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INTRODUCTION

ABSTRACT

Highway transportation plays a critical role in supporting economic activity, regional
connectivity, and social integration. However, its environmental consequences -primarily
stemming from fossil fuel consumption- raise significant concerns regarding
sustainability. This study provides a comprehensive evaluation of the environmental
impacts of highway transportation in Turkey by integrating global literature, national
statistical data, and a qualitative SWOT analysis framework. The research focuses on five
key environmental dimensions: greenhouse gas (GHG) emissions, air and noise pollution,
land-use change, biodiversity loss, and public health effects.

Findings reveal that over 89% of freight and 91% of passenger transport in Turkey occurs
via highways, contributing to disproportionate levels of emissions and environmental
degradation. According to the European Environment Agency (EEA), road transport
accounted for 73.2% of total transport-related GHG emissions in the EU in 2021, a trend
mirrored in Turkey. Diesel vehicle prevalence, noise levels exceeding WHO thresholds in
urban areas, and fragmentation of ecological habitats are highlighted as critical issues.
The SWOT analysis identified major weaknesses—such as habitat disruption and traffic-
induced pollution—alongside opportunities for sustainable transformation via electrified
vehicles, green infrastructure, and intelligent transportation systems (ITS). Based on these
findings, the study proposes actionable policy recommendations, including emission-
based taxation, alternative fuel incentives, investment in low-carbon mobility systems,
and ecological conservation in infrastructure planning.

By offering an integrated, data-driven, and region-specific assessment, this study
contributes to the global discourse on sustainable transportation and supports evidence-
based policymaking in emerging economies.

Cite this article as: Ercetin MA, Gokalp I, Siikliin H. Influence of highway transportation
on environment: A state of art. Environmental Research and Technology, 2026, 9 (2),
377-388.

transport, air and maritime modes are generally preferred
due to their speed, safety, and economic advantages [4, 5]. On

With the rapid increase in global population, mobility has
become essential to meet the escalating basic needs of society
[1]. Numerous transportation systems have been developed
to ensure comfortable, efficient, and safe mobility, with
technological advancements expected to introduce new
transportation modes in the near future. Currently, existing
modes include air, water, railways, roads, off-road
transportation, pipelines, cable transport, and space
transport [2, 3].

Approximately two-thirds of the Earth’s surface is covered by
water, with the remaining third consisting of interconnected
landmasses. For international freight and passenger

a national or regional scale, however, highway and railway
transportation are predominantly utilized for shorter-
distance passenger and freight mobility [6]. Although
highway transportation, like other transport modes, has
certain disadvantages, it provides considerable benefits such
as personalized door-to-door service, cost-effectiveness,
accessibility, and operational flexibility. It also reduces
reliance on extensive and costly infrastructure such as ports
and railway systems. Particularly in residential and urban
areas, highways offer superior efficiency and integration
capabilities, effectively linking various transportation
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systems [7, 8]. Additionally, highway transportation
operations significantly support national economies.

While human-powered and animal-powered transportation
also exist, these modes are beyond the scope of this paper.
Alternative transportation modes offer distinct advantages in
specific contexts. For instance, air transportation, despite its
higher costs, is preferred for speed, comfort, and safety [9].
Rail transportation provides efficient freight and passenger
services with significant ecological and economic advantages
[10]. Maritime transportation, through lower fuel
consumption and large-scale cargo capacities, represents an
environmentally friendly solution for transporting
substantial volumes of commodities compared to road or rail
transportation [11]. Furthermore, pipeline transport,
recently recognized as a distinct mode, ensures the
continuous and secure transfer of liquid commodities such as
oil and natural gas to meet growing national and international
demands [12].

