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Abstract
Health and the environment are complex components of the countries, influenced by sev-
eral factors, especially transport, and economics. Thus, this paper assesses the role of trans-
portation and economic complexity in the environment and public health for the Organiza-
tion for Economic Co-operation Development (OECD) countries from 2001 to 2020. This 
study also focuses on the relationship between transport and economic complexity with 
environmental and healthcare expenditures. Precisely, transport and economic activities 
stimulate healthcare expenditures through multiple channels. The current study employs 
the STIRPAT model to investigate the association with transportation, economic complex-
ity, transport–carbon intensity, and healthcare expenditure. Besides, the current research 
confirms the plausible cross-sectional dependency across countries, and it adopts a second-
generation technique. Analytical findings suggest that transportation-carbon intensity is 
positively and significantly associated with healthcare expenditures. Healthcare and trans-
port–household expenditures increase transport–carbon intensity (TCI) by 75% and 45%, 
respectively, in the long run. In the contrast, TCI and transport–household expenditures 
have also a remarkable impact on healthcare expenditures and are estimated approximately 
95% in the long run. Moreover, economic growth also upsurges TCI and healthcare expen-
ditures through multiple economic activities. Besides, transport–household expenditures 
(THE) drastically impact transport–carbon intensity and healthcare expenditures (HEX) 
through passenger traffic (PTF). Diagnostic upshots unveil that the joint effect of THE and 
PTF increases TCI and HEX by 4 and 3%, respectively. Finally, findings recommend some 
policy implications and future research directions for the countries based on empirical out-
comes. Countries should regulate economic activities to reduce transport carbon emissions.
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1 Introduction

Health and environment are multifaceted facets of each economy and have received great 
attention globally in recent days, especially from environmental and health scholars and at 
international summits. Thus, several factors affect health and environment-oriented trans-
port (transport–carbon intensity), particularly transport and economic (de Albornoz et al., 
2022; Heidari et al., 2022; Kumar & Dua, 2022; Wan et al., 2022). More precisely, because 
of drastic changes in transportation and economic structure, the public’s health and envi-
ronment are substantially deteriorating. Besides, climate change and global warming are 
also adversely affecting health and environmental quality. In order to address the environ-
mental issues concern over their harmful effects on health and economy, the Paris Agree-
ment on climate change has been conducted by the largest countries to improve the envi-
ronment’s quality (Radmehr et al., 2021; Yang et al., 2021a, b).

Figure 1 illustrates that worldwide carbon emissions are increasing due to several eco-
nomic and non-economic activities. This indicates regions and countries are drastically 
releasing carbon emissions into the atmosphere via multiple sectors, especially transporta-
tion. Thus, the transport sector is also significantly contributing to worldwide carbon emis-
sions. Facts indicate that Europe excluded and included, the European Union-27, the USA, 
and China regions are found to have had higher amounts of carbon emissions in the last 
century, which is an alarming situation for the global environment.

Previous studies, e.g., Abbasi et  al. (2023a, b) and Abbasi and Erdebilli (2023), also 
focused on the issue of carbon emissions released by distinctive sectors in different coun-
tries. Moreover, their arguments emphasize that green environmental approaches such as a 
green closed-loop supply chain network can combat environmental issues. Besides, Abbasi 
et al. (2021; 2022a, b) also measure the performance of sustainable supply chain responses 
to non-economic issues (COVID-19-related diseases), which can improve the environmen-
tal quality.

Fig. 1  Cumulative CO2 emissions by region (in billion tons). Source: www. stati sta. com

http://www.statista.com
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A World Health Organization report illustrates that free-carbon development-related 
investment via institutional rules and regulations has been considered a mega investment 
project in the health sector. Precisely, a diverse social and economic environment stimu-
lates the demand for public health that is instantly correlated with healthcare expenditures. 
Furthermore, the majority of the population has been breathing unhygienic air. Global 
warming and air pollution have exaggerated different diseases or viruses, i.e., lung cancer, 
strokes, heart disease, and respiratory diseases. As a result, enormous numbers of individu-
als die from many diseases and viruses (e.g., lung cancer, paralysis, etc., each year). Abbasi 
& Choukolaei, 2023). According to the report of the World Health Organization (WHO, 
2019b), approximately 2.5 billion deaths are projected to occur each year from 2030 to 
2050 because of diarrhea, malaria, high temperatures, and malnutrition.

Transportation is a crucial factor for the environment and public health. It does substan-
tially affect the public health and environment by releasing greenhouse gas emissions into 
the atmosphere that pollute the environment and spread viruses in the human body. The 
fact that the transport sector contributes to greenhouse gas emissions around 24% glob-
ally indicates that human activities, e.g., passenger and freight traffic, power transportation 
from burning fossil fuels, industrialization, electricity production, and international trade, 
are the leading emissions contributors to rising ecological mortification (Hussain et  al., 
2021; Jin et al., 2022; Konc et al., 2021). Passenger and freight traffic release hazardous 
toxins into the atmosphere through different anthropogenetic processes, which can have 
unfavorable consequences on public health (Shahadin et  al., 2018). However, green net-
works can positively affect the environment by reducing carbon emissions (Abbasi et al., 
2022a). On the contrary, transport–household expenditure is also an important influencer 
for the environment because it causes pollution. More precisely, spending on personal or 
household vehicles stimulates the traffic level for multiple purposes (especially family-
oriented travel or trips), which causes the release of carbon dioxide and PM2.5 air pollu-
tion into the atmosphere (Choudhari et al., 2022; Dingil & Esztergár-Kiss, 2021; Liu et al., 
2022; Ozkan & Atli, 2021; Simic et al., 2022).

In addition, economic complexity also plays a vital role in public health and the envi-
ronment. It provides a new mode of regime where the people learn from new innovations 
or methods by managing their resources, skills, and knowledge. Thus, economic complex-
ity generates new economic activities by which countries require more and more natural 
(energy, water, and land) and human resources (skills, labor, and capital) in order to inno-
vate. Under such circumstances, human health- and environmental-oriented greenhouse 
gases are released via transportation, industrialization, and globalization (Yang et  al., 
2021a, 2021b). Consequently, emissions and expenditures are likely to increase over the 
time period. Therefore, countries should concentrate on equal distribution and allocation 
of given resources in order to combat public health and environmental detrimental effects 
over economies. Furthermore, policymakers must focus on achieving resource equilibrium 
in order to improve public health, particularly in healthcare. Although associations among 
the resources can have dual effects, for instance, carbon dioxide emissions and air pollu-
tion released from transportation become evidence of lung disorders, and consequently, the 
expenses of individuals are increased.

Healthcare expenditures (HEX) are important factors of economic gross domestic 
product (GDP), and previous studies have researched that a positive relationship between 
healthcare and economic growth exists. Moreover, a continued rise in economic activity 
encourages higher investment in human capital. Consequently, healthcare expenditures 
could rise, boosting economic growth and improving environmental quality (Nathaniel 
et al., 2021; Raghupathi & Raghupathi, 2020).
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The World Economic Forum report demonstrates that approximately one-third of global 
healthcare expenditures would be transferred to developing countries from developed coun-
tries in 2022. The effect of anthropogenetic emissions such as transport–carbon intensity 
on public health has received great attention. This statement argues that greenhouse emis-
sions do not only reduce the manufacture of healthcare goods, but nonetheless enhance the 
economic expenditures of healthcare goods in the presence of diseases (Khan et al., 2022; 
López-Casasnovas & Soley-Bori, 2014). A rise in healthcare expenditures is a crucial sub-
ject for industrialized nations due to augmentation of facilities related to health (Geue et al., 
2014). Considering the association between economic growth and distinctive health spend-
ing: (1) environmental economic theoretical notion explains that precautionary healthcare 
expenditures substantially reduce environmental degradation. (2) Healthcare expenditures 
increase human capital and economic growth. More specifically, we seek estimation of the 
hypothesis: Does the transport–carbon intensity affect healthcare expenditures? Recently, 
several research scholars have taken serious description of environmental and health issues 
in the context of scarce resources. For instance, air pollution negatively affects health and 
well-being and also causes diseases of the brain, heart, and lungs, increasing healthcare 
expenditures. Health-oriented spending on the commodities stimulate traffic activities, 
which may release carbon dioxide emissions into the atmosphere.

