country’s characteristics. This study uses NARDL and focuses on Vietnam, a 
developing country undergoing a rapid energy transition, to provide empirical evidence on how 
shifts in the energy mix influence CO2 emissions under prevailing economic and policy 
conditions. It is one of the main contributions of this research. 
Foreign direct investment and carbon dioxide emissions 

Although the relationship between foreign direct investment and CO2 emissions has been 
extensively studied, the empirical evidence remains inconclusive, with findings varying across 
contexts and levels of analysis. The “pollution havens” hypothesis suggests that foreign direct 
investment inflows may increase emissions by transferring polluting firms to underdeveloped 
nations with less stringent rules as a way to maintain profitability [19], [20]. Paradoxically, 
developing countries may have to maintain weak environmental standards to attract foreign 
direct investment that promotes economic growth, thereby increasing environmental 
degradation [67]. A clear example is found in the study of Zhang et al. [25], who used the 
vector error correction model approach to examine the impact of foreign direct investment on 
China’s CO2 emissions. They found that foreign direct investment exacerbated pollution, 
validating the “pollution havens” hypothesis for China. Aust et al. [68] also identified a 
negative relationship between foreign direct investment and the probability of achieving a 
sustainable climate in 44 African countries. Similarly, Faheem et al. [69] used data from 1970–
2018 to confirm the “pollution havens” hypothesis in Malaysia. In Vietnam, Ngoc et al. [70] 
considered the role of foreign direct investment and urbanisation in shaping CO2 emissions, 
and Bui et al. [71] specifically analysed the determinants of nitrous oxide emissions and 
highlighted the significant role of foreign direct investment. The latter study suggests that 
while foreign direct investment can drive economic growth and industrialisation, it also has 
complex implications for environmental quality. Thus, careful management is necessary to 
mitigate negative environmental impacts. 

In contrast, other studies challenge the “pollution havens” narrative or even support the 
“pollution halo” hypothesis. In the latter hypothesis, scholars argue that foreign direct 
investment inflows lead host countries to adopt environmentally friendly technologies and 
management practices that reduce carbon emissions [21], [22], [72]. For instance, Apergis et 
al. [73] found that foreign direct investment originating from France, Germany, and Italy 
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resulted in lower carbon emissions in BRICS countries between 1993 and 2012. Although 
foreign direct investment inflows tend to increase CO2 emissions, Huang et al. [74] imply that 
the level of governance and environmental regulations can mitigate these negative impacts. 
The authors demonstrate that this occurred for G20 economies during the 1996–2018 period. 

Furthermore, Wang et al. [75] assert that foreign direct investment exists in a nonlinear 
form when the quality and quantity of foreign direct investment inflows are considered. Their 
study focused on China during the 2006–2016 period. They found that when the quality and 
quantity of foreign direct investment were low, the level of pollution increased regardless of 
changes in science and technology. The results indicate that it is vital to improve a country’s 
science and technology capabilities so it can fully benefit from foreign direct investment 
inflows. Recently, Wang et al. [27] estimated the impact of foreign direct investment for 67 
countries with different incomes and found that the impact on carbon emissions gradually 
changes from positive to negative at different GDP levels. This finding aligns with the inverted 
U-shape hypothesis of foreign direct investment with GDP per capita, which indicates that 
promoting economic growth can reduce the effect that foreign direct investment has on 
emissions. The above findings emphasise the importance of considering nonlinear models that 
effectively capture the complex impacts of foreign direct investment on environmental 
outcomes. 

In summary, the literature review has highlighted significant gaps regarding how financial 
development, energy consumption, and foreign direct investment influence environmental 
quality, particularly CO2 emissions. Existing literature primarily adopts linear or cross-country 
methodologies, and as a result, it often neglects the nonlinear impacts of positive and negative 
shocks on these factors. To address these gaps, this study employs a NARDL model to 
comprehensively investigate the asymmetric relationships between financial development, 
energy consumption, foreign direct investment, and CO2 emissions within a unified analytical 
framework. Specifically, the research hypothesises that financial development, energy 
consumption, and foreign direct investment each exert asymmetric impacts – either enhancing 
environmental quality or causing it to deteriorate, depending on the nature and direction of 
shocks. By focusing on Vietnam, a rapidly developing economy with specific economic and 
environmental characteristics, this study provides context-specific insights into how financial 
mechanisms, energy use patterns, and investment dynamics jointly influence emissions 
through growth and technology channels. Through this integrated nonlinear approach, the 
research offers significant and robust evidence to support the development of targeted policies 
for sustainable economic and environmental development. 

MATERIALS AND METHODS 
This section focuses on describing the data, developing econometric models, and 

demonstrating econometric methods to address the research objectives and provide valid 
empirical evidence. 
Data & baseline model 

The data for Vietnam from 1990 to 2021 was collected using variables sourced from the 
World Development Indicators (WDI) of the World Bank. The dependent variable CO2 
emissions per capita 𝑚𝑚CO2  (measured in kilotons), was used to represent environmental 
degradation. Independent variables included financial development (FINDE), as measured by 
domestic credit to the private sector (% of GDP); energy use (ENERGY), measured in 
kilograms of oil equivalent per capita; foreign direct investment inflows (FDIIN), measured in 
percent of GDP; and economic development, represented by GDP per capita (GDPPC) in 
United States dollars (USD). This comprehensive dataset made it possible to analyse the 
interrelationships among these factors over the study period. Table 1 presents a detailed 
description of the potential variables. 



