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This study analyzes a dynamic long-run and short-run causal nexus between energy consumption and economic growth in the presence of capital, labor, and urbanization over the period 1971–2014, in Malaysia. The stationarity issue was tested using augmented Dickey–Fuller (ADF), Kwiatkowski–Phillips–Schmidt–Shin (KPSS), and Ng–Perron tests. However, a dynamic long-run co-integration relation between variables was checked through the ARDL technique. An unrestricted vector error correction model (MUVECM) was used to estimate the short-run and long-run dynamic relations between the parameters and the Engle–Granger method was used for causality analysis. Results of statistical analysis confirmed that all variables were found to be I (1) except variable labour was I(0) and none of the variables was I(2). Total energy consumption Granger caused GDP in one direction over the period 1992-2010 in the case of Croatia. However, labor and urbanization impacts were mixed. The Granger causality analysis confirmed mixed results in the short run and the long run. Moreover, estimated results confirmed a feedback hypothesis between income and capital was in the short term and the long run. The short-run and long-run causal effects of labor force on economic growth were confirmed. This study provides important insights to policymakers and energy economists. Prudent energy conservation policies and economically improved measures would be of great help. However, demand-side management-based policies would have no adverse effect on the economic performance of Malaysia.
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INTRODUCTION
Energy as a factor of production has been considered one of the dominant contributors in the growth process. In the existing energy economics literature, this issue has been extensively debated. The neo-classical economists have conflicting views. On the one end, neo-classical growth theorists acknowledged and valued labor and capital as the fundamental growth components; on the other end, they considered the role of energy as neutral by bringing it as a secondary factor in the production process. The biophysicists and ecologists have a strong view of the importance of energy and its role in income determination. Thus, the energy-dependent economies are greatly affected by energy consumption’s variations (Cleveland et al., 1984; Dale et al., 2012; Cleveland, 1999). The traditional neo-classical growth model considered energy as an intermediate component of production. No engineering production is possible without energy consumption; therefore, energy is crucial for production (Beaudreau, 1995; Ozturk, 2010).
A large body of literature produced controversial empirical investigations into the importance of energy. In this regard, the seminal work of Kraft and Kraft (1978) has opened a new avenue for discussion. An extensive body of research has been carried out to empirically assess the role of energy in the economic growth (GDP) perspective by applying various econometric techniques such as co-integration and causality analysis across countries (Lee, 2005; Costantini and Martini, 2010; Ozturk et al., 2010; Khan, 2015). Critical literature review still showed inconclusive evidence on the role of energy consumption in economic development (Costantini and Martini, 2010; Mahadevan and Asafu-Adjaye, 2007; Narayan and Smyth, 2008; Zamani, 2007). Previous studies based on the multivariate framework on small sample data were having serious statistical issues, i.e., variable omission bias. Due to this issue, some of the unobservable relationships have not been observed, causing misleading results and inferences (Stern, 1993; Odhiambo, 2009; Wang et al., 2011; Gross, 2012). Other studies based on causality analysis either on energy use and GDP or on electricity use and GDP also reported inconclusive findings concerning policy-related implications across countries (Ozturk, 2010). Subsequent studies in the literature used a multivariate approach by correcting weaknesses of the bivariate framework by investigating the energy and growth relationship such as Stern, 1993; Stern, 2000; Warr and Ayres, 2010; Sebri and Ben-Salha, 2014; Wang et al., 2011. Current literature on the topic usually has lacked theoretical foundations in multivariate and causality analysis. Different macroeconomic variables have been used to examine the mutual relationships among the variables, for example, reviewing causal links between energy use and output, a multivariate approach in their work on the basis of the neo-classical theory by Ghali and El-Sakka (2004) and Soytas and Sari (2007); however, the results of the study failed to accept the neo-classical growth model of the neutrality assumption of energy in economic growth.
