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Abstract

:

The COVID-19 pandemic has impacted all sectors of the tourism industry, particularly air transportation. However, air transport remains an important contributor to economic growth globally. Thus, this study examines whether air transport (a proxy for tourism) stimulates economic growth to validate the air-transportation-led growth hypothesis (ALGH) in the Australian context. To conduct the study, we analyse the asymmetric long-run and short-run impacts of the air passengers carried (a proxy for tourism) on the gross domestic product (GDP) in Australia. We use the nonlinear autoregressive distributed lag (NARDL) modelling approach on data for Australia from 1971 to 2019. We also examined the effects of selected control variables (i.e., energy consumption, financial development, socialisation, and urbanisation) on economic growth. In both the short and long run, we observed statistically significant asymmetric impacts of air transport on economic growth. The positive shocks in air transport propel the long-term growth of Australia’s economy. Additionally, according to the findings, negative shocks of air transport have a stronger detrimental impact on economic development than positive shocks.
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1. Introduction


It is widely acknowledged that the tourism industry has a crucial influence on the economy [1]. Undoubtedly, the industry adds to foreign exchange reserves and thus helps in the country’s balance of payments. Therefore, many nations promote their tourism industry to strengthen their economy. Tourism plays a significant role in economic growth by creating jobs, generating revenue, and thus boosting the nation’s GDP. According to the WTTC, in 2019, travel and tourism contributed USD 9,170 billion to the economy globally, accounting for 10.4% of the world’s total GDP [2]. Likewise, 334 million jobs were created around the world by tourism in 2019, and one in four net new jobs worldwide were from tourism over the five years (2014–2019) [2]. Before the COVID-19 pandemic, the tourism industry contributed significantly to the growth and development of the global economy.



However, the COVID-19 pandemic affected all sectors of the tourism industry, particularly air transportation. Air transportation is one of the noteworthy contributors to economic growth, creating jobs and boosting GDP [3]. Therefore, once the effect of the COVID-19 pandemic recedes and air transportation returns to pre-pandemic operation levels, it is expected that economic development will be accelerated, and therefore, the tourism industry will begin to recover and contribute to overcoming the financial crisis associated with the pandemic [4].



Among several facets of tourism, research most frequently uses the tourism-led growth hypothesis (TLGH) to validate the nexus utilising the variables such as arrivals [5,6], receipts [7,8], and expenditures [9]. This theory is presented in the literature to explain how tourism boosts economic development [10]. Air transport, however, is less frequently utilised in studies to analyse the economic impact of tourism and support the TLGH, which states that a boost in tourism activities leads to increased economic growth [11]. In order to investigate how air transport affects the economy, this study substitutes the TLGH with the air-transportation-led growth hypothesis (ALGH). The introduction of new transportation services has effects that have been extensively researched and investigated in many nations [12]. Efficient air transport contributes to economic growth because it is one of the most common modes of travel for tourists. The civil aviation sector, therefore, makes a vital contribution to the global economy. According to the International Air Transport Association (IATA), in 2018, 2.89 million jobs were created worldwide by the airline industry, with USD 125 billion in tax revenue collected from this industry [13].



In 2017, in Australia, 176,000 jobs were created by the air transport sector, contributing USD 69 billion in gross value added to GDP. Australia ranked forty-third in the world as a tourist destination, receiving approximately nine million tourists in 2019 [2]. The revenue from tourism in Australia was USD 47.95 billion [14]. Figure 1 and Figure 2 show the trends in air transportation and economic growth, respectively, in Australia. Both figures reveal an increasing trend over time, and the IATA forecasts that the air transport market in Australia will grow by 63%, with an additional 51.9 million passengers by 2037 [13].



Before the present economic crisis created by the global pandemic, the air transport sector was experiencing considerable growth, which is likely to continue when the economy recovers from the COVID-19 pandemic. To enable the sector’s appropriate growth after the pandemic, precise planning is crucial. Thus, examination of the contribution of air transportation to the economy is essential to regain the momentum lost during the COVID-19 pandemic financial crisis and assists governments and aviation companies in rebuilding monetary and fiscal policies accordingly. This study’s main goal is to investigate the connection between Australian economic development and air travel. The study is motivated by the fact that the aviation industry of Australia requires evidence relating to the ALGH and up-to-date and competent empirical evidence that can help this industry to recovery in Australia after the COVID-19 pandemic. This study’s outcome will contribute to minimise the gap in the air transport and economic growth relationship in Australia and policy recommendations relating to the ALGH. The study analyses the ALGH using the NARDL approach. The main finding is that, throughout the research period, air transport had a very significant impact on economic growth in Australia. Policymakers should consider the evidence presented here when developing and implementing air transport (tourism) and sustainable economic development policies.