Nguyen, T. P., Duong, T. T. T., et al. 
Asymmetric Effects of Financial Development, Energy…  

Year 2025 
Volume 13, Issue 3, 1130594 

 
 

Journal of Sustainable Development of Energy, Water and Environment Systems 9 

 

Table 1. Variables definition and measurement 

Variables Definition Units Source 
𝑚𝑚CO2 Carbon dioxide per capita kt per capita WDI 

FINDE Domestic loan extended to the 
private sector % of GDP WDI 

ENERGY Energy use  kg of oil equivalent per capita WDI 

FDIIN Inflow of foreign direct 
investment % of GDP WDI 

GDPPC Economic development GDP per capita (USD) WDI 
 
In alignment with prior research on the factors influencing 𝑚𝑚CO2 emissions by Arjun et al. 

[76] and Patel et al. [54], this study models CO2 emission 𝑚𝑚CO2as a function of the variables 
under consideration as follows: 

 

𝑚𝑚CO2 = 𝛼𝛼0 + 𝛼𝛼1𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 +  𝛼𝛼2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 𝛼𝛼3𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 + 𝛼𝛼4𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 +  𝜀𝜀𝑡𝑡 (1) 

 
In eq. (1) α represents the intercept, and ε indicates the error term at time t. 

Estimation method 
The NARDL model, introduced by Shin et al. [77], is highly regarded for its capacity to 

identify nonlinear relationships and long-run equilibria. It has been widely used in 
macroeconomic research to examine variables such as inflation, economic growth, and labour 
markets, revealing nonlinear relationships and long-term equilibrium effects. Consequently, it 
provides valuable insights into economic phenomena. The NARDL methodology was selected 
for this study for multiple reasons: (i) it incorporates nonlinear asymmetry and cointegration 
within a unified equation; (ii) it evaluates the impact of positive and negative variations in 
decomposed variables on the dependent variable; (iii) it is appropriate for small sample sizes; 
(iv) it provides flexibility by not necessitating that variables be integrated in the same order; 
and (v) it operates as a dynamic error correction representation, yielding robust empirical 
results despite constrained sample sizes. Unlike linear approaches, asymmetric NARDL 
approaches account for both positive and negative impacts of the explanatory variables on 
dependent variables [29]. 

To employ NARDL, this study has to pass tests to examine unit root tests; the augmented 
Dickey–Fuller (ADF) and Phillips–Perron (PP) tests were used for this purpose [78], [79]. To 
assess nonlinearity, the study utilised the BDS test, which was published in Broock et al. [80]. 
The logarithmic transformation of eq. (1) accounts for both increases and decreases in financial 
development, energy consumption, and foreign direct investment while controlling for 
economic growth. It is represented as follows: 

 
𝑚𝑚CO2 =  𝛼𝛼0 +  𝛽𝛽1+𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+ + 𝛽𝛽2−𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡− + 𝛽𝛽3+𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡+ + 𝛽𝛽4−𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−

+ 𝛽𝛽5+𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+ + 𝛽𝛽6−𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡− + 𝛽𝛽7𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 +  𝜀𝜀𝑡𝑡 
(2) 

 
In eq. (2), α represents the intercept, β denotes the coefficients of the variables, and ε 

indicates the error term at time t. The study separates financial development, energy 
consumption, and foreign direct investment into two distinct components: positive partial sums 
and negative partial sums. Based on this separation, four new time series were constructed as 
follows. 

This study expresses the asymmetric effects of financial development as: 
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𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+ =  �∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+ =  � max (∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+, 0) 
𝑡𝑡

𝑛𝑛=1

 
𝑡𝑡

𝑛𝑛=1

 (3) 

 
and 
 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡− =  �∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡− =  � min (∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−, 0) 
𝑡𝑡

𝑛𝑛=1

 
𝑡𝑡

𝑛𝑛=1

 (4) 

 
This study expresses the asymmetric effects of energy consumption as: 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡− =  �∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡− =  �min (∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−, 0) 
𝑡𝑡

𝑛𝑛=1

 
𝑡𝑡

𝑛𝑛=1

 (5) 

 
and 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡− =  �∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡− =  �min (∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−, 0) 
𝑡𝑡

𝑛𝑛=1

 
𝑡𝑡

𝑛𝑛=1

 (6) 

 
This study expresses the asymmetric effects of foreign direct investment as: 
 

𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+ =  �∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+ =  � max (∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+, 0) 
𝑡𝑡

𝑛𝑛=1

 
𝑡𝑡

𝑛𝑛=1

 (7) 

 
and 
 

𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡− =  �∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡− =  �min (∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−, 0) 
𝑡𝑡

𝑛𝑛=1

 
𝑡𝑡

𝑛𝑛=1

 (8) 

 
Then, the NARDL framework of equation can be written as: 

 

∆𝑚𝑚CO2,𝑡𝑡 = 𝛼𝛼0 + �𝜃𝜃𝑘𝑘∆𝑚𝑚CO2,𝑡𝑡−𝑘𝑘

𝑛𝑛

𝑘𝑘=1

+ �𝜎𝜎𝑘𝑘+∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑘𝑘+
𝑛𝑛

𝑘𝑘=0

+ �𝜎𝜎𝑘𝑘−∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑘𝑘−
𝑛𝑛

𝑘𝑘=0

+ �𝜏𝜏𝑘𝑘+∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑘𝑘− + 
𝑛𝑛

𝑘𝑘=0

�𝜏𝜏𝑘𝑘−∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑘𝑘−
𝑛𝑛

𝑘𝑘=0

+  �∩𝑘𝑘+ ∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑘𝑘+ + �∩𝑘𝑘− ∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑘𝑘− + 
𝑛𝑛