Thus, this article chooses the sample countries of the members of the Organization for 
Economic Co-operation and Development (OECD) due to some reasons: First, they spend 
a larger amount on healthcare expenditures. Second, these countries are responsible for 
producing 24% of the global carbon dioxide emissions from the transport sector (Hussain 
et al., 2021). So, it is essential to examine the influence of transport–carbon intensity on 
healthcare expenditures to recommend appropriate strategy suggestions. An unexpected 
pandemic has been considered a challenge for the universal healthcare system. COVID-19 
has severely threatened the public’s health and the economy, an indication of persistent dis-
crimination in the health sector. Scholars who are concerned about environmental and pub-
lic health issues are paying close attention to transportation as a key part of their research. 
Transportation is a complicated subject that has a long-term impact on the world’s eco-
nomic systems (Herberholz & Phuntsho, 2021; Isphording & Pestel, 2021).

Unlike arrangements, they illuminate that the association between transportation and 
health can be predicted (Jiang, 2022; Saelens et al., 2022). First, passenger and freight traf-
fic can have a substantial effect on health by traveling via road, rail, and air routes. Second, 
transportation can influence the logistics and trade system with respect to the distance of a 
country. As a result, changes in parameters that can have an impact on human health may 
occur. Third, a rise in demand for healthcare goods and services requires them to be moved 
from one country to another due to health issues (e.g., the COVID-19 vaccine and surgi-
cal kits) via various transport modes. This increases the greenhouse emissions, and this 
has a negative impact on health. Economic complexity is being perceived as an important 
source of long-term economic development based on the management of resources, skills, 
knowledge, and research and development concentrations with the goal of new inventions 
(Peters & deBeche-Adams, 2022; Rasendran et  al., 2022). In developing countries, eco-
nomic growth and mobility have led to a dramatic decline in environmental quality, which 
has increased healthcare costs. The following probes may be raised, depending on the level 
of concern: Economic complexity has a direct impact on healthcare policy. Second, how 
does transportation shape healthcare expenditures? Third, how do healthcare expenditures 
contribute to carbon dioxide emissions released by the transport sector? Fourth, is there 
any relationship between economic complexity, transportation, transport–carbon intensity, 
and healthcare expenditures?
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This research motivates by making  some interesting contributions (as per our best 
knowledge), which are the following: Former studies did not examine the dynamical asso-
ciation between healthcare expenditures and the quality of life, transport–carbon intensity, 
economic growth, transportation (passenger and freight traffic, and transport–household 
expenditures), and economic complexity by regressing on the STIRPAT framework. Fur-
thermore, two functions related to human health and the environment are also examined in 
a single equation. Current academic work utilizes transport–carbon intensity as a proxy for 
the environment, which is employed by some scholars due to its distinctive nature. Third, 
we also investigate the joint effect of transport–household expenditure and passenger traf-
fic on healthcare expenditure and transport–carbon intensity. Fourth, current research also 
examines the causal effects of the transport–carbon effect and healthcare expenditure for 
35 OECD countries. Lastly, a second-generation method is employed to estimate the rela-
tionship between public health, transport–carbon intensity, transportation, and economic 
complexity.

Finally, we organize the study’s structure as follows: Sect. 2 provides the related studies 
concerning the nexus between healthcare expenditures, the environment, and transporta-
tion. Section 3 documents the data description and model specification, including meth-
odology. Section 4 provides the empirical results and discussions on both health and envi-
ronmental functions. Lastly, we document the conclusion part and recommend the policy 
implications in the last section.

2  Literature review

Environmental and health issues are the most critical challenges for economies because 
of continuous economic growth, transportation, urban population growth, and so on. 
Therefore, several experts documented the findings on hotly debated topics, which are 
pathways to develop new directions in environment and health. Thus, numerous research 
papers emphasized the association between the environment (carbon emissions), healthcare 
expenditure, economic complexity, and economic growth. This study presents the related 
studies in the following subsection: (1) environment–transportation nexus; (2) environ-
ment–economic complexity nexus; (3) transportation–healthcare expenditures nexus; and 
(4) economic complexity–healthcare expenditures nexus.

2.1  Environment–transportation nexus

There have been a substantial number of studies on the relationship between transport 
and the environment that have received great attention in recent days. For instance, Hus-
sain et al. (2021) investigate that transportation, e.g., traffic movements (road, railway, and 
air), has significant effects on the environment. Furthermore, a rise in traffic volume pol-
lutes the environment by releasing carbon emissions into the atmosphere in OECD coun-
tries. Subsequently, Churchill et al. (2021) also examined the upshot of transportation on 
CO2 emissions for developed countries. Results debate whether transportation drastically 
enhances carbon dioxide emissions by 0.4%. More interestingly, the time-varying corre-
lation between CO2 emissions and transportation remained positive through the Second 
World War and up until.

Additionally, Rokicki et al. (2022) and Sun et al. (2021) conducted the studies on the 
relationship between the environment (CO2 emissions) and transportation (e.g., passenger 
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and freight traffic by road) for 22 European countries. The findings indicate that the trans-
portation sector accounts for 27% of total CO2 emissions. Road transport emissions, in 
particular, are entirely driven by the consumption of petrol. Consequently, energy use 
became a crucial factor in deteriorating the environment through carbon dioxide emis-
sions. Furthermore, Pani et al. (2021) stated that freight traffic contributes significantly to 
greenhouse gas emissions in emerging and industrialized economies. The reason for this is 
that truck vehicles transport shipments, which results in an increase in energy demand; as 
a result, carbon dioxide emissions are emitted into the atmosphere, degrading the quality 
of the environment. Likewise, another study, e.g., Cardenete and López-Cabaco (2021), 
argues that cargo (freight transport) is a rational operational variable, which means that 
this factor contributes more than 30 percent of other modes of transport to Spain’s carbon 
dioxide emissions.

Li et al. (2022a, b) also investigate the nexus between the environment and the trans-
port sector. They argue that the transportation sector is a critical source of carbon emis-
sions, which cause the environment to deteriorate over time. Besides, the repressive upshot 
of energy efficiency on carbon emissions is increasing in the transport sector as it uses 
unit of energy to produce unit of gross domestic product. For instance, carbohydrate emis-
sions could be reduced by 0.818% when energy efficiency is below the threshold value of 
0.473 million/t. In contrast, a unit change in energy efficiency causes a decline of 0.926% 
in carbon emissions. Zhao et  al. (2022) debate that the transport sector is quite signifi-
cant in consuming fossil fuels. As a result, enormous amounts of carbon emissions are 
being released into the atmosphere. Thus, their study suggests that smart transportation is 
a favorable approach to combating environmental issues. There is a substantial relationship 
between carbon emissions and smart transportation, indicating that smart transportation 
impedes carbon emissions, not only in its own development but also in neighboring areas 
Abbasi et al. (2022a).

2.2  Environment–economic complexity nexus

This strand of the literature concentrates on the nexus between environment and economic 
complexity across the globe. Former studies (e.g., Can & Gozgor, 2017; Mahmood et al., 
2020; Zheng et  al., 2021) argue that economic complexity has a remarkable impact on 
the environment. Precisely, a higher level of economic complexity substantially reduces 
the detrimental effects of the environment. The reason may be that skills, knowledge, 
and resource management inject and innovate new skills, technology, or methods into the 
system, which are then able to incorporate the authentic environmental issues over time. 
Furthermore, another study, e.g., Doğan et al. (2021), finds that OECD countries have the 
potential resources to innovate new methods, alternatives, and adaptations related to the 
environment by spending a large amount of their national income on resource manage-
ment, skills, and knowledge (economic complexity or research and development). Thus, 
economic complexity has a substantial effect on the environment. Subsequently, recent 
studies, e.g., Romero and Gramkow (2021), debate that economic complexity positively 
affects the environment. This suggests that environmental pollution could be reduced 
through new skills and technology. Consequently, it assists in the reduction of greenhouse 
gas emissions. Economic complexity in the economy benefits from reducing carbon emis-
sions, which improves environmental quality (Boleti et al., 2021; Gurdal et al., 2021; Kou-
ton, 2021; Purewal & Haini, 2021).
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According to the opposite view put forward by Doğan et al. (2021), environmental qual-
ity is worse in middle-income countries than high-income countries due to economic com-
plexity. Another study, e.g., Neagu and Teodoru (2019), analyzed the association between 
environment and economic complexity in European Union economies and suggested that 
some economies with a lower level of economic complexity are more vulnerable to envi-
ronmental damage. Correspondingly, a recent study, e.g., Shahzad et  al. (2021), argues 
that economic complexity deteriorates environmental degradation. Precisely, nonlinear 
economic complexity can reduce carbon dioxide emissions through new innovation and 
technology development. In contrast, Adedoyin et al. (2021) found in their studies that eco-
nomic complexity and environmental degradation have no link at all.