According to the International Energy Agency (IEA, 2023),
road transportation dominates the global mobility sector,
accounting for more than 75% of total carbon dioxide (CO;)
emissions across all transportation modes [13]. Although
highway transportation provides operational flexibility and
economic accessibility, it significantly contributes to
environmental externalities, including GHG emissions, noise
pollution, deteriorating air quality, and ecological
disruptions, especially in rapidly urbanizing regions [14].
These global trends inform and shape the environmental
challenges faced by national transport systems. Within this
global context, Turkey represents a critical case study for
examining the ecological impacts associated with road
transportation infrastructure.

In particular, Turkey’s rapidly developing highway
transportation systems constitute a fundamental element of
its national infrastructure, ensuring mobility and accessibility
across diverse geographical regions and serving as an
integrative component within multimodal transport
networks. These systems are vital for socioeconomic
integration between urban and rural areas, promoting
equitable access to essential services such as education,
healthcare, and employment [15]. In developing countries
like Turkey, highways facilitate short-distance passenger and
freight transport more efficiently than other transportation
modes, primarily due to their lower initial investment costs
and broader geographic coverage [16-19]. Therefore, this
study specifically analyzes Turkey’s highway transportation
system, drawing comparative insights from global literature.

This study differs from existing literature by
comprehensively synthesizing the environmental impacts of
highway transportation while simultaneously integrating
ecological, socio-cultural, and regional development
dimensions into a unified analytical framework. Unlike
previous studies, this work provides a holistic evaluation that
bridges environmental science and transportation planning,
thereby offering a multidimensional understanding of the
externalities associated with highway transportation
systems.

HIGHWAY TRANSPORTATION SYSTEM

Among the various transportation modes discussed, highway
systems warrant particular attention due to their dominant
role in national and regional mobility—and their
disproportionate environmental footprint [20, 21]. Despite
their extensive utility, highway systems increasingly face
scrutiny within sustainability discourse due to their

ecological implications [22, 23]. The expansion and operation
of road networks result in significant environmental
disturbances, including habitat fragmentation, deforestation,
and land degradation [24]. Additionally, road construction—
particularly involving flexible pavements using hot mix
asphalt—is highly energy-intensive, requiring substantial
material inputs and contributing significantly to various
environmental pressures [25].

Flexible pavements constitute the majority of global road
networks and typically require bituminous binders combined
with specific aggregates [26]. While these pavements offer
advantages in terms of lower initial costs and ease of
maintenance, they remain vulnerable to environmental
stressors, frequently resulting in surface deterioration such
as rutting and cracking. Such deterioration negatively
impacts ride quality, reduces traffic flow efficiency, and
increases fuel consumption due to extended travel times and
frequent maintenance requirements [27].

Rigid pavements, by contrast, employ cement-based
materials and demonstrate superior durability and load-
bearing capacity, particularly under high-traffic and adverse
weather conditions [28]. Although their initial construction
cost is higher, rigid pavements typically exhibit lower
maintenance needs throughout their lifecycle. Several studies
indicate that rigid pavements have reduced environmental
impacts over their entire lifecycle, primarily due to their
extended durability, reduced frequency of major
rehabilitation, and lower energy consumption during
production compared to hot mix asphalt. Furthermore,
cement production facilities can often be located closer to
construction sites, minimizing the environmental impacts
associated with long-distance material transportation [29-
32].

Both pavement types have distinct advantages and
limitations, yet recent advancements in sustainable
pavement technologies offer promising pathways toward
reducing their ecological footprints. Notable innovations
include utilizing recycled pavement materials, adopting
warm mix asphalt to decrease energy consumption during
pavement production, employing pervious concrete to
manage stormwater runoff and enhance groundwater
recharge, and incorporating comprehensive life-cycle
assessment (LCA) methods to optimize resource allocation
and reduce overall ecological impacts [33].

Overall, highway transportation embodies a complex
interplay between economic utility and environmental costs
[34]. Recognizing and addressing these trade-offs through
improved design, strategic maintenance, and targeted policy
interventions are critical for promoting more sustainable,
efficient, and climate-resilient transport infrastructures [35].