𝑘𝑘=0

 
𝑛𝑛

𝑘𝑘=0

 �ℵ𝑘𝑘∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑘𝑘

𝑛𝑛

𝑘𝑘=0
+ 𝜔𝜔1 𝑚𝑚CO2,𝑡𝑡−1𝜔𝜔2𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1+ + 𝜔𝜔3𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1− + 𝜔𝜔4𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1+

+ 𝜔𝜔5𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1− + 𝜔𝜔6𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1+ + 𝜔𝜔7𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1− + 𝜔𝜔8𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1
+ 𝜀𝜀𝑡𝑡  

(9)) 
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In eq. (9), the conventional Wald test is used to evaluate the long-run symmetry  
(𝜔𝜔2  = 𝜔𝜔3  for FINDE, 𝜔𝜔4  =  𝜔𝜔5  for ENERGY, and 𝜔𝜔4  =  𝜔𝜔5  for FDIIN) and asymmetry  
(𝜔𝜔2  ≠ 𝜔𝜔3  for FINDE, 𝜔𝜔4  ≠ 𝜔𝜔5  for ENERGY, and 𝜔𝜔4  ≠ 𝜔𝜔5  for FDIIN). In the long run, 
positive coefficients (𝜔𝜔2 , 𝜔𝜔4, and 𝜔𝜔6> 0) show that increases in FINDE, ENERGY, or 
FDIIN raise carbon emissions, while negative coefficients (𝜔𝜔3, 𝜔𝜔5, and 𝜔𝜔7 < 0) indicate 
that their decreases also significantly increase emissions. Therefore, to compute the 
short-run NARDL coefficients with an error-correcting procedure, this study utilises the 
subsequent equation: 

 
∆𝑚𝑚CO2,𝑡𝑡
= 𝛼𝛼0  

+ �𝜃𝜃𝑘𝑘∆𝐶𝐶𝐶𝐶2,𝑡𝑡−𝑘𝑘  �𝜎𝜎𝑘𝑘
+∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑘𝑘

+  �𝜎𝜎𝑘𝑘
−∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑘𝑘

−  �𝜏𝜏𝑘𝑘
+∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑘𝑘

−
𝑛𝑛

𝑘𝑘=0

𝑛𝑛

𝑘𝑘=0

𝑛𝑛

𝑘𝑘=0

𝑛𝑛

𝑘𝑘=1

+ �𝜏𝜏𝑘𝑘
−∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑘𝑘

− + 
𝑛𝑛

𝑘𝑘=0

�∩𝑘𝑘
+ ∆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑘𝑘

+ +
𝑛𝑛

𝑘𝑘=0

�ℵ𝑘𝑘∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑘𝑘 + ∅𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 +  𝜀𝜀𝑡𝑡

𝑛𝑛

𝑘𝑘=0

  

(10) 

 
In eq. (10), ∅ represents the error correction term, which also shows the long-run 

equilibrium speed of adjustment after the shock in the short-run, σ, τ, ∩ represent asymmetry 
coefficients in short-run and ω represents asymmetry coefficient in long-run. Moreover, the 
conventional Wald test was used to evaluate the short-run symmetry (𝜎𝜎𝑘𝑘+ = 𝜎𝜎𝑘𝑘− for FINDE, 𝜏𝜏𝑘𝑘+ 
= 𝜏𝜏𝑘𝑘− for ENERGY, and ∩𝑘𝑘+ = ∅𝑘𝑘− for FDIIN) and asymmetry (𝜎𝜎𝑘𝑘+ ≠ 𝜎𝜎𝑘𝑘− for FINDE, 𝜏𝜏𝑘𝑘+ ≠ 𝜏𝜏𝑘𝑘− for 
ENERGY, and ∩𝑘𝑘+ ≠ ∅𝑘𝑘− for FDIIN). 

Upon confirming a long-term association, the dynamic multiplier effect was assessed. The 
effects of asymmetric cumulative dynamic multipliers on 𝑚𝑚CO2, coming from a singular unit 
alteration in 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡+ , 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡− , 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡+,  and 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡− , can be ascertained by the 
subsequent methodologies: 
 

𝑚𝑚ℎ
+ =  �

𝛿𝛿𝑚𝑚CO2,𝑡𝑡+𝑗𝑗

𝛿𝛿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1+ ,
ℎ

𝑗𝑗=0

𝑚𝑚ℎ
− =  �

𝛿𝛿𝑚𝑚CO2,𝑡𝑡+𝑗𝑗

𝛿𝛿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1−     
ℎ

𝑗𝑗=0

 (11) 

 

𝑚𝑚ℎ
+ =  �

𝛿𝛿𝑚𝑚CO2,𝑡𝑡+𝑗𝑗

𝛿𝛿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1+
,

ℎ

𝑗𝑗=0

𝑚𝑚ℎ
− =  �

𝛿𝛿𝑚𝑚CO2,𝑡𝑡+𝑗𝑗

𝛿𝛿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1−
    

ℎ

𝑗𝑗=0

 (12) 

 