In contrast, Shahzad et  al. (2023) also investigated the relationship between biomass 
energy consumption and economic complexity on the environment. They debate that eco-
nomic complexity is an unfavorable factor for the environment. The reason may be that 
a higher level of economic activities and demand for natural resources cause greenhouse 
emissions in the atmosphere through multiple channels. However, less developed countries 
might be less affected than developed countries. Saud et al. (2023) developed a long-run 
association between economic complexity and carbon dioxide emissions by using continu-
ously updated bias-corrected and Dumitrescu and Hurlin causality, including fully modi-
fied. Their evidence suggests that economic complexity has a negative long-run relation-
ship with carbon dioxide emissions, which indicates that environmental quality is improved 
with an increase in economic complexity. More precisely, advancement in technology, 
skills, and production functions might reduce the carbon emissions in the atmosphere.

Wang et al. (2023) argue that economic complexity is a significant factor in promoting 
green development. They suggest that economic complexity promotes environmental qual-
ity through improving green development efficiency. Precisely, advancement in new meth-
ods and technology causes better allocation of resources, which is advantageous for the 
environment. Balsalobre-Lorente et al. (2022) also debate the nexus between carbon emis-
sions and economic complexity. Their estimation suggests that there is a nonlinear relation-
ship between carbon dioxide emissions and economic complexity, including an N-shaped 
relationship, which means that an increase in economic complexity increases the value of 
carbon dioxide emissions in the atmosphere.

Bashir et al. (2022) argue that economic complexity significantly affects environmen-
tal quality in the short and long runs. Furthermore, their analysis shows that economic 
complexity meritoriously reduces environmental degradation. In contrast, other economic 
activities such as financial development and urbanization have a negative correlation with 
the environment. Adebayo et al. (2022) analyze the nexus between environment and eco-
nomic complexity. Their discussion concludes that there is an inverted U-shaped relation-
ship between economic complexity and CO2 emissions. However, economic complexity 
significantly increases the value of CO2 emissions from the 1st quantile to the 9th quantile. 
Besides, no significant interconnectedness is found between financial development and car-
bon dioxide emissions.

2.3  Healthcare expenditures–transportation nexus

The relationship between transportation and healthcare expenditures is documented in pre-
vious studies. For instance, Alghnam et al. (2021) quantified the impact of road traffic on 
healthcare expenditures. Their argument reveals that road traffic positively impacts health-
care expenditures because of injuries on the road. It indicates that the economic burden is 
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increasing in terms of healthcare expenditures. Subsequently, Nadrian et  al. (2020) also 
evaluated the impact of traffic on health. Their findings exhibit that traffic has negative 
impacts on health, e.g., psychological, physical, and family mental health. Spending on 
health-associated variables (as mentioned above) is increased due to traffic jams and con-
gestion. Giallouros et  al. (2020) find that active transport is associated with lower cause 
mortality. However, active travel may increase air pollution (PM2.5), which has negative 
effects on health. Consequently, healthcare expenditures are substantially increased due to 
transport activities.

In contrast, Adlakha and Parra (2020) argue that transport has a significant impact on 
health. Their findings suggest that travel-related activities may affect health, specifically 
health expenses. Such activities may damage the health, such as depression, psychological 
issues, and mental illness, which increase the health expenses in order to combat the issues. 
Bahri et al. (2021) find that transport has a significant influence on healthcare expenses. 
However, their findings show that transportation (re-routing of electric vehicles related to 
healthcare) minimizes healthcare expenditures because healthcare workers are better deci-
sion-makers. Mowafi et al. (2021) debate that healthcare expenditures are strongly influ-
enced by transportation, particularly road transportation. Their findings suggest that up 
to 3% of gross domestic product costs are increased due to road transport. Furthermore, 
household economic burdens are crucially disturbed.

Zaman et al. (2022) argue that healthcare expenses are increased due to logistic-induced 
carbon emissions. The reason may be that increased logistical operations for carrying the 
commodities from one location to another release carbon emissions into the atmosphere, 
which either directly or indirectly affect health. Consequently, healthcare expenditures are 
increased to overcome the health issues.

2.4  Healthcare expenditures–economic growth nexus

This strand of the literature describes the association between economic growth and 
healthcare expenditures. Economic growth has a remarkable effect on healthcare expen-
ditures, whereas healthcare expenditures also influence economic growth through multi-
ple economic and health channels. Therefore, several recent studies document the findings 
and confirm the relationship between healthcare expenditures and economic growth. For 
instance, Yang et  al., (2021a, 2021b) investigated whether economic growth positively 
affected healthcare expenditures. A rise in economic growth boosts healthcare expendi-
tures. The countries with the highest healthcare expenditures have potential resources for 
better investment in the public health sector, which could improve the economic climate. 
Likewise, ) quantified the actions related to public health that increase economic growth, 
excluding the panic of infection COVID-19, prematurely elating the lockdown, and work-
ing to remotely alleviate the panic of infection, which strongly influence the rise of eco-
nomic growth in developed countries (South Korea and the UK). Pu et al. (2021) find that 
economic growth has a substantial effect on expenditures related to public health in the 
seven countries. They debated that economic prosperity phases enhanced the health expen-
ditures (e.g., before the 2008 financial crisis), whereas they reduced health expenditures 
after the financial crisis.

Saha (2022) also investigated the relationship between healthcare expenditure and eco-
nomic growth. Their investigation reveals that public healthcare expenditure has an impact 
on economic growth. However, its value is relatively low in domestic private healthcare. In 
contrast, the effect of healthcare spending on economic growth in the public health domain 
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is remarkable. The difference between the effects of public and private health expenditure 
on economic growth is due to the different types of health-oriented infrastructure. Li et al., 
(2022a, 2022b) investigated the relationship between healthcare expenditures and eco-
nomic gross domestic product using the ARDL approach. Their results suggest that health 
expenditures and economic growth have a remarkable impact on carbon dioxide emissions, 
indicating that an increase in healthcare expenditures and economic activities causes the 
release of carbon emissions into the atmosphere. Consequently, environmental quality is 
deteriorating, which affects healthcare expenditures directly or indirectly.

Erdogan and Erdogan (2022) debate that health expenditures drastically impact eco-
nomic growth. Precisely, out-of-pocket and voluntary health expenditures have asymmet-
ric causal effects from total health expenditures to economic growth but not asymmetric 
causal effects from compulsory health expenditures. Sengupta (2022) also investigates the 
relationship between public health expenditure and economic growth and finds that public 
health expenditures have a negative effect on economic growth in developed economies. 
However, there is a positive effect on the less developed economies in the long run.

Ibukun and Omisore (2022) suggest that empirical evidence confirms the bidirectional 
causal relationship between health expenditure and economic growth. Furthermore, it also 
endorses that carbon dioxide emissions and economic growth have a bidirectional causal 
relationship. Ideh et al. (2022) investigated the relationship between public health expendi-
ture and economic growth. Their findings reveal that there is a positive correlation between 
public health expenditures and economic growth in the long run. Vyas et al. (2023) argue 
that public healthcare expenditures are increased due to poor environmental quality, such 
as air pollution. Therefore, an increase in health costs spurs pharmaceutical production 
growth, which leads to economic growth.

Qehaja et  al. (2023) also investigate the correlation between health expenditure and 
economic growth. Their investigation suggests that health expenditures have a remarkable 
impact on economic growth, especially governmental expenditures on health. Precisely, 
investment in health-oriented expenditures increases the quantity of health-oriented goods, 
which leads to economic growth. Aydin and Bozatli (2023) also examine the relationship 
between health expenditures and economic growth. Their analysis suggests that economic 
growth has a positive effect on health expenditures. Besides, they incorporate the correla-
tion with carbon dioxide emissions, suggesting that CO2 emissions increase health expen-
ditures in the long run.

