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Abstract — This paper explores the causality relationship between economic growth, road energy 

consumption, and pollutant emissions from transport sector in NZ during 1977 to 2013.  The 

ARDL bounds testing to cointegration procedure is conducted, followed by Granger causality 

approach, to test the validity of the transport-energy EKC hypothesis. The empirical results of the 

study reveal an inverted U-shape between income and CO2 emission for the sample period. The 

turning point is approximately at US$31,070 in constant 2010 price and this level of per capita 

income is reached in NZ at the beginning of 2000s. In the short run, there is a unidirectional 

causality between economic growth and transport CO2 emissions with direction from economic 

growth to transport CO2 emissions, as well as a bidirectional causality from transport CO2 

emissions to road energy consumption. The findings deliver several policy implications. First, 

NZ’s carbon abatement policy initiatives should be directed at energy use from fossil fuels, and 

incentivise the adoption of alternative renewable energy sources. Second, transport policies that 

address carbon emissions abatement will not hurt economic growth. Therefore, any investment in 

emission reduction strategies could serve as a practicable policy instrument for NZ government to 

achieve its net-zero emission target by 2050. 
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1. Introduction 

Transport plays a vital role in economic and social development, given the fact that a nation’s 

economic growth is heavily reliant on the capacity and rationality of its transport system. A well-

designed transport network brings numerous benefits to society, including travel timesaving and 

improvement in energy efficiency. Despite the significant contribution of the transport sector to 

economic prosperity, its intensified use of combusting fossil fuels also contributes to critical long-

term environmental degradation: global warming. Research warns that carbon dioxide (CO2), 

alongside other greenhouse gases (GHGs) emissions such as methane (CH4), nitrous oxide (N2O) 

and Chlorofluorocarbons (CFCs), are the leading cause of global warming effect (Nordhaus and 

Boyer, 2000). Despite recent technological advancements in low-emission cars and electric 

vehicles, transport remains the area with fastest growing energy consumption and GHG emissions 

worldwide. It consumes nearly 20% of global energy and is responsible for around one-quarter of 

the overall energy-related CO2 emissions (Ajanovic et al., 2012). In addition, according to the 

International Energy Agency (IEA), road transport accounts for three quarters of total transport 

emissions in the world (IEA, 2017). CO2 emissions from road transport, on the other side, were 

responsible for two thirds of total oil combustion-related emissions (PBL, 2017). 

   New Zealand appears to be an interesting case study in the sense that first of all, the overall 

GHG emissions are rather small in a global context: it only produced 0.17% of total emissions of 

global emissions in 2013 (Statistics New Zealand, 2018). In terms of emission intensity by 

population, however, according to a recent report by the Ministry for the Environment (MfE), New 

Zealand was ranked the sixth highest emitter worldwide, at 17.4 tonnes carbon dioxide equivalent 

(CO2-e) per capita among 43 Annex I countries in 2015, next to the United States (US) and 

Australia (MfE, 2018).1 Second, New Zealand has a relatively unique emissions profile amongst 

developed countries.  Agriculture was the largest emitter in 2016, followed by the energy sector 

(MfE, 2018). The agriculture sector contributed nearly half of the country’s total emissions due to 

the extensive dairy farming nationwide, while emissions from the energy sector made up 

approximately 40% of the gross emissions. Within the energy sector, latest figures show that 

 
1 Annex I countries are the industrialised countries listed by the United Nations Framework Convention on Climate 

Change (UNFCCC) that were members of the Organisation for Economic Co-operation and Development (OECD) in 
1992, plus countries with economies in transition at the time. Annex I countries that are Parties to the UNFCCC are 
required to report regularly on their climate change data, policies, and measures, including, if appropriate, issues 
governed by the Kyoto Protocol (MfE, 2018). 



 

 

emissions from transport continue to dominate, accounting for over 45% of total emissions in the 

energy sector, which was equivalent to 20% of New Zealand’s total emissions in 2015 (MBIE, 

2017a). Fig. 1 illustrates the latest energy emissions by sector in New Zealand. As the chart shows, 

emissions from transport sector (mainly from liquid fuels) alone are greater than the combined 

emissions from electricity, fugitive and manufacturing emissions.  

 

 

Fig. 1. Energy GHG Emissions by Sector (Mt CO2-e) 

 

Fig. 2 demonstrates the emissions by fuel type. It is clear that liquid fuels produced the majority 

of emissions. Additionally, road transport emissions contributed to 44% of all energy sector 

emissions or 17.3% of gross emissions (MfE, 2018).  

