Heliyon 9 (2023) e17544

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

Relationship between carbon emissions, economic growth,
renewable energy consumption, foreign direct investment, and
urban population in Vietnam

Thuy Bui Minh® ", Toan Nguyen Ngoc ", Huyen Bui Van"

2 Faculty of Political Economy, Academy of Journalism & Communication, 36 Xuan Thuy Street, Cau Giay District, Hanoi, 10000, Viet Nam
® Institute of Economics, Ho Chi Minh National Academy of Politics, 135 Nguyen Phong Sac Street, Cau Giay District, Hanoi, 10000, Viet Nam

ARTICLE INFO ABSTRACT
Keywords: At the 26th UN Climate Change Conference in late 2021, Vietnam set a target of achieving net-
Economic growth zero carbon (CO3) emissions by 2050. However, the country’s rapid economic growth, urbani-

Carbon (CO,) emissions
Environmental Kuznets curve (EKC)
Vietnam

zation, and industrialization have historically relied on coal-based energy, a source of significant
greenhouse gas (GHG) emissions. Although contributing only 0.8% of the world’s emissions over
the last two decades, Vietnam currently has one of the fastest increasing GHG emissions rates per
capita. Over the 2000-2015 period, Vietnam’s per capita gross domestic product increased from
$390 to $2,000, and CO; emissions nearly quadrupled. Hence, this research explores the causal
relationships among CO; emissions, economic growth, foreign direct investment, renewable en-
ergy usage, and urban population in Vietnam over the period from 1990 to 2018 using the
Environment Kuznets Curve. An autoregressive distributed lag bounds testing technique for
measuring integration is utilized to investigate the long-run relationship. Results indicate that
economic growth increases with CO, emissions until a certain threshold level and then CO2
emissions decrease, thereby supporting the environmental Kuznets curve theory for Vietnam.
Furthermore, this study examines the causal relationship among variables using a Granger cau-
sality model and determines that FDI, urban population, and renewable energy consumption play
an important role and have substantial impact on carbon emission in Vietnam.

1. Introduction

In recent years, Vietnam’s economy has sustained high growth rates, thereby resulting in favorable conditions for industrialization,
modernization, poverty reduction, and job creation. However, along with its benefits, economic growth has placed tremendous
pressure on environmental quality. The negative effects on environmental quality were more obvious in Vietnam in the early 2000s,
when the pressure of increasing per capita income and the role of foreign direct investment (FDI) still exercised a substantial influence
on economic growth. Nonetheless, there have been a number of significant environmental disasters recently, which have “awakened”
state management organizations, enterprises, and citizens to the need to protect the environment. Further, energy consumption is
another factor contributing to Vietnam’s rising environmental degradation, thereby adding to foreign direct investment projects [1].
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The connection between economic growth or level of income and environmental decline, as shown by the hypothesis on the
environmental Kuznets curve (EKC), is complicated. The EKC was first mentioned in the World Bank’s World Development Report [2].
Grossman; Krueger [3] examined the connection between environmental damage and economic growth after being inspired by
Kuznets [4], who described the association between income disparity and economic growth using an inverted U-shaped curve. They
claimed that during the initial phases of growth, environmental contamination initially rises with an increasing per capita gross
domestic product (GDP). In the later phases of development, this trend reverses, with environmental pollution levels declining and per
capita income levels rising. This has led to the theory of the conventional EKC, which envisages an inverse U-shaped relationship
between growth and pollution. Many studies have been conducted to either support or refute this theoretical connection. Due to
different methodological techniques, time frames, and the inclusion (or absence thereof) of significant variables that might impact this
association, results may differ among studies. Despite problems with EKC studies, there is scope to determine the bias caused by
missing variables in the carbon emissions-to-income connection.

Beside, according to the European Environment Agency (EEA) [5], renewable energy is an important factor in reducing greenhouse
gas (GHG) emissions. Richmond; Kaufmann [6] were among the first to incorporate renewable energy consumption (REC) in the EKC
modeling approach. Nguyen et al. [7] and Nguyen and Le [8] found that REC reduced GHG emissions in Vietnam.