2.4.1  Research gap

The aforementioned literature emphasized the conventional association between economic 
growth, CO2 emissions, and health expenditures. However, this study creates a research 
gap by adding dissimilar dynamics from different fields, e.g., economic complexity, trans-
port–carbon intensity, and transportation. In contrast, previous studies, e.g., Rokicki et al. 
(2022), Li et  al., (2022a, 2022b), and Balsalobre-Lorente et  al. (2022), only focused on 
greenhouse gas emissions and economic growth instead of specific sectors such as trans-
portation and economic complexity. Furthermore, it also develops a link with trans-
port–carbon intensity and health expenditures, which is not incorporated by the previ-
ous studies. Precisely, transport–carbon intensity also deteriorates environmental quality 
via carbon emissions, air pollution, etc. In such circumstances, this may directly or indi-
rectly affect the health. Besides, this study uses the STIRPAT model with passenger traf-
fic, freight traffic, transport–household expenditures, and economic complexity. This study 
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also investigates the simultaneous effect of transport–household expenditure and traffic 
(passenger and freight) on transport–carbon intensity, which is an important determinant 
for the environment. The reason for this is that a large amount of transportation-related 
spending raises the transport–carbon intensity through traffic. The previous studies did not 
analyze the effect of transport–carbon intensity, transportation, and economic complexity 
on healthcare expenditures, as this study did.

3  Methodology

3.1  Theoretical framework

The current research proposes the conceptual context after reviewing the related literature. 
Therefore, Fig.  2 illustrates that environment and healthcare expenditures are functions 
of transportation (e.g., traffic, transport–household expenditures), economic complexity, 
economic growth, and urban population. More precisely, traffic has a remarkable impact 
on transport–carbon intensity (TCI). Hussain et al. (2021) argue that traffic causes a rise 
in carbon emissions. Likewise, transport–household expenditures influence the TCI. The 
reason may be that higher spending on personal vehicles stimulates traffic on roads, rail-
ways, and airways, which releases carbon emissions into the atmosphere. Subsequently, the 
urban population is also a crucial factor for TCI. It has a positive impact on TCI. Further-
more, a rise in population in urban areas creates demand for transport activities. Conse-
quently, traffic activities are enhanced in the specific areas where urban population growth 
has expanded. Also, carbon emissions are released from traffic activities. On the contrary, 
the economic complexity index (ECI) can influence the environment through a wide-rang-
ing perspective of a country’s scale, structural, and technological changes (Ahmad et al., 
2021b; Wang, 2019). Conversely, ECI enables economies to allocate the given resources, 
knowledge, and skills, including research and development (R&D) and technological 
advancement, indicating the upgrade of greener production (Mealy & Teytelboym, 2020). 
Conversely, poor countries have a shortage of resources to handle efficient knowledge. 
As a result, economic complexity adversely affects transportation carbon emissions and 
improves environmental quality.

Additionally, traffic may affect healthcare expenditures because a rise in traffic via 
road, rail, and air creates several health issues. In order to overcome health issues, 
spending related to health has increased. Likewise, transport–household expendi-
tures are also an important factor for HEX. It may affect the HEX because individu-
als’ budget constraints are proportional to their income with regard to passenger and 

PTF
FTF
THE

TCI

HEX

ECI 
GDP
URP

Fig. 2  Theoretical framework
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freight movements. Under such circumstances, household expenditures are divided into 
different groups, e.g., transportation, health, food, and so on. Thus, a specific propor-
tion of income is allocated to overcome the health issues as a healthcare expenditure. 
In contrast, economic complexity is also a crucial factor for healthcare expenditures. 
It may have an effect on healthcare expenditures; managing the resources, knowledge, 
and skills could be effective to reduce the healthcare expenditures through new inno-
vation or methods, which are yielded by the aforementioned variables. Besides, urban 
population is also an important factor for healthcare expenditures. An increase in the 
urban population level may positively affect the healthcare expenditures in the specific 
area. Lastly, gross domestic product may have a dual effect on healthcare expenditures 
through multiple economic activities.

3.2  Model specification

The current study focuses on the relationship between traffic, transportation-related 
household expenses, and economic complexity on EF and healthcare expenditures by 
using panel data from 35 OECD countries. Furthermore, this study employs the STIR-
PAT model, which insinuates stochastic impacts through regression on important factors 
such as technology, affluence, and population. A structure for environmental investiga-
tion is shaped by integrating the man-made leading dynamics with the basic aspects 
of environmental challenges, as represented by the IPAT model. This model incorpo-
rates factors such as ecological impact (I), population (P), affluence (A), and technology 
(T) that have a negative or positive impact on the environment (see Ehrlich & Holdren, 
1971). The standard IPAT model suggested by ecologists explained mathematical exem-
pla (e.g., I = PAT) to develop the correlation with environmental pressure and wealth. 
Besides, Commoner (1990) proved it in a series of experiments. Dietz and Rosa (1994) 
anticipated the IPAT equation, which is also known as the STIRPAT model, with the 
following specifics:

Equation (1) reveals that It is an indicator of environmental discrepancy (ecological defi-
cit), while the terms ‘T,’ ‘P,’ and ‘A’ show technological advancement, population, and 
wealth, respectively. Additionally, the exponential powers are expressed in terms of a, b, 
and c, with indicating the model’s coefficient and ‘t’ indicating the time dimension. The 
epsilon term is displayed by ‘ �t.’ Several variables and coefficients are broken down by 
the STIRPAT model. This model keeps the many linkages between various driving forces 
while also allowing for non-proportional impacts related to environmental factors. Subse-
quently, Eq. (1) has been transformed into logarithmic procedure, as shown in Eq. (2):

Environmental impacts (transport–carbon intensity) are denoted by Iit, whereas population 
density (urban population) is represented by P, and economic considerations are denoted 
by A (affluence or GDP growth). The letter T stands for technological aspects (i.e., health-
care expenditures, economic complexity, traffic, and transport–household expenditures). 
The STIRPAT model environmental function, given in Eq. (3), has also been modified and 
expanded as follows:

(1)It =∝ Pa
t
Ab
t
Tc
t
�t

(2)ln
(

Iit
)

= �0 + �1 ln
(

Pit

)

+ �2 ln
(

Ait

)

+ �3 ln
(

Tit
)

+ �it
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In Eq. (3), ‘ � ’ represents the constant term, and the terms i = 1…7 represent the elasticities 
of the explanatory variables; the variables lnTCI, lnHEX, lnTHE, lnPTF, lnFTF, lnECI, 
lnGDP, lnURP, and lnTHE*PRF represent the logarithmic conversions of transportation-
carbon intensity, healthcare expenditures, transport–household expenditure. We extend the 
model for better understanding the public health (especially healthcare expenditures) func-
tion, and Eq. (4) is presented as follows:

Equation  (4) shows that healthcare expenditures are a function of lnTCI, lnTHE, lnPTF, 
lnFTF, lnECI, lnGDP, lnURP, and lnTHE*PRF. The term i refers to cross sections, t 
denotes the time period, and ω represents the error term.

This research articulates the assumptions aimed over the effects of traffic, trans-
port–household expenditures, and economic complexity on the healthcare expenditure 
and transport–carbon intensity. For this purpose, the current study examines the following 
hypotheses:

H1 Is there any evidence that healthcare expenditure has a favorable impact on the trans-
portation-carbon intensity over the long term?

H2 Is there any relationship between the intensity of transport–carbon intensity and health 
expenditure in the long run?

H3 How do traffic and transportation-related household expenditures effect environmental 
degradation and health costs in the long run?

H4 What role does economic complexity play in environmental degradation and health-
care expenditures?

3.3  Data

To investigate the effect of traffic, transport–household expenditures, economic complex-
ity, economic growth, and urban population on healthcare expenditure and transport–car-
bon intensity, we collect the data from 2001 to 2020 for the 35 Organization for Economic 
Co-operation and Development countries: Austria, Estonia, Belgium, Japan, Hungary, 
Canada, the Czech Republic, Germany, Australia, Chile, Iceland, Denmark, Italy, Finland, 
France, Lithuania, Greece, Ireland, Korea, Latvia, Mexico, the Netherlands, Luxembourg, 
New Zealand, Poland, Portugal, the Slovak Republic, Spain, Sweden, Switzerland, Swe-
den, the UK, Turkey, Slovenia, the USA, and Norway.