In a comparative international context, recent data illustrate
that the environmental burdens associated with highway
transportation differ significantly among countries.
According to data from the IEA and Environmental Protection
Agency (EPA), countries highly dependent on highway
systems—such as the United States, Turkey, and Brazil—tend
to experience disproportionately greater environmental
externalities, including higher GHG emissions, urban air
pollution, and biodiversity loss. By contrast, nations such as
the Netherlands and Japan, which have invested significantly
in multimodal, low-emission transportation systems,
demonstrate substantially lower ecological impacts [13, 36].
In Turkey, highways currently account for over 89% of freight
and 91% of passenger transport, underscoring an urgent
need to address the environmental footprint of the sector
through sustainable transport policies and innovations [37].
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AIM AND SCOPE

The primary aim of this study is to provide a comprehensive
analysis of the environmental impacts associated with
highway transportation systems [38, 39], specifically
focusing on Turkey’s national road network. While
international studies are referenced for comparative
purposes, this review places particular emphasis on
evaluating Turkey's highway-related environmental effects,
including GHG emissions, noise pollution, biodiversity loss,
and their indirect implications for social and regional
development [40, 41].

The study seeks to explore how and to what extent highway
transportation contributes to environmental degradation, as
well as the potential for mitigating adverse effects through
sustainable planning and targeted policy-making. Drawing
upon recent empirical findings and national statistics, this
review provides a detailed assessment of key environmental
externalities related to road-based transportation.

Furthermore, the study examines broader implications for
public health, social cohesion, and economic growth,
emphasizing the interconnectedness between transportation
infrastructure  and  societal = well-being.  Strategic
recommendations, informed by contemporary sustainability
frameworks, are presented along with a structured SWOT
analysis to illustrate multidimensional trade-offs inherent in
highway mobility. By bridging environmental science, civil
engineering, and socio-economic planning, this paper
contributes novel insights to the interdisciplinary discourse
on sustainable transportation.

This paper is structured as a comprehensive review study,
synthesizing national statistics and international literature to
deliver an integrative perspective on highway
transportation’s environmental impacts.

THE EFFECT OF HIGHWAY TRANSPORTATION
On the Ecosystem

There is a strong relationship between the transportation
sector and economic growth [42, 43]. The transportation
sector plays a vital role in driving economic growth by
meeting increasing human mobility and product demand in
both developed and developing countries. However, this
growth also contributes to rising energy consumption and
GHG emissions, posing a major global challenge [44, 45].

GHG and air quality

Turkey is used as a case example in this study due to its high
road transport dependency, growing vehicle fleet, and rapidly
increasing GHG emissions in the transportation sector.
Among the environmental consequences of highway
transportation, the emission of GHGs—primarily CO,,
methane (CH,), and nitrous oxide (N,O)—stands out as the
most prominent and well-documented [46, 47]. These
emissions are primarily generated through the combustion of
fossil fuels such as gasoline, diesel, and liquefied petroleum
gas (LPG), which continue to dominate the global
transportation energy mix [48].

Since the 18th century, the steady increase in fossil fuel use
driven by industrialization has led to a continuous rise in
atmospheric CO; levels, as illustrated in Figure 1 [49, 50].
Currently, more than 95% of the energy used in the
transportation sector is still derived from fossil fuels, and
road transportation alone accounts for a substantial portion
of global emissions [51].

The mechanism of GHG formation in motor vehicles is
multifaceted [52]. In addition to emissions from combustion
during engine operation, GHGs are released during cold
starts, fuel evaporation from tanks and carburetors, and
crankcase leaks [53]. Although modern emission control
technologies such as catalytic converters and particulate
filters have reduced individual vehicle emissions, the overall
increase in the number of vehicles and urban traffic volume
offsets these gains [54].

