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Abstract 

While coal leads energy structure in a rapid growth economy like Vietnam, there exist efforts to 

increase the use of renewable energy and at the same time to reduce greenhouse gas emissions. 

This paper aims to investigate whether there is an inverted U environmental Kuznets curve (EKC) 

relation between income and coal consumption from 1984 to 2019 using the nonlinear 

autoregressive distributed lag (NARDL) framework. We find that the income elasticities of coal 

consumption are larger than unity and increase monotonically with income. It thus reveals that the 

income-coal consumption relationship resembles an upward-sloping curve instead of an inverted 

U-shaped curve. We also find that coal consumption reduces with the one percent increase in the 

share of renewable energy consumption by less than it increases with the one percent decrease in 

the share of renewable energy consumption. Despite this, it indicates that the substitution of 

renewable energy for coal seems more substantial with policy improvements. Moreover, we find 

that the quantity of coal consumed grows with positive oil price shocks. It suggests that rising oil 

prices play an undesirable role in reducing coal consumption and associated emissions. Finally, 

the study provides policy implications for interventions to achieve committed emission targets. 

Keywords environmental Kuznets curve; nonlinear ARDL; substitution effects; renewable 

energy; oil prices; coal consumption. 
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1. Introduction 

Over the last several decades, the rapid process of industrialization has brought about increased 

energy demand in Vietnam (Canh, 2011; Ha and Ngoc, 2020). In such a situation, the amount of 

coal consumed has increased annually by about 8.6% in the 1984-2019 period and nearly 16% 

since 2015. As a result, Vietnam is largely dependent on imported coal for its energy needs 

(Nguyen et al., 2019; Thong et al., 2021) and especially susceptible to energy prices (Apergis and 

Gangopadhyay, 2020; Pham and Le, 2020). Meanwhile, the reliance on fossil fuels like coal has 

spurred concerns over adverse consequences on the environment (Al-Mulali et al., 2015; Finenko 

and Thomson, 2014; Vo and Ho, 2021). In conjunction with the global efforts against climate 

change, Vietnam committed to greenhouse gas emission reductions by 9% by 2030 compared to 

the business-as-usual scenario and up to 27% with international support for the mitigation measures 

under the Paris Agreement.1 To fulfil the emission targets, the national energy policy tends to 

lessen the dominance of coal in the energy structure and to substitute with renewable energy 

sources through tax policies and subsidies (Nguyen et al., 2021; Nong, 2018; Nong et al., 2020; 

Nong et al., 2019).  The question thus arises as to whether and how the amount of coal consumed 

changes with income. This is the main motivation for unravelling the hypothesis of the EKC for 

coal consumption in a small open economy like Vietnam using the annual data from 1984 to 2019. 

Evaluating the elasticity of income for coal consumption is particularly relevant in policy 

implementation. If the income elasticity of coal consumption is greater than unity, energy intensity 

increases (i.e. coal consumption rises more rapidly than does income). Policy interventions are 

therefore needed to lower energy intensity and reach emission reduction targets. However, if the 

income elasticity of coal consumption is less than unity, energy intensity reduces (i.e. coal 

                                                            
1 For more detail see at: https://e.vnexpress.net/news/news/vietnam-raises-emission-reduction-target-to-combat-

climate-change-4141966.html 
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consumption grows more slowly than does income). In this case, intensity reduction targets are 

achievable in the business-as-usual context, but carbon emission reduction targets necessitate 

policy interventions. In this study, we argue that the income elasticity is estimated based on the 

hypothesis of the EKC, which states that environmental degradation first grows at a diminishing 

rate and subsequently descends at an increasing rate with the rising level of per capita income 

(Grossman and Krueger, 1991; Panayotou, 1993). In other words, the income-environment relation 

is generally depicted as an inverted U curve. 

While income is well represented by gross domestic product (GDP), the choice of an appropriate 

proxy for environmental pollution may depend on the particular context in which the study is 

conducted (Dinda, 2004; Sinha et al., 2019; Tsurumi and Managi, 2010). In the EKC literature, 

carbon dioxide is the most widely used, but not the only one. Apart from energy 

consumption/intensity, some researchers propose coal consumption as an environmental indicator 

when testing the EKC for China and Indonesia (Hao et al., 2016; Hao et al., 2015; Kurniawan and 

Managi, 2018; Qiao et al., 2019). While coal has been of importance to these countries’ energy 

mix because of its domestic availability and price, various policies have been implemented to 

reduce coal consumption and ultimately mitigate its associated emissions. Consequently, an 

inverted U relationship seems possible between income and coal consumption, which shows the 

income elasticity of coal consumption would vary from positive to negative with the increasing 

level of income. 

The estimation of the income-coal consumption nexus is subject to several econometric issues. For 

instance, the problem of endogeneity might derive from omitted-variable effects and feedback 

effects. We therefore include control variables, namely renewable energy consumption and oil 

prices to mitigate the former, and hence the substitution effects can be examined, while the latter 

requires the use of econometric techniques which account for the weak endogeneity of the non-

stationary regressors. Another problem relates to asymmetries that may arise from shocks, such as 
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infectious diseases, economic crises, and climate risks. They also can arise due, for example, to the 

reaction to changes in energy policies and fluctuations of energy prices. In an effort to provide 

robust evidence, this paper employs the NARDL framework developed by Shin et al. (2014) that 

allows not only for the endogenous regressors but also for the presence of asymmetries between 

the underlying variables. The Wald tests for the null hypothesis of symmetry are applied to 

determine whether the NARDL approach is more appropriate than the linear ones.  