Anwar et al. [9] and Chen et al. [10] stressed the significance of the urban population in determining CO5 emissions levels. Liu et al.
[11] and Tang; Tan [12] incorporated FDI as a critical factor that may considerably affect emissions. There are few studies examining
the impact of FDI, urban population, and REC on environmental performance using the EKC hypothesis in Vietnam. For these reasons,
this study will add several variables included in the EKC literature, such as urban population and foreign direct investment. Hence, this
study adds to the larger corpus of knowledge by interrogating the causal relationships among real GDP, CO, emissions, REC, FDI, and
urban population in Vietnam.

This study aims to examine whether the EKC curve exists in Vietnam from 1990 to 2018 and the findings of this study will help
answer “whether the using of renewable energy has an impact on environment and economic growth in Vietnam” and evaluate the
long-run relationship between Vietnam’s CO, emissions and economic growth using the autoregressive distributed lag (ARDL) model
created by Pesaran et al. [13] with data collected between 1990 and 2018 and utilizes the Granger causality test with an error
correction model to assess the causative linkages between variables in the long and short run [14]. Based on the empirical results, this
study will contribute to the development of a sound policy framework and effective energy planning strategies during Vietnam’s
transition to a low-carbon development path. To develop effective economic and environmental policies, it is important to understand
the connection between economic development and CO, emissions.

This study is divided into five sections. The first section which provides the introduction, whereas the second provides a literature
review of extant studies concerning the association between GDP per capita and CO; emissions, including relevant aspects of FDI,
urban population, and REC. The third section explains the research methodology of this study, and the fourth provides the results and a
discussion of the findings. Finally, the fifth section provides a conclusion.

2. Literature review

The EKC hypothesis predicts a complicated link between growing incomes or economic expansion and environmental deteriora-
tion. Although EKC theory has drawn significant attention in the literature, its validity and predictive power remain debated. Owing to
different methodologies, time frames, and the inclusion or exclusion of significant variables that may impact relationships, the results
have varied greatly [15,16].

Economic growth, energy consumption, FDI, and increasing urbanization rates are considered to be the causes of negative envi-
ronmental impacts [17]. Hence, this literature review divides the assessment of the relationships among energy use, CO5 emissions,
FDI, GDP, and the urban population into three parts. First, using actual data, the validity of the EKC hypothesis is evaluated regarding
the relation between GDP and CO, emissions. Second, the energy-FDI-CO2 emissions nexus paradigm is examined. Third, the
energy—CO- emissions—urban population nexus is examined.

Addressing the first approach, multiple studies have explored the occurrence of EKC-predicted behaviors in various nations and
found mixed results caused by differences in polluting agents, research locations, time frames, and statistical methods [3]. Recent
empirical EKC validity findings seem to conflict. For instance, Lean; Smyth [18] used a panel vector error correction model exami-
nation of the EKC to check the link between CO5 emissions and economic development in five Association of Southeast Asian Nations
(ASEAN) states. According to the empirical results, which are founded on annual data from 1980 to 2006, there appears to be support
for the EKC hypothesis in the five ASEAN states. Between 1981 and 2011, Al-Mulali et al. [19] evaluated the EKC theory in Vietnam,
finding it invalid due to the long- and short-term positive correlations between GDP and pollution. Additionally, REC was found to
have no impact on the decrease in pollution, whereas the use of fossil fuels leads to increased pollution. Boliik; Mert [20] explored the
connection between renewable energy-generated power, CO, emissions, and GDP in Turkey from 1961 to 2010. The results showed
that the development of renewable electricity helps the environment with a one-year lag. Additionally, a U-shaped EKC association
between income and per capita GHG emissions was found.