CO, Concentration (ppm)
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Figure 1. Change of CO2 concentration over time (1750-
2025) [49, 50]

In Turkey, data from TurkStat (TUIK) indicate a significant
rise in CO, emissions from road transportation between 1990
and 2022, largely driven by a 192% increase in diesel-
powered vehicles over the last decade [55]. Figure 2 (a)
shows CO, emissions by fuel type, Figure 2 (b) demonstrates
the emission distribution across transport modes,
emphasizing the predominance of road transport. According
to the EEA, road transport accounted for 73.2% of total
transport-related GHG emissions in the EU in 2021 [56],
whereas in Turkey, this rate reached 94.1%, underlining the
country’s higher road dependency and emissions intensity
[57].

These emissions result in two major environmental
consequences: global climate change and local air pollution
[58]. First, they exacerbate global warming by intensifying
the greenhouse effect, leading to rising average temperatures,
extreme weather events, and sea-level rise [59-63]. Second,
they significantly deteriorate air quality, especially in dense
urban areas. Elevated concentrations of nitrogen oxides
(NOy), carbon monoxide (CO), and particulate matter (PMy,
and PM;.5) are frequently recorded in cities like Istanbul and
Ankara—often exceeding WHO thresholds [64]. This is
primarily due to the dominance of diesel vehicles and chronic
traffic congestion [65, 66]. Exposure to these pollutants is
strongly associated with respiratory illness, cardiovascular
disease, and premature mortality [67-70].

Furthermore, vehicle emissions are closely linked to land-use
changes and urban sprawl. As highway networks expand to
meet growing demand, forested and agricultural lands are
often cleared, reducing carbon sequestration capacity and
intensifying atmospheric CO, levels [71]. This cyclical
relationship between transportation development and
environmental degradation highlights the wurgency of
sustainable mobility planning [72].

Mitigation strategies include promoting modal shifts to public

transport [73], enhancing walking and cycling infrastructure
[74], expanding the adoption of electric vehicles (EVs) and
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alternative fuels [75], and implementing congestion pricing
or emissions-based taxation [76]. ITS can also improve traffic
efficiency and reduce idle emissions [77].

While these measures offer significant potential, their success
depends heavily on political will, institutional capacity, and
public support. Turkey has recently introduced incentive
schemes for EVs, including tax reductions and investments in
charging infrastructure. However, EV adoption remains

limited compared to European countries [78]. Likewise, the
use of alternative fuels such as hydrogen and biofuels is still
in its early stages and requires regulatory and financial
support [79]. A systems-thinking approach that integrates
transportation, energy, land use, and public health into a
unified planning framework is essential to ensuring long-
term sustainability in the road transport sector [80].
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Figure 2. (a) CO, emissions by fuel type within road transportation in Turkey (1990-2022) [55]

(b) CO; emissions by transportation mode in Turkey (1990-2022) (kt CO,-eq) [57]

Noise

Noise pollution is a major consequence of traffic congestion,
primarily arising from vehicle engines, exhaust systems,
suspensions, and tire-pavement interaction [81-83].
Additional contributors include aerodynamic resistance and
horn usage. Following air pollution, traffic noise is considered
the second most significant environmental threat to human
health in Europe [84]. It can lead to both physiological and
psychological health effects, such as elevated stress levels,
anxiety, sleep disturbances, cognitive impairment, and
cardiovascular diseases [85-87].

Noise levels exceeding 55 decibels—the World Health
Organization’s recommended threshold—are associated with
a significantly increased risk of cardiovascular disorders,
including ischemic heart disease [88]. According to the EEA,
over 113 million people across Europe are chronically
exposed to traffic noise above this threshold, particularly in
densely populated urban areas [89].

Between 2011 and 2020, the proportion of the population in
Turkey reporting discomfort due to environmental noise
remained over 15% higher than the EU average, indicating a
persistent and elevated exposure to noise pollution [90]. The
degree of impact varies based on multiple factors including
road proximity, vehicle speed and type, road alignment and
slope, pavement material, roadside vegetation, and traffic
density [91, 92].