There are three significant ways in which this study adds to the body of literature. First, the study consolidates more tourism-related data and explores a wider range of tourist factors that are proxied by air transport. Second, this study demonstrates the asymmetric effects of air transportation and passengers in connection with economic development in Australia. Third, the study uses the variable financial development in the model, which has rarely been incorporated in prior research.



The remainder of this paper is organised into five sections. A summary of earlier research on tourism and economic growth and air transport and economic growth is provided in Section 2. Along with the materials and methods, Section 3 includes descriptions of the data. The empirical findings are presented in Section 4. The results are discussed in Section 5. The conclusions and the consequences of our results for policy are presented in Section 6.




2. Literature Review


The link between tourism and economic growth is often examined using two distinct methodologies in the literature on tourism economics, i.e., TLGH and the growth-led-tourism hypothesis (GLTH). Given that the main objective of this study is to test the TLGH using air transportation, we divide the literature into two sections: the TLGH and the ALGH.



2.1. Tourism-Led Growth Hypothesis (TLGH)


The tourism-led growth hypothesis was initially proposed by Balaguer et al. [16] to investigate the tourism and economic growth nexus The findings revealed that tourism boosts economic growth. This hypothesis states that tourism has a positive and significant effect on the economy. Since this study, several different researchers have contributed to extending this theory in various settings.



For instance, Corrie et al. [17] looked into how tourism affected Australia’s economic development. The study discovered that there is a bi-causal link between GDP and tourism in Australia using Granger causality tests. In research conducted by Ghartey [18] to investigate the relationships between tourism and economic growth in Jamaica from 1963 to 2008. The results from the ARDL long-run and short-run approach confirmed that an increase in tourist arrivals increases economic growth.



To expand our understanding of the relationship between tourism and economic growth, it is useful to examine the connection in other countries. For example, the TLGH was further tested in European Union countries by Balsalobre-Lorente et al. [1]. Using different econometric techniques, the study sought to evaluate the TLGH’s validity. The findings ascertain that a 1% increase in tourist arrivals boosts the economic growth by 0.62%. Thus, these results also confirmed the TLGH for European Union countries.



Wu et al. [19] performed research on the connection between tourism and economic growth between 1995 and 2016 with a focus on 11 Asian areas. Using the multivariate wavelet approach, the validity of the TLGH was confirmed in Cambodia, China, Macau, Malaysia, and Thailand. Global evidence for the validity of the TLGH was found by Tang et al. [10], who employed a panel dataset of 167 countries from 1995 to 2013 to test this hypothesis. The results from the panel generalised method of moments approach revealed that improving tourism receipts by 10% increases economic growth by 0.3%. Therefore, it is abundantly obvious that tourism contributes positively and significantly to economic growth around the globe.



Similarly, Perles-Ribes et al. [20] employed the TLGH in Spain, considering the 2008 economic crisis and using data from 1957 to 2014. The variables tourist arrivals (i.e., the number of visitors) and tourism receipts were employed by the authors as a proxy for tourism. The findings of the cointegration and Granger causality techniques showed that the TLGH was valid when the authors utilised the number of visitors, gross value added, and GDP but not when the variable tourist receipts (i.e., revenue). Ertugrul et al. [21] used the TLGH in a study conducted in the context of Turkey, which showed a strong indication that tourism made a strong contribution to economic growth. The study’s main objective was to examine the empirical nexus between tourism and economic growth by using the bounds test approach and Granger causality. The study used quarterly data from 1998 Q1 to 2011 Q3. The long-run estimation from the ARDL revealed that a 1% rise in tourism leads to an increase of 0.237% in GDP. This shows strong indication tourism makes a strong contribution to increasing economic growth.



Recently, empirical findings of Wong et al. [22] demonstrated that, in eastern China, there is a positive association between the increase in foreign tourism and economic growth. Additionally, Matzana et al. [23], in a recent study, revealed tourism activity as an engine of growth, confirming TLGH in European countries.



However, several studies do not support the TLGH. For example, using an autoregressive distributed lag (ARDL) approach and the Granger causality test, Kyophilavong et al. [24] examined the TLGH and found it was not supported. Likewise, Aslan [25] investigated the relationship between tourist growth and economic development in Mediterranean nations from 1995 to 2010, and the findings using the panel Granger causality tests did not support TLGH in Malta or Egypt.




2.2. Air Transportation Led Growth Hypothesis (ALGH)


Air transportation is an essential means of allowing international tourists to travel to their desired destinations. The economic effect of air transportation is an area of interest to developed and developing countries. As stated, most researchers used the variables such as international tourist arrivals and/or tourism receipts (revenue) as a proxy for tourism; however, very little research has been conducted using air transportation as a proxy for tourism, and therefore, little is known about the direct effect that the air transportation industry has on the economy.