Operational variables are presented: Transport–carbon intensity (TCI) is measured as a 
ratio of carbon dioxide per unit of energy released by the transportation sector, including 

(3)

ln
(

TCIit

)

= �0 + �1 ln
(

HEXit

)

+ �2 ln
(

THEit

)

+ �3 ln
(

PTFit

)

+ �4 ln
(

FTFit

)

+ �5 ln
(

ECIit

)

+ �6 ln
(

GDPit

)

+ �7 ln
(

URPit

)

+ �8 ln
(

THE ∗ PRFit

)

+ �it

(4)

ln
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HEXit
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+ �2 ln
(

THEit
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+ �3 ln
(

PTFit

)

+ �4 ln
(

FTFit
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+ �5 ln
(

ECIit

)

+ �6 ln
(
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)

+ �7 ln
(
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+ �8 ln
(

THE ∗ PRFit
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road, rail, and air; HEX (healthcare expenses) is calculated as a percentage of GDP; ECI 
(economic complexity index) is measured in index; PCGDP (per capita GDP) is estimated 
in constant 2010 US dollars; and PTRF (passenger traffic) is measured. These statistics 
come from three sources, including the World Bank Indicator (WDI), the Organization for 
Economic Co-operation and Development (OECD), and the Atlas Media Database (AMD). 
The WDI collects statistics on HEX, PCGDP, and URP, while the OECD collects data on 
TCI, PTRF, FTRF, and THE. In addition, AMD collects ECI statistics. Data, variables, 
measurements, and sources can be found in Table 1.

3.4  Methodological framework

This study detects cross-sectional dependence (CD) in the concerned variables. Usually, 
CD issues arise in the panel data and provide inefficient information. Thus, it is impera-
tive to detect CD in the data in order to avoid the bias. Furthermore, cross-dependence 
occurs due to international economic integration, financial integration, globalization, and 
political-economic agreements within the countries. Thus, countries are dependent on each 
other. Various research studies, e.g., Usman et al. (2020), Khalid et al. (2021), employed 
different cross-dependence methods (e.g., LM—Breusch & Pagan, 1980; Pesaran scaled 
LM, 2004; Lagrange multiplier—Baltagi & Moscone, 2010; and CD—Pesaran & Yama-
gata, 2008).

Equation (5) represents the pairwise correlation of cross-sectional residuals produced via 
modified Dickey–Fuller (ADF). As a result, the symbols ‘T’ and ‘N’ stand for the dimen-
sions of time and cross section, respectively. Because data are influenced by CD, first-gen-
eration stationary tests are useless. It is possible that this could lead to skewed outcomes. 
Therefore, the current research uses a second-generation test to check the stationarity of 
the dataset, taking into account the influence of economic complexity in countries that 
are interdependent. Conscientiously, stationarity assessments such as augmented cross-
sectional Dickey Fuller (CADF) and cross-sectional (Im, Pesaran, and Shin) can produce 

(5)CD =

√

2T

N(N − 1)

(

N−1
∑

i=1

N
∑

j=i+1

�̃�ij

)

,

Table 1  Variables, measure, code, and source

Variable Measure Code Source

Transport–carbon intensity Ratio of carbon dioxide per unit of 
energy released by transport sector

TCI OECD

Healthcare expenditure % of GDP HEX WDI
Economic growth Per capita Constant PCGDP WDI
Economic complexity Economic complexity Index ECI AMD
Passenger’s traffic Passengers*traveled distance PTRF OECD
Freight traffic Weight’s freight*traveled distance FTRF OECD
Transport–household expenditure % of transport–household expenditure in 

terms of US$ in million
THE OECD

Urbanization population % of the total population URP WDI
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consistent outcomes, while the data have CD problems (Hussain et al., 2022; Usman et al., 
2021a, 2021b).

Equation (6) expresses the CADF panel stationary test as follows:

where (CSA)_(t − 1) and (CSA)_(t − 2) denote cross-sectional averages (t − 1). Conse-
quently, the CIPS test statistics are as follows:

In Eq. (7), CDF represents the cross-sectional ADF.
Afterward, the second-generation method is used to deal with the long cointegration 

between the variables. Conventional techniques, such as the random effects model, fixed 
effects model, and instrumental variable, do not address CD issues and provide biased 
outcomes. Moreover, second-generation tests incorporate CD issues while employing the 
Westerlund long-run integration test proposed by Westerlund to ensure consistent results 
(2007). A number of subsequent studies (e.g., Usman & Jahanger, 2021; Khalid et  al., 
2021; Yang et  al., 2021b; Usman & Makhdum, 2021; Usman et  al., 2020) also support 
usage of the test.

Equation (8) states the Westerlund cointegration test as follows:

where �1i = �i(1)�2i − �i�1i + �i�2i , but �2i = −�i�2i . �i represents the error correction 
term. The test statistics is described as

According to the disequilibrium case, the short-term error correction parameter ( �′ ) is 
defined by the ratio of error to be corrected each year in the short run (P/T). For both long- 
and short-term runs, the CS-ARDL model is used to estimate how the dependent (TCI and 
HEX) and explanatory variables (e.g., PTRF and FTRF) relate to each other. Error correc-
tion and the cross-sectional mean are included in this model, which takes into account both 

(6)

ΔCAi,t = �i + �iZI,t−1 + �iCSAt−1 +

�
∑

i=0

�i�ΔCSAt−1

+

�
∑
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�i�ΔCAi,t−1 + �it

(7)C̃IPS = 1∕N

n
∑

i=1

CDFi.

(8)�i(L)Δ�it = �1i + �2it + �i
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i
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the long and short runs. Cross-dependence, non-stationarity, and heterogeneity are a few of 
the problems it addresses (Ahmad et al., 2021a; Zeqiraj et al., 2020). The suggested model 
for CS-ARDL is:

where AV (i,t−1) and (Zt−j) are the independent variables and cross-sectional averages, 
respectively, in Eqs. (9) and (10).

It was found that the parameters can be heterogeneous in the long run using Pesaran’s 
(2006) common correlated effect mean group (CCEMG) to test for robustness. As a result, 
the long-term homogeneity restriction imposed by cross-sectional autoregressive distrib-
uted lag has been probed. Economies are diverse in terms of economic systems and struc-
tures. Despite the fact that CS-ARDL and CCEMG yielded credible results, this research 
evaluates the relationship between the selected variables and uses the Dumitrescu and Hur-
lin (D&H, 2012) technique. The average (W) and the standard normal distribution (Z) are 
supplied as two statistics. The model is referred to as a

where � j(j) and j indicate the autoregressive parameters and lag length, respectively.

4  Empirical results

The outcomes are documented in the logarithms for all the variables in Table 2, which 
show that economic growth (lnPCGDP) has a higher mean value compared to other var-
iables. On the contrary, the negative logarithm mean value indicates that OECD coun-
tries have a negative economic complexity index (lnECI) on average from 2000 to 2020. 
Besides, the logarithm standard deviation values exhibit that the observations of pas-
senger traffic (lnPTF) are much scattered in comparison with adjacent variables (used 

(9)ΔTCIi,t = �i +

�
∑

j=1

�itΔTCIi,t−1 +

�
∑

j=0

��
ij
AVi,t−1 +

�
∑

j=0

�itZt−j + �it,

(10)ΔHEXi,t = �i +

�
∑

j=1

�itΔHEXi,t−1 +

�
∑

j=0

��
ij
AVi,t−1 +

�
∑

j=0

�itZt−j + �it

(11)Zi,t = �i +

�
∑

j=1

�
j

i
Zi,t−1 +

�
∑

j=1

�
j

i
Ti,t−j,

Table 2  Observation, mean, 
standard deviation range

Source Author’s calculations

Variable Obs. Mean S.D. Min Max

lnTCI 735 1.344 0.196 0.902 2.167
lnECI 735  − 0.120 1.017  − 4.605 1.036
lnTHE 735 2.457 0.460 0.000 2.912
lnPCGDP 735 26.555 1.660 19.773 30.696
lnHEX 735 2.098 0.263 1.361 2.886
lnURP 735 2.967 0.919 0.182 4.173
lnPTF 735 4.724 3.775 0.000 21.044
lnFTF 735 2.161 1.587 0.000 8.08
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in the current model). More interesting findings show that the logarithm observations 
for transport–carbon intensity (lnTCI) are less scattered than the logarithm healthcare 
expenditures observations. Overall, the observations are close to the mean values, an 
indication of consistency in the dataset.