In response to these adverse effects, several mitigation
strategies have been proposed. First, maintaining a minimum
buffer zone of 30-40 meters between residential areas and
highways can significantly reduce noise exposure [92].
Second, low-noise pavement materials—such as rubberized
asphalt—should be prioritized over noisier options like
traditional concrete [93]. Third, the promotion of quieter
vehicle technologies and retrofitting existing fleets with
noise-suppression systems can further alleviate the problem
[94, 95]. Additional measures include enhancing building
insulation, constructing acoustic barriers along roadways,

and designing road surfaces with noise-absorbing textures
and materials [96-98].

Biodiversity and land use

Highway transportation systems significantly impact
biodiversity and land use during both construction and
operation phases [99]. These effects can be either positive or
negative, depending on the characteristics and design of the
infrastructure [100].

Negative impacts include deforestation, reduction of
agricultural land, destruction of water resources, and soil
contamination during construction and maintenance
activities [101]. Additionally, the extraction of raw materials
for road building alters the natural structure of land surfaces.

Highway networks also fragment ecosystems by dividing
natural habitats, thereby restricting wildlife movement and
reducing interspecies interactions [102]. This can lead to a
decline in genetic diversity, population losses, and in extreme
cases, species extinction [103]. Furthermore, road-related
wildlife collisions and the lack of ecological corridors in high-
biodiversity areas pose additional threats to vulnerable
species, exacerbating biodiversity loss [104, 105].

On the other hand, roads often serve as development catalysts
in rural areas by improving accessibility [106]. They enhance
the growth of agricultural and livestock sectors and support
the marketing and transport of goods [107]. While roads
promote tourism by improving access to natural and cultural
heritage sites, they simultaneously disrupt ecological habitats
and threaten biodiversity [108].

On the Social and Cultural Developments

Highway transportation systems play a pivotal role in
enhancing social interactions by facilitating participation in
cultural, educational, and artistic activities [109]. They enable
individuals to explore diverse geographies and cultures,
promoting mutual understanding and cultural integration
despite existing social differences [110].
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These systems also significantly contribute to the education
sector by improving students' access to schools and training
institutions. Enhanced transportation infrastructure
broadens educational reach and enables more equitable
access to learning opportunities [111]. Moreover, it improves
the quality and efficiency of education by ensuring the
mobility of teachers, staff, and educational resources [112].

Importantly, highway systems also influence patterns of
social inequality. Access to reliable transportation directly
impacts  employment, education, and healthcare
opportunities. Urban transport policies illustrate this
dynamic: well-developed, affordable public transportation in
low-income neighborhoods helps reduce mobility disparities
and promote social inclusion [113]. In contrast, car-centered
infrastructure that neglects underserved areas may deepen
social exclusion. Inclusive policies—such as subsidized fares
and Bus Rapid Transit services—demonstrate how transport
planning can promote social equity [114].

Highway infrastructure also facilitates tourism development
by improving accessibility to cultural heritage sites, natural
attractions, and local events. This not only strengthens rural
economies but also encourages intercultural dialogue and the
preservation of heritage areas [115]. By increasing tourist
numbers and fostering local-global connections, such
infrastructure positively affects the lifestyle and worldview of
local communities [116].

Despite these benefits, highway transportation has negative
social consequences. Increased vehicle use is associated with
sedentary lifestyles and higher rates of obesity and related
health conditions such as hypertension and diabetes [117,
118]. Encouraging walking, cycling, and public transport—
especially those requiring pedestrian activity—may help
counteract these health risks [119]. Furthermore, road
transport is inherently linked to traffic accidents, which
jeopardize both life and property. Globally, approximately 1.3
million people die in road accidents annually, with two deaths
and 95 serious injuries occurring every minute [120, 121]. In
Turkey, approximately 6,500 people lost their lives and
350,000 were injured in road traffic accidents in 2023 [122].

On the Economic and Regional Development

Transportation plays a pivotal role in national economies by
supporting agricultural and industrial sectors through the
facilitation of logistics and distribution operations [123, 124].
Well-developed transportation networks enhance regional
attractiveness for commercial, touristic, and industrial
investment. Improved access to transport infrastructure
fosters job creation, expands educational and economic
services, and enriches social opportunities [125].