According to Brida et al. [26], there exists a cointegration relationship between aircraft movements and GDP, implying a long-run association between these two parameters. Similar to this, Chi et al. [27] investigated the dynamic link between American economic development and demand for air travel. The findings show that when there is economic expansion, both air passenger and freight services tend to rise over time. However, only air passenger services are responsive to economic expansion in the near term. Additionally, they revealed that the 9/11 terrorist attacks and the SARS epidemic negatively impacted the demand for air travel in the short- and long-term, respectively. Using random effects panel data to examine the impact of air travel on commerce, Brugnoli et al. [28] suggested that air travel had a favourable impact on global trade. Their findings suggest that the growth of the economy is significantly influenced by air transport.



Abate [29] empirically examined the financial effects of air travel while taking into ticket prices and service levels as indicated by departure frequency. While accounting for other factors, the empirical models assessed how airfares and departure frequency react to openness measures in air services agreements. According to the findings, routes that underwent some degree of liberalisation had a 40% rise in departure frequency compared to routes that were subject to restrictive bilateral air services agreements. In order to examine the association between trade ties and air passenger traffic across nations in the Asia-Pacific area from 1980 to 2010, Van De Vijver et al. [30] employed a heterogeneous Granger analysis. In the context of developed countries (such as Australia and New Zealand), the study found no significant association between trade and air passenger travel connections; however, it did find a significant association between air passenger connections and trade connections between Australia and Thailand.



Employment opportunities also lead to economic growth [31]. Thus, the role of air transport in employment opportunities and growth was examined by Njoya et al. [32] in South Africa. The study explored the impact of air transport on economic growth, focusing on its capacity to create employment opportunities. The results demonstrated that air transport significantly affects output, income, and employment.



Similarly, Balsalobre-Lorente et al. [33] analysed the asymmetric impact of air transport on economic growth in a recent study. The authors validated the TLGH using air transportation as a proxy for tourism. The empirical results from NARDL revealed that air transport, the urbanisation process, and social globalisation impact economic growth positively and significantly. The asymmetric NARDL long-run results revealed that a 1% increase in positive air transportation increases economic growth by 1.31% and that negative air transportation increases GDP by 1.44%. Likewise, Brugnoli et al. [28] conducted tests on air transportation and trade flow in Italy from 2004 to 2014 using random effects panel data. The findings showed that civil aviation had a positive impact on world trade.



From 1981 to 2017, Adedoyin et al. [34] examined the impacts of air transport, energy, information, and communications technology (ICT) and foreign direct investment on economic development in the United States. This was during the Industry 4.0 period. The casual and long-term relationship between air transport and economic growth was examined in the study. The investigation was carried out using canonical cointegrating regression, fully modified least squares, and dynamic ordinary least squares. The ALGH was validated in the context of their investigation by the econometric techniques, which showed that air travel boosts economic growth. Despite air transportation being an essential indicator of economic activity, it is not always clear that air transport leads to economic expansion; it can also function in the opposite direction. Between the years 1995 and 2006, Yao et al. [35] investigated the key factors of air transport in China’s regions. Their empirical results suggest that land transportation is adversely correlated with economic growth due to a heightened production function, while air transportation is positively correlated with economic growth with population. Additionally, research by Tolcha et al. [36] found a connection between the desire for air travel and the advancement of the economy in Sub-Saharan African nations. In determining whether air travel spurs or retards economic growth, the findings showed that in South Africa, Nigeria, and Kenya, long-term causality runs from economic growth to air travel demand; in Ethiopia, however, causality runs in the opposite direction, with higher air travel demand spurring economic development; and in Senegal and Angola, the relationship was found to be too tenuous to suggest any causal directions.



It is clear that air transport plays a significant role in a nation’s economic development. In a recent study, Law et al. [37] found the existence of a causal relationship between the expansion of air transport and economic growth. However, due to COVID-19, the air transport industry (international) has gradually decreased, but the tertiary sector has increased.



The literature presented here reveals mixed outcomes. To the best of the authors’ knowledge, there is one study conducted to analyse the effect of air transportation on Australia’s economy. In this study, Baker et al. [38] used panel data spanning 25 years from 88 regional airports in Australia. The cointegration and Granger causality tests suggested that air transportation increases Australia’s economic growth. However, the study by Baker et al. [38] was conducted in the context of regional aviation/airports using aggregate taxable income as a proxy for economic growth. As a further impediment, this study lacked the overall Australian aviation context using national GDP as an economic indicator because the effect was evaluated using aggregate taxable income. Thus, further in-depth study in the Australian context is required. To fill this research gap, this study uses the control variables such as primary energy consumption, financial development, socialization, and urbanisation in the Australian environment and offers analysis of the impact of air transport on Australia’s economic growth.



The main goal of this study was to determine the answer to the question: Do the relationship between air transport and economic growth symmetric or asymmetric controlling other variables? The following proposed hypothesis will be put to the test in the empirical study, taking into account the relationship between the dependent and explanatory variables:



H1: 

There is a positive and significant relationship between air transport and economic growth.