Malaysia is one of the rapidly growing upper-middle economies within the ASEAN region with a total of 2,126.8 billion kWh estimated electricity production, 118.5 billion kWh electricity consumption, and 12 million kWh calculable electricity exports (est. 2012). Out of the total installed capacity (est. 2012) in Malaysia, electricity was 87.6% from fossil fuels, 11.6% from hydroelectric plants, zero percent from atomic energy, and 0.8% from alternative renewable resources (cia.gov., 2013). Malaysia’s total primary energy supply growth was recorded at 5.9%, with the final energy use of 7.5%, showing Malaysia’s economic growth as energy-dependent and attributed to more energy consumption in the industrial sector. In 2012, Malaysia exported liquefied natural gas (LNG) to various neighboring countries, including Japan (62%), Korea (17%), Taiwan (12%), and China (9%). The final energy consumption recorded in 2012 was 7.5%. The highest energy demand of 36.8% was recorded in the transport sector, followed by the industrial sector with 29.8%, the non-energy sector with 16.0%, the residential and commercial sector with 15.1%, and the agricultural sector with 2.3%. There was an upward and rapid trending pattern of growth in energy; however, the trend in non-energy consumption, industrial, and agricultural sectors was upward but slower. Moreover, the initiation and progress of many infrastructures related projects under the umbrella of the Economic Transformation Programme (ETP), for example, MY Rapid Transit, providing significantly and positively noteworthy spill-over impacts to activities in the local manufacturing and services segments. In 2012, healthy growth in the construction sector was a reflection of these developments (Energy Commissiom, 2012).
Energy has been considered a vital and fast driver of social and economic development. Effectiveness and economic levels of energy consumption in numerous sectors determine the economic prosperity of a nation. The quickly growing industrialization and better living standards of Malaysian people have considerably inflated energy consumption. In the last three decades, increasing urbanization and rapidly growing industrial growth in Malaysia have increased the combined demand for energy consumption (National Energy Balance Malaysia, 2009). The average energy consumption demand of 5% in 1980 rose to 12% in 2009 (Nanthakumar and Subramaniam, 2010). Thus, the growing energy use and its adverse environmental effects in Malaysia have increased the issues regarding the subject. To attenuate the speedy increase in energy consumption and safeguard the surroundings from its harmful effects, utilization of energy resources with the best economical means is of prime importance (Nanthakumar and Subramaniam, 2010; Razali et al., 2015; Shahbaz et al., 2013; Tang and Tan, 2014; Razali et al., 2015; Solarin and Shahbaz, 2015; Omri and Kahouli, 2014; Tang and Tan, 2013; Kivyiro and Arminen, 2014).
The current paper attempts to investigate a multivariate dynamic causal link between energy consumption and GDP through the ARDL technique in Malaysian economy over an extended time from 1971 to 2014, to find new alternatives for efficient use of energy resources to attenuate the rapidly growing energy consumption, and to suggest policy implications. This study contributes to the existing literature in two directions: 1) Compared to the other studies of Malaysia, see, for example, Razali et al., 2015; Shahbaz et al., 2013; Tang and Tan, 2014; Solarin and Shahbaz, 2015, this research based on an extended period up to 2014 with the longer justification period may explore the time series of the data in a better way and provide statistically reliable results if appropriately analyzed. 2) The portfolio of the exogenous variables used in this research distinguishes this paper from the earlier available research studies carried out in the area concerning Malaysia’s context (Omri and Kahouli, 2014; Shahbaz et al., 2013; Tang and Tan, 2013; Kivyiro and Arminen, 2014; Chandran et al., 2010). The remaining paper consists of the following sections.
Literature Review discusses previous literature. Data collection, model specification, and methodology are presented in Model Specification, Methodological Framework, and Collection of Data. Results and discussion are part of Results and Discussion. Conclusion and Policy Implications concludes with some policy implications.
LITERATURE REVIEW
Many studies are available to investigate the causal relationship between energy consumption and GDP at an individual country level and in a panel of countries. The economists and the environmental experts examined the causal nexus of income and energy consumption because the investigation and direction of causation between the variables have practical importance concerning policy implications to the policymakers for formulating appropriate policies associated with energy–growth and sustainable economic development of a country (Tang and Tan, 2013). Mainly, these studies can be categorized into two strands. The first strand of studies applied various co-integration and causality techniques in a bivariate framework to obtain the final results, while other strands of researchers incorporated other determining factors into a multivariate model to appropriately model the causal relationship, avoid the omitted variable bias problem, and give extensive policy suggestions to the policymakers. Thus, we considered some recent studies on the subject in general and more specifically on the Malaysian context because the paper is specific to Malaysia to shed light on the subject and to discuss the recent development on energy–growth causal relationship.