𝑚𝑚ℎ
+ =  �

𝛿𝛿𝑚𝑚CO2,𝑡𝑡+𝑗𝑗

𝛿𝛿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1+ ,
ℎ

𝑗𝑗=0

𝑚𝑚ℎ
− =  �

𝛿𝛿𝑚𝑚CO2,𝑡𝑡+𝑗𝑗

𝛿𝛿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1−     
ℎ

𝑗𝑗=0

 (13) 

 
In eqs. (11), (12), and (13), ℎ = 0,1,2 …  → ∞, then 𝑚𝑚ℎ

+→ 𝛽𝛽1+  and 𝑚𝑚ℎ
−  → 𝛽𝛽2− for  

FINDE, 𝑚𝑚ℎ
+→ 𝛽𝛽3+ and 𝑚𝑚ℎ

− → 𝛽𝛽4−for ENERGY, and 𝑚𝑚ℎ
+→ 𝛽𝛽5+ and 𝑚𝑚ℎ

− → 𝛽𝛽6−for FDIIN. One 
should note that 𝛽𝛽1+ =  𝜎𝜎𝑘𝑘

+

𝜃𝜃𝑘𝑘
, 𝛽𝛽2− =  𝜎𝜎𝑘𝑘

−

𝜃𝜃𝑘𝑘
, 𝛽𝛽3+ =  𝜏𝜏𝑘𝑘

+

𝜃𝜃𝑘𝑘
, 𝛽𝛽4− =  𝜏𝜏𝑘𝑘

−

𝜃𝜃𝑘𝑘
, and 𝛽𝛽3+ =  ∩𝑘𝑘

+

𝜃𝜃𝑘𝑘
, 𝛽𝛽4− =  ∩𝑘𝑘

−

𝜃𝜃𝑘𝑘
. The 

asymmetric cumulative estimated dynamic multipliers m make it possible to analyse shocks 
affecting the system, illustrating the adjustment process both toward and away from a new 
equilibrium. 
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RESULTS AND DISCUSSION 
This section presents statistical results, empirical analysis, and stability tests of the NARDL 

model. It also discusses the results and how they relate to previous studies. 
Descriptive statistics 

Table 2 presents the descriptive statistics that were calculated to assess the performance of 
the underlying variables from 1990 to 2021. These findings emphasise the variables’ central 
tendency and variability. GDPPC demonstrates the greatest average value, followed by 
ENERGY, FINDE, FDIIN, and 𝑚𝑚CO2 . All variables exhibit negative skewness, with the 
exception of ENERGY and FDIIN. The data in each series exhibits a normal distribution. In 
terms of volatility, as measured by standard deviation, 𝑚𝑚CO2  exhibits the most volatility, 
followed by FINDE, GDPPC, ENERGY, and FDIIN. These findings indicate a considerable 
degree of diversity among the examined variables. 

Table 2. Descriptive statistics 

  𝑚𝑚CO2 FINDE ENERGY FDIIN GDPPC 
Mean 0.054 3.864 6.207 1.636 7.364 

Median 0.114 4.141 6.214 1.571 7.388 
Maximum 1.408 4.810 6.950 2.480 8.134 
Minimum -1.242 2.355 5.579 1.023 6.512 
Std. Dev. 0.805 0.780 0.435 0.356 0.501 
Skewness -0.081 -0.542 0.076 0.748 -0.085 
Kurtosis 1.864 1.808 1.730 2.675 1.827 

Jarque-Bera 1.755 3.461 2.181 3.123 1.873 
Probability 0.416 0.177 0.336 0.210 0.392 

 
Unit root tests 

This study used NARDL to examine the nonlinear impacts of financial development, 
energy consumption, and foreign indirect flows on the environmental conditions in Vietnam. 
Before assessing the NARDL methodology, it was essential to verify the integration of the time 
series dataset. According to Ibrahim [81], the cointegration F-statistic becomes invalid when 
any of the variables is found to be stationary at I(2). Table 3 displays the outcomes of the ADF 
and PP tests. The statistical results from these tests indicate that all variables demonstrate 
stationarity at either I(0) or I(1), with no variables exhibiting stationarity at I(2). 

Table 3. ADF and PP unit root tests 

Variables 
Augmented Dickey–Fuller  Phillips–Perron 

Level Difference Level Difference 
t-stat p-value t-stat p-value t-stat p-value t-stat p-value 

CO2 0.109 0.967 -5.527 0.000 0.236 0.974 -5.813 0.000 
FINDE -2.098 0.245 -4.617 0.000 -1.987 0.292 -4.658 0.000 
FDIIN -2.482 0.120 -4.117 0.000 -2.810 0.057 -4.050 0.001 

GDPPC -2.115 0.238 -2.992 0.036 -1.846 0.358 -5.420 0.000 
ENERGY 0.958 0.994 -4.968 0.000 0.911 0.993 -4.963 0.000 

Note: Both tests were employed under the null hypothesis. A unit root is present in the time series, 
and it is non-stationary. 
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Nonlinearity and cointegration tests 
Before employing the NARDL model, it is essential to examine the dataset for nonlinearity. 

To achieve this, the nonlinear approach referred to as BDS, introduced by Broock et al. [80], is 
employed. Table 4 displays the outcomes of the BDS test, demonstrating that all variables 
possess nonlinear attributes. Thus, the NARDL model is considered suitable for further 
analysis. 