Addressing the second approach, many studies have demonstrated that encouraging energy consumption, attracting foreign direct
investment, and economic expansion will all have negative affects on the environment. Alfaro et al. [21] claim that decision-makers
always think FDI is a significant influence in raising the productivity of the host nation. This study also emphasizes the fact that FDI
boosts power consumption efficiency through knowledge transfer and industry restructuring. Shahbaz; Lean [22] concluded that
through the stimulation of economic activity, stock-market efficiency, and the attraction of FDI, emissions increase. Bakhsh et al. [23]
found that FDI impacts environmental pollution in Pakistan through size, technique, and composition channel impacts, using yearly
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data from 1980 to 2014. The results of the technique and composition impacts indicated that increased economic growth results in
higher pollution emissions. The scale effect showed that, although pollution has a detrimental influence on Pakistan’s economic
growth, the stock of labor and capital has a favorable impact. FDI was also found to have a significant and negative impact on
renewable waste and CO; emissions. Omri et al. [24] found bidirectional causation between FDI flows and economic growth, as well
as, between FDI and CO5 emissions, suggesting that FDI might be harmful to host economies. According to studies concentrating on the
Gulf Cooperation Council and ASEAN-5, economic development and energy use are drivers of pollution emissions, while FDI flows
have little influence [25]. As a result, Pakistan’s economy lacks an objective focus, and the outcome of FDI inflows on host nation
pollution remains a disputed topic. Tang; Tan [12] used Granger causality to examine the relationships between energy use, CO;
emissions, FDI, and economic development in Vietnam from 1976 to 2009. The relationships were found to be consistent with EKC,
which postulates an inverted U-shaped association between economic development and CO5 emissions. The results also demonstrated
that there exists a two-way causal relationship between FDI and CO, emissions, as well as between CO; emissions and income. In
Vietnam, FDI, energy consumption, and income are the key contributors to CO, emissions. The link between pollution and FDI in the
five ASEAN states was also examined by Merican et al. [26]. Using the autoregressive distributive lag estimation, their results showed
that FDI causes emissions to increase in the Philippines, Malaysia, and Thailand; however, there appears to be an inverse relationship
between pollution and FDI in Indonesia. A dynamic analysis of the effects of FDI, international commerce, renewable energy, and
technological innovation on China’s CO3 emissions from 1995 to 2017 was conducted by Liu, Wahab, Hussain, Sun, Kirikkaleli [11].
The results indicated that all models used in the study exhibited a cointegration relationship, suggesting that FDI and GDP have a
positive impact on CO4 emissions. The EKC hypothesis was also examined by Pao et al. [27], who used a panel cointegration approach
for Brazil, India, China, and Russia from 1980 to 2007. They revealed a strong bidirectional causality existing between FDI and
emissions, as well as, strong unidirectional causality from FDI to output and from energy usage to CO5 emissions.

Addressing the third approach, urbanization is seen as a factor in the decrease of many ecosystems’ quantity and quality, much like
economic expansion. Major cities have evolved into hubs of economic activity, politics, education, and culture in many developing
countries due to the constant economic growth, globalization, and work opportunities in city centers [28]. Particularly, the speed of
urbanization has recently impacted the already limited supply of resources with detrimental effects on nations’ environmental cir-
cumstances [29]. Urbanization plays a major role in the emissions—economic growth nexus, as implied by EKC theory. In the discussion
of urbanization and environmental factors, the research of Glaeser; Kahn [30] is regarded as pioneering. They and others have argued
that as urban populations grow, the environmental conditions of many cities worsen [31]. Some studies have demonstrated the
importance of bringing urbanization into the relationship between CO emissions, economic growth, and renewable energy. York et al.
[32] agreed that urbanization increases CO5 emissions for a group of 137 countries. Hossain [33] examined how urbanization, eco-
nomic growth, energy consumption, CO emissions, and trade are related in newly industrialized countries from 1971 to 2007; results
disclosed that urbanization hurt CO; emissions and that there was no long-run relationship between variables. Nevertheless, there was
a unidirectional short-run association between economic growth and urbanization. Similarly, Wang et al. [34] used a modified
panel-based ordinary least squares technique to investigate the links among energy usage, urbanization, and CO; emissions in ASEAN
nations. Results demonstrated a statistically significant positive connection between energy use and CO, emissions over time. Ali et al.
[35] found that Pakistan’s rapid urbanization is a key factor in the country’s rising CO, emissions. Anwar et al. [9] performed an
intriguing investigation, finding that urbanization has a favorable effect on CO; emissions in a sample of Asian economies, as sup-
ported by empirical evidence. Sun et al. [36] investigated the links among REC, urbanization, CO, emissions, and income in North
Africa and the Middle East from 1991 to 2019. Long-term results that employ continuously updated longitudinal data with contin-
uously updated bias-corrected techniques continue to point to the validity of EKC theory. Additionally, fast urbanization and economic
growth are well-known to be associated with higher CO5 emissions, whereas REC is known to be the most effective approach to
decreasing CO5 emissions. Martinez-Zarzoso; Maruotti [37] examined the effect of urbanization on CO, emissions in developing states
from 1975 to 2003 and demonstrated that an inverted U-shaped pattern exists in the relationship between CO, emissions and
urbanization.