The seminal work of Kraft and Kraft (1978) opened a new debate for the researchers on the subject by conducting a study in the United States to determine the empirical relationship between gross energy inputs and gross national product (GNP) to investigate a causal link between the variables. The estimated results of the research showed a causal link running from GNP to gross energy in one direction, but the inverse was not valid. The researcher concluded that, in the case of the United States, the common belief of the researchers that energy conservation adversely influenced economic development was not true.
Previous papers based on the bivariate framework attempted to find the causal relationship between energy use and GDP and provided varied results in respect of causality, for example, Ebohon, 1996; Ayres et al., 2007; Ocal and Aslan, 2013; Erdal et al., 2008; Zhang, 2011. Energy consumption and real per capita GDP were found to be co-integrated and causality running in both directions (Erdal et al., 2008); bidirectional causality was found between technological progression and air pollution in top 10 polluted MENA countries; divergent causal relation between energy consumption and economic growth, urbanization, and energy use revealed N shape relation (Sinha et al., 2020; Sinha et al., 2018; Sinha et al., 2017), and renewable energy and carbon dioxide showed negative association for Indian economy (Sinha and Shahbaz, 2018). In the case of Russia, a study confirmed a dynamic long-run relationship between energy consumption and per capita GDP. It also showed a bidirectional causal link between variables (Zhang, 2011). One should be more cautious while suggesting policy implications explicitly based on the bivariate relationship between energy use and economic growth (Zhang, 2011; Zachariadis, 2007); renewable energy causes GDP per capita but no reverse causation from income to renewable energy in the case of Turkey (Ocal and Aslan, 2013). The causality of renewable energy to income was not uniform between countries. For some countries, energy stimulates economic growth and economic growth increases energy use such as in Switzerland, but in the case of Pakistan, France, Korea, Germany, and Belgium, only one-way causation was found. Total energy consumption analysis by Granger causes GDP in one direction over the period 1992–2010 in the case of Croatia (Yoo and Ku, 2009; Borozan, 2013). Technological innovations play a key role in sustainability and energy efficiency for MENA countries (Chen et al., 2021). Economic growth, energy use, and trade openness showed asymmetric impact on CO2 emission in Indian economy, showing that the prevailing growth pattern of India is non-sustainable (Shahbaz et al., 2021).
Energy–Growth Nexus and the Case of Malaysia
The current study is Malaysia specific; therefore, we discuss here the available literature on the subject both in the bivariate and in the multivariate framework concerning Malaysia. A multivariate study was conducted by Tang and Tan (2013) on energy–growth nexus by including energy prices and technological innovation in the model to investigate the causal relationship between the variables from 1970 to 2009. The estimated results of the study showed a long-run positive impact of income on electricity consumption, while energy prices and technology innovation negatively influenced electricity consumption in the long run. The causality was running from innovative technology to electricity consumption and economic growth in Malaysia in the long run, while energy consumption and income showed bidirectional causal association in both the long run and the short run. A study was conducted by Chandran et al. (2010) in both bivariate and multivariate environments using the ARDL bound test over the period 1971–2003, and electricity consumption caused GDP in the short run. Economic Growth Granger caused electricity generation in uni-direction, but a causal relationship was evidenced between prices and GDP (Lean and Smyth, 2010), over the period 1971–2008. In a multivariate research framework, Azlina and Mustapha (2012) investigated a relationship between energy utilization, economic growth, and CO2 by applying the VECM on annual data over the period 1970–2010 and concluded that causality was running from energy consumption to GDP and from CO2 to energy consumption as well as economic growth in Malaysia. The ARDL bound test, DOLS test, and SLM U (Sasabuchi–Lind–Mehlum U) test confirmed that energy consumption/capita and GDP (Chen et al., 2021) per capita have positive impact on CO2, but the impact of population growth was non-significant in Malaysia (Begum et al., 2015). A multivariate study conducted by Razali et al. (2015) over the period 1971–2013 using VAR and VECM procedures, in the case of Malaysia, concluded that a long-run relationship was present between energy consumption, income per capita, population growth, and trade openness.