Table 4. BDS test to inspect nonlinearity 

BDS nonlinearity test results 
BDS statistics 

Variables Dim 2 Dim 3 Dim 4 Dim 5 Dim 6 
𝑚𝑚CO2 0.187*** 0.320*** 0.411*** 0.479*** 0.533*** 
FINDE 0.198*** 0.334*** 0.428*** 0.490*** 0.530*** 
FDIIN 0.097*** 0.152*** 0.172*** 0.194*** 0.197*** 

ENERGY 0.192*** 0.319*** 0.404*** 0.461*** 0.504*** 
GDPPC 0.200*** 0.335*** 0.426*** 0.49*** 0.535*** 
Note: *** refers to 1% statistical significance. 
 
Table 5 presents the findings of the NARDL-bound cointegration test. The study indicates 

that the calculated F-statistic (3.661) surpasses the upper bound value (3.5), achieving 
significance at the 5% level. Thus, the null hypothesis (H0) can be dismissed in support of the 
alternative hypothesis (H1), which asserts the presence of long-term cointegration among the 
variables. This finding affirms a long-term cointegration relationship among the analysed 
variables. 

Table 5. Asymmetric cointegration test results 

Null hypothesis: no long-run relationship Critical value at 5% significance level 
Bottom bound Upper bound 

F-statistic = 3.661 2.32 3.5 
 
Nonlinear autoregressive distributed lag estimations in the long run 

After nonlinearity was confirmed through the BDS test (Table 4) and a long-term 
relationship was established via the bounds cointegration test (Table 5), the NARDL 
estimation model was utilised to examine both short-term and long-term dynamics between 
𝑚𝑚CO2emissions and the chosen control variables. Table 6 depicts the uneven impacts of 
various factors on environmental quality. 

Table 6. Nonlinear ARDL-based long-run estimation 

Variables Coefficient T-statistics Prob. 
FINDE+ 0.234* 2.059 0.070 
FINDE- 0.408*** 3.435 0.007 

ENERGY+ 0.562 1.540 0.158 
ENERGY- -11.374*** -3.831 0.004 
FDIIN+ -0.148** -2.956 0.016 
FDIIN- 0.116 1.329 0.217 
GDPPC 0.920** 2.464 0.036 

Note: *, **, *** are 10%, 5%, and 1% statistical significance, respectively. 
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Nonlinear autoregressive distributed lag estimations in the short run 
The model of error correction estimates (ECM), shown in Table 7, examines the short-term 

nonlinear relationships among the variables. The ECM coefficient was determined to be 
statistically negative at the 1% level, indicating a stable long-term connection between the 
variables. This calculation suggests that any short-term imbalances will adjust towards 
long-term equilibrium at a rate of 176.4%. 

Table 7. Nonlinear short-run estimation 

Variables Coefficient T-statistics Prob. 
C -12.762*** -7.191 0.000 

∆(𝑚𝑚CO2-1) 0.719*** 4.525 0.001 
∆(FINDE+) 0.178* 2.069 0.069 
∆(FINDE-) -0.986*** -3.697 0.005 
∆(FINDE-1-) -1.070*** -3.853 0.004 
∆(ENERGY+) 1.144*** 4.921 0.001 
∆(ENERGY-1+) -1.322*** -4.420 0.002 
∆(ENERGY-) -8.090*** -4.713 0.001 
∆(ENERGY-1-) 8.358*** 4.227 0.002 
∆(FDIIN+) -0.138*** -3.700 0.005 
∆(FDIIN-) -0.060 -1.089 0.304 
∆(GDPPC) -2.630*** -4.588 0.001 

ECM-1 -1.764*** -7.216 0.000 
Note: *, **, *** are 10%, 5%, and 1% statistical significance, respectively. 

Asymmetric and diagnostic tests 
The Wald test evaluates the asymmetric effect in the long term [82]. Table 8 illustrates the 

relevance of asymmetry in the long-run parameters of all determinants of 𝑚𝑚CO2emissions, as 
evidenced by the rejection of the null hypothesis of a symmetric long-run relationship for 
FINDE, ENERGY, and FDIIN. 

Table 8. Long-run asymmetries (Wald test) 

Variables Chi-square (Prob) Asymmetry 
FINDE 33.181*** Yes 

ENERGY 15.722*** Yes 
FDIIN 18.904*** Yes 

Note: *, **, *** are 10%, 5%, and 1% statistical significance, respectively 
 
The confirmed asymmetric relationship is further substantiated by the effect of the 

cumulative asymmetric dynamic multiplier of financial development, energy consumption, 
and foreign indirect investment on 𝑚𝑚CO2 emissions, as illustrated in Figure 3. In this figure, 
the solid black line denotes that FDIIN, ENERGY, and FINDE are experiencing a positive 
shock, whereas the dashed black line indicates a negative shock to these variables. The red 
dotted lines indicate the combinations of dynamic multipliers resulting from negative and 
positive shocks of deconstructed FDIIN, ENERGY, and FINDE on 𝑚𝑚CO2  emissions. The 
spectrum of positive and negative shocks is indicated on the vertical axis, while the horizontal 
axis denotes the time period. NARDL multipliers illustrate the dynamic adaptations of 
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variables towards a new equilibrium following positive and negative shocks. The figure 
incorporates asymmetry adjustments of 𝑚𝑚CO2  in response to negative and positive shocks 
(black lines) and illustrates asymmetric patterns that represent the disparity between negative 
and positive shocks. 

