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ABSTRACT

The main aim of this article is to comprehend the long-run relationship among sea transportation, energy use, GDP, and CO, for USA from 1980 to
2023. In this sense, FMOLS, DOLS, CCR, and ARDL analyses are employed in order to investigate the entity of long-run linkage between the relevant
variables. According to results of this manuscript, except energy use there is no both long-run relationship among variables and effects of independent
variables (GDP, sea transportation) on dependent variable (CO, emissions) from 1980 to 2023 in USA. Therefore, the sea transport-induced EKC
hypothesis has not been confirmed empirically. Although the hypothesis has not been confirmed, there are some issues to consider in terms of energy
consumption. Transportation energy consumption and greenhouse gas emissions are seen as an alarming threat to leaving a livable and sustainable
green environment and economy to future generations. Fossil fuels used in transportation have an important place in carbon dioxide emissions. This
is seen as a crucial environmental factor that all stakeholders should consider when planning energy and environmental policy decisions. In order to
prevent environmental quality from being negatively affected by greenhouse gas and exhaust emissions, policy makers need to encourage more energy

efficient and healthier transportation ways. Thus, the harmful effects of transportation energy consumption can be reduced as well.
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1. INTRODUCTION

Energy is one of the most important factors that enable countries
to develop in economic and social fields and raise the living
standards of citizens living in these countries. Today, phenomena
such as population growth, globalization, industrialization
and urbanization and increasing the level of welfare increase
countries’ demands for energy. This increasing energy demand
causes an increase in energy dependency, which requires
countries to focus more on new energy sources and implement
projects related to the energy sector. On the other hand, the
environmental factor can be ignored while serving the purpose
of meeting energy demand. Consumption of primary energy

resources brings with it high levels of toxic gas emissions.
Undoubtedly, the share of the transportation sector in the
emission of these gases is quite high. Climate changes, especially
global warming, are one of the most important problems faced
by the international community.

The main greenhouse gases causing climate change are including
Carbon Dioxide (CO,), Methane (CH,), Nitrous oxide (N,O),
Hydrofluorocarbon (HFC), Perfluorocarbon (PFC) and Sulfur
hexafluoride (SF,). The most important of these is carbon dioxide
gas, and its share in the total amount of greenhouse gases reaches
80%. The USA and China release for almost half of carbon dioxide
emissions in the world. In the sectoral distribution of CO, emissions
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worldwide, industry ranks first with 22%, and transportation sector
ranks second with 20% (Isik and Kilinc, 2014).

Energy has gained rapidly increasing importance all over the world
after the industrial revolution. Today, energy has become a strategic
input in terms of production. However, it is also a mandatory need
in terms of energy consumption. The fact that traditional energy
sources, oil, natural gas and coal, are not distributed equally among
countries which caused the issue to be discussed at the international
level. Especially the fuel types known as marine diesel oil (MDO)
and marine gas oil (MGO) used on ships also cause environmental
degradation (Yenisu, 2018).

As a result of the unplanned and uncontrolled use of resources
in the world, the rapid and irregular consumption of resources
brings to the agenda the problem of leaving a livable environment
to future generations. At this point, fundamental issues such as
environmental problems, climate change, global warming and
sustainable development are at the center of global discussions.
Countries are rapidly consuming natural resources and trying
to achieve their growth targets through industrialization,
urbanization, population growth, technology-oriented production
and specialization. Economic growth has always been an important
goal for countries and has been tried to be solved in different ways,
and has become a special area of endeavor for economic decision
makers and managers. With the increasing industrialization,
population and globalization in countries, a sustainable clean
(green) environment emerges as one of the most important national
and global agendas of recent times. Countries that have to face the
paradox between economic growth and environmental protection
are in a position where they cannot give up on both situations
(Ucar and Coban, 2023).