Model Specification, Methodological Framework, and Collection of Data
Modeling Economic Growth and Energy Consumption
This study aimed to empirically investigate the dynamic association between energy consumption and income per capita in Malaysia, using yearly data series ranging from 1971 to 2014. To this end, we used Cobb–Douglas function by incorporating capital, labor, and urbanization as added inputs to determine the links between energy use and real GDP per capita. The Cobb–Douglas production function has the following general form:
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Here, O is real per capita GDP, used as a proxy for economic growth; A is technology; E is energy; C is capital; L is labor; and U is urbanization, respectively. The small letter, e, is residual and is assumed to be i.i.d.(0, [image: image]). The notations [image: image], [image: image], [image: image], and [image: image] are the respective return to scale parameters of the given variables. To get linear and consistent parameter estimates, we transformed the Cobb–Douglas function into logarithmic form, and then log-linear specification was achieved. Following Yoo and Ku, 2009; Borozan, 2013; Chen et al., 2021, we used a log-linear specification model to assess the link between real-term per capita GDP and energy use to ensure the consistency and efficiency of the estimates. The log-linear form of Eq. 1 can be represented as1
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Methodology
Augmented Dickey–Fuller (ADF) (Shahbaz et al., 2021), Kwiatkowski–Phillips–Schmidt–Shin (KPSS) (Lean and Smyth, 2010), and Ng–Perron tests were applied.
Keeping in mind the objectives of this paper and the nature of the data, we tested unit root issues, if any of the variable(s) has. The time of the data is longer, so is a likelihood that the series exhibit upward or downward trends. The trending behavior of the data indicates that location and scale parameters are time-dependent. In such cases, the estimated results of ordinary regression proved to be spurious. Inferences based on these results mislead and are detrimental to both short-term and long-term policies. Thus, to empirically check the stationarity issue, various unit root tests, such as ADF (Shahbaz et al., 2021), KPSS (Lean and Smyth, 2010), and Ng–Perron tests, were applied. The ARDL bound test developed by Azlina and Mustapha (2012) was applied to test the long-run co-integration between the variables. For investigation of the long- and short-run relationships between series energy consumption and real per capita GDP, the following equations specified:
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Here, [image: image] = operator for difference and [image: image] = residual of the t-th-period time.
For optimal lag of the first difference regression, we used the Akaike information criterion (AIC) and SBC. The F-distribution can be calculated appropriately. Once the appropriate lag orders of the included series are determined, then F-statistics are used. The joint significance of the coefficients of lagged variables is tested by F-test (Pesaran et al., 2001), with the null (no long-run relationship) and alternative hypotheses as
[image: image]
For investigating the co-integration relationship between variables, two separate, asymptotic critical values were calculated: one for a lower critical bound (LCB) and the other for an upper critical bound (UCB) (Pesaran et al., 2001). The series is assumed to be I(0), in the case of LCB; however, in the case of UCB, all the variables of the series are assumed to be I(1). The value may likely be anywhere in these two bounds. Thus, 
1. If [image: image] is less than the LCB, then the variables are stationary at level ⇒ No co-integration is possible.
2. If [image: image] is greater than the UCB, then the variables are first-order stationary at I(1) ⇒ Co-integration is possible.
3. If LCB <[image: image]> UCB, the test is inconclusive2.
Yoo and Ku (2009) provided biased estimates (Borozan, 2013). Chen et al. (2021). Since our study has only one I(0) variable, we set that variable as exogenous and the rest of all variables as endogenous. For a small sample, the critical values of Pesaran et al. (2001) are biased estimates. However, for the large sample values within a range of t = 500–4,000, they are more appropriate3. We tested variables, real per capita GDP, income per capita, energy consumption, capital, labor, and urbanization for causality once co-integration was confirmed. The computed value and estimated results of co-integration guide us toward the application of an appropriate econometric technique. If ARDL results showed co-integration, then the error correction model (ECM) is appropriate. But if some of the variable(s) are found to be of order zero, i.e., I(0), and the VECM4 is applied, then those variables be set exogenous (Granger, 1969). Since our study has only one I(0) variable, we have set that variable as exogenous and the rest of all variables as endogenous. The VECM for the variables can be written as
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where Δ = differenced operator and Errort-1= error term assumed to be i.i.d.(0,[image: image]).