 

 

Fig. 2. Energy GHG Emissions by Fuel Type (Mt CO2-e) 



 

 

Third, the growth rate of gross emissions in New Zealand is relatively high by international 

standards; it has increased almost 20% from 1990 to 2016, whereas in other major economies such 

as the UK and Germany, emissions have already reached below their 1990 levels. This 

considerable rise in gross emissions came primarily from the increase in emissions from the energy 

sector, which had grown by approximately 31.6% from 1990. Additionally, most of this increase 

was due to a remarkable growth of road transport emissions since 1990, at 82.1% (MBIE, 2017a). 

Increased consumption of both petrol and diesel were inevitably responsible for the growth in road 

transport emissions in New Zealand. Latest data indicates that transport energy demand rose 1.9% 

in 2016 from previous year, mainly driven by growth in land transport demand. Both petrol and 

diesel use for land transport increased over the same period, with 2.4% and 2.6%, respectively 

(MBIE, 2017b). Specifically, diesel is the primary fuel for commercial land transport such as 

heavy/light trucks, vans and utilities, while petrol is mainly for private consumption, i.e. light 

passenger vehicles (MoT, 2016). Diesel has been trending up for numerous years; it continues to 

grow alongside growth in the New Zealand economy and tends to be strongly linked to the 

country’s economic performance. 

Under the Paris Agreement, New Zealand government is committed to lessen its GHG emissions 

by 11% below its 1990 levels by 2030, and to reduce them further to net zero by 2050. However, 

in the absence of viable technological opportunities to substantially cut down CH4 and N2O 

emissions from agricultural sector, reducing energy demand and hence CO2 emissions from 

transport sector has turned to be one of the most effective policies that New Zealand could depend 

on in response to the climate change challenge. A better understanding of the trade-offs between 

transport pollutants and economic performance thus becomes increasingly critical to the current 

government, who is determined to develop an effective policy agenda to prepare New Zealand for 

transitioning to a low emissions and climate resilient economy. Empirically, the relationship 

between economic growth and environmental conditions has been modelled through emissions–

income nexus by many scholars, where the outcome of majority has been framed using the 

environmental Kuznets curve (EKC) hypothesis (Jalil and Mahmud, 2009). The EKC hypothesis, 

as firstly illustrated by Grossmann and Krueger (1991) in their studies to investigate the 

environmental impacts of the North American Free Trade Agreement, is generally understood to 

mean that there is an inverted U-shaped curve between the measures of several environmental 

degradation indicators and per capita Gross Domestic Product (GDP). This phenomenon can be 



 

 

explained by the idea that during the initial stages of economic growth, environmental pressure 

tends to intensify and then, after reaching a threshold, known as turning point in income per capita, 

environmental quality improves (Chowdhury and Moran, 2012). In other words, Congregado et 

al. (2016) stated that environmental pollution shifts from a normal good to an inferior good as 

income level rises.  

Although the EKC hypothesis for CO2 has been scrutinised, tested, and verified by various 

literature worldwide with mixed results, little is known about New Zealand. Most of the empirical 

studies that include New Zealand in their analysis as one of the sample countries, adapted either 

cross-sectional or panel data techniques (i.e. Dijkgraaf and Vollebergh, 2001; Halkos, 2011; Jobert 

et al., 2012). Lindmark (2002) emphasised that individual country approaches are beneficial over 

cross-country studies in the sense that it concentrates on the dynamics of the causes of the EKC 

argument. In addition, supported by Fodha and Zaghdoud (2010), results concluded from the cross-

country studies could only offer little direction in light of policy recommendation.  Therefore, with 

the aim of studying the impact of energy consumption from road transport and economic growth 

on CO2 emissions from transport sectors, this study aims to provide another unique context to test 

the EKC hypothesis for CO2 emissions from transport sector, using annual data over the 1970-

2013 period in New Zealand.  

The remainder of the paper is organised as follows. Section 2 presents the literature review, with 

specific emphasis on the ECK for CO2 in individual countries. Section 3 describes the 

methodology. Section 4 provides data and variables employed in this study. Section 5 delivers 

empirical results. The last section offers concluding remarks and policy implications.

2. Literature review of the EKC for CO2 in individual countries 

The relationship between CO2 emissions and economic growth has attracted substantial research 

over the past few decades. In particular, the possible validity of the EKC hypothesis for CO2 

emissions in individual countries has been broadly evaluated. However, literature has so far offered 

inconsistent results mostly due to differences in methods and context. Although some revealed that 

level of CO2 emissions and economic growth followed an inverted U-shaped relationship using 

time-series data, including: Ang (2007) and Iwata et al. (2010) for France, Jalil and Mahmud 

(2009) for China, Nasir and Rehman (2011) for Pakistan, Saboori et al. (2012) for Malaysia, 



 

 