Though we are certainly not the first ones to conduct an EKC analysis in Vietnam, our paper differs 

from theirs in several ways. Firstly, as discussed above, we rely on the dynamic error correction 

representation associated with the NARDL model to apply the bounds testing procedure for the 

following three tests (McNown et al., 2018; Pesaran et al., 2001): (i) overall F-test for the 

coefficients of the lagged variables in levels, (ii) t-test for the coefficient of the lagged dependent 

variable in level, and (iii) F-test for the coefficients of the lagged regressors in levels. Once 

rejecting the null hypothesis of all three tests, we can conclude that cointegration is present between 

the examined variables. We find that prior studies rely solely on the overall F-test from the ARDL 

bounds tests (Pesaran et al., 2001). However, if only the null for the overall F-test is rejected, this 

may lead to two degenerate cases. That is, the coefficient of the dependent variable is not 

significant, or the coefficient(s) of the regressor(s) might not be significant. Each of the two cases 

means no cointegration. For these reasons, we should perform these three tests before making any 

conclusions about cointegration. 

In addition to this, we follow the three-step framework introduced by Lind and Mehlum (2010) for 

testing an inverted U-type EKC for coal consumption. First, the coefficient of per capita income 

squared needs to be significantly negative. Second, the slope must change from positive at the start 

of the per capita income range to negative at its end. Third, the income range needs to hold the 

turning point of coal consumption. Therefore, the significantly negative coefficient for per capita 

income squared is necessary but not enough to describe an inverted U curve. For instance, if we 
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fail to reject the null that the slope coefficient equals zero, only one half of the curve may be traced 

out by the data (Haans et al., 2016). In such a case, the relationship may be monotonic but 

nonlinear. Among prior studies in Vietnam, Ali et al. (2020) is the only study to use the proposed 

tests by Lind and Mehlum (2010) on the linkage between industrial growth and pollution.  

The remains of the paper are ordered as follows. While section 2 illustrates related studies. In the 

next two sections, we represent model, data, methodology, results, and discussion. Conclusion and 

policy implications are explained in section 5. 

2. Review of previous studies 

The early literature on the income-environment nexus builds on the inverted U-type EKC. In their 

influential study, Grossman and Krueger (1991) explain this relation by combining the scale effect 

of economic practices with the composition and technique effects on polluting emissions. The latter 

two effects reflect the shift to less-polluting industries and technologies, respectively. The scale 

effect tends to dominate at low income levels, nevertheless, it is gradually overwhelmed by the 

composition and technique effects so that emissions begin to decrease at high income levels (Dinda 

2004; Stern 2004, 2017). Similarly, Panayotou (1993) provide a theoretical ground for the EKC. It 

is argued that countries initially favour industrialization with the inevitable cost to the environment 

because of increased energy use. Once beyond a certain income level, emissions decrease as a 

consequence of the more stringent environmental policy and the economic structure changes “from 

industry to services and within industry from energy-intensive, highly polluting industry to 

technology-and knowledge-intensive industry” (Panayotou, 1993, page 10).  In other words, the 

downward slope of the EKC could be driven not only by government policies but also by the 

functioning of markets even at low levels of income (Panayotou 1997). 

An issue for the EKC analysis is to choose an appropriate proxy for environmental pollution 

(Chowdhury and Moran, 2012; Sinha et al., 2019). Apart from carbon dioxide emissions, some 
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other environmental indicators have been utilized in the literature of the EKC. From one point of 

view, several researchers suggest the use of energy consumption (Judson et al., 1999; Lawson and 

Nguyen-Van, 2020; Nguyen-Van, 2010; Suri and Chapman, 1998; Zhang et al., 2018) and energy 

intensity (Hundie and Daksa, 2019) because most of the pollutants are energy-related. Some 

researchers look for one specific type of energy. As such, coal consumption is chosen not only 

because of its substantial association with emissions but also because of its dominant role in the 

energy mix (Hao et al. 2015). For similar arguments, Qiao et al. (2019) show evidence of the 

presence of the EKC in China while Kurniawan and Managi (2018) find that the coal-induced EKC 

holds in Indonesia. To this end, Dinda (2004) and Sinha et al. (2019) argue that because carbon 

dioxide is a global pollutant, it should be used when examining the EKC hypothesis for a large 

group of countries. For a single country analysis, the choice should reflect the country's context, 

since it may ensure better insights for country-specific policy recommendations. 

Another econometric problem faced by researchers is the omitted variables bias (Agras and 

Chapman, 1999; Harbaugh et al., 2002; Richmond and Kaufmann, 2006; Stern, 2017). To mitigate 

this problem, several EKC analyses take other variables into account, such as renewable energy 

consumption (Antonakakis et al., 2017; Danish et al., 2017; Erdogan et al., 2020; Pata and Caglar, 

2020; Vo and Ho, 2021), oil prices (Balaguer and Cantavella, 2016; Boufateh, 2019; Malik et al., 

2020), and among others. In the present study for Vietnam, we will shed light on the influence of 

renewable energy consumption and oil prices in driving coal consumption because it has been 

widely discussed in the field. For example, competition from renewable energy leads to the 

decreased amount of coal consumed in the U.S. (Fell and Kaffine, 2018; Hauenstein and Holz, 

2021) and in China (Bloch et al., 2015). Likewise, rising oil prices diminish energy consumption 

and its related pollutants due to the substitution of capital and labour for oil (Agras and Chapman, 

1999; Richmond and Kaufmann, 2006). An oil price increase also induces interfuel substitution of 
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coal for oil, thus both energy consumption and carbon emissions tend to increase (Bloch et al., 

2015; Ruijven and Vuuren, 2009; Vielle and Viguier, 2007).  