The inconsistent findings of earlier research on the impact of energy use, foreign direct investment, urbanization, and economic
growth on the quality of the environment has shown that these findings cannot be mechanically applied to Vietnam. Research results
are different due to omitting variables or using different methods and various periods. We used urban population and FDI because since
1986, the process of industrialization has been accelerated, urban population increased from 20% in 1986 to 37% in 2019 [38] and FDI
inflows increased from 40,000 USD to 16.12 billion USD in 2019 [39]. Therefore, this study incorporates the variables REC, urban-
ization, and FDI inflows in the same model that are expected to play a key role in the EKC approach.

These studies discovered several gaps in the literature. First, although Vietnam has actively encouraged economic growth over the
past 30 years, most studies have only studied the effects of energy consumption on CO, emissions; few studies examine the relationship
between GDP, CO, emissions and renewable energy consumption using the EKC theory to explain variables as urbanization and FDI.
Most studies have only studied the effects of energy consumption on CO5 emissions in Vietnam.

Moreover, this study has several benefits over earlier ones. It seeks to prevent the bias caused by missing variables by including FDI
and the total urban population in the model. Addressing the methodological issues, the long-run connection is investigated using the
autoregressive distributed lag bounds testing approach. Menegaki [40] suggests that one of the most adaptable techniques in the
econometric study of the energy-growth nexus is the ARDL method. The Granger causality tests are then performed to determine the
direction of the causal link between the variables. In addition to these benefits, this advanced method enables the capture of causal
relationships in the short- and long-term.
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3. Data and methodology

This study provides a broader lens to examine the relationship between economic growth and environmental damage with the
participation of different economic variables such as CO, emissions is chosen because it is the most common parameter to predict
emissions [3] and FDI, urban population are explain variables in the model.

The study uses annual data about Vietnam were collected from the World Bank covering the years 1990-2018, including GDP per
capita (constant 2015 USD) [41], CO, emissions (metric tons per capita) [42], urban population (number of people) [43], FDI, net
inflows (current USD) [39]. REC in quadrillions of British thermal units was taken from the U.S. Energy Information Administration
[44].

The causal and long-run relationships between CO; emissions, GDP per capita, REC, urban population, and FDI are accomplished in
two stages. We start by testing the long-run associations among the variables employing the ARDL bounded testing method of coin-
tegration. Thereafter, we tested the causal linkages using the error correction-based causality models.

Follow the studies of Sharma [45], Hossain [33] shows the importance of urbanization in quality of environment, the study
proposed equation (1), which provides a model of CO; emissions being decided by GDP, REC, urban population, and FDI as follows:

CO =AGDP* REC*UR* FDI* (€]
Taking the natural logarithm of Equation (1) renders the equation as Equation (2):

In CO=ay + a; In GDP + a, In REC + a3 In UR + a4 In FDI 2)
The following model is used to test whether the EKC hypothesis holds when REC, the urban population, and FDI are included:

In CO, =ay + a; In GDP, + a; In GDP,* + a3 In REC, + a, In UR, + as In FDI, + ¢, 3)

where t and ¢ are the time and white terms, respectively. CO represents CO; emissions per capita, UR is the urban population, and o;,
wherei =1, ..., 5, is the long-run elasticity of GDP, GDP2, REC, UR, and FDI, respectively. In Equation (3), if ®; > 0 and ay < 0, EKC
holds. Therefore, this confirms the existence of an inverted U-shaped outline, which means that when GDP rises, CO5 emissions also
rise until GDP per capita reaches a threshold level. Then, CO, emissions start to decline as the GDP rises.