Moreover, efficient transportation enables the effective
distribution of goods and services through door-to-door
delivery, reducing time and operational costs [126]. Many
settlements have developed along highway corridors due to

improved connectivity. Enhanced access to domestic and
international markets strengthens local economies and
supports broader regional prosperity [127]. It also facilitates
the rapid and safe marketing of agricultural and livestock
products in rural areas [128].

Improved transportation systems allow farmers and local
businesses to reach broader domestic and international
markets [129]. Tourism also thrives through enhanced
accessibility to cultural and natural heritage destinations
provided by road infrastructure [130, 131].

While road infrastructure contributes significantly to
regional development, it also entails substantial economic
and environmental costs. The construction, maintenance, and
expansion of highways require high capital investments and
often lead to increased vehicle dependency, traffic
congestion, and land consumption [132, 133]. In contrast,
alternative transportation investments—such as public
transit systems, cycling networks, and other sustainable
mobility options—tend to be more cost-effective in the long
term, particularly in urban areas [134]. These modes reduce
environmental externalities and promote equitable access to
economic opportunities. Therefore, evaluating the long-term
financial trade-offs and societal benefits of these alternatives
is essential for guiding sustainable transportation investment
decisions [135].

Furthermore, transportation networks enhance quality of life
by increasing mobility and social integration [136].
Investment in transport systems is thus crucial for
sustainable regional development [137]. Cultural, artistic,
and sporting events—such as festivals—are increasingly
hosted in regions with strong transport infrastructure,
generating substantial economic and social returns [138,
139]. For instance, the Rio Carnival in Brazil attracted 1.1
million foreign visitors in 2017 and generated over $3 billion
in revenue. In 2019, the number of international tourists
exceeded 1.5 million [140]. Such events not only promote
cultural heritage but also contribute meaningfully to local
economies [141].

STATUS (SWOT) ANALYSIS

A SWOT (Strengths, Weaknesses, Opportunities, Threats)
analysis is employed to systematically evaluate the
environmental implications of highway transportation
systems. This approach allows for a structured synthesis of
the multifaceted impacts highlighted in the preceding
sections and provides actionable insights for evidence-based
policy development and long-term transport planning. Table
1 summarizes the environmental strengths and limitations of
highway transport, along with potential opportunities for
improvement and the threats it poses to sustainability.
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Table 1. Status (SWOT) analysis of highway transportation

Strengths

Weaknesses

e Facilitates economic integration and access to e
services across urban and rural areas.

e Offers flexibility and door-to-door connectivity e
unmatched by other transportation modes.

e Supports emergency response, logistics,
national security operations.

e Serves as a platform for technological innovation, e
including electrification and ITS.

and e

High dependency on fossil fuels with limited
incentives for adopting cleaner alternatives.
Fragmented policies between regional and national
levels hinder integrated environmental planning.
Inadequate infrastructure for non-motorized and
public transport systems.

Limited enforcement of vehicle emission standards
in certain regions.

Opportunities

Threats

e Rapid development of low-emission vehicle e
technologies (e.g., EVs, hydrogen fuel cells).

e Expansion of smart transportation systems for e
traffic flow optimization and emissions reduction.

e Global policy frameworks (e.g., Paris Agreement) e
encouraging sustainable transport investments.

e Increasing public awareness and demand for green e
infrastructure and low-carbon mobility.

Climate change-induced risks to transport
infrastructure (e.g., flooding, heat damage).

Urban sprawl and car dependency exacerbating
emissions and land-use pressures.

Socioeconomic disparities in access to clean
transport solutions.

Delay in policy harmonization could result in
regulatory inconsistencies and underperformance
in sustainability goals.