Countries are increasing their use of energy to carry out production
activities through the development of technological opportunities
after the industrialization process. Due to the unbalanced
distribution of energy reserves in the world, while energy
resources are abundant in some countries which are less abundant
in some countries. Economies with abundant energy resources
are in a more advantageous position than those with less energy
resources. Countries can reduce the costs required for production
costs with the contribution of the technological opportunities they
have developed through their know how. As developed countries
complete their industrialization process, their demand for energy
has gradually increased. For these countries, energy consumption
is as important as the use of labor and capital, which are production
factors. In addition, the high-speed growth seen in the economies
of these countries occurs as a result of the production activities
they carry out with the use of energy. Electrical energy, which is
the easiest to access and use among energy types, is one of the
most preferred energy source (Hepaktan and Sertkaya, 2016).

Carbon is a substance found in all organic substances. Carbon
dioxide (CO,) is emitted into the Earth’s atmosphere mostly as
a result of the burning of carbon-containing fuels and the decay
of wood and other plant matter. Carbon dioxide, found naturally
on Earth, is an invisible and odorless type of gas. Although other
gases also cause the world’s climate to warm, carbon dioxide has a

greater effect than others. Between 1970 and 2004, carbon dioxide
emissions increased by 70%, while the transportation sector
accounted for 13.1% of carbon dioxide emissions; Greenhouse gas
(GHG) emissions from the transportation sector are also the fastest
growing greenhouse gas emissions (Oncu and Ozdemir, 2020).

Determining the factors affecting greenhouse gas emissions that
cause global warming and climate change has become important
for policy makers and researchers, especially since the 20* century.
By determining these factors, various policies have been produced
and necessary measures have begun to be taken in order to continue
growth and development in an environmentally friendly manner
and to reduce environmental pollution. Carbon (CO,) emissions
are the gas that has the highest share in greenhouse gas emissions.
The relationships between economic growth, one of the most
important macroeconomic indicators affecting CO, emissions,
and these emissions are generally tested empirically with the
environmental Kuznets curve (EKC) hypothesis. According to
the EKC hypothesis, environmental destruction will increase
with the increase in income level in the early stages of economic
growth; It is assumed that environmental pollution will decrease
only after reaching a certain income level. When the concept of
EKC is valid; The milestone achieved indicates the income level
at which economic growth increases both environmental quality
and living standards. Additionally, this turning point indicates that
energy consumption or carbon emissions will eventually decrease
no matter how much greater than the current income level (Pata
and Yurtkuran, 2018).

Since the transportation sector’s energy demand is largely met
by fossil fuels, it is one of the sectors that increases CO, and
negatively affects environmental quality. In efforts to reduce
the negative effects of climate change, identifying practices to
reduce the amount of CO, is among the top issues addressed
in improving environmental quality. Because increases in the
amount of CO, cause global warming, natural disasters that
threaten living things in the long term, loss of agricultural
products, difficulty in accessing clean air and water resources,
decrease in biodiversity, etc. It is discussed as the cause of the
events. For this reason, steps towards determining the factors
affecting the amount of CO, and creating solution suggestions
in studies aimed at improving environmental quality are among
the issues that are given importance by policy makers as well as
researchers. The importance of this issue is further demonstrated
by the fact that at the COP28 meeting, in which the USA also
participated, preliminary information was included regarding
the implementation of international restrictive or cost-increasing
sanctions, especially against countries that cannot develop an
action plan to reduce the amount of CO, (Cil, 2023).

The major goal of this study is to contribute to the developing
literature on determining the macroeconomic factors affecting
the amount of CO,, which has been frequently examined by
researchers in the USA in recent years, and to determine the
relationship by using advanced econometric methods specific to
the sector. When the contributions and novelties of this research
to the literature are considered, the results of the research are
important in that they will contribute to the determination of
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the road map of the USA in action plans in which decisions on
environmental issues will be taken. In the first part of the article,
general conceptual approaches to the subject are included and
relevant variables are explained. In the second part of the article,
the literature in terms of the subject is given in detail. In the third
part, econometric analyzes are performed and the existence of
the EKC hypothesis is tested. In the last part, empirical findings
are discussed and some recommendations are given to US policy
makers as well.