Meanwhile, previous studies in Vietnam provide mixed findings (Table A.1 of the Appendix). 

Tang and Tan (2015) find evidence of the EKC since the income-emission relationship reveals an 

inverted U shape. Shahbaz et al. (2019) show that the income-pollution nexus resembles an N-type 

curve, which demonstrates an inverted U curve at low income levels, but beyond a second turning 

point, income causes emissions to rise again. Nevertheless, other studies point out that the EKC 

does not exist in Vietnam because carbon dioxide emissions exhibit a U-shaped relation with 

income (Vo and Ho, 2021), with industrial growth (Ali et al. 2020), and because the income-

pollution relationship is linear (Al-Mulali et al. 2015). It is clear that compared to carbon dioxide 

emissions, there is no studies on the EKC hypothesis for coal consumption. Hence, we add to the 

literature by investigating the income-coal consumption nexus to determine whether the coal-

induced EKC is valid in Vietnam.  

Furthermore, these studies suffer from several methodological weaknesses. When looking at 

studies using the ARDL method (Al-Mulali et al., 2015; Ali et al., 2020; Shahbaz et al., 2019; Vo 

and Ho, 2021), we find that only the overall F-test for the coefficients of the lagged level variables 

is applied.2 Neglecting the t-test on the lagged dependent variable and the F-test on the lagged 

regressors may lead to false inference as the null hypothesis of each test is correct (Kripfganz and 

Schneider, 2020; McNown et al., 2018; Sam et al., 2019). The second shortcoming is that few 

papers follow an adequate procedure to determine an inverted U relation between income and 

environment. The exact signs of per capita income and its square are necessary but not enough to 

prove if the relationship is inverted U- or U-shaped (Haans et al., 2016; Lind and Mehlum, 2010). 

One only exception is the study of Ali et al. (2020), which find the U-shaped linkage between 

                                                            

2 Vo and Ho (2021) even do not perform any tests for cointegration before estimating the long-run effects. 
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industrial growth and emissions, even though the slope coefficients at both endpoints of the sample 

range are not statistically different from zero.  

3. Methodology  

3.1. Model specification and data 

To test an inverted U relation of coal consumption with income, we follow the earlier studies (e.g. 

Hao et al., 2015; Kurniawan and Managi, 2018; and among others), which consider coal 

consumption as an environmental quality indicator. Besides, we incorporate other variables, 

namely consumption of renewable energy and oil prices, into the coal consumption function to 

treat the omitted variable bias. The inclusion of these variables also allows for assessing the 

possible substitution of renewable energy and oil for coal (Bloch et al. 2015). Moreover, Vietnam 

has implemented numerous policies for renewable energy development and carbon emission 

reduction (Nong, 2018; Nong et al., 2020). These have not only affected its energy and economic 

structure but also created the possibility of economic asymmetries. Furthermore, Vietnam is largely 

reliant on imported coal for power generation, asymmetries may thus arise in response to energy 

price volatility (Apergis and Gangopadhyay, 2020; Pham and Le, 2020). To this end, we specify 

the following empirical model to account for such asymmetries (Shin et al., 2014): 

𝐶𝑂𝐴𝐿𝑡 = 𝛼0 + 𝛼1𝐺𝐷𝑃𝑡 + 𝛼2𝐺𝐷𝑃𝑡2 + 𝛼3+𝑅𝐸𝑁𝑡+  

            +𝛼4−𝑅𝐸𝑁𝑡 − + 𝛼5+𝑂𝑃𝑡+ + 𝛼6−𝑂𝑃𝑡− + 𝜀𝑡                                                                                                     (3.1) 

Where t, COAL, GDP, REN, OP, and 𝑢𝑡 stand for time series dimension, coal consumption, real 

income, renewable energy consumption, crude oil prices, and error term, respectively. 𝛼𝑗(𝑗≥1) represent the long-run parameters. The coefficient 𝛼1 is supposed to be positive to reflect 

the scale effect of income while the coefficient 𝛼2 is supposed to be negative to capture the effects 

of composition and technique which tend to lower the use of polluting energy (Suri and Chapman, 

1998). An inverted U relation is sufficiently established only if: (i) the coefficients 𝛼1 and 𝛼2 are 
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statistically significant with the right signs; (ii) the slope is not flattened at both endpoints of the 

per capita income range, and (iii) the turning point is entirely placed within this income range 

(Haans et al., 2016; Lind and Mehlum, 2010). We apply this three-step procedure to make a robust 

conclusion on the shape of the relationship. Furthermore, 𝑅𝐸𝑁𝑡+ and 𝑅𝐸𝑁𝑡− represent the partial 

sum of increases and decreases in consumption of renewable energy, 𝑂𝑃𝑡+ and 𝑂𝑃𝑡− indicate the 

partial sum of rises and falls in oil prices. Following Shin et al. (2014), 𝑅𝐸𝑁𝑡+, 𝑅𝐸𝑁𝑡−, 𝑂𝑃𝑡+ and 𝑂𝑃𝑡− are measured on the following Eqs. 3.2-3.5: 