Franklin and Ruth  (2012) for US, Bento and Mountinho (2016) for Italy, and Ahmad et al. (2017) 

for Croatia; or even an N-shaped relationship as the one noted in Zhang and Zhao (2014) for a 

regional analysis in China; on the other side, there are studies showed that little or no evidence in 

favour of the EKC, by adopting various modelling techniques. For instance, Soytas et al. (2007) 

was based on the Toda–Yamamoto procedure to Granger causality by Toda and Yamamoto (1995) 

for US; He and Richard (2010) used semiparametric and flexible nonlinear parametric modeling 

methods for Canada; Menyah and Wolde-Rufael (2010) employed the ARDL bound testing 

approach for South Africa, Pao et al. (2011) applied cointegration technique and a multivariate 

VECM for Russia, and finally, Halicioglu (2009) and Ozturk and Acaravcı (2010) used the ARDL 

bounds testing procedure, Akbostancı et al. (2009) applied cointegration approach based on the 
Johansen technique, all for Turkey. 

In addition to economic growth, energy consumption appears to be another significant factor 

affecting CO2 emissions. In this regard, Masih and Masih (1996) and Yang (2000) emerged after 

the pioneer work of Kraft and Kraft (1978), to examine the relationship between CO2 emissions 

and energy consumption. More recent research, for instance, Ang (2007), Soytas et al. (2007), 

Apergis and Payne (2009, 2010), Acaravcı and Ozturk (2010), Arouri et al. (2012) and Stamatiou 

and Dritsakis (2017), combined the growth–environment nexus and growth–energy nexus 

simultaneously into a single multivariate model, so that the validity of both nexuses can be 

captured in the same framework. However, the focus of aforementioned research is mainly on the 

impact of overall economic growth and aggregated energy consumption on total CO2 emissions. 

In the existing body of literature, only a few studies are directed in the sector-specific CO2 emission 

from transport.  

Several works have also studied the EKC hypothesis in regards to the more specific case on the 

transport sector in various countries, including but not limited to: Cole et al. (1997), Hilton and 

Levinson (1998), Cox et al. (2012), Abdallah et al. (2013), and Azlina et al. (2014). Most recently, 

by applying ARDL approach, Alshehry and Belluomi (2017) and Danish et al. (2018) examined 

the relationship between transport energy consumption, economic growth and CO2 emissions from 

transport sector for Saudi Arabia, an oil-rich country, and Pakistan, an emerging economy. Neither 

found supportive evidence that the inverse-U relationship exist between transport CO2 emissions 

and economic growth in the two countries. Turning to New Zealand, Fatai et al. (2004), and 

Bartleet and Gounder (2010) were the only two studies that investigated the nexus of energy 



 

 

consumption and economic growth. Giles and Mosk (2003), on the other hand, examined a long-

run relationship between income and emission of CH4 in New Zealand over the period of 1895-

1996, based on traditional quadratic and cubic functional forms and nonparametric kernel 

regression, and found an inverted U-shape curve. However, none of the above studies specifically, 

as far as we are aware of, investigated the existence of the EKC hypothesis for CO2 emissions in 

New Zealand transport sector, using time-series data and a single country analysis. There is a 

multi-dimensional need for analysing the energy situation in New Zealand and hence obtaining 

new insights into the relationship between economic growth, energy consumption and CO2 

emissions within this fast-growing sector. 

The contribution of the present work to the existing literature is twofold. First, the study is a first 

attempt to fill the research gap by addressing transport as a key economic sector, which has 

experienced the most intense energy consumption growth in New Zealand and is the highest 

contributor to CO2 emissions from fuel combustion. Second, the study estimates the EKC on 

transport sector by analysing the impact of fossil fuel energy consumption and economic growth 

on CO2 emission from transport sector using New Zealand-centric data.  To the best of our 

knowledge, this is the first research to assess the transport energy EKC hypothesis and provides 

specific operational guidance for transport policymakers.  

 
3. Estimation methodology and econometric specifications 
 

The objectives of the study are to examine the long-run relationship among CO2 emissions from 

the transport sector, fossil fuel consumption and per capita real GDP, and hence test the validity 

of the transport energy EKC hypothesis in New Zealand. 

In line with these objectives, the methodological approach is designed as the following. First, 

the stationarity in the times series for all the variables are tested using two conventional unit root 

tests, namely, the Augmented Dickey–Fuller (ADF) test by Dickey and Fuller (1979, 1981) and 

the Phillips–Perron (PP) test by Phillips and Perron (1988). Moreover, the unit root test with an 

endogenous breakpoint, namely, the Zivot-Andrews (ZA) test by Zivot and Andrews (1992), is 

used to investigate the possible existence of trend and structural breaks. As Perron (1989) 

indicates, structural change and unit roots are closely related. Therefore, neglecting the use of these 

tests with structural changes could lead to misleading conclusions when data are trend stationary 

with a structural break.  