2. LITERATURE REVIEW

Nowadays, the causes of environmental pollution are being
researched as a popular topic because environmental pollution has
reached significant levels and affects human life. Factors that cause
carbon dioxide emissions have an important place in this content
because they cause global warming. The literature is examined
chronologically to investigate the impact of economic growth and
the transportation-induced EKC hypothesis in terms of carbon
dioxide emissions. An inverted U-shaped relationship between
environmental pollution indicators and economic growth was
first detected by Grossman and Krueger (1991). This relationship
was called the EKC hypothesis by Panayotou (1993), and many
studies on the subject were carried out in the following years,
following these two pioneering studies. In order to prevent loss of
information due to missing variables, many explanatory variables
such as fossil fuel consumption, renewable energy consumption,
trade openness, financial development, population density,
tourism, globalization, democratization, education, urbanization
and industrialization have been included in the studies, in addition
to the income variable over time. One of the most frequently added
variables to the traditional model, which tests the relationship
between economic growth and environmental pollution in two
variables, is transportation induced EKC hypothesis. In the existing
literature, it can be realized that there are many studies testing the
EKC hypothesis in various countries in terms of different income
groups.

Fodha and Zaghdoud (2010), Nasir and Rehman (2011), Ozturk
and Acaravci (2013), Saboori and Sulaiman (2013), Farhani et al.
(2014), Lau et al. (2014), Apergis and Ozturk (2015), Rabbi et al.
(2015), Jebli et al. (2016), Ozturk et al. (2016), Kalayci (2017),
Ozkan et al. (2019), Ozmen et al. (2019), Kalayci (2021), and
Tarazkar et al. (2021) analyze the validity of the EKC hypothesis
in countries and/or country groups. It seems that studies addressing
the EKC hypothesis on a sectoral basis are in the minority. Bese
and Kalayci (2021) investigate the EKC hypothesis for 3 developed
countries, which are Denmark, the United Kingdom, and Spain,
for the period between 1960 and 2014 by considering the variables
including GDP, CO, and energy consumption. For this reason,
ARDL bounds, the Toda and Yamamoto Granger non-causality, the
VAR Granger Causality/Block Exogeneity Wald, and the Johansen
cointegration tests are employed. According to results, the EKC
hypothesis is not confirmed for Denmark, the United Kingdom, and
Spain. Unidirectional causality running from energy consumption
to CO, is found for Denmark, and unidirectional causality running
from CO, to energy consumption is found for the United Kingdom.
If the EKC hypothesis is considered in terms of sea transport, for
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the Denmark, Yazici (2022), for China, Kalayci and Ozden (2021)
for Mexico Kayabas (2023) found that the hypothesis is confirmed.
In the aforementioned studies, researchers reached a consensus
that total, fossil fuel-based, non-renewable energy sources such
as coal and oil increase CO, emissions.

In the study of Zadek and Schulz (2010), general methods,
calculation models and some existing methods for calculating
carbon dioxide (CO,) emissions in logistics activities are
summarized. General calculation formulas are presented mainly
for truck and train transport from logistics vehicles. CO, emission
factors for different fuel types and partially average figures for
various transport companies are listed in this study. According
to the authors, it is reported that the level of CO, emission
calculation in the logistics sector affects the sustainability of the
logistics sector. Khan et al. (2018) investigate the relationship of
logistics activities with the environment was investigated using
the panel generalized method of moments (GMM) economic and
environmental data of 43 countries between 2004 and 2016. The
results revealed that logistics operations consume energy and
fossil fuels, and the amount of fossil fuels and non-green energy
sources creates a significant detrimental impact on environmental
sustainability and also negatively affects economic growth. In
addition, CO, and other greenhouse gas emissions are increasing
as a result of the logistics service provided with inadequate
transportation infrastructure. However, carbon emissions reduce
economic growth. According to the authors, renewable energy
sources and green practices can reduce the harmful effects of
logistics operations on environmental sustainability and will
stimulate economic activities with the large export opportunities.