The significance of the error term (Errort-1) suggests that a long-run relation is present in the given variables. It also suggests that the specified models can get adjusted from the short-term shocks in the long run, if any. A significant negative error term shows that the variables are correlated in the long run and the system converges to equilibrium. The differenced form of models investigates the short-run causality. In this study, the coefficients [image: image], indicate energy consumption causes economic growth. However, [image: image], means that output causes energy use. In the end, the presence or absence of the short-run and long-run causality among given variables was investigated. For this purpose, we applied the Wald test on the lagged term of the given series on the error term as was also used by Davidson and MacKinnon, 2004; Heckman, 2008; Shahbaz et al., 2012.
Data Collection and Variable Measurement
For the current research, we used yearly data over the period 1971–2014. Data were collected on real per capita GDP, per capita energy consumption, capital, labor, and urbanization. The real per capita GDP data were measured in constant 2005 prices, in local currency. The measurement of energy consumption was tons of oil equivalents. We extracted data on GDP per capita, capital, and labor from the World Development Indicators (WDI, 2015) database. However, we gathered data on urbanization and energy consumption from SESRIC (the Statistical, Economic and Social Research and Training Centre for Islamic Countries). We used the natural logarithm to transform the variables to get results in direct elasticity form. Independent variables were selected on the basis of theoretical and practical relations to the dependent variable. Theoretically, it has been observed that the higher the level of GDP, the greater the use of energy. Higher GDP leads to more energy consumption at household and aggregate levels. Rapid urbanization also causes increase in energy consumption as more people wish to live comfortable lives and gain maximum facilities for their livelihood. Urbanization also leads to increase in GDP because more educated and technically skilled persons enter into services and other sectors of the economy, leading to increased production levels. Skilled labors boost up GDP by actively participating in the labor market.
RESULTS AND DISCUSSION
Unit Root Testing
The ARDL bound test was used to find the long-run co-integration association between the variables. As one of the presumptions of the ARDL test is that a series be a mixture of I(1) and I(0), and no variable(s) is to be I(2). For this purpose, we used ADF, KPSS, and Ng–Perron unit root techniques to find the unit root behavior of variables and the integrated orders of the variables. All these tests confirmed first-order stationary behavior (at first difference stationary) of the variables except labor which was level stationary, and no variable was found to be I(2). The ADF and Ng–Perron tests are based on the null hypothesis (H0) of non-stationarity versus Ha of no unit root. However, the KPSS test is based on the null hypothesis of stationarity against the alternative hypothesis of non-stationarity5.
Unrestricted error correction models (UECMs) were formulated from Eq. 3 to Eq. 7—particular types of ARDL models for the study. Next, the AIC and Schwarz criterion (SC) lag order selection was used to choose optimal lags of the regressand and the regressors to capture the dynamic links and select a better ARDL model for estimation. The ADF and Ng–Perron tests are based on the null hypothesis (H0) of a unit root versus the alternative hypothesis (Ha) of no unit root. However, the KPSS test is assumed H0 stationary against Ha non-stationary.
Equations 3, 7 were specified to allow the presence of long-run equilibrium by taking output, energy use, capital and urbanization as endogenous variables by estimating the short-run and long coefficients through ARDL Bound test and Error Correction Model (ECM) technique for the extended period of 1971-2014. We used the AIC and SB maximum lag length selection criteria of optimal lag length of the variables. For the final model specification, the selected optimal lags for each variable are separately reported in Table 16. The estimated long-run and short-run coefficients (elasticities) along with the t-ratios are presented in Tables 3, 4, respectively. Tables 3, 4 are divided into sub-sections such as Tables 3A–D, respectively, to better explain the estimated results of the models. For model stability and correct functional form specification of the model, we used the CUSUM test, CUSUMSQR test, and Ramsey RESET test.
TABLE 1 | Literature summary.