 

 

The second step is to test for cointegration using the ARDL bounds testing approach introduced 

and developed by Pesaran and Shin (1999) and Pesaran et al. (2001).  Third, if the ARDL bounds 

test supports the conclusion that the variables are cointegrated, then the Granger causality test by 

Granger (1969) is carried out based on an error-correction model (ECM) framework.  

Following Fodha and Zahdoud (2010), and Alshehry and Belloumi (2017), and Stamatiou and 

Dritsakis (2017), in order to model the relationship between per capita CO2 emissions from the 

transport sector, fossil fuel energy consumption and the real GDP, a double-log quadratic equation 

is specified. Chang et al. (2001) noted that the transformation of linear specification for the time 

series data into natural logarithm helps to induce stationarity in the variance-covariance matrix; 

furthermore, Gujarati (2004) argued the log-transformed data reduce the potential problem of 

heteroscedasticity. The econometric model is therefore expressed as: 

 

𝑙𝑙𝑙𝑙𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡 + 𝛽𝛽2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡 + 𝛽𝛽3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡 + 𝜖𝜖𝑡𝑡     (1) 

                                                

where 𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡 is the per capita carbon emissions from transport at time t, 𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡 is the per capita 

fossil fuel consumption at time t, which represents the road energy consumption; 𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡 is the per 

capita real GDP at time t, a measure of economic growth; 𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡  is the quadratic term of 𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡; 

the coefficients 𝛽𝛽1,𝛽𝛽2  and 𝛽𝛽3 represent the impacts of 𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡 , 𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡  and  𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡  on 𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡 , 

respectively; 𝛽𝛽0 is the intercept, and 𝜖𝜖𝑡𝑡 is the disturbance term at time t, which is assumed to be 

normally distributed with zero mean and constant variance. 

Generally, a higher level of energy consumption is expected to result in greater economic activity 

and stimulate CO2 emissions; therefore, it is expected that the estimated coefficient β1 has a 

positive sign in (1). Based on the theory of EKC, it is also expected that the estimated coefficient 

β2 > 0 while β3 < 0. Note that in contrast to other econometric models which are mainly estimated 

with cross-sectional or panel data, the above regression does not include other additional 

explanatory variables such as trade openness, financial development and urbanization. Reference 

Fodha and Zahdoud (2010) supports this rationale. The authors justified that given one of the 

empirical aims is to examine the cointegration relationship between environmental degradation 

and economic growth, the inclusion of any additional variables would not help to eliminating 

potential issues caused by unit roots in the dataset, nor possible problems associated with the nature 



 

 

of the causal relationship. 

Following the majority of the prior studies (Halicioglu, 2009; Maji, 2015; Ozturk and Acaravcı, 

2010; Pao and Li, 2014; Saboori et al., 2012; Sbia et al., 2014; Shahbaz et al., 2014; Wolde-Rufael, 

2010) with adjustments, this study adopts the ARDL bounds testing approach to cointegration 

proposed by Pesaran et al. (2001), to test the long-run relationship between per capita transport 

CO2 emissions, land transport energy consumption and economic growth. The ARDL 

cointegration approach involves two distinct steps. First, it explores the presence of long-run 

relationship among all variables in Eq. (1). Due to the relatively small sample size of our study 

(i.e. T = 37), instead of using the critical values provided by Pesaran et al. (2001), we adapt the 

ones in Narayan (2005). Using the bounds test (i.e. F-test) procedure through the OLS and compare 

with critical bounds table of Narayan (2005), the unrestricted error correction model is constructed 

as follows: 
 

𝛥𝛥𝑙𝑙𝑙𝑙𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡 = 𝛾𝛾0 + ∑ 𝛾𝛾1𝑖𝑖∆𝑙𝑙𝑙𝑙𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡−𝑖𝑖𝑛𝑛
𝑖𝑖=1 + ∑ 𝛾𝛾2𝑖𝑖∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡−𝑖𝑖𝑛𝑛

𝑖𝑖=0 + ∑ 𝛾𝛾3𝑖𝑖∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−𝑖𝑖𝑛𝑛
𝑖𝑖=0 +

∑ 𝛾𝛾4𝑖𝑖∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡−𝑖𝑖𝑛𝑛
𝑖𝑖=0 + 𝛼𝛼1𝑙𝑙𝑙𝑙𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡−1 + 𝛼𝛼2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡−1 + 𝛼𝛼3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−1 + 𝛼𝛼4𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡−1 + 𝜗𝜗𝑡𝑡  

                                                                                (2)                                                              

where 𝛾𝛾0is the drift component 𝜗𝜗𝑡𝑡 is the white noise. The terms with summation signs indicate the 

error correction dynamics; while the second part of the equation with 𝛼𝛼𝑖𝑖 corresponds to the long-

run relationship. The null hypothesis in (2) is 𝐻𝐻0: 𝛼𝛼1 = 𝛼𝛼2 = 𝛼𝛼3 = 𝛼𝛼4 = 0. This implies the non-

existence of long-run relationship. While the alternative hypothesis is 𝐻𝐻𝐴𝐴: 𝛼𝛼1 ≠ 𝛼𝛼2 ≠ 𝛼𝛼3 ≠ 𝛼𝛼4 ≠