3.1. ARDL model

This study applies the ARDL model bounds testing method to cointegration, which was proposed by Pesaran and Shin [46] and
enhanced by Pesaran, Shin; Smith [13]. However, before estimating the model, we must test for the existence of a unit root to
guarantee that all variables are satisfied by ARDL assumptions. That is, all variables must be integrated at I(0) or I(1), or there must be
mixed results; they must not be integrated at I(2). To achieve this, the study utilized the Augmented Dickey—Fuller (ADF) test from the
work of Park; Fuller [47] and Phillips-Perron (PP) test by Phillips and Perron [48]. The ARDL bounds testing method takes two phases
to evaluate the link in the long run. First, to test the long-run association between the variables in Equation (3), the ARDL model is
designed as follows:

ap bl cl dl el
Aln CO=p,+ Y AN CO._i+ Y fAINGDP,_;+ Y pAINGDP} , + > B,AREC, ,+ Y psAln UR,,
i=1 j=0 k=0 p=0 =0
Y @
+ " BeAlIn FDI,_ + f3; In CO,_y + B In GDP,_; + i In GDP?., + B In REC,_y + o In UR,_ + By, In FDI,_, +p,

=0

where A is the initial difference term, and p is the white-noise term. An appropriate lag is selected grounded on the Akaike information
criterion (AIC) or the Schwarz-Bayesian criterion (SBC). To interrogate the joint significance of the null hypothesis without cointe-
gration (pi = 0; Vi = 6, ..., 11) against the alternative hypothesis (pi # 0; Vi = 6, ..., 11), the bounds testing method to cointegration
directs us to conduct the F-test on the chosen ARDL models. If the F-statistic is larger than the upper critical value, the null hypothesis is
rejected, indicating cointegration. If it falls lower than the upper critical value, then there is no cointegration. If it falls between the
lower and upper critical values, the findings become inconclusive.

The subsequent phase entails a general error rectification depiction of the selected ARDL model of Equation (4), as follows:

ajy bl cl dl el
Aln CO=p,+ Y B AInCO, i+ Y B,AInGDP, ;+ > B;AInGDP} ,+ > B,AREC, ,+ > B;Aln UR, ,
i=1 Jj=0 k=0 p=0 q=0
gl 5)
+>_ BsAln FDI,_ + @ECT, , + 4,

g=0

where ¢ denotes the error correction coefficient (ECT), and ECT;_; is the lagged residuals attained from the projected long-run
cointegration [Equation (3)]. At this phase, we must resolve to detach the lagged residuals from Equation (5) and define it as
Equation (6):
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ECT,,] =In CO,,] — &1 In GDP,,] — az In GDPZZ—I — 63 In REC,,] — 64 In UR,,] — 55 In FDI;,] (6)

The ECT coefficient should be statistically significant and have a negative sign. Thus, it demonstrates how rapidly the variables
reach equilibrium.

3.2. Causality analysis

If a long-term association exists between variables, then the following step is to examine the causality between them. The ARDL
model fails to show the direction of causation. Hence, after cointegration is established, the long-run model in Equation (3) is used to
calculate the estimated residuals. Then, the Granger causality model [14] is used to estimate the error correction. The following model
shows the causal relationships between the parameters:

T Tizg Wzg Mg
Aln CO M M1y Ang o W3y Mo Aln €O,
Aln GDP My Aln GDP,_,
Aln GDP2 | | s n 310 Tz W31 T34 Aln GDP2,_,
Aln REC Hy Ta11 Tazn a3y Taq In REC,,
Aln UR Us Aln UR,_,
Aln FDI U Ts1,1 Ts21 7531 T54.1 Aln FDI,_,
o1, o2t 63,1 Tod,1 @
Titn  Tizn Ti3p Fidp
Toin  Top T3 Toan Aln CO,.., ¥ €
Aln GDP,_, W, &
T31n W32 733n TM34p
n Aln GDP2,_, n V8 ECT, , + £
Aln REC,
Tain  Tazn  Ta3pn  Taan n t=n Vs €7
Aln UR,_, s €3
Tsin Tson Ws3n Tsan Aln FDI,_, Ve £
To1n  Te2n  Te3n  Todn

where €4, €51, €61, €71, €81, and eg, are normally and independently distributed with a constant variance. n is the optimal lag length,
which is determined using the AIC or SBC criterion. Using Equation (7), this study explores the causality relationship in two ways. First,
the F-statistic or Wald test finds the relevant n coefficient’s significance on the first-differenced series to assess causality in the short
run. Second, t- or Wald tests are used to find the relevant ¥ coefficient’s significance on the lagged ECT to detect causality in the long
run. If the error correction term is statistically significant with a negative sign, it signifies long-run causality.

Brown et al. [49] developed CUSUM-of-squares (CUSUMSQ) and cumulative sum (CUSUM) tests founded on recursive regression
residuals. The plots of these statistics are found within the critical bounds; thus, the coefficients of regression are stable.

4. Results and discussion

Before implementing the ARDL approach, this study tested the order of integration using the ADF test to ensure that all variables
were not integrated at I(2). The ADF test and PP test indicated mixed results of stationarity (Tables 1 and 2), and all variables were
integrated at I(1) or I(0) and were not stationary at I(2). Therefore, this study could be used with ARDL methodology to investigate the
presence of long-run links between variables. This study used AIC to determine the optimal lag length, and the data showed that lag 2
was the optimal length.

The bounded F-test resulted in 12.07, which is more than the upper bound at a 5% significance level. This indicates that cointe-
gration exists in this model. Table 3 displays the long-term associations among the variables. According to the EKC hypothesis, it is
expected that the long-run elasticity estimates of GDP2 are negative and CO5 emissions per capita to GDP per capita are projected to be
positive. Thus, increasing GDP per capita by 1% can increase CO, emissions per capita by 3.23%, whereas increasing GDP2 by 1%
reduces CO emissions per capita by 0.4%. These findings support the EKC theory’s validity in the Vietnamese economy. In the early

Table 1

ADF test results.
Variable Level First differences

Prob. (with trends) Intercept Prob. (with trends) Intercept

Cco 0.8442 0.6247 0.0013* 0.0003*
GDP 0.0569%** 0.7419 0.2024 0.0795%**
GDP2 0.0179%* 0.9552 0.1946 0.0524%**
REC 0.1917 0.9555 0.0001* 0.0000*
UR 0.1367 0.5418 0.0958%*** 0.0413**
FDI 0.0973%** 0.6376 0.0305** 0.0057*

Note: CO = carbon emissions; GDP = gross dFomestic product; GDP2 = square of GDP, REC = renewable energy consumption; UR = urban popu-
lation; FDI = foreign direct investment. *, **, and *** indicate significance at the 1%, 5%, and 10% levels, respectively.



T. Bui Minh et al. Heliyon 9 (2023) e17544

Table 2

PP test results.
Variable Level First differences

Prob. (with trends) Intercept Prob. (with trends) Intercept

Cco 0.6620 0.5781 0.0000* 0.0002*
GDP 0.8773 0.6203 0.0565%** 0.0305**
GDP2 0.6498 0.9734 0.0714%*** 0.0174**
REC 0.1941 0.9222 0.0000* 0.0000*
UR 0.0001* 0.0127** 0.3498 0.0854***
FDI 0.2071 0.2700 0.0322** 0.0060*

Note: CO = carbon emissions; GDP = gross dFomestic product; GDP2 = square of GDP, REC = renewable energy consumption; UR = urban popu-
lation; FDI = foreign direct investment. *, **, and *** indicate significance at the 1%, 5%, and 10% levels, respectively.