𝑅𝐸𝑁𝑡+ =  ∑ ∆𝑅𝐸𝑁𝑖+𝑡𝑖=1 =  ∑ max(∆𝑅𝐸𝑁𝑖 , 0)𝑡𝑖=1                                              (3.2) 

𝑅𝐸𝑁𝑡− =  ∑ ∆𝑅𝐸𝑁𝑖−𝑡𝑖=1 =  ∑ min(∆𝑅𝐸𝑁𝑖 , 0)𝑡𝑖=1                                                       (3.3) 

𝑂𝑃𝑡+ =  ∑ ∆𝑂𝑃𝑖+𝑡𝑖=1 =  ∑ max(∆𝑂𝑃𝑖 , 0)𝑡𝑖=1                                                      (3.4) 

𝑂𝑃𝑡− =  ∑ ∆𝑂𝑃𝑖−𝑡𝑖=1 =  ∑ min(∆𝑂𝑃𝑖 , 0)𝑡𝑖=1                                             (3.5) 

Data for population and income are extracted from the World Development Indicators while data 

for coal consumption, renewable energy consumption, and crude oil prices are from the BP 

Statistical Review of World Energy. The annual data of Vietnam span the period 1984-2019 for 

the extent to which declared data for the variables are obtainable. All the series are transformed 

into natural logarithms to handle heteroscedasticity and provide the elasticities of coal 

consumption. Tables A.2 and A.3 present definitions, data sources, and summary statistics. As 

illustrated in Figure 1, Vietnam’s per capita income has grown by about 6.06% per year since 1984 

while coal consumption has increased annually by approximately 8.6% in the 1984-2019 period 

and nearly 16% since 2015. In the same period, the share of renewable energy consumption, 

including hydropower, has fluctuated around 17% (Figure 2).3 

[Figure 1 could be here] 

                                                            

3 Vietnam has great potential for renewable energy but until now the energy sector is dominated by fossil fuels 
(Thong et al., 2021). 
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[Figure 2 could be here] 

3.2. Test of stationarity 

We use two tests for a unit root proposed by Dickey and Fuller (1979) and Phillips and Perron 

(1988) to determine the stationary properties of time series. Moreover, we base the Schwarz 

information criterion (SIC) on specifying the optimal number of lags of the augmented Dickey and 

Fuller test while the Phillips and Perron test uses the Bartlett kernel for spectral estimation with 

Newey-West bandwidth selection. Table 1 shows the results of those tests. We find that the 

variables are first-difference stationary, which is I(1), except for GDP and GDP squared, which 

have shown to be trend stationary. However, standard unit root tests provide inconclusive results 

in the existence of breaks in time series (Perron 1989). We thus test for a unit root using the 

breakpoint unit root test (Vogelsang and Perron, 1998), which accounts for an unknown structural 

break, and its results are exhibited in Table 2. Generally, we can conclude that all the examined 

variables seem to be integrated of order not exceeding two in both the absence and presence of a 

structural break, therefore, the NARDL model can be applied.  

[Table 1 could be here] 

[Table 2 could be here] 

3.3.  Nonlinear autoregressive distributed lag (NARDL) model 

Shin et al. (2014) argue that the static model regression (Eq. 3.1) does not handle the endogeneity 

and error serial correlation concerns. The estimated parameters using the OLS method are super-

consistent but not asymptotically normal, test for cointegration, therefore, is no longer applicable. 

Shin et al. (2014) propose the use of the NARDL approach because of its advantages over others. 

First, like the ARDL approach, it does not require that all the regressors are I(1). A second 

advantage is that the NARDL mitigates the endogeneity bias and the residual serial correlation if 

an adequate number of lags is comprised. In the case where cointegration is detected, the NARDL-
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based conditional error correction model (ECM) enables estimating the short- and long-run 

parameters simultaneously. For these reasons, we employ the NARDL model to investigate if there 

is an inverted U relation of coal consumption with income in Vietnam. To this end, the NARDL 

model used in the present paper is expressed as follows: 

𝐶𝑂𝐴𝐿𝑡 = 𝑐0 + ∑ 𝜙1𝑖𝐶𝑂𝐴𝐿𝑡−𝑖𝑝𝑖=1 + ∑ 𝛽2𝑖𝐺𝐷𝑃𝑡−𝑖𝑝𝑖=0 + ∑ 𝛽3𝑖𝐺𝐷𝑃𝑡−𝑖2𝑝𝑖=0   

               + ∑ 𝛽4𝑖+𝑅𝐸𝑁𝑡−𝑖+𝑝𝑖=0 + ∑ 𝛽5𝑖− 𝑅𝐸𝑁𝑡−𝑖−𝑝𝑖=0 + ∑ 𝛽6𝑖+ 𝑂𝑃𝑡−𝑖+𝑝𝑖=0   

               + ∑ 𝛾7𝑖− ∆𝑂𝑃𝑡−𝑖−𝑝−1𝑖=0 + 𝜗𝑡                                                                        (3.6) 

Where 𝑐0 is a constant term, 𝜙𝑖 are the autoregressive coefficients, 𝛽2𝑖  and 𝛽3𝑖 are correspondingly 

the distributed-lag coefficients for the nonlinear relation between income and coal consumption, 

and 𝛽4𝑖to 𝛽7𝑖 are correspondingly the asymmetric distributed-lag coefficients of positive and 

negative changes in renewable energy consumption and oil prices. Alternatively, the conditional 

nonlinear ECM (Eq. 3.7a) can be obtained as follows:  