3. Materials and Methods


3.1. Data and Variables


This study explored the relationship between air transport (proxied for tourism) and economic growth (proxied by GDP) with a nonlinear model to determine long-run and short-run relationships to validate the ALGH in the context of Australia. For the analysis, the study used time-series data from Australia covering almost the past five decades: from 1971 to 2019. In addition, to avoid omitted variable bias, we employed additional explanatory variables such as energy consumption (EC), financial development (FD), social globalisation (SG), and urbanisation growth (UG) as control variables. The GDP, air transport (AT), FD, and UG data were acquired from the World Bank [15], SG from the KOF Globalisation Index [39], and EC from BP Statistical Review [40]. The data variable descriptions and data sources are shown in Table 1. The rationale for choosing the explanatory variables is briefly explained below.



GDP is a key statistic for determining a country’s economic development, and it indicates whether the economy is growing or contracting. We utilise the yearly GDP per capita (constant USD 2010) as the dependent variable. In past literature, GDP per capita has often been used to measure the economic growth of a nation [33,34]. We employed annual data on passengers transported by air transport as an independent variable to examine the impact of air travel on economic development [33,34]. In the past several decades, there has been substantial research on the connection between energy usage and economic expansion [34,41,42,43]. Energy is considered an important input for growth [44,45]. Thus, to avoid omitted variable bias, we also used primary energy consumption per capita as a control variable. We also added the financial development percentage of GDP as a fundamental element of economic growth due to its potential significance as a driver of economic development [46,47]. Additionally, studies have shown that social globalisation has significant and favourable implications for economic growth [33,48]. Social globalisation includes interpersonal, informational, and cultural globalisation, which reflects the spread of information, ideas, and people [49] that can facilitate economic growth. Further, human beings play a very important role in boosting economic growth, and the many benefits of urbanisation, including work possibilities, health facilities, infrastructure services, and greater revenue, have been widely recognised [33,50]. Thus, urbanisation is crucial for economic development, as well.




3.2. Methodology


This study used the nonlinear autoregressive distribution method to explore the nexus between the variables. Following Balsalobre-Lorente et al. [33] and Shin et al. [51], a functional equation of the model is formulated as:


GDP=f (AT, EC, FD, SG, UG)



(1)







We extend the equation into the natural logarithm form except urban population growth specified by the following equation:


   l n G D P  =  l n A  T t   +  l n E  C t   +  l n F  D t   +  l n S  G t   +  U  G t   +  ε t   



(2)







Further, following Majeed et al. [52], we examine only the variable of interest positive and negative shock to the dependent variable. In other words, in this step, we generate the positive and negative variation of air transport as we want to examine the asymmetric impact of AT on GDP with other variables as control variables. These positive and negative changes in the partial sum can be stated as follows:



Positive:


   l n A   T t +  =   ∑   i = 1  t  ∆  A  T i     +  =   ∑   i = 1  t   m a x  ( ∆  A  T i   , 0 )    



(3)







Negative:


   l n A   T t −  =   ∑   i = 1  t  ∆  A  T i    − =    ∑   i = 1  t   m i n  ( ∆  A  T i   , 0 )  



(4)








3.3. Unit Root Test


This study used a unit root test to analyse the first stage of time-series analysis of the stationarity of the variables. Because of economic instability, a structural change occurs in the time-series analysis. Perron [53] demonstrated that it is essential to examine the structural break because ignoring the structural break can lead to producing biased empirical results. Thus, we use the ADF test with a structural break [54] to obtain the order to integrate the desired variables. In addition, the AO and IO proposed by Clemente et al. [54] are used to check the sudden (AO) and gradual changes (IO) in the time-series analysis.




3.4. BDS Test


The Brock–Dechert–Scheinkman–LeBaron test (BDS) test is statistically highly effective in providing information about the linearity and nonlinearity of the model [55]. The BDS test follows the null hypothesis, which states that data are independent and identically distributed (iid) or nonlinear dependencies [56]. Thus, if the data are nonlinear, we apply NARDL to investigate the relationship between the variables [57].



The following equation examines the BDS test:


   B D    S   ∈ , m   =     N          C  ∈ , m   −      C  ∈ , 1      m         V  ∈ , m        



(5)




where      C  ∈ , m   −      C  ∈ , 1      m      an asymptotic normal distribution with zero is the mean;    V  ∈ , m     is a variance; and  m  is the number of consecutive points which is used in the set or embedding dimension.




3.5. NARDL Model


The conventional ARDL model is unable to offer linearity and systematic adjustments among the variables that the model expects. Thus, the NARDL model is used to investigate how changes in shocks or both positive and negative changes in the independent variables affect the time-series dependent variables [58]. Because of its exact and precise results when the variables are at a level I(0), the first difference I(1), or a combination of both I(0) and I(1), NARDL is a widely used method. In addition to this, the short-run and long-run effects of independent variables on the dependent variable are distinguished [59].