 

  

 
Note: X-axis = Time horizon; Y-axis = Magnitude of the response 

Figure 3. Dynamic multiplier graphs of FDIIN, ENERGY, and FINDE 

Table 9 presents the outcomes of model residual diagnostic tests, encompassing 
evaluations for autocorrelation, heteroscedasticity, Ramsey RESET, and normality. The tests 
indicate that the null hypotheses regarding autocorrelation, heteroscedasticity, model stability, 
and normality are not rejectable. 

Table 9. Results of diagnostic tests 

Diagnostic tests F-statistic P-value 
Serial correlation (LM) test 0.847  0.468 

Heteroskedasticity test (BPG) 0.256  0.994 
RESET test 2.322  0.166 

Normality test 3.333  0.189 
 
Additionally, Figure 4 displays the CUSUM and CUSUMSQ tests for the model. These 

graphs demonstrate the model’s stability, as evidenced by the significant lines falling within 
the critical boundaries. 



Nguyen, T. P., Duong, T. T. T., et al. 
Asymmetric Effects of Financial Development, Energy…  

Year 2025 
Volume 13, Issue 3, 1130594 

 
 

Journal of Sustainable Development of Energy, Water and Environment Systems 16 

 

  
Plot cumulative sum Plot cumulative sum of squares 

Figure 4. Plots showing cumulative sum (left) and cumulative sum of squares (right) 

Discussion 
The analysis in Table 6 reveals that both positive and negative fluctuations in FINDE 

significantly contribute to environmental degradation by increasing 𝑚𝑚CO2  emissions in the 
long term. To be more precise, a positive shock of 1% in FINDE induces a 0.234% escalation 
in 𝑚𝑚CO2  emissions, whereas an equivalent negative shock yields a 0.408% decline. These 
responses are statistically significant at the 10% and 1% confidence levels, respectively. 

These findings extend the work of Patel et al. [54], who identify a nonlinear negative 
correlation between financial shocks and 𝑚𝑚CO2 emissions. Partly consistent with Qin et al. 
[32] and Boufateh et al. [83], this study suggests that enhanced financial intermediation 
increases household and business access to energy-intensive goods, driving emissions upward. 
Moreover, the positive relationship between financial development and emissions supports the 
work of Ali et al. [84], who find that expanding financial sectors spur industrial activity that 
relies on fossil fuels, thus elevating emissions. Given Vietnam’s heavy fossil fuel dependence, 
financial expansion translates directly into higher emissions, whereas financial contractions 
might encourage sustainable consumption by restricting access to energy-intensive goods. 
Similar results have been observed in other Southeast Asian economies, such as Indonesia [85] 
and Thailand [86]. These findings indicate that decoupling financial growth from 
environmental harm is a regional challenge that requires adopting sustainable finance, 
embracing renewable energy, and strengthening environmental regulations [87]. Therefore, 
policymakers should focus on balancing financial growth with investments in green 
technologies to promote sustainable economic development. 

In the present study, unbalanced correlations were detected between ENERGY and 𝑚𝑚CO2 
emissions, especially regarding the magnitude and direction of the alterations. Estimates 
indicate that a 1% reduction in ENERGY leads to an 11.374% rise in 𝑚𝑚CO2 emissions, while 
increases in ENERGY exhibit no statistically significant impact on emissions. This asymmetry 
can be linked to Vietnam’s heavy reliance on fossil fuels – such as coal, oil, and natural gas – 
which constituted approximately 73% of the country’s total energy consumption in 2021, 
according to World Bank statistics. Negative shocks to energy consumption may lead to 
greater reliance on existing coal-fired power plants or trigger investments in additional 
high-emission facilities. In contrast, the limited impact of positive energy shocks may reflect 
that Vietnam is actively diversifying its energy portfolio and enhancing renewable sources, 
including wind and solar power, to limit emissions growth. The findings are consistent with 
those of Tang et al. [88], who identified a positive correlation between energy consumption 
and emissions, although their research did not specifically investigate the impact of negative 
energy shocks. Similar to the results regarding financial development, these findings on energy 
consumption mirror challenges in Southeast Asia. For example, energy shortages in countries 
like Indonesia and the Philippines often result in increased dependence on carbon-intensive 
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fuels. These insights underscore the urgent need for regional policies that promote energy 
diversification, enhance efficiency, and accelerate the integration of renewables to lower 
carbon intensity and strengthen energy security. 

Positive shocks to FDIIN result in a long-term decrease in 𝑚𝑚CO2 emissions in Vietnam, 
whereas negative shocks to FDIIN do not exhibit statistically significant impacts on emissions. 
Specifically, a positive FDIIN shock was found to reduce 𝑚𝑚CO2  emissions by 0.148%, 
corroborating the “pollution halo” hypothesis and suggesting that more foreign direct 
investment enhances environmental quality. This reduction likely occurs because foreign 
investors introduce cleaner technologies and advanced production processes as a result of 
research and development efforts. However, these findings contrast with studies by Bui et al. 
[71], Faheem et al. [69], and Ngoc et al. [70], which highlight the negative environmental 
impact of foreign direct investment in other contexts. The lack of statistically significant 
effects associated with negative foreign direct investment shocks in Vietnam could be 
attributed to the relatively small scale of these shocks, given the steady inflows of foreign 
investment, of which Vietnam remains a net recipient. Overall, the results underline the role of 
foreign direct investment in promoting cleaner technologies and improving Vietnam’s 
environmental sustainability in the long run. 