0. If the value of the computed F-statistics is greater than the value of upper bounds of the critical 

bounds table in Narayan (2005), then we reject the null hypothesis of no cointegration and thus 

have ample evidence of the existence of a long-run relationship between the variables in New 

Zealand. Before estimating Eq. (2), we first construct the long-run model of the ARDL approach 

to cointegration as follows: 

𝑙𝑙𝑙𝑙𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡 = 𝜑𝜑0 + �𝜑𝜑1𝑖𝑖𝑙𝑙𝑙𝑙𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=1

+ �𝜑𝜑2𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=0

+ �𝜑𝜑3𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=0

+ �𝜑𝜑4𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=0

+ 𝜗𝜗𝑡𝑡 

                                                                                (3)                                                              



 

 

This step is based on the selection of optimal lag length n, suggested by different selection 

criteria such as Akaike information criterion (AIC). The second step estimates Granger-causality 

in an error correction model (ECM) representation of the selected ARDL model of Eq. (2). The 

lagged error correction term is included to incorporate long-run dynamics and the ECM is 

presented in Eq. (4): 

∆𝑙𝑙𝑙𝑙𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡 = 𝜌𝜌0 + �𝜌𝜌1𝑖𝑖∆𝑙𝑙𝑙𝑙𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=1

+ �𝜌𝜌2𝑖𝑖∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=0

+ �𝜌𝜌3𝑖𝑖∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=0

+�𝜌𝜌4𝑖𝑖∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=0

+ 𝜎𝜎𝑙𝑙𝑇𝑇𝐸𝐸𝑡𝑡−1 + 𝜗𝜗𝑡𝑡       

(4)                                                                                                                                     
The results of the ECM allow measuring the speed of adjustment required to adjust to long-run 

values after a short run shock. Lastly, to ensure the goodness of fit of model, the diagnostic and 

structural stability tests are also employed. These include, the Breusch-Godfrey Lagrange 

multiplier (LM) test for serial correlation, the Ramsey regression equation specification error test 

(RESET) for functional form associated with selected model, the autoregressive conditional 

heteroscedasticity (ARCH) test for heteroscedasticity, and the Skewness/Kurtosis normality tests, 

respectively. As recommended by Pesaran and Pesaran (1997), the cumulative sum (CUSUM) and 

cumulative sum of squares (CUSUMSQ) introduced by Brown et al. (1975) are also constructed 

for verifying the model’s structural stability.  

 

4. Data and variables 

The data in this analysis were obtained from the WDI (2016) published by the World Bank, and 

based on data availability, covers an annual frequency over the period of 1977 to 2013 in New 

Zealand. The three variables are transport CO2 emissions per capita (in metric tons), fossil fuel 

consumption per capita (in metric tons of oil equivalent), and the real GDP per capita (in constant 

2010 US$). Fig. 3 presents the plots of logarithmic levels of these variables and the descriptive 

statistics of the variables are shown in Table 1. 



 

 

 
Fig. 3. Plot of logarithmic per capita transport CO2 emissions, per capita fossil fuel consumption and levels of per 

capita real GDP for New Zealand 

 

The mean value of transport CO2 emissions in New Zealand for the study period is 3.005 metric 

tons per capita. The maximum transport CO2 emissions of 3.568 metric tons per capita occurred 

in the year of 2000 while the minimum value, 2.108 metric tons per capita, was recorded in the 

year of 1983. The average fossil fuel consumption per capita is around 2.583 metric tons of oil 

equivalent. In 2001, the consumption hit its peak at 3.165 metric tons of oil equivalent, while in 

1981 the consumption reached its minimum at 1.840 metric tons of oil equivalent over the sample 

period. For GDP per capita, the average of GDP per capita for New Zealand is approximately 

US$27,989. The maximum value of US$35,350 and the minimum value of US$21506 were 

recorded in 2013 and 1977 respectively.  

 

Table 1 

Summary statistics 

Variables Mean Median Min Max Std. Dev. Skewness Kurtosis 

TCO2t 3.005 3.273 2.108 3.568 0.483 -0.777 2.057 
RECt 2.583 2.629 1.840 3.165 0.359 -0.544 2.506 
GDPt 27989.32 26804.83 21506.46 35350.45 4469.494 0.291 1.647 
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To avoid the problem of spurious regression that may arise when time series data are employed 

in the level or non-stationary form, a series of unit root tests are used and presented in the next 

section. 