[image: Table 1]4.2 Co-Integration
In the next step, we applied the ARDL bound F-test to investigate the long-run association between real-term GDP per capita, energy use, capital, labor, and urbanization. Table 2 reports the ARDL bound test statistic–estimated co-integration results along with the upper and lower asymptotic critical bound values on the left-hand side (LHS) and various diagnostic test results on the right-hand side (RHS). Table 2 reports bound test results showing the long-run co-integration relationship between GDP per capita and other variables (energy consumption, capital, labor, and urbanization) as the computed F-value 4.032 was > the 5% upper critical bound value of 3.05. The model passed the relevant diagnostic tests as shown on the RHS of the table. The model was free of serial correlation and heteroskedasticity problems. We used the Ramsey RESET test to get the correct functional form and CUSUM and CUSUMSQR for analyzing the stability of the model. Figures 1, 2 suggest that the model was stable for the short and the long run as the blue line is within the 5% red band of the test. This means that the specified model can observe shocks if any, and the results would not change due to such changes. Similarly, the other models were checked for and analyzed for structural stability. All the specified models were found stable. All these models may observe any shock(s) if appeared and results would not be changed for such structural changes. The models stability to shocks can be seen from the Figures 3‐8, as all the blue lines are within the red bends of the CUSUM and CUSUMS. Taking energy consumption as a dependent variable and other variables as exogenous in the model FEC(EC/O,C,L,U), it was confirmed that the variables have a long-run co-integration relationship, as the F-value 5.75 exceeded the 5% asymptotic ARDL bound critical value of 3.49. In the same table, the model FC(C/O,EC,L,U), with computed F-value 8.09>3.97 tabulated value, shows significant long-run co-integration association between the variables at 5% significant ARDL bound test value. Furthermore, the model FU(U/O,EC,C,U) results also confirmed a long-run co-integration. For this model, the reported calculated F-statistic value 7.26 > 3.97 tabulated value of ARDL bound test at 5% clearly represents long-run co-integration between the variables. Similarly, the other variable FO(O/EC,C,L,U) when treated as endogenous also confirmed a long-run co-integration relationship as the F-calculated values are larger than the reported ARDL bound test critical values at the given 5% upper bound.
TABLE 2 | ARDL bound co-integration F-tests and diagnostic tests.
[image: Table 2][image: Figure 1]FIGURE 1 | CUSUM output.
[image: Figure 2]FIGURE 2 | CUSUMSQR output.
[image: Figure 3]FIGURE 3 | CUSUM capital.
[image: Figure 4]FIGURE 4 | CUSUMSQR capital.
[image: Figure 5]FIGURE 5 | CUSUM urbanization.
[image: Figure 6]FIGURE 6 | CUSUMSQR urbanization.
[image: Figure 7]FIGURE 7 | CUSUM energy consumption.
[image: Figure 8]FIGURE 8 | CUSUMSQR energy consumption.
Based on Table 3A, estimated results of the long-term real GDP per capita elasticity value turned out positive and statistically significant at a 5% significance level for the Malaysian economy as was generally expected. The estimated long-run elasticity of 0.28635 showed that keeping all else constant, a 1% increase in energy consumption increased GDP per capita by 0.29% in real terms. It means that energy use is an important driver and a source of economic growth in Malaysia. It also implies that Malaysia’s economy is energy-dependent, and hence, the economic growth of the country would be adversely affected if the economy gets any energy supply shock or if conservation policies are adopted. The government in her Ninth Malaysia Plan initiated various energy-saving programs to economically utilize the energy resources to minimize the adverse environmental effects. These programs were centric on industrial, transportation, and commercial sectors. However, the industrial sector was restricted to adopt energy-saving programs and improve installed plants and equipment in the production processes. If these programs are implemented as mandatory, it would probably adversely affect the industrial growth of the country. Being an industrial revolutionary country, policymakers should devise economic growth-friendly policies regarding energy conservation and implementing bodies should implement such policies with caution so that economic growth is not affected. Our study’s estimated results were in line with the earlier studies’ estimated results, for example, Tang and Tan, 2013; Zachariadis, 2007; Wang et al., 2011; Ocal and Aslan, 2013; Yoo and Ku, 2009; Borozan, 2013. However, a little trade-off effect was found between energy consumption reduction and adopting new and efficient technologies (Chen et al., 2021). The long-run effect of capital on real-term output was also positive and significant at a 5% significance level over the period for the sampled economy. The estimated elasticity coefficient of capital 0.303 indicated that a 1% change in gross fixed capital formation enhanced economic growth by 0.303% in the long run. This result indicated that capital was recognized as an important contributor that determines Malaysian economic growth. The possible reason could be that Malaysia is a highly attractive investment economy because of its consistent and better economic performance based on sound economic buildings and having more openness to trade policies. Next, the economy has a good macro policy in terms of growth in the pro-private sector form. Furthermore, the country has a well-developed, efficient capital market and bank as well as having the best physical and telecom systems with good infrastructure and matured industrial foundations. However, the other variables such as labor and urbanization showed non-significant influence on the real-term output of the country over the study period. In contrast to Table 3A, the estimated long-run results of Table 3B are non-significant for all the variables.