∆𝐶𝑂𝐴𝐿𝑡 = 𝛾0 + ∑ 𝛾1𝑖∆𝐶𝑂𝐴𝐿𝑡−𝑖𝑝−1𝑖=1 + ∑ 𝛾2𝑖∆𝐺𝐷𝑃𝑡−𝑖𝑝−1𝑖=0 + ∑ 𝛾3𝑖∆𝐺𝐷𝑃𝑡−𝑖2𝑝−1𝑖=0   

               + ∑ 𝛾4𝑖+∆𝑅𝐸𝑁𝑡−𝑖+𝑝−1𝑖=0 + ∑ 𝛾5𝑖− ∆𝑅𝐸𝑁𝑡−𝑖−𝑝−1𝑖=0 + ∑ 𝛾6𝑖+ ∆𝑂𝑃𝑡−𝑖+𝑝−1𝑖=0   

               + ∑ 𝛾7𝑖− ∆𝑂𝑃𝑡−𝑖−𝑝−1𝑖=0 + 𝛾8𝐷𝑡 + 𝛿0𝐶𝑂𝐴𝐿𝑡−1 + 𝛿1𝐺𝐷𝑃𝑡−1 + 𝛿2𝐺𝐷𝑃𝑡−12   

               + 𝛿3+𝑅𝐸𝑁𝑡−1 + + 𝛿4−𝑅𝐸𝑁𝑡−1 − + 𝛿5+𝑂𝑃𝑡−1+ + 𝛿6−𝑂𝑃𝑡−1− + 𝑒𝑡                                 (3.7a)           

                = 𝛾0 + ∑ 𝛾1𝑖∆𝐶𝑂𝐴𝐿𝑡−𝑖𝑝−1𝑖=1 + ∑ 𝛾2𝑖∆𝐺𝐷𝑃𝑡−𝑖𝑝−1𝑖=0 + ∑ 𝛾3𝑖∆𝐺𝐷𝑃𝑡−𝑖2𝑝−1𝑖=0   

               + ∑ 𝛾4𝑖+∆𝑅𝐸𝑁𝑡−𝑖+𝑝−1𝑖=0 + ∑ 𝛾5𝑖− ∆𝑅𝐸𝑁𝑡−𝑖−𝑝−1𝑖=0 + ∑ 𝛾6𝑖+ ∆𝑂𝑃𝑡−𝑖+𝑝−1𝑖=0   

               + ∑ 𝛾7𝑖− ∆𝑂𝑃𝑡−𝑖−𝑝−1𝑖=0 + 𝛾8𝐷𝑡 + 𝜃𝐸𝐶𝑇𝑡−1 + 𝑒𝑡                                         (3.7b) 

Where ∆ shows differenced variables, 𝛾0 denotes a constant, δ0 is the sum of the autoregressive 

coefficients minus one, δ1 and δ2 are respectively the sum of the distributed-lag coefficients for 

GDP and GDP squared, and 𝛿 = (𝛿3+, 𝛿4−, 𝛿5+, 𝛿6−) denote correspondingly the sum of the 
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asymmetric distributed-lag coefficients. The latter partially reflects the long-run asymmetric 

influences of increases and decreases in renewable energy consumption and oil prices on coal 

consumption. While ∑ 𝛾4𝑖+𝑝𝑖=1  and ∑ 𝛾5𝑖−𝑝𝑖=1  stand for the short-run coefficients of renewable energy 

consumption, ∑ 𝛾6𝑖+𝑝𝑖=1  and ∑ 𝛾7𝑖−𝑝𝑖=1  represent the short-run coefficients of oil prices. Note that a 

dummy variable 𝐷𝑡 (the year 2015) is included to account for becoming a net coal importer of 

Vietnam since 2015. The lag length selection of the dependent variable and each explanatory 

variable (p) relies on the Akaike information criterion (AIC). Besides, ECTt-1 is the term of error 

correction and 𝜃 is the speed of adjustment coefficient to the equilibrium required to be 

significantly negative for measuring how quickly the disequilibrium is corrected over one period.  

After estimating Eq. 3.7a with the OLS method, we utilize the bounds testing procedure proposed 

by Pesaran et al. (2001) for cointegration, and augmented with the third test by McNown et al. 

(2018): 

i. Overall F-test for the coefficients of the lagged variables in levels:  𝐻0: 𝛿j(j=0,1,2,3,4,5,6)=0 

versus 𝐻1: any 𝛿j ≠ 0 

ii. t-test for the coefficient of the lagged dependent variable in level:  𝐻0: 𝛿0=0 versus 𝐻1: 𝛿0< 0 

iii. F-test for the coefficients of the lagged independent variables in levels:  𝐻0: 𝛿j'(j'=1,2,3,4,5,6)=0 

versus 𝐻1: any 𝛿j' ≠ 0 

Because asymptotic distributions of the test statistics are nonstandard under the null hypothesis, 

Pesaran et al. (2001) utilize stochastic simulations to generate asymptotic critical values of overall 

F- test and t- test. We can find small sample critical values of overall F-test in Narayan (2005) and 

F-test in Sam et al. (2019). The lower-bounds and upper-bounds critical values are calculated 

assuming that all the regressors are either purely I(0) or purely I(1), correspondingly. If computed 

test statistics are within the critical value bounds, we fail to draw a conclusive inference on the 

respective null hypothesis. On the contrary, it is possible to give a conclusive decision so long as 
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the computed statistics are outside of the critical value bounds. Note that the critical values of the 

test statistics vary from the number of the regressors (k) in the level equation, whether deterministic 

components (intercept and trend) are included, and the sample size. On account of the complicated 

interactions underlying partial sum decompositions of the independent variables, it seems not 

apparent that the precise number of k should be taken to get the critical value bounds for the 

respective tests. Shin et al. (2014) propose the use of 𝑘 = 6 in Eq. 3.1 and 𝑘 = 4 in the case where 

the level equation is symmetric.  