Additionally, we use the CD test to detect the dependency among the selected vari-
ables. Thus, the outcomes from CD for each variable (lnTCI, lnHEX, lnTHE, lnECI, 
lnPCGDP, lnURP, lnPTF, and lnFTF) are reported in Table  3. Therefore, the values 
ranging from 0.915 to 59.595 supported CD and showed statistical significance at the 
1% level of Pesaran’s CD test. It argues that the notion of cross-sectional dependence 
has been rejected in favor of an alternate theory. Because of this, the OECD countries 
are integrated into an international market. This suggests that even a minor shock to the 
core variables can have a significant impact on the rest of the world. As a result, coun-
tries are dependent on each other cross-sectionally.

After detecting the issue of CD, we test the slope homogeneity by using the 
Blomquist–Westerlund formula (2013, Economic Letters), which is reported in Table 4. 
The outcomes reveal that slope coefficients are statistically significant at the 1% level. 
Moreover, they suggest that the OECD countries have an inconsistent rate of techno-
logical advancement, growth, and development level. Thus, it suggests that outcomes 
endorse the presence of heterogeneousness in the slope’s coefficients. Besides, we check 
the stationarity among the variables by applying the second-generation unit root tests. 
Therefore, the outcomes from CIPS and CADF tests are reported in Table  5 indicat-
ing that some variables 

(

ln THEi,t, ln ECIi,t, ln PCGDPi,t, ln URPi,t, ln PTFi,t, and ln FTFi,t

)

 
show the non-stationarity at the level for CADF. However, there are most of the vari-
able’s stationarity at I(1) for CIPS. Afterward, Table  6 describes the outcomes from 
Westerlund cointegration, and the models, e.g., transport–carbon intensity and health-
care expenditures, have long-run cointegration relationships. In addition, EC parameter 
is  

(

�� = Pa∕T
)

, −4.899/21 = − 0.23 for TCI model, and − 4.681/21 = − 0.22 for HEX 
model. This suggests that around 23 and 22% of errors between TCI and HEX and their 

Table 3  Cross-sectional dependence test

The statistical significance at 1% is denoted  bya

Source Authors’ estimates

Test Statistic ln TCI
i,t lnHEX

i,t ln THE
i,t ln ECI

i,t ln PCGDP
i,t lnURP

i,t ln PTF
i,t ln FTF

i,t

CD
BKP

√

TN(N−1)

2
�̂
N

59.595a 51.651a 15.873a 5.001a 48.419a 48.497a 9.014a 0.915a

Table 4  Homogeneity test

The statistical significance at 1% indicate by the  terma

Source Authors’ estimates

Model TCI Model HEX

Test Slope coefficient Prob. value Slope coefficient Prob. value

Δ 12.563a 0.000 5.562a 0.000
Δadjusted 16.070a 0.000 7.642a 0.000
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determinants would be improved per annum, respectively. Consequently, some instabil-
ity in the short run is stabled in the long-run model.

4.1  Results on transport–carbon intensity function

After analyzing the cointegration relationship, we concentrate on the relationships between 
transport–carbon intensity and healthcare expenditures, and their influencers, which are 
estimated by the cross-sectional autoregressive distributed lag method. The outcomes from 
CS-ARDL method are provided in Table  7. The results reveal that healthcare expendi-
ture has positive impact on transport–carbon intensity. This suggest that a 1% increase in 
healthcare expenditures upsurges 24.5% TCI in the long run. Conversely, a 0.3% upsurge 
in TCI is because of 1% change in lnHEX in the short run. The reason behind that higher 
spending on healthcare goods effect on transportation, especially road traffic. More ana-
lytically, healthcare goods are traded via road, railway, and air routes, and thus, energy 
consumption from fossil fuels for traffic, e.g., road, railway, and air, is increased in order to 
meet the traffic needs. Consequently, simultaneously increase demand for traffic vehicles 
and energy use which released the more carbon dioxide emissions Hussain et al. (2021). 
Some previous studies, e.g., Yang et al., (2021a, 2021b), Aum et al., (2021a, 2021b) and 
Pu et  al. (2021), also endorse our outcomes, and healthcare expenditures deteriorate the 
environmental quality. This argument tested hypothesis: Is there any effect of healthcare 
expenditures on transport–carbon intensity, and concluded transport–carbon intensity is 
negatively influenced by the healthcare expenditures.

Additionally, transport–household expenditures have a remarkable impact on TCI. 
Empirical findings reveal that a 54.7% increase in transport–carbon intensity is due to a 
1% rise in lnTHE. The short-run outcomes also validated the positive relationship with 
TCI and LNTHE. It implies that a 1% increase in LNTHE boosts 7.7% in the TCI. The 
reason is that household expenditures on buying vehicles (e.g., motorcycles, cars, and 
taxis) increase the demand for energy, which usually comes from the fossil fuels that cause 
the carbon dioxide emissions in the atmosphere. Thus, an increase in the transportation 
household expenditures also increases the transport–carbon intensity, which deteriorates 
the environmental quality and leads to diseases such as physical and mental illnesses. Cas-
tellani et al. (2019), Grubb et al. (2020), and Vanova and Wood (2020) also confirm that 
transportation household expenditures have a substantially negative impact on the environ-
ment. However, Hardadi et  al. (2021) argue that the distribution of household expendi-
tures intensely influences the environment’s quality. By deliberating the consequence of 

Table 6  Westerlund Panel 
Cointegration Test Results

The statistical significance at 1, 5 and 10% is reported by the terms a, b, 
and c, respectively
Source Authors’ estimations

Model TCI Model HEX

Slope coefficient Z-value Slope coefficient Z-value

Gt  − 2.310a  − 3.505  − 3.334a  − 10.251
Ga  − 4.475c 2.899  − 5.761 1.501
Pt  − 10.051a  − 1.496  − 11.149b  − 2.600
Pa  − 4.899a  − 0.891  − 4.681c  − 0.600
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economic growth, the coefficient of lnPCGDP in both the long and short runs is shown to 
have a positive correlation with transport–carbon intensity. It implies that a 1% increase in 
lnPCGDP upsurges 255% in TCI in the long run because economic growth in all sectors 
of the economy requires more resources, which are traded from and to multiple destina-
tions via transportation. Under such circumstances, simultaneously, demand for traffic and 
energy use rise, which cause the release of carbon dioxide emissions. Several studies, e.g., 
Hussain et al. (2021), Yang et al., (2021a, 2021b), Cardenete and López-Cabaco (2021), 
Chu (2021), and Pata (2021), also support our findings that economic growth increases 
environmental degradation. However, some studies, e.g., Churchill et al. (2021) and Neagu 
and Teodoru (2019), argue that economic growth initially decreases environmental quality 
and later increases it through adaptation and mitigation approaches.

We further emphasize the impact of economic complexity on environmental quality. 
Thus, the outcomes reveal that the economic complexity index (ECI)’s coefficient has an 
incredible effect on transport–carbon intensity; this indicates that a 9.6% increase in TCI 
is due to a 1% change in the ECI in the long run. The outcomes are reported in the short 
run, which also validates that there is a positive association with TCI, which implies that 
a 1% increase in LECI upsurges 8.2% in the TCI. This suggests OECD countries can man-
age their skills, knowledge, and resources in order to stabilize the economic system. Under 

Table 7  CS-ARDL estimations

a , b, and c show statistical significance at 1%, 5%, and 10%, respectively
Source Authors’ estimations