TABLE 3 | Estimated long-run coefficients based on the ARDL model selection.
[image: Table 3]The observed long-run results of Table 3C between output in real-term per capita and labor were positively and significantly influencing the dependent variable capital. The elasticities for output and labor were 1.62 and 4.94, respectively. A 1% increase in fixed gross capital formation rose real per capita GDP out of the country to 1.62% points. Similar results were obtained in previous literature, for example, Shahbaz et al., 2021; Lean and Smyth, 2010. However, the other variables showed non-significant implications.
In the last part of Table 3D, the long-run association between real per capita GDP and urbanization was reported as significant but negative, which was in contradiction to the economic expectation. The possible reason could be that rapid urbanization growth might slow down the economic growth of a country for the sample data over the specified period. The other reason might be improper urban planning of the country, or it could be that urbanization has marginally influenced economic growth negatively. This result of the study was inconsistent with the results of the previous study (Shahbaz et al., 2021). However, the influence of energy consumption was estimated as positive and significant with the elasticity value of 0.0461, which indicated that growing urbanization increased energy use as people demanded more energy for houses, offices, restaurants, business points, shopping malls, etc. Previous studies’ results supported our study’s estimated results, see Azlina and Mustapha, 2012; Shahbaz et al., 2021; Lean and Smyth, 2010.
Table 4 reports estimated results of short-term equilibrium dynamic association established in Eq. 8–Eq. 11. The estimated coefficients, t-ratios, and corresponding probabilities along with lagged error terms and error correction model results are presented in the table as well.
TABLE 4 | ARDL short-run parameter estimates.
[image: Table 4]Considering the estimated results of Table 4A, while taking differenced real per capita output as a dependent variable and other differenced variables as exogenous, it was revealed all the exogenous variables in the short run influenced real per capita GDP. The one-period lagged error term was found to be significant and negative as was the presumption of the model. The negative and significant error term is technically called the speed of adjustment, which measures the rate of convergence of the endogenous variable to adjust to its equilibrium position when the model gets exogenous shocks. The highly significant negative value -0.68 of the error term showed that the real per capita GDP has a relatively quick adjustment of 0.68% to converge to equilibrium when the model got extraneous shocks in the form of exogenous variables. Table 4B reports no short-run relationship between energy consumption and other regressors of the model. However, the error term was found to be negative and significant with an estimated value of 0.49, as was expected. Looking at the estimated results of Table 4C, it is shown that the first period lagged value does not affect the current value of capital; however, the second and third period own lagged values of capital positively and significantly affect the current value of the capital in the short run. Moreover, short-term gross fixed capital formation and real per capita GDP at the current level as well as the past one period have a positive and significant relationship. It means that, in the short run, capital was positively and significantly influenced by current and past one-period real outputs. In the model, impact of current energy consumption was non-significant; however, the last period of energy use has a positive and significant effect on the gross fixed capital formation. The short-term error term was negative and significant, which showed that the model gets adjusted to its equilibrium relatively at a quicker rate of 0.90% speed in the short run. Keeping in view the reported results of Table 4D, by taking differenced urbanization as a dependent variable and other differenced predictor variables as exogenous, it was revealed all the exogenous variables in the short run influenced urbanization except difference of output and difference of labor. The highly significant negative value -0.041 of the error term showed that urbanization has relatively a bit slow adjustment of 0.041% to converge to equilibrium when the model got extraneous shocks in the form of exogenous variables.