The imprecise inference can be drawn if only the null joint hypothesis in the step (i) is rejected 

because the alternative hypothesis also covers either 𝛿0=0 and any 𝛿j' ≠ 0, or 𝛿0< 0 and 𝛿j'=0. These 

are treated as two degenerate cases, which mean that no cointegration exists among the outlined 

variables. Many studies neglect to perform the steps (ii) and (iii), hence they fail to reach a valid 

conclusion. In the case of the rejection of all three null hypotheses, the cointegrating relationship 

is found. We can thus use the NARDL approach to the estimation of the long-run effects in Eq. 3.1 

as 𝛼𝑗 = −𝛿𝑗 𝛿0⁄ , respectively, and the short-run dynamic coefficients in Eq. 3.7b.  

Thereafter, we perform tests for asymmetry in the relationship between the variables. The Wald 

tests are employed to test the null hypothesis of symmetry in the short term (𝐻0: 𝛾 =  𝛾+ =  𝛾−) 

as well as in the long term (𝐻0: 𝛿 = 𝛿+ =  𝛿−). Non-rejection of the null hypotheses means that 

the NARDL model is unnecessarily complicated. However, if we reject the null hypotheses, the 

NARDL is appropriate for analysing the short- and long-run asymmetries jointly. Finally, the 

asymmetric dynamic multiplier effects of one-unit changes in 𝑅𝐸𝑁𝑡+, 𝑅𝐸𝑁𝑡−, 𝑂𝑃𝑡+ and 𝑂𝑃𝑡− are 

calculated in Eq. 3.8 and Eq. 3.9. 

𝑚𝑞+ = ∑ 𝜕𝐶𝑂𝐴𝐿𝑡+𝑗𝜕𝑅𝐸𝑁𝑡+𝑞𝑗=0 ,  𝑚𝑞− = ∑ 𝜕𝐶𝑂𝐴𝐿𝑡+𝑗𝜕𝑅𝐸𝑁𝑡−𝑞𝑗=0  with q = 0, 1, 2, …                              (3.8) 

It should be noted that if 𝑞 → ∞, and then 𝑚𝑞 + → 𝛼3+, 𝑚𝑞 − → 𝛼4−. 
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 𝑚𝑞+ = ∑ 𝜕𝐶𝑂𝐴𝐿𝑡+𝑗𝜕𝑂𝑃𝑡+𝑞𝑗=0 , 𝑚𝑞− = ∑ 𝜕𝐶𝑂𝐴𝐿𝑡+𝑗𝜕𝑂𝑃𝑡−𝑞𝑗=0   with q = 0, 1, 2, …                                (3.9) 

It should be similarly noted that if 𝑞 → ∞, and then 𝑚𝑞 + → 𝛼5+, 𝑚𝑞 − → 𝛼6−. 
These cumulative dynamic multipliers delineate the patterns of adjustment in response to shocks 

to the explanatory variables toward a new equilibrium. To this end, the NARDL model can capture 

three types of asymmetry: (i) the asymmetric long-run coefficients; (ii) the short-run dynamics; 

and (iii) the asymmetric adjustment which depends on the interaction between the short- and long-

run asymmetries as well as the error correction coefficient (Shin et al., 2014). The investigation of 

the dynamic adjustment paths will provide further information on the difference between the 

asymmetric dynamic multipliers at any time horizon, q.  

4. Results and discussion 

Let us now turn to test for cointegration among the variables. Because annual data are used in this 

study, the maximum lag is set to equal 2 while the lag length selection is based upon AIC to prevent 

the model from under-fit. We estimate the conditional ECM (Eq. 3.7a) with the OLS method. The 

diagnostic tests show that the regression model does not suffer from non-normality, residual serial 

correlation, and heteroscedasticity at the 5% level. Besides, the lines of the cumulative sum of 

recursive residuals (CUSUM) and its square (CUSUMSQ) imply the stability of the estimated 

parameters over the sample period. The test results are illustrated in Table 3.  

[Table 3 could be here] 

As presented in Table 3, since the computed Foverall, tDV, and FIDV statistics exceed their respective 

1% upper bounds, three null hypotheses may be rejected. Thus, we find that there is statistical 

evidence for the presence of the cointegrating relationship between the investigated variables. The 

long-run effects and the short-run dynamics can be estimated under the NARDL (2, 1, 2, 2, 2, 2, 

2) specification (Tables 4 and 5, respectively). We note in Table 5 that the error correction 
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coefficient (ECT) is -1.229, implying that the adjustment toward equilibrium is achieved in a 

fluctuating way (Narayan and Smyth, 2006).   