There are many studies that analyze the relationship between
economic growth and environmental pollution within the
framework of the EKC hypothesis, and these papers differ in
terms of the indicators and methods it is used, as well as the
countries and country groups they analyze. For example, Rasool
et al. (2019) used the ARDL, Granger causality test and VECM
model to examine the effects of oil prices, road transport, energy
intensity, economic growth and population density on CO, to
examine CO, emissions from transportation in Pakistan during the
period 1974-2014. In long-term results, they found that increases
in economic growth contributed to reduce CO, emissions from the
transportation sector. Danish et al. (2018) analyze the relationship
between energy consumption, economic growth and CO, resulting
from the transportation sector in Pakistan between 1990 and 2015
by using ARDL and VECM models. As a result, it is revealed that
the impact of economic growth and urbanization on CO, emissions
from the transportation sector to be statistically insignificant. In the
study of Polat (2017), the relationship between carbon emissions
and economic growth in transportation, manufacturing industry,
commercial and public residences in selected countries is tested
through FMOLS method for the period 1980-2013. The results
obtained demonstrated that the inverted-u-shaped EKC hypothesis
is valid for CO, emissions arising from the transportation sector
in most of the developed countries. Talbi (2017) investigate the
validity of the EKC hypothesis in the transportation sector of
Tunisia between 1980 and 2014 with the Vector Autoregressive
(VAR) model. As a result of the empirical analysis, it was
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concluded that there is an inverted U-shaped relationship between
carbon emissions resulting from activities in the transportation
sector and economic development, in other words, the EKC
hypothesis is valid in this sector. Timilsina and Shrestha (2009)
analyze the potential factors affecting the growth of transportation
sector CO, emissions in Asian countries by separating the annual
emission increase into components representing changes in fuel
mix, modal change, and GDP per capita. Changes in GDP per
capita, population growth and transport energy intensity have
been identified as the main factors driving transport sector CO,
emissions growth in the countries considered.

Ong et al. (2012) recommend an energy model and policy for
the transportation sector in Malaysia. According to 2012 data,
the transportation sector alone accounts for 36% of total energy
consumption and this rate is gradually increasing. It is revealed
that approximately 24 million tons of CO, were emitted in 1995
and increased to 50 million tons in 2008. Therefore, the need to
adopt appropriate energy policy to balance energy demand and
reduce emissions in this sector has been stated. At this point,
many policies such as fuel economy standard, fuel economy
label and fuel switching applied in road transportation have
been mentioned to reduce fuel consumption. The mandatory
implementation of fuel economy has been shown to be an effective
tool in controlling energy demand and greenhouse gas emissions
from the transportation sector in many countries. Beyond this,
biodiesel is increasingly gaining acceptance in the market as an
environmentally friendly alternative diesel fuel, with the view
that switching fuel to alternative renewable fuel could solve the
fossil fuel consumption shortage. Malaysia has great potential
for the production of palm oil-based biodiesel, and biodiesel will
play an important role in reducing the negative impact of fossil
fuel on the environment. However, the use of inedible vegetable
oils as alternative fuel to diesel engines is accelerating with the
need for edible oil as food and the decrease in the cost of biodiesel
production. Therefore, jatropha and calophyllum inophyllum have
great potential as feedstocks for biodiesel in Malaysia. Apart from
this, various issues need to be examined and overcome in order for
biodiesel to be established and continue to mature in the market.