Dependent variable: lnTCI
i,t

Long run Short run

Variable Slope coef-
ficient

Standard 
errors

Variable Slope coef-
ficient

Standard 
errors

lnHEX
i,t 0.245 0.175 Δ lnHEX

i,t 0.038 0.096
ln THE

i,t 0.547a 0.389 Δ ln THE
i,t 0.077a 0.081

ln PCGDP
i,t 2.556a 2.369 Δ ln PCGDP

i,t 0.082a 0.027
ln ECI

i,t 0.096b 0.115 Δ ln ECI
i,t 0.007b 0.025

lnURP
i,t 0.150a 0.262 Δ lnURP

i,t  − 1.299 2.215
ln PTF

i,t 0.219a 0.023 ΔlnPTF
i,t 0.003a 0.004

ln FTF
i,t 0.310a 0.049 ΔlnFTF

i,t 0.210a 0.007
ln THE ∗ ln PTF

i,t  − 0.004b 0.005 Δ ln THE ∗ ln PTF
i,t 0.002b 0.002

– – – ECT(−1)  − 0.089a 0.047
Dependent variable: HEX

i,t

ln TCI
i,t 0.048a 0.265 Δ ln TCI

i,t 0.159a 0.161
ln THE

i,t 1.279a 1.084 Δ ln THE
i,t 0.125a 0.157

ln PCGDP
i,t 0.140a 0.248 Δ ln PCGDP

i,t 0.082a 0.052
ln ECI

i,t 0.344b 0.543 Δ ln ECI
i,t 0 .008c 0.054

lnURP
i,t 0.841a 0.760 Δ lnURP

i,t 0.060b 0.766
ln PTF

i,t 0.042a 0.045 Δ ln PTF
i,t 0.009b 0.014

FTF
i,t 0.485a 0.471 ΔFTF

i,t 0.001c 0.007
THE ∗ PTF

i,t 0.003c 0.001 ΔTHE ∗ PTF
i,t 0.002b 0.002

– ECT(−1)  − 0.069a 0.017
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such circumstances, production activities produce a higher level of carbon dioxide emis-
sions via transportation, which is not environmentally friendly. The outcomes line up with 
the strands of Ahmad et  al. (2020) and Shahzad et  al. (2020). In contrast, Dogan et  al. 
(2020) argue that economic complexity has a positive effect on environmental quality, an 
indication of a reduction in environmental deterioration.

By pondering the outcome of traffic, the coefficient of passenger traffic (lnPTF) has 
a positive impact on transport–carbon intensity (lnTCI), which implies that a 1% change 
in lnPTF increases 21.9% lnTCI in the long run. The outcomes from the short run also 
validated that passenger traffic has a positive association with transport–carbon intensity, 
which implies that a 0.3% increase in lnTCI is due to a 1% increase in lnPTF. The reason 
behind those passengers is that they use fossil fuel vehicles for travel in order to meet the 
needs of tourism, business, health, education, trade, and other daily activities. As a result, 
traffic levels are enhanced on the roads, railways, and air routes that release carbon dioxide 
emissions into the atmosphere. Thus, environmental quality is deteriorating in the sam-
ple countries. On the contrary, the coefficient of freight traffic (lnFTF) also has a positive 
impact on lnTCI. This implies that a 1% change in lnFTF enhances 31% of transport–car-
bon intensity in the long run, while short-run outcomes reveal that a 21% increase in lnTCI 
is due to a 1% change in lnFTF. Because freights are also traded via road, railway, and air 
routes from and to multiple origins and destinations due to several factors such as national 
and international trade, urbanization, and industrialization (Hussain et  al., 2020; Yang 
et al., 2021a, 2021b), other studies, e.g., Hussain et al. (2021), Churchill et al. (2021), and 
Hussain et al. (2020), also debate that traffic substantially increases emissions, an indica-
tion of higher transport–carbon intensity that deteriorates environmental quality. Besides, 
the urban population also has a significant impact on transport–carbon intensity in the long 
and short runs. The outcomes show that the coefficient of lnURP has a positive impact on 
lnTCI in the long run, while transport–carbon intensity is negatively influenced in the short 
run, which implies that a 15% increase in lnTCI is due to a 1% change in lnURP and a 
129% decrease in lnTCI is due to a 1% increase in lnURP, which is insignificant.

4.2  Results on healthcare expenditure function

We document the findings on estimates of healthcare expenditure and its determinants in 
Table 7. The results exhibit that transport–carbon intensity has a positive effect on HEX. 
The variable, e.g., lnTCI, increases healthcare expenditures by 4.8% in the long run. In 
contrast, a 15.9% increase in healthcare expenditure is due to a 1% change in transport–car-
bon intensity in the short run. The positive effect of transportation-related carbon inten-
sity on healthcare expenditure is reasonable because OECD countries are improving their 
transportation systems, which produce desirable and undesirable outputs (e.g., air pollu-
tion, PM2.5, carbon dioxide emissions) that directly and indirectly affect public health in 
the form of diseases (Khan et al., 2020; Ullah et al., 2019). These findings are in line with 
theoretical expectations that environmental degradation is not favorable to public health.

The results further portray interesting findings: The coefficient of transport–household 
expenditures has a positive effect on healthcare expenses. A 1% rise in LNTHE enhances 
127.9% of healthcare expenditures over the long term. Conversely, the outcomes in the 
short run also confirm that household transportation expenditures have a positive influ-
ence on healthcare expenditures. The reason behind this is that spending on transport vehi-
cles increases transport–household expenditures, by which individuals travel more; thus, 
an increase in travel may affect physical and mental health. Under such circumstances, 
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diseases such as depression and anxiety are activated in the human body. In order to tackle 
the health issues, household expenditures are increased (Baltagi & Moscone, 2010; Ben 
Jebli, 2016; Cervantes et  al., 2020). Economic growth also has an optimistic effect on 
healthcare expenditures, which refers to a 14% increase in lnHEX due to a 1% change in 
lnPCGDP. Conversely, outcomes calculated in the short run also endorse that there is a 
positive link concerning lnHEX and lnPCGDP and report an increase of approximately 8% 
due to a 1% increase in economic growth. The reason is that those countries can re-allocate 
their resources with more concern for public health over a longer period of time in com-
parison with the short term. Interestingly, economic complexity (ECI) also has a positive 
impact on healthcare expenditures.

This suggests that managing the resources, skills, and knowledge by the countries 
enhances the healthcare expenditures in order to maintain the public health standards. Fur-
thermore, it provides new methods or innovations and consumption patterns for health-
related activities as well. Thus, the coefficient of lnECI indicates that a 34 and 0.08% 
increase in healthcare expenditures are due to a 1% change in lnECI in the long and short 
runs, respectively. The reason behind that is that those countries cannot produce the out-
comes from managing or utilizing the resources, skills, and knowledge within a short 
period of time; however, in the long run, the effect could be positive on public health. More 
interestingly, the coefficient of passenger traffic has increased along with healthcare expen-
ditures. This indicates a 4.2% increase in healthcare expenditures is due to a 1% change in 
passenger traffic in the long run, whereas a 1% increase in lnPTF upsurges 0.09% in the 
short run. Because long-distance travel via road, railway, and air routes is effective for dis-
eases such as depression, anxiety, and fatigue, which appear in the long run and require a 
large amount to be recovered, likewise, freight’s traffic has a positive impact on healthcare 
expenditures. Both have almost similar mechanisms for healthcare expenditures.

4.2.1  Robustness check

To check the endogeneity, we employ a common correlated effects mean group (CCEMG) 
model that refers to common parameters in the countries. Thus, CCEMG can eliminate 
the possible cross-dependence among the variables that are used in the current models. 
Furthermore, panel countries have different slope coefficients, which may be accounted 
for by merely taking the average of the coefficients for each country. As a substitute for 
CCEMG, Eberhardt and Teal (2010) suggested using an augmented mean group (AMG). 
Group-specific effects are captured, and the group average is taken as a standard measure. 
Therefore, the outcomes from CCEMG and AMG are reported in Table 8, which seemed 
to show consistency among the variables. Besides, the outcomes from the Granger causal-
ity test are provided in Table 9. Results reveal that any policy shock in transport–carbon 
intensity can affect healthcare expenditures. This suggests that mitigation of environmental 
issues may have a positive effect on healthcare expenditures. More precisely, a clean envi-
ronment can also enhance the healthcare expenditures in the sample countries. There is a 
unilateral relationship between TCI and economic growth, which indicates that any policy 
shock in TCI will not affect economic growth. Interestingly, results further suggest that 
traffic and healthcare expenditures have a bi-causal relationship, which means any policy 
shock in traffic may affect healthcare expenditures. It indicates that lower traffic activities 
may reduce the health issues and also decrease healthcare expenditures related to medicine 
or maintaining health.
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5  Conclusion