[Table 4 could be here] 

[Table 5 could be here] 

First and foremost, though the coefficients of per capita income and its square are significantly 

negative and positive, respectively, it is not sufficient to conclude that the income-coal 

consumption relation exhibits a U-shape (Haans et al., 2016; Lind and Mehlum, 2010).4 The two 

next steps need to be performed to ensure the necessary and sufficient conditions (Table A.5). 

Using the Delta method, we find that the slope coefficients at both ends of the income range are 

positive and significant at the 5% level; and the upper bound of the 95% confidence interval of the 

turning point stays below the low end of the range. Based on these results, it is fairly to conclude 

that the income-coal consumption relationship resembles a monotonic but nonlinear curve, instead 

of an EKC.5  

This finding concurs with previous studies, such as Agras and Chapman (1999); Lawson and 

Nguyen-Van (2020); Nguyen-Van (2010); Richmond and Kaufmann (2006); Suri and Chapman 

(1998); and Zhang et al. (2018), which show the upward-sloping linkage between income and 

energy consumption. However, our finding differs from that of Hao et al. (2015); Kurniawan and 

Managi (2018); and Qiao et al. (2019), which highlight that the coal-induced EKC hypothesis holds 

in China and Indonesia. It may be explained that the peak of coal consumption compassed in China 

and Indonesia. By contrast, the amount of coal consumed has increased at an increasing rate as the 

                                                            
4 The coefficients on per capita income and its squared and cubic terms are insignificant when the cubic term is also 

included, thus we do not consider it for the case of coal consumption. 

5
 In addition, by using the locally weighted regression, this shape of the relationship between these variables is 

confirmed (not reported here but available from the corresponding author upon request). 
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scale of economic activities become larger in Vietnam. In other words, the income elasticity of the 

demand for coal does seem to rise with per capita income. More particularly, we find that the 

estimated elasticities are in the range of 2.01 to 4.78 over the 1984-2019 period, based on the 

NARDL estimation results (Table A.5). A possible explanation for this might be that Vietnam’s 

rapid economic growth drives energy demand. Because of its cost-related advantages, coal 

constitutes a prominent part of the energy structure. This, in turn, leads to its higher income 

elasticity of coal relative to other energy sources. Another possible explanation, however, is that 

since the higher the elasticity, the higher the energy intensity, the less efficient the coal 

consumption. This result may be because most energy-intensive industries are subsidized by cheap 

energy (Dorband et al., 2020; Le, 2019).6 

[Table 6 could be here] 

Furthermore, we use the Wald tests to test for asymmetries (Table 6). Regarding renewable energy, 

we can reject the null hypotheses of symmetry at the 5% level. It indicates that the renewable 

energy effect on coal consumption is asymmetric in both the short and long run. Besides, we find 

that the impact of oil price shocks is asymmetric only in the long run because we fail to reject the 

null hypothesis of short-run symmetry even at the 15% level. Thus, using the NARDL approach is 

needed to model the nonlinear relationship between the variables. 

In evaluating the patterns of adjustment of coal consumption following the shocks, it is 

straightforward and useful to generate asymmetric dynamic multipliers. Figure 3 demonstrates the 

respective dynamic multipliers for positive and negative shocks to the usage of renewable energy 

and oil prices. The dynamic multiplier effects of positive and negative shocks are represented by 

the continuous black lines as well as the dashed black lines at a given period, correspondingly. The 

dotted thick black lines denote the difference among the asymmetric dynamic multipliers 

                                                            

6 Le (2019) find the substitution of energy for capital due to subsidized energy prices for the manufacturing sector. 
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underlying the positive and negative shocks, correspondingly, while the dotted thin black lines 

show the 95% confidence intervals for this difference. Overall, the confidence intervals support 

the results of the Wald tests. Moreover, it appears that the full adjustment toward new equilibrium 

is obtained within three years of the shock either to renewable energy or to oil prices. 

[Figure 3 could be here] 

Focusing on Figure 3(a), we find that a positive shock to renewable energy consumption 

significantly and negatively affects the amount of coal consumed while the impact of a negative 

shock is adverse. This negative relationship reflects the fact that renewable energy may be a 

substitute for coal in terms of consumption. It is consistent with the finding by Bloch et al. (2015), 

which ascertains the substitution of renewable energy for coal in China. Moreover, we find that 

the negative shocks are more predominant than the positive ones. In particular, a 1% expansion in 

the proportion of renewable energy consumption reduces the amount of coal consumed by 0.647% 

whereas its decrease by 1% results in a 2.301% increase in the use of coal in Vietnam (Table 4). 

Nevertheless, we find that the fall in the proportion of renewable energy causes the amount of coal 

consumed to decrease in the short run (Table 5). The relationship is found to be significantly 

positive in the short run because of the dominant effect of its decreased share. These results thus 

show that the relationship may switch from positive in the short run to negative in the long run, 

which is also visible in Figure 3(a). In spite of this, it seems that renewable energy and coal are 

long-run substitutes. 