CONCLUSION

This study provides a comprehensive assessment of the
environmental impacts of highway transportation,
particularly within the context of Turkey. While highways
facilitate socio-economic development by improving access
to markets, education, and services, they also pose significant
environmental challenges. Key findings indicate that GHG
emissions from fossil fuel-based vehicles, habitat
fragmentation, noise pollution, and degraded air quality are
among the most critical concerns.

The analysis reveals that Turkey’s high dependence on road
transport -accounting for over 89% of freight and 91% of
passenger mobility- intensifies environmental externalities,
especially in urban and ecologically sensitive regions. The
study emphasizes that innovations such as EVs, ITS, and
green infrastructure offer substantial potential for mitigation,
but their effectiveness depends on integrated planning and
strong regulatory frameworks.

Ultimately, addressing the environmental footprint of
highway transportation requires a multidimensional strategy
that aligns technological innovation, environmental justice,
and long-term sustainability principles. These findings
provide a robust, evidence-based foundation for shaping
future transportation policies and advancing integrated
sustainability planning.

RECOMMENDATIONS

To translate the findings of this study into actionable
solutions, the following evidence-based and policy-relevant
recommendations are proposed:

1. Alternative Fuel Policies: Accelerate the deployment of
low-emission and  zero-emission vehicles by
implementing financial incentives (e.g., subsidies, tax
exemptions) and expanding infrastructure for electric
charging and hydrogen fueling.

2. Smart Transportation Strategies: Invest in ITS to
optimize traffic flow, reduce idle time, and enhance fuel
efficiency through digital technologies such as Al-based
traffic monitoring, adaptive signaling, and route
optimization.

3. Urban Mobility Planning: Encourage modal shift from
private cars to public transport, cycling, and walking
through integrated urban transport plans, prioritizing
transit-oriented development and non-motorized
infrastructure.

4. Green Infrastructure Expansion: Establish urban green
corridors and expand forests to enhance carbon
sequestration, reduce urban heat island effects, and
improve air quality.

5. Emissions Regulation and Carbon Pricing: Enforce
strict emissions standards for new vehicles, and
implement carbon pricing mechanisms (e.g.,, emissions
trading or fuel-based carbon taxes) to internalize the
environmental costs of transportation.

6. Noise and Air Pollution Control: Promote research and
development of noise-reducing pavements and low-
emission road materials. Encourage the use of barriers
and buffers in urban design to minimize noise pollution.

7. Public Engagement and Education: Enhance public
awareness on sustainable mobility through education
campaigns, participatory planning, and behavioral
nudges encouraging eco-friendly transport habits.

8. Data-Driven Decision Making: Establish national and
local transportation-related emissions inventories and
integrate environmental performance indicators into
transportation planning and budgeting.

Collectively, these recommendations aim to guide
policymakers, urban planners, and stakeholders in
implementing coherent, long-term transportation strategies
that align with climate targets, public health priorities, and
sustainable urban development frameworks.

LIMITATIONS AND FUTURE STUDIES

This review provides a broad evaluation of the
environmental, economic, and public health implications of
highway transportation systems based on existing literature
and national statistics. However, due to the scope of the study,
several limitations should be acknowledged. First, the
analysis is primarily based on qualitative synthesis and lacks
empirical modeling or spatially resolved environmental
simulation, which would enhance the robustness of findings.
Additionally, the focus is limited to Turkey’s national highway
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system and does not include comparative assessment across
different transportation modes.

Future research could expand on this work by conducting
quantitative, data-driven analyses for specific environmental
indicators—such as localized air quality, traffic noise
exposure, and biodiversity impact. Region-specific case
studies using Geographic Information Systems (GIS)-based
modeling or LCA would also strengthen understanding of
transport-related externalities. Moreover, interdisciplinary
investigations integrating climate science, urban planning,
and transportation engineering could provide a deeper
perspective on sustainability trade-offs. Finally, comparative
studies involving other transport systems—such as rail,
maritime, and pipeline networks—are encouraged to place
highway transportation within a broader mobility and
environmental policy context.
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