This article analyzes the influence of transportation and economic complexity on envi-
ronmental and healthcare expenditures in OECD countries. To do so, suitable variables 
and panel data periods from 2001 to 2020 are used under the framework of the STIRPAT 
model (stochastic influences by regression on the population, affluence, and technology). 
Furthermore, an advanced econometric method is also employed to estimate the relation-
ship. Therefore, this analysis emphasizes the transport–carbon intensity and healthcare 
expenditure functions and their determinants. Thus, findings reveal that healthcare expen-
ditures increase the transport–carbon intensity by 24.5% and 3.8% in the long run and short 
run, respectively. On the contrary, transport–carbon intensity causes the rise in health-
care expenditures that is narrated by 4.8 and 15.9% in the long run and short run, respec-
tively. More precisely, spending on health-oriented commodities by the individuals stim-
ulates the transportation vehicles; these vehicles consume energy via modes of transport 
such as motorbikes, cars, and buses; in such circumstances, CO2 emissions are released 
by such vehicles. Consequently, transport–carbon intensity is increased during the spe-
cific time period. Findings further suggest that transport–carbon intensity and healthcare 

Table 8  CCEMG and AMG

The statistical significance at 1, 5, and 10% is reported by the terms a, b, and c, respectively
Source Author’s estimations

Dependent variable: TCI
i,tTCIi,t

CCEMG AMG

Variable Slope coefficient Standard errors Slope coefficient Standard errors

HEX
i,t 0.017a 0.194 0.018a 0.029

THE
i,t 0.056a 0.847 0.031b 0.175

PCGDP
i,t 0.064a 0.074 0.132a 0.033

ECI
i,t 0.145b 0.054 0.014c 0.019

URP
i,t 1.973b 2.221  − 1.392 1.736

PTF
i,t 0.035b 0.278 0.038c 0.038

FTF
i,t 0.021b 0.028  − 0.005 0.007

THE ∗ PTF
i,t  − 0.005a 0.020  − 0.002a 0.003

Country Trend  − 0.012 0.037  − 0.005 0.005
Constant 0.4498 0.396 0.938a 0.228
Dependent variable: HEX

i,t

TCI
i,t 0.011b 0.302 0.066a 0.185

THE
i,t  − 0.421a 0.294 0.193c 0.278

PCGDP
i,t 0.017a 0.109 0.082b 0.074

ECI
i,t 0.026a 0.044 0.007b 0.039

URP
i,t 0.083a 0.482 0.736a 1.207

PTF
i,t 0.105b 0.090 0.129b 0.117

FTF
i,t 0.004a 0.012 0.016c 0.025

THE ∗ PTF
i,t 0.007a 0.006 0.018a 0.008

Country Trend 0.033a 0.023 0.022a 0.043
Constant 0.453a 0.254 0.543a 0.321
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expenditures have a bi-causal relationship, indicating that transport–carbon intensity also 
increases healthcare expenditure in terms of transport-oriented diseases such as depression 
and anxiety.

Furthermore, continued economic growth will degrade environmental quality by 
increasing the carbon intensity of transportation. Findings document that a 255% increase 
in transport–carbon intensity is due to a 1% change in economic growth. This also has 
a positive impact on healthcare expenditures, as reported by 127.9% in the long run. It 
indicates that enormous economic activities drastically increase the transport–carbon 
intensity and healthcare expenditures in the countries. Precisely, an increase in investment 
projects required transport vehicles and energy at the same time that carbon emissions 
were released. As a result of the polluted environment’s direct impact on health, health-
care expenditures have skyrocketed. More interestingly, the economic complexity index 
also significantly contributes to the environment and public health; thus, the economic 
complexity index increases transport–carbon intensity by 9.6% and augments healthcare 
expenditures by approximately 34.4%. Precisely, the management of the resources, skills, 
and knowledge causes the restriction of transportation and the economic network in the 
countries. Initially, it has a negative effect on the environment due to the greater demand 
for resources, but an advancement of new methods, techniques, or technology helps over-
come the environmental and healthcare expenditures. Consequently, transport–carbon 
intensity and healthcare expenditures can have a tendency to increase over the time period. 
Results further demonstrate that passenger and freight traffic have a positive and signifi-
cant impact on the environment and public health. Specifically, transport–carbon intensity 
and healthcare expenditures are enhanced due to the higher traffic levels in OECD coun-
tries. Although they have better transportation and health systems, the reason behind this 
is that a large number of travelers use fossil fuel-powered modes of transportation for short 
and long routes, which pollute the environment through carbon emissions and air pollu-
tion. Polluted environments adulterate the health, which is the determinant of healthcare 
expenditures.

6  Policy implications

This research recommends some policy implications based on empirical findings, which 
are the following: (1) Findings suggest that countries should regulate economic growth 
to reduce transport–carbon intensity by 246% on average, which deteriorates environ-
mental quality. (2) Continued economic growth is likely to degrade the environment, 
which indirectly enhances healthcare expenditures. Under such circumstances, poli-
cymakers must control the spending on healthcare expenditures by 20% on average, 
because higher demand for healthcare goods and services stimulates the transport activ-
ities that cause carbon emissions. (3) Likewise, passenger and freight traffic also should 
be reduced by around 109 percent because enormous vehicles are being operated on 
the road, railway, and air routes. Transport experts should manage transport activities, 
especially on roads, because gigantic passengers cause congestion that causes transport 
intensity. (4) Transporters or policymakers should moderate the freight traffic by 69% 
to reduce the transport–carbon intensity. (5) On the contrary, transport experts should 
reduce the transport–carbon intensity by 95% in order to reduce healthcare expendi-
tures. (6) Public health experts should concentrate on health activities, specifically 
expenditure-oriented health. The reason behind that higher healthcare expenditures can 
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generate economic growth is that they are also transported via transport modes. Thus, 
public health experts must design an expenditure pattern in order to maintain health-
care expenditures at 27%. (7) Transport experts and policymakers should reduce passen-
ger and freight traffic by 58 and 51%, respectively, to control healthcare expenditures. 
(8) In engineering settings, this study also recommends engineers concern over envi-
ronment- and health-oriented products. Engineers should design health- and environ-
ment-oriented transport vehicles that simultaneously tackle the carbon emissions and 
diseases instigated by travel activities. Likewise, transport companies also should pro-
duce green vehicles, such as electric cars, buses, and trains, at minimum cost to combat 
carbon emission issues. Also, they should use alternative energy to mitigate pollution. 
(9) Furthermore, pharmaceutical companies can get advantages from the current model 
regarding the production of transport-oriented medicines. Indeed, medicines are used 
during travel activities. (10) Environmental, transport, and health-oriented companies 
can simultaneously accelerate the mutual production concern over environmental and 
health issues. Furthermore, the current model suggests that companies form a cartel 
or joint venture to produce mutual environmental, transportation, and health-related 
commodities.

This research describes some limitations: Transport–carbon intensity, healthcare 
expenditures as a percentage of gross domestic product, economic growth in GDP per 
capita, economic complexity index, passenger and freight travel via distance in kilo-
meters, and transport-household expenditures are employed in the analysis. More pre-
cisely, transport–carbon intensity is used for analysis, and the reason behind that ratio 
of CO2 emissions per unit of energy released by transport directly associates with a 
combination of energy use and vehicles (which are transported for commodities move-
ments). Healthcare expenditures in terms of percentage of GDP are also assumed in this 
study; the reason is that expenditures are components of economic GDP and are made 
on health-oriented commodities. Healthcare expenditure also refers to quality of life, 
making it important for inclusion. Furthermore, the economic complexity index refers 
to research and development and innovative goods. Thus, this factor is included in the 
current model. Transport-household expenditure indirectly contributes to the value of 
CO2 emissions through dissimilar household-related activities. Likewise, passenger and 
freight traffic also assumed that the number of passengers and freight radically consume 
energy via the use of vehicles for travel activities.

Thus, future research can be conducted by using other related variables such as envi-
ronment and transport footprint, energy consumption, pharmaceutical expenditures, 
health expenditure per capita, ratio of health expenditure to GDP, and geographical 
area, e.g., One-Belt One-Road (OBOR) countries, Brazil, Russia, India, China, and 
South Africa (BRICS), emerging economies, because they are being progressed and are 
populous, advanced technologists, emerging markets, and have rapid economic growth. 
Furthermore, out-of-pocket expenses can also be investigated; the reason may be that 
the individual’s income fluctuates with respect to time and may affect the individual’s 
budget, particularly for health-oriented products. Consequently, healthcare expenditures 
are drastically affected. Another set of environmental factors, such as air pollution and 
greenhouse gases, directly or indirectly affects health. Thus, it is important to consider 
it for investigation. The role of technology is also imperative for both transport- and 
health-oriented products. Precisely, advancement in technology provides new tech-
niques to tackle environmental and health issues. Thus, it can also be analyzed for future 
research.
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