One should note that countries like Malaysia and Thailand have also benefitted from 
foreign direct investment inflows that introduce cleaner technologies, sustainable practices, 
and energy-efficient production processes. These innovations have contributed to 
environmental improvements over time [89]. However, these benefits are contingent on 
attracting high-quality foreign direct investment targeted at green industries, renewable energy, 
and eco-friendly infrastructure. The insignificant impact of negative foreign direct investment 
shocks in Vietnam may reflect the relatively small scale of environmentally harmful 
investments in the country, a trend also noted in some regional counterparts. This finding 
underscores the importance of regional efforts to attract environmentally responsible foreign 
direct investment while implementing strict environmental standards to maximise the 
long-term sustainability benefits of such inflows. Moreover, these observations strengthen the 
study’s relevance to Southeast Asia regions. 

The GDP per capita in Vietnam exhibits a substantial positive correlation with 𝑚𝑚CO2 
emissions. A 1% increase in GDP per capita corresponds to a 0.920% increase in 𝑚𝑚CO2 
emissions, highlighting the detrimental environmental consequences of economic growth. 
With economic growth, energy-intensive industries such as manufacturing, transportation, and 
construction typically develop. Such industries frequently depend on fossil fuels like coal, oil, 
and natural gas for energy. This dependency amplifies energy consumption and emissions over 
time. Moreover, urbanisation and rising living standards contribute to increased consumption 
of goods and services, further exacerbating emissions. Without a significant transition to 
renewable energy sources or the adoption of sustainable practices, prolonged economic growth 
is likely to continue driving up 𝑚𝑚CO2  emissions. These findings emphasise the need for 
Vietnam to integrate clean energy solutions and environmentally sustainable policies into its 
economic development strategy to mitigate the environmental consequences of growth. 

In the short term, the results in Table 7 indicate that prior levels of 𝑚𝑚CO2 emissions exert a 
considerable influence. Furthermore, financial development significantly influences 𝑚𝑚CO2 
emissions in the short term, as demonstrated by both positive and negative variations in FINDE 
(represented as ∆FINDE+ and ∆FINDE-). A 1% decline in financial development (∆FINDE-) 
and its lagged value correlate with increases in 𝑚𝑚CO2  emissions of 0.986% and 1.070%, 
respectively, signifying a decline in environmental quality. Conversely, a positive change in 
financial development (∆FINDE+) also significantly raises 𝑚𝑚CO2  emissions. The positive 
short-term relationship between financial development and 𝑚𝑚CO2 emissions may be attributed 
to increased lending and investments directed towards carbon-intensive sectors such as 
manufacturing and energy production, which are integral to Vietnam’s growing economy. 
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However, it is also possible for negative financial shocks or constraints to temporarily 
exacerbate emissions as firms shift their focus to cost-cutting measures over environmentally 
sustainable practices. 

The asymmetric impacts of ENERGY on 𝑚𝑚CO2 emissions in Vietnam reveal a complex 
pattern in the short term. A positive shock of ENERGY decreases 𝑚𝑚CO2  emissions in the 
preceding period but increases emissions in the current period. However, over the long term, 
positive shocks of ENERGY show no statistically significant impact on 𝑚𝑚CO2 emissions. These 
fluctuations suggest that energy consumption can both reduce and increase emissions 
depending on the timing and magnitude of demand changes. This finding suggests a challenge 
for policymakers, who face uncertainty in predicting the short- and long-term consequences of 
energy consumption on environmental outcomes. 

Similarly, the NARDL model indicates that a negative shock to ENERGY leads to a 
reduction in 𝑚𝑚CO2 emissions in the previous period, likely because the country scales down 
energy use in response to supply shortages or energy costs. However, these negative shocks are 
followed by an increase in 𝑚𝑚CO2 emissions, and this pattern extends into the long run. The 
initial reductions may be unsustainable, forcing industries and households to rely on easily 
accessible but highly polluting energy sources, including coal-fired power facilities, to satisfy 
increasing energy requirements. This dependence is likely to escalate as Vietnam experiences 
swift economic expansion and modernisation, which will exert more pressure on the nation’s 
energy infrastructure. 

A positive shift in foreign direct investment inflows significantly reduces 𝑚𝑚CO2 emissions 
in the short term, mirroring the observed long-term impact. Specifically, a 1% increase in 
FDIIN will result in a 0.138% reduction in 𝑚𝑚CO2 emissions, highlighting the environmental 
benefits of foreign capital. This decrease can be attributed to technology transfer and the 
adoption of more environmentally friendly practices introduced by foreign firms operating in 
Vietnam. Additionally, these corporations are frequently subject to stricter environmental 
regulations and standards for corporate social responsibility in their home countries, which 
may motivate them to implement greener practices in their Vietnamese operations. 

However, this finding does not align with Hoa et al. [90], whose research finds that foreign 
direct investment has a positive impact on carbon emissions. Differences in methodology and 
timeframe can explain the contrasting findings. Using a NARDL model, the current study 
highlights that positive shocks to foreign direct investment reduce 𝑚𝑚CO2  emissions, likely 
reflecting Vietnam’s recent efforts to attract sustainable investments and environmentally 
friendly projects. In contrast, Hoa et al. [90], employing a basic ordinary least squares 
regression, find that foreign direct investment inflows increase 𝑚𝑚CO2 emissions, potentially 
because earlier stages of foreign direct investment are often concentrated in polluting 
industries. In contrast, negative shocks to foreign direct investment inflows do not exert a 
statistically significant effect on 𝑚𝑚CO2 emissions in the short term, possibly due to Vietnam’s 
steady position as a net recipient of foreign investment. 