Alshehry and Belloumi (2017) examine the relationship between
carbon emissions resulting from transportation and economic
growth in Saudi Arabia between 1971 and 2011 by using the ARDL
bounds test and Granger causality approach, and concluded that
the EKC hypothesis is not valid. Chen and Lei (2017) aimed to
measure the causality between the transportation sector, energy
consumption and CO, in their study specifically for China (Beijing).
As a result, the direct positive effect of GDP per capita on CO,
has been determined, and the indirect effect of the transportation
sector on CO, emissions has been revealed. However, the change
in the economic growth model somehow hinders the growth rate
of CO, emissions by directly reducing the energy intensity of the
transportation sector and indirectly reducing the transportation
intensity. A significant positive impact of energy intensity on
carbon emissions has been identified. For this reason, it has
been determined that the decrease in energy intensity in the
transportation sector prevents the increase in carbon emissions to
some extent. Wang et al. (2017) investigate the trend of factors

affecting transportation sectors using the LMDI method in China.
According to the results, the CO, emissions of passenger and freight
transportation have shown growth from 1990 to 2015, the GDP per
capita and the population encourage the increase of CO, emissions
for both passenger and freight transportation, and the transportation
structure encourages the increase of CO, emissions for freight.
Among these, it has been revealed that the economic factor makes
the biggest contribution as well. It is revealed that activity intensity
limits the increase in CO, emissions and transportation structure
limits the increase in CO, emissions for passengers.

3. DATAAND METHODOLOGY

The data sets covering the years 1980-2023 for the USA and with a
sample size of 44 were used to empirically examine whether there
is a long-term relationship between the variables in terms of the
EKC hypothesis by using ADF, PP, LS, FMOLS, DOLS, CCR, and
ARDL methods in the analysis part of this study. In this context,
data sets for the variables including the Energy Consumption,
CO, emissions, maritime transport and GDP are obtained from the
relevant official websites of Our World in Data (2023a), (2023b),
Unctadstat (2023) and World Bank (2023) respectively. First of all,
stationarity tests are carried out at the 1(0) level of the series in order
to apply the Fully Modified Least Squares (FMOLS), Dynamic
Ordinary Least Square (DOLS) and Canonical Co-integration
Regression (CCR) methods. In this context, in order to comprehend
whether there is a unit root problem in the series, Augmented
Dickey-Fuller (ADF), Phillips-Perron (PP) and Lee-Strazicich
(LS) unit root tests are implemented among the relevant variables.

The Augmented Dickey Fuller unit root test (which is calculated
according to the AIC Akaike Information Criterion) is employed to the
series containing energy use, GDP, maritime cost, and CO, emissions
to analyze for stability. The maximum lag length is determined to be
2 as per Serena and Perron’s (2001) recommendations.

The Augmented Dickey Fuller (ADF) test originates a parametric
correction for higher-order correlation, supposing that the series
follow an AR (k) process and attach the lagged difference terms
of the dependent variable to the right section of the series.

k
Ay, =c+ay, +Zdey,7j+A, (1)
j=1
k
Ay, =c+ay,_ + ﬂtZdeyt_j + A, 2)
j=1

Equation (1) demonstrates the null hypothesis towards a mean
stationary alternative unit root in yt of the studied time series y.
Equation (2) indicates the unit root of the null hypothesis against
the trend-stationary alternative. The term A i examines the first
difference in the error term that ensures the serial correlation.
A constant and linear time trend can be contained in the ADF test
regression, as illustrated in the above equations.

The results of the unit root tests performed in Tables 1-3 are not
found to be stationary at the I(0) level. Respectively, the t-statistic
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values of the ADF, PP, and LS tests of the first-order differenced
series are below the figures corresponding to 1%, 5%, and 10%.
For this reason, first order differences of all series are taken.

All series at I(I) level became stationary within the 99% and 95%
confidence interval. In other words, in all 3 tests for all variables,
t-statistic values are at the desired level and became stationary.
Thus, FMOLS, DOLS, CCR and ARDL tests can be applied
through the stationary series.

