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Highlights

* Summarises car-related harm including crashes, pollution, land use, and
injustices.

* 1in 34 deaths are caused by cars and automobility with 1,670,000 deaths per
year.

e (Cars and automobility have killed 60-80 million people since their invention.

e Car harm will continue unless policies change; example interventions are
discussed.

Abstract

Despite the widespread harm caused by cars and automobility, governments, corporations, and individuals
continue to facilitate it by expanding roads, manufacturing larger vehicles, and subsidising parking, electric
cars, and resource extraction. This literature review synthesises the negative consequences of automobility,
or car harm, which we have grouped into four categories: violence, ill health, social injustice, and
environmental damage. We find that, since their invention, cars and automobility have killed 60-80 million
people and injured at least 2 billion. Currently, 1 in 34 deaths are caused by automobility. Cars have
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exacerbated social inequities and damaged ecosystems in every global region, including in remote car-free
places. While some people benefit from automobility, nearly everyone—whether or not they drive—is
harmed by it. Slowing automobility's violence and pollution will be impracticable without the replacement
of policies that encourage car harm with policies that reduce it. To that end, the paper briefly summarises
interventions that are ready for implementation.
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1. Introduction

Cars are the default mode of transportation in thousands of cities, suburbs, and towns around the world.
Meanwhile trains, buses, bicycles, wheelchairs, and even our own bodies are discussed as “alternative”
transportation. Yet there are just 16 cars for every 100 people on the planet (China Association of Automobile
Manufacturers, 2021; International Organization of Motor Vehicle Manufacturers, 2017; Japan National
Statistics Center, 2022; World Health Organization, 2018). While some people benefit from the default
position of cars, nearly everyone—whether or not they drive—is harmed by it. In other words, human
settlements are dominated by automobility, “an interlocking system of cars, highways, fueling infrastructure,
automotive companies, government policies, and car cultures” (Sheller, 2018, p. 13).

This review synthesises the negative consequences of the system of automobility, or car harm (Fig. 1). We
have grouped car harm into four categories (Fig. 2): violence (crashes and intentional violence); ill health
(pollution, sedentary travel, and dependence and isolation); social injustice (unequal distribution of harm,
inaccessibility, and consumption of space, time, and resources); and environmental damage (carbon
emissions, pollution and resource extraction, and land use).
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Fig. 1. This illustration gives examples of mechanisms by which automobility harms people and the

environment.
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Fig. 2. Externalities of cars and automobility and their connections with harms to people and the
environment.

Car harm ranges from direct physical violence to slow or indirect violence (O'Lear, 2021). Despite the
immense scale and severity of these harms, governments, corporations, and individuals continue to facilitate
automobility by expanding roads, manufacturing larger vehicles, and subsidising parking, electric cars, and
resource extraction. Instead of working to reduce car harm, current policies encourage it (Gossling, 2016).
Slowing automobility's violence and pollution will be impracticable without the replacement of policies that
encourage car harm with policies that reduce it.

Critiques of automobility started soon after cars were introduced. During the early years of automobility in
Europe and North America, critics decried the loss of human and animal life from traffic crashes and the
rearrangement of streets and cities to accommodate cars (Norton, 2008; Stoner, 1925). After World War 11, as
automobility's spread grew in both scope and speed, so did critiques of the system. Jane Jacobs, Lewis
Mumford, and Ralph Nader were vocal critics in the 1960s (Jacobs, 1961; Mumford, 1964; Nader, 1965).
Jacobs in particular expanded debates to broader questions around city life, suburbanisation, public housing,
segregation, zoning, and safety, among other topics. Numerous authors have built on these arguments in the
decades since (Bohm et al., 2006a; Cresswell, 2006; Freund and Martin, 1993; Newman and Kenworthy,
1999; Whitelegg, 1993). 21st-century research relies especially on the work of Mimi Sheller and John Urry
who refined concepts related to the “system of automobility” and introduced further directions for critique
(Sheller and Urry, 2000). Despite these decades of evidence-building research, automobility continues to
expand in the 2020s with an increasing number of cars, and there is increasing industrial and political
interest in making electric vehicles the one “solution” despite the social and environmental problems to
which they contribute (Henderson, 2020). It is within this context and the context of mobility justice (see
Section 2) that this paper discusses automobility (Sheller, 2018).
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There are currently about 2 billion motor vehicles in use of which about 1.3 billion are cars (China
Association of Automobile Manufacturers, 2021; International Organization of Motor Vehicle Manufacturers,
2017; Japan National Statistics Center, 2022; World Health Organization, 2018). Cars are unevenly distributed
around the world (Fig. 3). The number of cars per person, indicated by a darker colour in Fig. 3, is highest in
the US, Canada, Europe, and Australia. Per capita car ownership is lowest in Africa and South and Southeast
Asia. Although China has recently overtaken the US to have the largest car fleet, there are 4 times as many
cars per person in the US as in China. Certain wealthy countries with reputations for widespread cycling and
few cars, such as the Netherlands, still have many more cars per person than most countries do; there are
more cars in the Netherlands than in Nigeria despite Nigeria's population being 12 times greater.
Automobility in the wealthiest countries harms residents within those wealthy countries, but the
consequences of automobility also spread across borders and harm populations with the fewest cars—those
who benefit least from automobility. For example, depleted lead batteries from cars are dismantled mainly in
places with few cars resulting in automotive lead exposure without car ownership (Ericson et al., 2017).