 

5. Empirical results 

The estimated results for the unit root tests, followed by the ARDL and the Granger-causality 

estimates, are presented in this section. Empirical results include the bounds tests, and both long- 

and short-run causalities for the model. 

5.1. Unit Root Tests 

Two conventional unit root tests, namely the ADF and PP tests, were used to examine the 

stochastic nature and properties of per capita transport carbon emissions, land transport energy 

consumption and real GDP for New Zealand. Table 2 presents the results of unit roots test for these 

variables under the two scenarios, one is the model with only a constant and the other is with a 

constant and trend. The results from both the ADP and PP confirmed the presence of a unit root 

for all variables at the 10% significance level, but no evidence of a unit root was found for the 

differenced variables. We thus conclude that these variables were integrated of order one, or in 

other words, stationary at I(1) based on conventional unit root tests. 

 

Table 2 

Results of ADF and PP unit root tests 

Variables   ADF   PP 

  Constant Constant and trend Constant Constant and trend 
Log levels 
lnTCO2t -2.055 -2.109 -1.390 -1.810 

lnRECt -1.488 -1.028 -1.313 -1.166 

lnGDPt -0.526 -2.280 -0.550 -1.969 

lnGDP2t -0.493 -2.261 -0.510 -1.956 

     
Log first differences 
ΔlnTCO2t -5.007*** -5.095*** -4.995*** -5.080*** 

ΔlnRECt -5.464*** -5.553*** -5.461*** -5.556*** 



 

 

ΔlnGDPt -3.420** -3.360* -4.102*** -4.046*** 

ΔlnGDP2t -3.412** -3.353* -4.087*** -4.029*** 
Notes: *** denotes significance at 1% level; ** denotes significance at 5% level; * denotes significance at 10% level. 

AIC and SBC are used to select the optimal lag length for ADP test. 

 

As discussed earlier, one potential weakness of the above conventional unit root tests is their 

confusion of structural breaks in the series as evidence of non-stationarity. This also implies that 

for the series that are found to be I(1), there may be a chance that they are in fact stationary around 

the structural break(s), I(0), but are incorrectly classified as I(1). In such cases, the ZA and PV 

one-break test, are introduced to surpass the inability of standard ADF and PP tests. The results of 

the tests are displayed in Table 3. 

 

Table 3 

Results of ZA unit root test with one structural break 

Variable Zivot-Andrews Unit Root Test  
 t-statistic(ta) Break Date(TB) 
Log levels   
lnTCO2t -3.655 (0) 1985 
lnRECt -4.295 (0) 1996 
lnGDPt -3.453 (1) 1999 
lnGDP2t -3.457 (1) 1999 
   
Log first differences   
ΔlnTCO2t -5.662*** (0) 1987 
ΔlnRECt -8.449 *** (0) 1986 
ΔlnGDPt -6.283*** (0) 1993 
ΔlnGDP2t -6.214*** (0) 1993 

Notes: *** denotes significance at 1% level; ** denotes significance at 5% level. For the ZA unit root test, the numbers 

in parentheses are the lag order selected by Bayesian Information Criterion (BIC). The critical values for ZA test are 

-5.57, -5.08 and -4.82 at 1 %, 5 % and 10% levels of significance respectively. For the PV Unit Root test, we trimmed 

5% of the sample from each end when searching for the breakpoints. 

 

The ZA test with one structural break finds no additional evidence against the unit root null 

hypothesis relative to the unit root tests without a structural break. In other words, the unit root 

null hypotheses are not rejected at the 1% level for all series. This result is consistent with standard 

ADF and PP test results. 



 

 

 

5.2. ARDL bounds test to cointegration results 

As all the variables are integrated at order one, we can confidently apply the ARDL methodology 

through two stages. In the first stage, the long-run relationship of Eq. (2) will be given by two 

steps. In the first step, maximized likelihood ratio (LR) criterion, minimized final prediction error 

(FPE), AIC, Hannan–Quinn information criterion (HQIC) and Schwarz-Bayesian criterion (SBC) 

criteria are utilized to select the optimal lag length of the ECM models. The results are presented 

in Table 4 and in the light of these indicators, the optimal lag is found to be one as selected by the 

majority. 

 

Table 4 

Selection-order criteria of the model 

lag LL LR FPE AIC HQIC SBC 
0 210.630 - 4.30e-11 -12.523 -12.462 -12.342 
1 338.102 254.940 5.00e-14 -19.279 -18.974* -18.372* 
2 356.247 36.291 4.6e-14* -19.409 -18.860 -17.776 
3 371.513 30.533 5.50e-14 -19.365 -18.571 -17.006 

Notes: * indicated significance at 10% level. LL = log likelihood, LR = log likelihood ratio, FPE = final prediction 

error, AIC = Akaike information criterion, HQIC = Hannan-Quinn information criterion, SBC = Schwarz-Bayesian 

criterion. 