Table 3

Long-run relationship.
Variable Coefficient Std. Error t-Statistic Probability
GDP 3.2371%* 1.2002 2.6970 0.0166
GDP2 —0.4070** 0.1036 —3.9258 0.0013
REC —0.4169** 0.1042 —3.9985 0.0012
FDI 0.1010** 0.0370 2.7256 0.0156
UR 6.6315"* 2.1454 3.0910 0.0075
Intercept —118.7208** 30.6069 —3.8788 0.0015

™ Significant at a 5% level.

stages of industrialization, for developing countries like Vietnam, there will be a trade-off between economic growth and environ-
mental quality because environmental protection is not a priority in this process of national action plan. However, in the later stages of
industrialization, along with rising income levels, people put more importance on environmental issues and governing bodies became
more efficient, resulting in less environmental pollution. Consumers with higher income levels are willing to spend more on green and
clean products and pay more attention to environmental protection and regulations.

Moreover, the coefficients of FDI and urban population are also positive at a 5% significance level. Thus, a 1% surge in FDI results in
a rise in CO; emissions per capita by 0.1%, and a 1% surge in urban population causes an increase of CO, emissions per capita by
6.63%. However, a 1% rise in REC leads to a reduction in per capita CO, emissions by 0.41% (significant at the 5% level).

Calculated ECT coefficients were negative (—0.82) and statistically significant at a 1% confidence level. These values show that any
nonconformity from the long-run equilibrium between variables is amended for each period and leads to the reoccurrence of a long-run
level of equilibrium.

To check for parameter constancy, the cumulative sum of squares (CUSUMSQ) and cumulative sum (CUSUM) instability tests
founded on recursive residuals were applied. These tests were created by Brown et al. [49], who noted that although regression co-
efficients are constant under the null hypothesis, they vary under the alternative hypothesis. Fig. 1a and b present the CUSUM and
CUSUMSQ graphs. The lines fall between the critical bounds; thus, the results affirm that the coefficients of regression are stable.

The results from both models of Granger causality are reported in Table 4 and compiled as follows. First, there is an indication of a
two-way causal association between GDP, REC, FDI, and urban population to CO; emissions in the short and long runs. This result
shows that when FDI, urban population, economic growth, or clean energy increase, COy emissions will increase. This result agrees
with the empirical results of Boliik; Mert [20] and Sulaiman, Azman, and Saboori [50], who respectively found that clean energy use
decreased emissions in Turkey and Malaysia. Moreover, the results show that urban populations are important to CO3 emissions, which
is consistent with Parikh; Shukla [51], York, Rosa; Dietz [32], and Al-Mulali et al. [52].

Second, there is unidirectional causality from FDI to CO2 emissions, thereby showing that FDI plays an important role in envi-
ronmental quality. These results align with Shahbaz; Lean [22] and Omri et al. [24], who found that FDI hurts the environment.
Governments should encourage foreign investment while protecting the environment; in the future, the strengthening of standards and
technical controls on goods, the environment, and resources will be required to save energy and cut emissions according to national
and international standards. In the establishment of legislative documents and policies relating to environmental emissions, a focus
should be placed on encouraging businesses to adopt effective emissions reduction plans or preferred policies to employ low-emissions
technology and processes. Hence, the government needs to be very careful when selecting foreign investors, as well as fully assess the
environmental impacts of FDI projects before, during and after the investment process.