According to the critical bounds proposed by Pesaran et al. [60], a long-term association between the variables exists if the estimated F-statistics are greater than the upper bound’s critical value at a 5% level of significance.



Combining equations 3 and 4 and following the econometric approach of Shin et al. [51], Villanthenkodath et al. [61], and Ahmad et al. [62], we framework NARDL long-run and short-run estimates as follows:


  ∆ l n G D  P t  =  β 0  +  β 1  l n A  T t +  +  β 2  l n A  T t −  +  β 3  l n E  C t  +  β 4  l n F  D t  +  β 5  l n S  G t         +  β 6  U  G t  +   ∑   i = 1  n   ∝ 6    ∆ l n G D  P  t − i   +   ∑   i = 0  n   ∝ 7    ∆ l n A  T  t − i  +               +   ∑   i = 0  n   ∝ 7  ∆ l n A  T  t − i  −  +   ∑   i = 0  n   ∝ 6    ∆ l n E  C  t − i   +   ∑   i = 0  n   ∝ 6    ∆ l n F  D  t − i              +   ∑   i = 0  n   ∝ 6    ∆ l n S  G  t − i   +   ∑   i = 0  n   ∝ 6    ∆ U  G  t − i   + α  E C    M    t  − 1   +  ε t     



(6)







NARDL examines the linear relationship between the variables where     β i    = long-run coefficients;    ∝ i    = short-run coefficients;  ∆  denotes difference operator; and    ε t    is the white noise term.





4. Results


Table 2 presents the descriptive statistics for the chosen variables. The findings of the Jarque-Bera test indicate that the distributions of lnGDP, lnAT, lnEC, lnFD, lnSG, and UG are normal. The minimum and highest values of lnGDP are 10.176 and 10.954, respectively, with 10.575 serving as its mean value. Similar to this, the mean of the logarithm value for AT is 17.088, with a minimum and maximum of 15.807 and 18.157, respectively.



4.1. Unit Root Test


In contrast to the alternative hypothesis, which states that the series is produced by a stationary process, ADF unit root tests, which were utilised in this work, are predicated on the null hypothesis that the variables have a unit root. The outcomes of the ADF test with a structural break with AO and IO are shown in Table 3. The outcomes show a combination of I(0) and I(1) in the variables, but they are all stationary at the first difference.




4.2. BDS Test


The BDS test results are given in Table 4. The estimated results show that all the values are significant at a 1% critical level. The results indicate the acceptance of the alternative hypothesis and that the variables are nonlinear.




4.3. Bounds Test


After the BDS test, we used the bounds test for nonlinear cointegration to explore the nexus between the dependent and independent variables. The estimated F-statistics were substantially over the upper critical bound, as shown in Table 5. The findings showed that the factors had a long-run association. The results revealed that there exists a long-run relationship among the variables.




4.4. Results of NARDL Test


The NARDL model was used to determine the long-run and short-run asymmetric relationships among the desired variables after the long-run relationship between the variables had been verified using the NARDL bounds testing method. The nonlinear (NARDL) estimate outcomes for Australia from 1971 to 2019 are displayed in Table 6 and Table 7.



In both the short and long run, we observed statistically significant asymmetric impacts of air transport on economic growth. According to the asymmetric long-run results presented in Table 6, a 1% increase in AT boosts economic growth by 0.158% (lnAT+ 0.158), whereas a 1% drop in AT decreases GDP by 0.382% (lnAT− 0.382). The positive shocks in AT propel the long-term growth of Australia’s economy. Additionally, according to the findings, negative shocks of AT have a stronger detrimental impact on economic development than positive shocks.



In terms of the relationship between energy consumption and economic growth, we identified a positive correlation, showing that a 1% rise in energy consumption results in a 0.675% increase in economic growth in Australia. In addition, financial development and urbanisation have a positive but insignificant effect on GDP. Interestingly, we found that socialisation had a positive effect on economic growth, with a 1% surge in socialisation soaring economic growth in Australia by 0.586%.



In Table 7, the short-run dynamics are displayed. The results of short-run estimation shows that although the parameters’ magnitudes and levels of significance altered, the relationship’s long-run and short-run directions remained the same. The variables adapt to the equilibrium at an adjustment speed of −0.36 per year, which is revealed by the fact that the error correction term is negative and statistically significant at the 1% critical level. In the short run, the positive shocks of AT have a significant positive impact on GDP, implying that a 1% rise in AT surges GDP by 0.057%. Thus, the short-run results also confirm the ALGH in the context of Australia by demonstrating that the positive shock of the lagged value of air transportation has a positive and statistically significant influence on economic growth. To validate the NARDL model, we tested for autocorrelation (Durbin–Watson), serial correlation (Breusch–Godfrey LM), heteroskedasticity (Breusch–Pagan–Godfrey test and Harvey test), the model functional form (Ramsey Regression Equation Specification Error Test), and the normality test (Jarque–Bera). Table 8 confirms that the model does not have the problem of autocorrelation, serial correlation, and heteroskedasticity, and it is normally distributed.