After empirically proving that all series are stationary at the I(I)
level, CCR, DOLS, ARDL and FMOLS analyzes are performed.
As it is known, FMOLS, DOLS, and CCR analyzes both enable
us to comprehend whether there are long-term relationships
between variables and reveal which independent variable affects
the dependent variable or not.

Table 1: ADF unit root test results of USA

I(1) Sea Transport —0.4660 —4.0600*
—2.9369 —3.5966
1(1) USA Energy Use —1.0890 —6.6844*
-2.9314 —3.6009
I(1) GDP 2.4088 —13.4474*
—2.9369 —3.6055
1(1) CO, Emissions -1.2395 —2.9645%*
—2.9314 —2.9369

Bold values indicate ADF test results. “*” and “**” symbols indicate the unit root test of
the variables which is employed in the estimation process, 1 and 5% significance levels,
respectively

Table 2: PP unit root test results of USA

1(1) Sea_Transport —0.4292 —3.9498*
-2.9314 —3.5966
I(1) USA Energy Use —1.0400 —6.3655*
—2.9314 —3.5966
I(1) GDP 0.9918 —5.6269*
—2.9314 —3.5966
I(1) CO, Emissions -1.2170 —6.4119*
-2.9314 —3.5966

Bold values show PP test results. “*” and “**” symbols indicate the unit root test of the
variables which is employed in the estimation process, 1 and 5% significance levels,
respectively

Table 3: LS unit root test results of USA

I(1) Sea_Transport —5.1851 —6.6021%*
—6.1850 —6.2880
I(1) USA Energy U —4.9667 —8.3653*
—6.1850 —6.8210
I(1) GDP —-3.8852 —27.1019%
-5.9170 —6.7500
I(1) CO, Emissions —5.8684 —8.9635*
—6.1750 —=7.1960

Bold values demonstrate LS test results. “*” and “**” symbols indicate the unit root
test of the variables which is employed in the estimation process, 1 and 5% significance
levels, respectively

In this context, when Tables 4-6 are examined in depth, it is
observed that only the p-value of energy use was below 0.05. In
other words, energy use affected carbon emissions in all 3 tests.
Additionally, energy use has affected carbon emissions.

As a result, considering the research model, maritime transport,
GDP, and energy consumption are determined as independent
variables and CO, emissions is determined as dependent variables.
When we look at the FMOLS, DOLS and CCR analyzes in
Tables 4-6 in detail, only energy consumption affected CO,
emissions. The p-value of energy consumption is determined as
“0.000” in Table 4, “0.001” in Table 5 and “0.0000” in Table 6
respectively. All these results are empirically significant findings.

After all the derivatives of the least squares methods are made,
both questioned the existence of a long-term relationship between
the variables and tested which independent variable affected or
not the dependent variable in Table 7. In this respect, in order to
implement the ARDL test, bound test should be made which is so
vital to determine the appropriate model.

When the ARDL F-bound test is taking into account, long-term
ARDL forecasts are employed by the ascertaining long-run co-
integration through econometrical models which is performed
between the relevant variables. Long-run ARDL estimates are
demonstrated in Table 8 above. Long-run ARDL estimates
ascertain that the effecting major factors of CO, changed with
energy use which is consistent with previous findings including

Table 4: FMOLS test results of USA

CO, Emissions

Sea_Transport 1.109399  0.2742  1.344194
Energy_Use 11.03116  0.0000  73.72432
USA GDP 0.487545  0.6287  0.010130
C 0.492065 0.6255  10284.60

Table 5: DOLS test results of USA

CO, Emissions

Sea_Transport 0.753807 0.4575 1.595973

Energy Use 4.520155 0.0001  85.36624
USA GDP —0.574646 0.5703 —0.051986

C 0.718693  0.4785 40583.63

Table 6: CCR Test Results of USA

CO, Emissions

Sea_Transport 0.958404 0.3439  1.344456
Energy Use 8.677349  0.0000 75.82860
USA GDP —0.336167 0.7386 —0.014793
C 0.774319  0.4435 24774.12
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Table 7: Long-Term ARDL Results of USA