Now we have ascertained that none of the selected series is I(2) or beyond, and the determination 

of the optimal order of lag has been established. Next, the presence of the long-run relationship is 

tested using the ARDL bounds test to cointegration. Eq. (2) is estimated by OLS method and the 

F-statistic for the joint significance of lagged levels of variables have also been calculated. The 

results are presented in Table 5. The computed F-statistic is 6.286, when the dependent variable is 

TCO2t. Since the F-statistic is greater than the critical value of 4.91 at 5% level of significance, 

we can reject the null hypothesis of no cointegration and hence accept the alternative hypothesis 

of the existence of cointegration. In other words, there is a relatively strong cointegration 

relationship among the variables of the model. 

 

 



 

 

Table 5 

Results of ARDL bounds test to cointegration 

Test Statistic Value k* 
F-statistic 6.286 3 
Critical value Bounds by Narayan (2005)  
Significance I(0) I(1) 
10% 2.96 4.10 
5% 3.62 4.91 
1% 5.20 6.84 

Note: * represents the number of non-deterministic regressors in long-run relationship. We focus on the model with 

unrestricted intercept and no time trend (case 3). 

 

5.3. Granger causality test results 

However, whether the per capita transport CO2 emission has an impact on the road energy 

demand and economic growth, or vice versa, still remains unclear. In order to confirm the direction 

of causality, the causal relationship between the variables was explored by the Granger causality 

tests. The results of Granger causality tests for the three variables of major concern are reported in 

Table 6. 

 

Table 6 

Results of Granger causality test 

Null hypothesis F-statistics p values 
𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡does not Granger cause 𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡 
𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡 does not Granger cause 𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡  

5.71 
6.23 

0.0575* 
0.0443** 

𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡does not Granger cause 𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡  
𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡  does not Granger cause 𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡 

2.97 
4.87 

0.2230 
0.0875* 

𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡 does not Granger cause 𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡  3.90 0.1477 
𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡  does not Granger cause 𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡   1.28 0.5274 

Note: ** indicated significance at 5% level; * indicated significance at 10% level. 

 

F-statistics and probability values are constructed under the null hypothesis of no causality. The 

results in Table 6 revealed that there is a bidirectional causality relation between 𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡 and 𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡. 

This outcome indicates the existence of feedback effect between transport CO2 emissions and road 

energy consumption in the short run. Moreover, there is also a unidirectional causality with 

direction runs form 𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡 to 𝑇𝑇𝑇𝑇𝑇𝑇2𝑡𝑡. The same findings are observed for 𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡 but they are not 

reported. 



 

 

5.4. Error Correction Model 

Since the existence of cointegration among the variables were achieved using ARDL bounds 

approach in Table 5, we move further to estimate the long-run model of Eq. (3), the results are 

presented in Table 7. The coefficient of 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡 is 0.482 and statistically significant, which implies 

that an increase in per capita consumption of energy in transport sector by 10% will lead to an 

increase in per capita transport CO2 emissions of 4.82% in the long-run, holding other factors 

constant. Moreover, the estimate of 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡, is positively and significantly related to per capita 

transport CO2 emissions. The statistically negative sign of 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡  confirms the diminishing 

effect of transport CO2 emissions and income at high levels of income. The turning point of per 

capita real GDP is approximately at US$31,070, which happened around year 2002. This outcome 

supports the EKC hypothesis that the level of transport CO2 emissions initially increases with 

income, until it reaches its turning point, then it starts to decline.  

 

Table 7 

Estimated long-run coefficient 

Dependent variable = lnTCO2t   

Variable Coefficient   t-values 

lnRECt 0.482 2.26** 

lnGDPt 58.723 2.04** 

lnGDP2t -2.838 -2.03* 

Diagnostic test statistics Test-statistics        p values 

Breuch-Godfrey LM test χ2(2) = 2.102   0.147 

Ramsey RESET test F-statistic = 2.622 0.116 

ARCH LM test χ2(2) = 0.570 0.450 

Skewness/Kurtosis test Pr(Skewness) = 0.609; Pr(Kurtosis) = 0.767 0.837 
Note:*** indicated significance at 1% level; ** indicated significance at 5% level. ARDL (1,0,0,0) is selected based 

on BIC. 

 

The results of the different diagnostic tests for Eq. (8) are also shown in the lower part of Table 

7. The estimated model passes the diagnostic tests of serial correlation and functional form 

specification. Additionally, the diagnostic test statistics do not suggest the presence of 

heteroskedasticity and non-normality, either. Therefore, we can conclude that the model is 



 

 

adequate and can be pursued by policy recommendation. 