In Table 4, it can be seen that capital and labor were found statistically significant for the dependent variable output at 1 and 5% significance levels. This significance of the variables showed a short-run causal link between the variables. Similarly, taking capital as a dependent variable and other variables as independent variables, output revealed statistical significance at a 1% significance level, so short-run causality existed between the variables.
Once the estimated results of the ARDL bound test confirmed the co-integration, in the next step, we tested the variables for causality for both the short and the long run. The ARDL bound test results showed co-integration behavior, so we applied the VECM framework for Granger causality. The VECM provided us with information about the short-run and long-run causality among energy consumption, income, capital, labor, and urbanization. The negative and significant one-period lagged value of the error term indicated a long-run causal relationship, while the joint significance values of the exogenous variables showed the short causation between the variables. We report causality analysis results in Table 5. Real per capita GDP and capital showed a bidirectional short run and long run, while labor Granger causes income in one direction in both the short run and the long run. Moreover, all other variables were Granger caused long run, and causality was running in both directions.
TABLE 5 | Granger causality results.
[image: Table 5]CONCLUSION AND POLICY IMPLICATIONS
Meeting objectives of the current research, the variables income, energy consumption, capital, urbanization, and labor are the mixture of I(1) and I(0); none of them is I(2) and have a long-run co-integration relationship in the case of Malaysia, thus allowing us to apply the ARDL test as an appropriate technique for the current data of the variables and their distributional properties. The computed results also signify the Granger causality test within the vector error correction model (VECM), instead of using the first difference VAR. Contrary to the available previous studies, the findings of the current study further suggest a bidirectional short-run and long-run causal association between income and capital. The results also show a long-run two-way causality running from energy consumption to real per capita GDP, capital, labor, and urbanization, suggesting that the variables have the predicting power to forecast each other in a long-run sampled period. However, there is one-way causality running from labor to per capita GDP in the short run and the long run. This implies that labor may be a significant and useful driver in forecasting Malaysian economic growth in both the short and the long run over the study period.
Suggestively, the study results indicate mixed and contradictory causal investigations between the short run and the long run. Varying results of Granger causality between the short and the long term suggest a time-specific policy adoption. In the short run, no causal relationship is found between output and energy consumption. The results also portray that, in the short term, prudent energy conservation policies and economically improved measures would be of great help and policies based on demand-side management would have no adverse effects on the economic performance of Malaysia. However, energy-dependent and industrialized economy of Malaysian economic growth process can be slowed down in the long run if energy conservation policies of this kind are adopted continuously in the short term. Ordinary people consume electricity for daily routine businesses and livelihood as an input in all sectors of the economy. Consistent with this fact, this empirical result also indicates that energy use and real per capita GDP Granger cause each other in two directions in the long term. Keeping this in mind, and for the stabilization of the long-term clean environment and economic growth relation, alternative and new environmentally friendly energy resources such as renewable energy including solar energy and wind power energy resources should be explored to replace traditional energy resources such as fossil fuels. More R&D investments in the energy sector to design new efficient long-term energy-saving technologies and minimize energy use without any adverse effects on the economic development process be focused. The current research studies the energy–growth causal relationship using a linear ARDL method in the case of Malaysia; however, potential researchers are encouraged to carry out both linear and non-linear relations between the variables. Apart from this, researchers may involve in finding the impact of the policy variable on the relationship.
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FOOTNOTES
1In the empirical estimation of model (2), technology has been kept constant.
2In such a case, the error correction method (ECM) is suggested and is one of the ways to move further to test for co-integration.
3Taking into account the sample size of our study, we have checked our results with both the Pesaran (2001) LCB and UCB critical values and the critical values of Narayan (Narayan, 2005) (which as reported are suitable for small sample size (30–80) (Shahbaz et al., 2012)), but our study results were not much more different.
4Once co-integration is found in the series and causal relation running from at least one direction, then Granger causality through the VECM is a useful tool to be used for causal link. Moreover, the VECM is a useful method as it differentiates between short- and long-term causal association between variables and helps us to detect joint causality as well (Shahbaz et al., 2012).
5As per the journal requirements to save space and word count, details of the unit root tests and their values in the table form have not been reported here in the text of the paper. However, these details and the computed values can be provided on request from the corresponding author.
6Results can be provided on request from the corresponding author.
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