SEA_TRANSI 0.902656 1.283831 0.2076
ENERGY1 74.90757 18.75538 0.0000
GDP1 0.002323 0.188056 0.8519
C 43933.92 2.429992 0.0204

Table 8: ARDL Model Bounds Test Results for USA

ARDL Model (1,1, 1,0)

F Statistics Value 6.73

Pesaran et al. (2001) crt val 10 % 5% 1%
Lower Values 5.59 6.56 8.74
Upper Values 6.26 7.30 9.63

FMOLS, DOLS, and CCR. The most convenient model is selected
with the smallest value (1, 1, 1, 0) by means of the AIC criterion.
The finding of the boundary test is used to comprehend the long-
run linkage among the series and the diagnostic test results are
given in Table 7 within the sense of this model.

There is no entity of the long-term relationship of series including
sea transport, CO, emissions and GDP which are indicated through
ARDL, FMOLS, DOLS and CCR models which is not verified
the EKC hypothesis for USA. Thus, only ARDL model of the
research reveal that there is long-run relationship between CO,
emissions and energy use from 1980 to 2023 which points out the
environmental pollution.

The long-run FMOLS, CCR, ARDL and DOLS models findings
demonstrate that there is no a statistically significant linkage among
the sea transport, CO, emissions, and GDP for USA from 1980 to
2023 except energy use. When the signs of the coefficients obtained
are evaluated, it is revealed that there is no a positive linkage
among sea transport, CO, emissions, and GDP. The findings of
long-term ARDL model at Table 8 is consistent with all previous the
derivatives of the least square methods test. The ARDL equation is
indicated through econometric symbols, where the series of long-
term CO, emissions is examined in equation (3). The ARDL test
is employed through all OLS analyses. The long-run nexus among
GDP, sea transport, energy usage, and CO, for USA countries from
1980 to 2023 are considered through ' bounds test which is assumed
as zero hypothesis. Starting from equation (3), 4, A, and ¢, indicate
constant term, difference operator and error term, respectively. In
this analysis, the long-term relationship between factors is estimated
and the hypothesis is developed below.

m
1

#iii CO .a +Y o, A CO
i=1

m m
2 3
+Zﬂit Alnsea _ trns,,  + 29” Aln GDPI,’H
i=0 i=0

m

4
+Z€itAuumergymgei’[_i +§1i (6(0)] o +52i
i=0

+0, InGDP_| +3, Inenergy,gge, | +A

S€dyys, (3 )

it

If F statistic is less than specified minimum value, which is
recommended by Pesaran et al. (2001), then the null hypothesis
is not verified, thus determining that there is no long-term linkage
between the variables. In addition, if the calculated F statistic is
greater than the upper limit value, then it is determined that there
is no long-term linkage between the variables. Consequently, the
F statistics of Table 7 ARDL bound test is in required level which
is 6.73. For this reason, the hypothesis is rejected.

4. CONCLUSION AND DISCUSSION

Consequently, when it is employed FMOLS, DOLS, CCR, and
ARDL analyses except energy consumption there is no both
long-run relationship among variables and effects of independent
variables (GDP, sea transportation) on dependent variable (CO,
emissions) from 1980 to 2023 in USA. Therefore, the sea transport-
induced EKC hypothesis has not been confirmed empirically.
Although the hypothesis has not been confirmed, there are some
issues to consider in terms of energy consumption.