Third, there is a bidirectional link between dioxide emissions and REC, but no causality was detected between REC and economic
growth in the short run. However, there is a unidirectional relationship between GDP and REC in the long term. This implies that as
GDP increases, more energy is consumed, and clean energy is favorable to emissions and will promote GDP in the long run and vice
versa. As a result, a nation’s economy need not be boosted solely by energy consumption. Therefore, the link suggests that energy
policies like carbon emission reduction, energy efficiency measures won’t decrease the rate of economic expansion.
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Fig. 1. (a) Graph of CUSUM.(b) Graph of CUSUMSQ.
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Variable  Short-run causality Long-run causality ECTt - 1 (t-
F-statistic (probability) statistic)
ACO AGDP AGDP2 AREC AFDI AUR

ACO - 5.931 (0.0126) 5.913 (0.0128) 22.170 6.583 (0.0089) 11.752 —0.8277 (—10.608)*

o wx (0.0003)* * (0.0008)*

AGDP 5.6283 - 5603.7 2.0242 17.6399 12.996 0.027 (0.0000)*
(0.0173)** (0.0000)* (0.1717) (0.0002)* (0.0003)*

AGDP2 5.5552 6792.414 - 1.92755 17.300 16.9330 0.00419 (0.0000)*
(0.0180)** (0.000)* (0.1849) (0.0002)* (0.0002)*

AREC 23.979 1.4630 1.8815 - 3.6711 8.0086 —1.219 (0.0000)*
(0.0005)* (0.2781) (0.1912) (0.0471)** (0.0041)*

AFDI 2.4690 1.3526 0.9464 2.8560 - 0.1855 —0.664 (0.0001)*
(0.1120) (0.3039) (0.4489) (0.0816) (0.6743)

AUR 2.3727 1.7791 3.9179 3.8614 1.0294 - No cointegration
(0.1354) (0.2105) (0.0367)** (0.0382)** (0.3867)

Note: *, ** ***: significant at 1%, 5%, 10%.
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5. Conclusion

The findings of this study demonstrate causal relationships among FDI, economic growth, REC, CO5 emissions, and the urban
population in Vietnam. For Vietnam, the validity of an inverted U-shaped EKC is supported. We employed the ARDL bounded testing
technique to investigate the links among REC, economic growth, CO, emissions, FDI, and urban populations. Results also emphasize
that REC, the urban population, and FDI are vital in reducing CO, emissions. Empirical results have made certain contributions to the
theory of the impact of renewable energy consumption on other macro variables.

This study provides evidence of the bidirectional causality between CO2 emissions and GDP in the short and long term. In Vietnam,
the long- and short-term dynamics of CO5 emissions are significantly negatively impacted by REC. Therefore, the Vietnamese gov-
ernment should focus on policies that promote the use of clean energy, which is less harmful to the environment, and sustainable
growth, because there are huge potential sources of clean energy in Vietnam. Moreover, the high cost of renewable energy in com-
parison to fossil fuel electricity is one of the main obstacles currently present. Thus, renewable energy prices in Vietnam should
accurately represent their socioeconomic advantages.

Policymakers in Vietnam should carefully manage the FDI inflows for manufacturing operations to accurately analyze the balance
between economic profit and environmental damage, since our estimation results also demonstrate that FDI has a favorable influence
on economic growth in Vietnam. The host economy is anticipated to benefit from FDI inflows by gaining the use of modern, envi-
ronmentally friendly technology. We thus propose that the Vietnamese government provide funds and implement measures to attract
foreign investment. This would enable the development and implementation of more effective and low-carbon technology across all
industries, ultimately promoting economic growth in Vietnam.

Because the urban population plays an important role in CO5 emissions, policymakers should enhance the nation’s public trans-
portation network and environmental quality. The government needs to calculate the urbanization rate in accordance with the urban
planning. Practice in developed countries shows that the process of urbanization is only really successful when it does not change or
increase. people’s living standards in terms of green space, transport infrastructure, air quality or the development of health care
systems, schools, in addition to other minimum conditions such as clean water supply, food and security.

This study has some limitations such time period of study was short and the data were annual. This can be affect to research result.
Beside the study only examines CO5 emissions, which is a key contributor to GHG. However, future studies should expand research to
other gases, such as nitrogen dioxide and methane, and other environmental factors, such as health impacts and waste, regarding their
effects on income. Moreover, data on urban population and FDI inflow are generally aggregate data, so the study does not specify
which province or city is the source of increased environmental pollution, this is also a suggestion for future research directions.
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