The estimated short run results are presented in Table 8. It is clear that ∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇𝑡𝑡, ∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡 and 

∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑡𝑡 are statistically significant with prior expected signs. The coefficient of the 𝑙𝑙𝑇𝑇𝐸𝐸𝑡𝑡−1 is 

equal to -0.517 and statistically significant, suggesting that a deviation from the long-run 

equilibrium level of per capita transport CO2 emissions in one year is corrected by nearly 51.7% 

in the next year. 

 

Table 8 

Estimated short run coefficient 

Dependent variable = ΔlnTCO2t  
Variable Coefficient   t-values 
ΔlnRECt 0.249 1.82* 
ΔlnGDPt 3.353 2.29** 
ΔlnGDP2t -1.467 -2.27** 
Constant -156.606 -2.30** 
𝑙𝑙𝑇𝑇𝐸𝐸𝑡𝑡−1  -0.517 -4.41*** 

Note:*** indicated significance at 1% level; ** indicated significance at 5% level. ARDL (1,0,0,0) is selected based 

on BIC. 

 

5.5. Structural Stability Tests  

As the last stage of ARDL estimation, the model was checked for structural stability test using 

CUSUM and CUSUMSQ based on recursive residuals, originated by Brown et al. (1975). The 

null hypothesis states the regression coefficients are constant overtime. The diagrammatic 

representations of these tests are presented in Fig. 4 and Fig. 5. The straight lines in both Figs. 4 

and 5 denote critical bounds at a 5% significance level. The graphs show that CUSUM statistics 

are strictly within the critical bounds, suggesting that all estimated coefficients in the ECM model 

follow a stable pattern over the sample period. In other words, the selected environmental model 

is appropriate to deliver operational guidance for transport policy.  

 



 

 

 
Fig. 4. Plot of CUSUM of recursive residuals 

 

 
Fig. 5. Plot of CUSUM of recursive residuals 

 

6. Conclusions and policy implications 

This paper investigates the causal relationship between road transport CO2 emissions per capita, 

road energy consumption per capita, real GDP per capita, the square of real GDP per capita in New 

Zealand over the period of 1977–2013. The ARDL bounds testing approach for cointegration test 

yields evidence of a long run relationship amongst variables, before to test the existence of Granger 
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causality. Additionally, results from a series of diagnostic test, alongside the structural stability 

tests of CUSUM and CUSUMSQ tests, ensured goodness of fit and stability of the model, 

respectively. 

The ECM was used to capture both the short and the long run dynamic relationships. The results 

reveal that in the short run, there is a bidirectional causality relation between transport CO2 

emissions and road energy consumption, as well as a unidirectional causal relationship between 

economic growth and transport CO2 emissions with direction from economic growth to transport 

CO2 emissions. In the long run, the estimated coefficient of the error correction term in the equation 

of ΔTCO2 is negative and statistically significant at 1% level, implying that transport CO2 

emissions could play an important adjustment role in the long run equilibrium. Moreover, the 

findings based on these tests show per capita transport CO2 emissions and per capita GDP follow 

an inverse U-shape, supporting the validity of transport energy EKC hypothesis. The turning point 

is approximately at US$31,070 and this level of per capita income was reached in New Zealand at 

the beginning of 2000s. 

From a policy perspective, first, the implication from the bidirectional causality relation between 

transport CO2 emissions and road energy consumption implies that the carbon abatement policy 

initiatives should be directed at energy use from fossil fuels and incentivise the adoption of 

alternative renewable energy sources. New Zealand has one of the highest per capita light vehicle 

ownership levels in the world. With over 80% of New Zealand’s electricity being generated from 

renewable sources, rapid adoption of electric vehicles as replacements for internal combustion 

engine (ICE) based passenger transport should be an obvious goal. Second, the empirical results 

of the one-way causality running from economic growth to environmental pollutant emissions 

growth suggests that transport policies addressing carbon emissions abatement, will not hurt 

economic growth. Therefore, any investment in emission reduction strategies could serve as a 

practicable policy instrument for New Zealand government to achieve its net-zero emission target 

by 2050.  

A limitation of this study is the use of nationwide aggregated data. Subject to data availability, 

the research could be improved by using panel data at the regional level. This may be useful in 

providing additional understandings and insights pertaining the relationship between transport 

energy consumption, GDP and their impact on transport emissions, at more disaggregated level, 

such as in Zhang and Nian (2013). Finally, regarding the emission sources, carbon monoxide (CO) 



 

 

is the major emission from petrol vehicles, while sulphur dioxide (SO2) is mainly emitted from 

diesel engines in New Zealand as suggested by the MoT (2018). Both emissions are associated 

with immense damaging on human health and hence pose financial pressure on the country’s 

healthcare system. Therefore, another possible avenue is to use CO and SO2 emissions as 

alternative environmental degradation proxies to CO2 emissions.  
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