Besides, Figure 3(b) reveals that coal consumption are positively associated with oil prices in the 

long term, because the positive shock to oil prices dominantly and positively affects the amount of 

coal consumed, while the impact of the negative shock is negative but insignificant. More 

specifically, we find that a 1% growth in oil prices results in a rise in coal consumption by 0.781%, 

other things kept constant (Table 4). This finding is opposed to that by Agras and Chapman (1999), 

which highlights that an oil price increase drives a reduction in energy consumption and energy-
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related emissions. By contrast, this result is somewhat consistent with that by Apergis and 

Gangopadhyay (2020), which shows that increasing oil prices is followed by a growth in energy 

consumption whereas a fall in oil prices diminishes energy consumption in Vietnam. Similarly, 

Bloch et al. (2015) find a positive influence of oil prices on coal consumption in China. It seems 

possible that this finding is due to the fuel substitution effect. That is, on the one hand, an oil price 

increase may trigger incentives for alternative energy sources. As the transition to renewable 

energy is insufficient because of the institutional, technological, and financial barriers in Vietnam 

(Dorband et al., 2020; Nong, Wang, and Al-Amin, 2020), the substitution of coal for oil is 

economically inevitable but not environmentally desirable (Ruijven and Vuuren, 2009; Vielle and 

Viguier, 2007). On the other hand, inter-fuel substitution is not likely to occur when oil prices 

decrease.  

5. Conclusion and policy implications 

Our study sets out to test for an inverted U relation of coal consumption with income in Vietnam 

for the period 1984-2019. In doing so, it allows us to determine whether the coal-induced EKC 

hypothesis is valid. Moreover, to mitigate the omitted variables bias, we add two variables, namely 

renewable energy consumption and oil prices, to the standard EKC model. These variables may 

reflect the substitution effects on coal consumption. Before concluding on the validity of the EKC, 

it is necessary to follow adequate procedures when using the ARDL/NARDL cointegration 

approach as well as testing for an inverted U-type relationship. In this study, we adopt the NARDL 

approach that accounts for asymmetries and endogeneity. The bounds test results show that the test 

statistics lie above the 5% upper bounds and hence reject the null hypothesis that no cointegration 

exists. We can conclude that the cointegrating relationship is confirmed between the investigated 

variables. The elasticities for coal consumption are thus estimated. 

Besides, this study follows the three-step framework to test for an inverted U-shaped linkage 

between income and coal consumption. Although we find that the estimated coefficients of per 
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capita income and its square are significantly negative and positive, respectively, there is not 

sufficient evidence to support a U-shaped curve. Using the Delta method, we find that slope 

coefficients at both ends of the income range are positive and significant at the 5% level; and the 

lowest value of per capita income surpasses the upper bound of the 95% confidence interval of the 

turning point. Hence, only nearly one latter half of the U-shaped curve is fitted by data. It reveals 

that the hypothesis of the EKC for coal consumption does not hold in Vietnam.  

Based on the NARDL estimation results, further conclusions and policy implications are specified 

as follows.  

First, there is evidence of the upward-sloping relationship between income and coal consumption, 

instead of the inverted U-type one. In particular, we find that coal consumption rises with income 

at an increasing rate within the study period. Put it differently, the estimated income elasticities are 

greater than unity and range from 2.01 to about 4.78 over the per capita income range between 

$378 and $2082, respectively. The income elasticity is an important factor influencing the amount 

of coal purchased and used for electricity generation. However, the high elasticity does not mean 

that we perceive coal as a luxury good in Vietnam. It can be explained that at low levels of income, 

the amount of coal consumed increases with the scale of economic activities driven by subsidies 

for energy-intensive industries and underpricing of coal and among others. Therefore, without 

policy improvements, environmental risks from coal use will continue to grow in Vietnam. To 

fulfil the emission goals, it is an urgent need for more stringent policy interventions, such as 

eliminating existing subsidies for coal, imposing a carbon price for large emitters, and boosting the 

low carbon transformation. 

Second, we find that a one-unit rise in the portion of renewable energy causes a reduction in coal 

consumption. By contrast, a one-unit decrease in its share is compensated by the increased coal 

consumption at a larger magnitude. In other words, coal consumption is more responsive to 

decreases than increases in renewable energy consumption. The presence of asymmetry deserves 
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considerable attention from policy-makers. In general, it seems that the replacement of coal with 

renewable energy would cover emission reduction targets while it does not jeopardize economic 

growth. Concurrently, a policy priority should be to ensure the sustainable development of 

renewable energy, such as upgrading power transmission networks, promoting green finance, and 

implementing a direct purchase mechanism between developers and customers. 

Third, we also find that the growth of coal consumption coincides with rising oil prices. It implies 

that Vietnam should underscore the energy mix diversification with renewable energies when oil 

prices increase. The rise of oil prices offers further opportunities to remove policy distortions such 

as subsidies that favour large energy-consuming enterprises. The energy market now is dominated 

by state-owned enterprises and prices are strictly regulated by the government. There is, therefore, 

a definite need for making it more competitive. Securing competitive energy prices is essential 

when it relates to the allocation of resources and the efficiency of energy use. 

Since the present study is limited to investigating the substitution of renewables and oil for coal, 

future research should be undertaken on the inter-factor and inter-fuel substitution in Vietnam. The 

emission mitigation effects of environmental protection tax and energy structure change are other 

important issues for further work. 

Appendix 

[Insert Table A.1 here] 

[Insert Table A.2 here] 

[Insert Table A.3 here] 

[Insert Table A.4 here] 

[Insert Table A.5 here] 
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Figure 1

Coal consumption per capita and GDP per capita.

Figure 2



Renewable energy consumption and oil prices.

Figure 3

Asymmetric dynamic multipliers. (a) renewable energy consumption (REN). (b) oil prices (OP).
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