Further, we tested the model for parameter and variance stability by the CUSUM and CUSUMQ plots. Figure 3 and Figure 4 confirm the stability of the model and are within the range of the 5% level of significance.



Figure 5 shows the asymmetric NARDL dynamic multiplier effects, which highlight the impact of both positive and negative air transportation shocks on economic development. The solid black line in Figure 5 shows the positive impact of AT on GDP, whereas the dotted black line shows the negative effect of air travel on economic growth. This NARDL multiplier effects figure demonstrates the large asymmetries between the positive and negative shocks to AT and GDP.



Figure 6 provides an overview of the positive and significant effect of the asymmetric behaviour of air transport on economic growth, confirming the ALGH in the Australian context.





5. Discussion


The effect of tourism arrivals, tourism receipts (revenue), and expenditure on economic growth has been extensively analysed through the TLGH in the tourism literature. However, only a few studies have explored the impact of air transport on economic growth. Air transport plays a significant role in a nation’s economic development. The aviation industry carries passengers and cargo from local and international destinations, generating revenue and creating employment opportunities. Conversely, economic growth shoots up demand for air transport in both the passenger and freight sectors [63]. However, recently, COVID-19 has significantly disrupted air transport and tourism.



To reach its goal of examining how air transport affects economic growth, this research used a variety of econometric methodologies. The ADF test was utilised in the study to check the series’ stationarity. The variables are stationary at the first difference, per the findings of the ADF unit root test with AOs and IOs. The BDS test results revealed that the series is nonlinear, examining the long-run relationship using NARDL. The Bounds test revealed a long-run relationship between the variables. To validate ALGH, we utilised the asymmetries or nonlinear method to find significant results. The long-run NARDL results revealed that any positive shock in air transport causes higher economic growth in the long run. In both the long run and short run, statistically significant asymmetric impacts of air transport on economic growth are observed. According to the asymmetric long-run results, a 1% increase in AT boosts economic growth by 0.158% (lnAT+ 0.158), whereas a 1% drop in AT decreases GDP by 0.382% (lnAT− 0.382). The positive shocks in AT propel the long-term growth of Australia’s economy. Additionally, according to the findings, negative shocks of AT have a stronger detrimental impact on economic development than positive shocks. These results are consistent with Chi et al. [27] and Balsalobre-Lorente et al. [33]. Thus, increased air transport generates more money for the government in the form of taxes and levies, which may be utilised to upgrade and build new aviation infrastructure. According to the growth hypothesis, energy consumption is a critical determinant of growth, either wholly or partly [64]. As a result, a reduction in demand for energy consumption can cause a decline in economic growth. Thus, economic growth cannot be achieved without the consumption of energy [64]. Our findings reveal that, in the long run, energy consumption affects economic growth positively and significantly. This result is in line with the empirical evidence found by Selvanathan et al. [65], Rahman [66], and Rahman et al. [67]. Thus, the air transportation sector using renewable energy as its primary source of energy would help to decrease environmental degradation. In addition, civil aviation must adopt environmentally clean or green technologies in their operations [68] to ensure better environmental outcomes in the future.



Further, socialisation, financial development, and urbanisation growth are also contributors to economic growth. As a multidimensional concept, globalisation is primarily concerned with three aspects of human activity: economic, social, and political. Social globalisation includes interpersonal, informational, and cultural globalisation [39]. To gain from the overall process of market integration and globalisation, any country must take advantage of its international connections, economic, trade, technology transfers, or information flows, that is, socialisation, in its economic growth process. As a result, socialisation supports economic growth in the context of globalisation. This study’s findings are consistent with those of Balsalobre-Lorente et al. [33] in that social globalisation has a positive and significant impact on economic growth.



Likewise, researchers on empirical growth are increasingly favouring the view that financial development is a key driver of growth [46]. They also show that investment is a crucial pathway via which financial advancement fuels economic growth. Our findings revealed that while financial development does increase economic growth, the effect is not significant. This result contradicts Adu et al. [46], who claim they found a statistical and significant effect in Ghana to support the positive effect of financial development on growth. Similarly, urbanisation, measured by the population residing in the urban area, is an essential variable in the analysis of economic growth. A structural change in which resources are transferred from agricultural to industrial activities, and people relocate from rural to urban regions has been connected to the growth of urbanization [69]. Our findings from the NARDL long-run estimations showed that while urbanisation does have positive coefficients, it does not significantly affect economic growth. According to Castells-Quintana et al. [69], nations with high population expansion may see rapid urbanisation and declining productivity (i.e., urbanisation without growth).