Similarly, GDPPC in Vietnam demonstrates a positive impact on environmental quality, as 
can be seen by a 1% increase in GDPPC leading to a significant 2.630% reduction in 𝑚𝑚CO2 
emissions. This trend may reflect that during periods of rapid economic expansion, the initial 
focus is often on factors such as developing infrastructure, attracting foreign investments, and 
modernising industries, all of which contribute to improved production efficiency and a 
transition to cleaner technologies. Additionally, robust economic growth enables the 
government to allocate more resources to environmental protection initiatives and enforce 
stricter emissions regulations. Rising income levels also drive changes in consumer 
preferences. These changes may result in increased demand for environmentally friendly 
products and services, further supporting emissions reductions in the short term. 
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CONCLUSIONS 
This study utilises the NARDL model to analyse the interrelationships between financial 

development, energy consumption, foreign direct investment, and CO2 emissions in Vietnam 
from 1990 to 2021, incorporating economic growth as a control variable. The analysis reveals 
significant disparities in the impact of financial development, energy consumption, and foreign 
direct investment on CO2 emissions throughout short- and long-term periods. The results 
demonstrate that Vietnam’s long-term financial development does not inherently compromise 
environmental sustainability. In the long run, negative shocks to energy consumption 
significantly increase CO2 emissions, whereas positive shocks have no discernible effect. 
Meanwhile, the positive shocks in foreign direct investment reduce CO2 emissions in both the 
short and long term, supporting the “pollution halo” hypothesis. Conversely, negative shocks 
to foreign direct investment have an insignificant impact on emissions, likely reflecting the 
relatively small scale of foreign direct investment inflows in Vietnam. Notably, the short-term 
environmental benefits of foreign direct investment appear to extend into the long term. 
Economic growth has mixed effects on emissions. In the short term, GDP growth may reduce 
emissions by fostering cleaner technologies and improving production efficiency. However, 
sustained economic expansion drives higher emissions in the long run, which are attributable to 
heightened energy demand and industrial operations. This dual effect highlights the need for a 
balanced approach to economic development that integrates environmental considerations. 
Implications 

Vietnam’s significant dependence on fossil fuels, including coal, oil, and gas, exacerbates 
carbon emissions during disruptions in energy consumption, highlighting the structural 
challenges the country may face in its transition to cleaner energy sources. This study offers 
valuable insights for Vietnam as it pursues economic restructuring towards sustainability. This 
process involves optimising the advantages of financial development, foreign investment 
influx, and energy utilisation while alleviating their detrimental impacts. Policymakers should 
implement a comprehensive strategy to mitigate the negative environmental effects of financial 
development, energy consumption, and economic expansion while capitalising on the 
environmental advantages of foreign direct investment. 

First, it is crucial that policymakers integrate environmental considerations into financial 
sector regulations in order to reduce the detrimental impact of financial development on CO2 
emissions. Policymakers could incentivise green lending practices, promote sustainable 
investment portfolios, and establish a robust framework for green finance initiatives. These 
measures are particularly important given the study’s finding that positive shocks to financial 
development can reduce emissions while negative shocks increase them. These results 
demonstrate that it is possible for sustainable financial growth to align with environmental 
goals. 

Second, accelerating the transition to a diversified and sustainable energy mix is imperative, 
given the rise in emissions that followed negative energy shocks in this study’s model. This 
finding suggests that Vietnam should implement energy efficiency measures, expand the 
adoption of renewable energy sources, and gradually phase out carbon-intensive fossil fuels, 
particularly coal. Such efforts would enhance energy resilience and render Vietnam’s energy 
consumption less carbon-intensive. 

Third, to fully realise the environmental benefits of foreign direct investment, Vietnam 
should prioritise attracting foreign investments in clean technologies, renewable energy, and 
sustainable industries. Because the study supports the “pollution halo” hypothesis, Vietnam 
could implement targeted policies – such as stricter environmental regulations and incentives 
for adopting green practices – to encourage foreign firms to contribute more effectively to 
Vietnam’s sustainability goals. 

Finally, while economic growth may temporarily reduce emissions by causing businesses 
to adopt cleaner technologies, long-term strategies should aim to decouple economic 
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expansion from environmental degradation. This strategy requires promoting eco-friendly 
industrialisation, incentivising energy-efficient production processes, and fostering a shift 
toward a more sustainable, service-oriented economy. These measures would ensure that 
Vietnam’s economic growth aligns with its environmental and sustainability objectives. 
Limitations and future research directions 

The study describes the correlation among financial development, energy consumption, 
foreign direct investment, and CO2 emissions in Vietnam. However, it has several significant 
limitations. First, the focus on a single country makes it difficult to generalise to other contexts. 
Second, the use of aggregated country-level data may mask regional or sectoral variation. 
Third, the short-term analysis does not fully reflect long-term trends or structural changes. To 
address these limitations, future studies should expand the scope to include additional countries, 
use more detailed data at the regional or sectoral level, and consider the role of policy, 
technological progress, institutional quality, and other moderating factors. Comparisons with 
emerging or developing economies could provide valuable lessons on balancing economic 
development, an energy economy, and environmental protection. 
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