When the empirical findings of the article are interpreted, vehicle
sales and emissions are increasing rapidly in the United States.
It is important for the protection of the environment and health
that new vehicles to be launched in the coming years have the
best possible technology and the lowest emission levels. Some
solution suggestions can be developed to reduce the amount of
carbon footprint released by the transportation sector, especially
by shipping. By choosing public transportation instead of personal
vehicles, transportation-related carbon footprint can be reduced
by up to 90%. Not choosing a cruise, especially for distances that
can be covered by bus, is also a way to reduce CO, emissions. The
reason for this is that the amount of emissions per unit distance in
cruises is quite high compared to other transportation methods.
Transportation energy consumption and greenhouse gas emissions
are seen as an alarming threat to leaving a livable and sustainable
green environment and economy to future generations. Fossil
fuels used in transportation have an important place in carbon
dioxide emissions. This is seen as a crucial environmental factor
that all stakeholders should consider when planning energy and
environmental policy decisions. In order to prevent environmental
quality from being negatively affected by greenhouse gas and
exhaust emissions, policy makers need to encourage more energy
efficient and healthier transportation ways. Thus, the harmful
effects of transportation energy consumption can be reduced.
Policies that encourage and support energy consumption in
transportation with alternative energy sources such as CNG4,
LPGS3, electricity and recycled biofuels should be one of the most
important policies for a sustainable and livable environment that
will be transferred to future generations. In addition to clean
energy, building more comfortable roads instead of uncomfortable
roads and old technology engines, which are thought to increase
fuel consumption, and encouraging the use of fuel-efficient new
generation motor vehicles will also contribute to reducing CO,
consumption and preserving environmental quality. The increase
in the number of individual vehicle uses is also considered as an
inefficient use of resources. This situation again causes an increase
in CO, emissions and a deterioration in environmental quality.
Encouraging people to go to work campuses and public living
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areas by public transportation will be a vital policy as well. In
the USA, it is necessary to prevent the increase in CO, emissions
by making necessary regulations regarding energy consumption
and population density, in addition to income level. In the short
term, the transition from fossil fuel consumption to alternative
energy sources may be costly, and this may pose an obstacle to
economic growth. Therefore, long-term structural reforms need to
be carried out in order to increase the production and consumption
of alternative energy resources efficiently and to ensure the
continuation of a sustainable economy. In addition, necessary
steps should be taken to support further energy-related research
activities, to encourage the production of alternative energy
sources that contribute to the reduction of CO, emissions, and to
increase the consumption share of these resources in total energy.

There is a constant increase in the number of people both in the
world and in the USA. Population growth brings with it many
negative factors. One of these negative factors is environmental
pollution. Population density increases CO, emissions in both
the short and long term. With rapid population growth, natural
resources are being consumed rapidly; this situation negatively
affects the environmental quality. The reasons for the population
growth rate in the USA must be identified, necessary steps must
be taken to solve this problem and this increase rate must be taken
under control. Moreover; It is of great importance to prevent the
crowded and unplanned urbanization phenomenon caused by
the increasing population constantly migrating to cities, with the
measures taken by policy makers. In order to reduce population
density in cities in the USA, in addition to supporting agricultural
activities in rural areas, it should also contribute to the development
of sociocultural activities. In this way, the living standards of
people living in rural areas will increase and the rate of migration
from villages to cities will decrease. In conclusion; well-planned
and balanced villages and cities with reduced population density
will contribute to the reduction of CO, emissions.

On the other hand, USA government need to develop electric cargo
ship and passenger ships and make more R&D investments in this
field in order to control the environmental degradation. Determining
the long-term relationship between variables reveals the importance
and necessity of environmentally friendly plans based on the R&D
for the transportation sector in efforts to increase environmental
quality for the USA. In this context, the aim of contributing to the
drawing of a road map for policy makers to follow in the steps that
need to be taken is another contribution of the study to the literature.
In this sense, policy makers can make incentive regulations
for financial institutions that provide investment financing for
low carbon projects. It can be also developed regulations that
will encourage special fund formations that will implement
diversification policies for transportation vehicles that use energy
efficiency and environmentally friendly fuel. Tax advantages for
financial institutions that support environmentally friendly projects
can also contribute to the formation of more effective policies.
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