6. Conclusions


This study explored the relationship between air transport and economic growth, considering energy consumption, financial development, socialisation, and urbanisation as control variables over the period 1971–2019 in Australia. The results from cointegration analysis revealed that there exists a long-run relationship among the variables. The results from NARDL long-run estimates revealed that the positive shocks in the AT increase GDP, whereas the negative shocks decrease GDP. The size of the long-run positive and negative changes in air transport also confirmed the long-run asymmetric association between AT and GDP in Australia. This outcome reveals that the more travellers are carried by air transport, the more that economic growth will increase. Thus, to conclude, air transportation is a crucial determinant of growth, and the ALGH is validated through the number of air passengers carried in the context of Australia.



The results from this study support notable policy recommendations. Prior to the COVID-19 pandemic, the air transportation sector was one of the most substantial growth areas. Appropriate planning will help to ensure the robust redevelopment of Australia’s aviation industry. The findings of this study indicate that air transport can strengthen the national economy over the long run by improving its degree of networks, which will allow business to be conducted globally. Moreover, air transport infrastructure should be promoted through the level of investment.



For a nation to continue its growth and financial advancement, an efficient, safe, and cost-effective air transport business must be developed. Governments, policymakers, civil authorities, airline companies, and travel and tourist agencies should have assertive and essential policy plans. This will ensure that the importance of the tourism industry will be more broadly recognised, particularly in nations such as Australia. Moreover, dependable partners have some cushion time to develop appropriate spatial framework strategies to promote the anticipated development in air transport after the pandemic. Thus, policymakers should use the findings of this study to implement an effective policy that would promote international trade and tourism to drive economic growth through growing the air transportation industry.



One of the limitations of this study is that it used the number of passengers carried to measure the airline transportation industry. However, future research could measure this using alternative variables such as the amount of freight (million tonnes per kilometre) and registered carrier departures worldwide. In addition, monthly or quarterly data could be considered to conduct research on the relationship between air transport and economic growth throughout different periods.
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Figure 1. Air transportation trend in Australia from 1971 to 2019 (Data source: World Bank [15]). 
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Figure 2. GDP trend in Australia from 1971 to 2019 (Data source: World Bank [15]). 
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Figure 3. CUSUM test. 
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Figure 4. CUSUMQ test. 
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Figure 5. NARDL multiplier effects. 
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Figure 6. Based on NARDL econometric estimation, the empirical scheme confirming ALGH. 
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Table 1. Data sources and variable descriptions.






Table 1. Data sources and variable descriptions.





	Variable
	Description
	Definition
	Source





	Gross domestic product (GDP)
	GDP per capita (constant USD 2010)
	GDP per capita is the GDP divided by the mid-year population.
	World Bank [15]



	Air transport (AT)
	Air transport, passengers carried
	Air passengers carried include both domestic and international aircraft passengers of air carriers registered in the country.
	World Bank [15]



	Energy consumption (EC)
	Primary energy consumption per capita
	Primary energy comprises commercially traded fuels, including modern renewables, used to generate electricity.
	BP Statistical Review [40]



	Financial development (FD)
	Domestic credit to the private sector (% of GDP)
	Domestic credit to the private sector refers to financial resources provided to the private sector by financial corporations.
	World Bank [15]



	Social globalisation (SG)
	Social integration index
	Social globalisation refers to interpersonal, informational, and cultural globalisation.
	Gygli et al. [39]



	Urbanisation growth (UG)
	Urban population growth (annual %)
	Urban population refers to people living in urban areas.
	[15]
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Table 2. Descriptive analysis.






Table 2. Descriptive analysis.














	
	lnGDP
	lnAT
	lnEC
	lnFD
	lnSG
	UG





	Mean
	10.575
	17.088
	5.416
	4.145
	4.329
	1.494



	Median
	10.548
	17.177
	5.451
	4.248
	4.314
	1.445



	Maximum
	10.954
	18.157
	5.566
	4.959
	4.480
	3.572



	Minimum
	10.176
	15.807
	5.105
	3.163
	4.200
	0.769



	Std Dev.
	0.257
	0.711
	0.118
	0.625
	0.105
	0.487



	Skewness
	0.012
	−0.022
	−0.781
	−0.240
	0.184
	1.808



	Kurtosis
	1.548
	1.698
	2.807
	1.519
	1.426
	8.541



	Jarque–Bera
	4.305
	3.463
	5.058
	4.951
	5.339
	89.385



	Probability
	0.116
	0.177
	0.080
	0.084
	0.069
	0.000



	Sum
	518.173
	837.323
	265.366
	203.082
	212.139
	73.209



	Sum Sq. Dev.
	3.181
	24.292
	0.664
	18.773
	0.531
	11.365



	Observations
	49
	49
	49
	49
	49
	49
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Table 3. Results of the ADF test with structural break: AO and IO.
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At Level




	
Variables

	
ADF Test Statistic (IO)

	
p-Values

	
Breaking Point

	
ADF Test Statistic (AO)

	
p-Values

	
Structural Break






	
lnGDP

	
−2.933

	
0.721

	
1993

	
−2.346

	
0.938

	
1982




	
lnAT

	
−3.157

	
0.593

	
1989

	
−1.862

	
0.989

	
1991




	
lnEC

	
−4.305 *

	
0.074

	
1993

	
−4.008

	
0.154

	
1993




	
lnFD

	
−4.798 **

	
0.018

	
1984

	
−2.594

	
0.871

	
1981




	
lnSG

	
−3.025

	
0.672

	
1992

	
−1.877

	
0.988

	
1989




	
UG

	
−7.358 ***

	
0.000

	
2007

	
−6.733 ***

	
0.000

	
2009




	
At First Difference




	
lnGDP

	
−6.982 ***

	
0.000

	
1983

	
−6.415 ***

	
0.000

	
2009




	
lnAT

	
−7.501 ***

	
0.000

	
1991

	
−7.667 ***

	
0.000

	
1991




	
lnEC

	
−5.789 ***

	
0.000

	
1979

	
−5.997 ***

	
0.000

	
1974




	
lnFD

	
−6.404 ***

	
0.000

	
1989

	
−6.527 ***

	
0.000

	
1989




	
lnSG

	
−6.107 ***

	
0.000

	
1984

	
−6.261 ***

	
0.000

	
2007




	
UG

	
−10.242 ***

	
0.000

	
1993

	
−10.325 ***

	
0.000

	
1974








Note: *** 1% level of significance; ** 5% level of significance; * 10% level of significance.
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Table 4. Results of BDS test.
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	Variable
	m = 2
	m = 3
	m = 4
	m = 5
	m = 6





	lnGDP
	0.193 ***
	0.323 ***
	0.412 ***
	0.473 ***
	0.519 ***



	lnAT
	0.194 ***
	0.323 ***
	0.412 ***
	0.473 ***
	0.517 ***



	lnEC
	0.182 ***
	0.319 ***
	0.418 ***
	0.483 ***
	0.524 ***



	lnFD
	0.199 ***
	0.336 ***
	0.429 ***
	0.493 ***
	0.537 ***



	lnSG
	0.193 ***
	0.323 ***
	0.410 ***
	0.469 ***
	0.508 ***



	UG
	0.085 ***
	0.141 ***
	0.171 ***
	0.180 ***
	0.171 ***







Note: *** 1% level of significance.
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Table 5. Results of the bounds test for the nonlinear cointegration.
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	Series
	F-Statistics
	LCB

I(0)
	UCB

I(1)
	Conclusion





	lnGDP = f (lnAT, lnEC, lnFD, lnSG, UG)
	11.94296 ***
	2.88
	3.99
	Cointegrated







Note: *** 1% level of significance.
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Table 6. Results of long-run estimation.
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Long-Run Estimation




	
Variable

	
Coefficient

	
t-Statistic






	
lnAT+

	
0.158

	
3.096 *




	
lnAT−

	
0.382

	
2.935 ***




	
lnEC

	
0.675

	
3.861 *




	
lnFD

	
0.080

	
0.945




	
lnSG

	
0.586

	
1.789 ***




	
UG

	
0.015

	
1.056




	
C

	
3.930

	
3.187 *








Note: *** 1% level of significance; * 10% level of significance.
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Table 7. Results of short-run estimation.
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Short-Run Estimation




	
Variable

	
Coefficient

	
t-Statistic






	
C

	
1.413

	
2.530 **




	
lnGDP (−1)

	
−0.340

	
−5.557 *




	
lnAT+ (−1)

	
0.057

	
2.775 **




	
lnAT−

	
0.138

	
3.144 *




	
lnEC

	
0.243

	
4.787




	
lnFD (−1)

	
0.029

	
0.937




	
lnSG

	
0.211

	
1.613




	
UG

	
0.006

	
0.999




	
D(lnGDP (−1))

	
−0.174

	
−1.554




	
D(lnGDP_PC (−2))

	
−0.234

	
−1.930 ***




	
D(lnAT_POS)

	
−0.004

	
−0.107




	
D(lnAT_POS (−1))

	
−0.084

	
−2.780




	
D(lnFD)

	
0.094

	
2.590




	
D(lnFD (−1))

	
0.124

	
3.567




	
ECM (−1)

	
−0.360

	
−10.790 *








Note: *** 1% level of significance; ** 5% level of significance; * 10% level of significance.
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Table 8. Diagnostic tests.






Table 8. Diagnostic tests.





	Variable
	Coefficient



	R2
	0.741



	Durbin–Watson test
	2.053



	Jarque–Bera test
	5.676 (0.059)



	Breusch–Godfrey LM test
	0.302 (0.824)



	Breusch–Pagan–Godfrey test
	1.876 (0.073)



	Harvey test
	1.079 (0.409)



	Ramsey test
	0.319 (0.576)



	Wald test
	5.981 (0.001)
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