All remalining
countries

101 cars {16% of tosw]
7 cars pa 100 pacple

Angenting
140 1190
T 100

2000 SIZE number of cars
[T"I7INl COLOUR cars per person

Download : Download high-res image (439KB)

Download : Download full-size image

Fig. 3. Number of cars and cars per person in 25 countries. This map highlights the 25 countries with the
largest car fleets as of 2016 to 2018. Note that both car fleet and population data for China have been updated
to 2020 to reflect the rapid growth of the Chinese car fleet. Other country fleets are changing at a slower
pace. Sources: (China Association of Automobile Manufacturers, 2021; International Organization of Motor
Vehicle Manufacturers, 2017; Japan National Statistics Center, 2022; World Health Organization, 2018).

After the methodology (Section 2), the paper continues with a summary of casualties attributable to
automobility (Section 3). 4 Violence, 5 Il health, 6 Social injustice, 7 Environmental damage detail the four
categories of harm identified above: violence, ill health, social injustice, and environmental damage. Section
8 is a brief discussion of interventions and Section 9 concludes the paper.
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2. Methodology

This review uses a mobility justice framework (Sheller, 2018) to discuss automobility-related harm across
four interrelated categories: violence, ill health, social injustice, and environmental damage. All four of these
categories interact with one another, but (in)justice is particularly entangled with the other three topics.
Sheller's mobility justice builds on capabilities approaches, egalitarianism, and several other theories of
justice (Gossling, 2016; Lucas et al., 2016; Nussbaum, 2011; Pereira et al., 2017; Sen, 1993; Verlinghieri and
Schwanen, 2020) but differs from transport justice and spatial justice in part through its basis in a mobile
ontology “which not only tracks the effects of inequalities in mobility across various connected sites and
scales, but also shows how justice itself is a mobile assemblage of contingent subjects, enacted contexts, and
fleeting moments of practice and political engagement” (Sheller, 2018, p. 22). This review follows mobility
justice's multi-scalar approach in shifting between micro, meso, and macro levels as it discusses mobilities
and situations across the planet.

The paper is organised as a narrative review that suggests further reading on each harm topic. Systematic
reviews are available for some of the topics, such as the health effects of traffic-related air pollution
(Boogaard et al., 2022) or crash deaths and injuries in Africa (Adeloye et al., 2016). While this paper collects
many forms of car harm into one resource, it does not attempt to be an exhaustive compendium of all forms
of harm related to automobility. We searched the Scopus and Crossref databases up to September 2023 to
explore the question “How do cars and the system of automobility harm people and the environment?” Our

” o« ”

search combined one term to indicate the topic of automobility (“automobile”, “automobility”, “car”,

” o« ” o« ” o«

“parking”, “road”, “street”, “traffic”, “vehicle”) with one or multiple broader terms, e.g. “accessibility”,

” o« ” o« ” o« ” o« ” s ” o«

“assault”, “biodiversity”, “climate”, “crash”, “emissions”, “environment”, “heath”, “justice”, “land use”,
“policy”, “pollution”, “resource”. Additional searches for grey literature were performed using non-academic
search engines. We reviewed 409 academic articles and books and 78 grey literature reports and documents.
In our search of the literature, we focused first on some of the most severe forms of harm as indicated by

measurable discrete incidents (particularly deaths and injuries) and by ongoing issues of social injustice.

For our estimates of the annual and cumulative death toll of automobility in Section 3, we collected data
from the Global Burden of Disease Collaborative Network, the World Health Organization, and additional
sources which are detailed in the supplementary materials. In collecting and analysing data, we follow a
critical quantitative approach (Kwan and Schwanen, 2009; Pavlovskaya, 2006; Wyly, 2014). In this case, our
critical quantitative methods involve analysing numerical data to help uncover and understand social issues
then using those results to encourage “progressive social and political change” (Kwan and Schwanen, 2009,
p. 284) in the context of mobility justice.

2.1. Definitions

In this paper, the word “car” is synonymous with automobile and both are used to describe light-duty
vehicles that carry people or a small amount of cargo. This includes sedans, SUVs, 4x4s, pickup trucks, vans,
and taxis. The use of car does not include heavy-duty vehicles, such as buses and trucks/lorries, nor does it
include two or three-wheeled motor vehicles (motorcycles, motorbikes, scooters) or micromobility devices
(electric bicycles, electric scooters). The term “motor vehicle” refers to all road vehicles with engines, i.e.
cars, buses, trucks, and motorcycles but not micromobility devices. Micromobility devices differ substantially
from motor vehicles: they are often at least partly human powered, they operate at slower speeds, and they
weigh considerably less.
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2.2. Limitations

The paper is intended as a reference for researchers and policy-makers who are working on plans and
policies that aim to reduce automobility-related harms and subsequently improve human and
environmental health and wellbeing. The paper does not explore the benefits of automobility, nor is it an
exhaustive summary of all harms. We do not discuss other sociotechnical systems such as aviation or
railways—both of which contribute to injuries, habitat destruction, climate change, and other harms (and
benefits) albeit on a smaller scale than that of automobility.

While this paper focuses on harm, we recognise that cars and automobility offer important benefits to some
people. They connect isolated towns and rural areas. Cars and automobility can provide transportation for
people who have physical disabilities (Power, 2016). Car interiors can be sites for conversation, enjoyment of
music, privacy, safety, or a respite from the outside world (Dobbs, 2005; Laurier et al., 2008). Cars can
influence people's sense of self and fulfil symbolic and affective functions (Steg, 2005). These benefits are
important for the people they affect, and interventions to reduce car harm need to take them into
consideration.

This paper does not adhere to a utilitarian cost-benefit analysis framework wherein “costs”, e.g. harms
caused by automobility, are compared with the “benefits” of automobility, e.g. those listed in the previous
paragraph. It instead focuses directly on harms, as these have been deprioritised in decades of research and
policy that suggest modifications to automobility (e.g. electric or autonomous cars) rather than the more
politically controversial option to challenge the system of automobility (Culver, 2018; Sheller, 2018).

3. The death toll of automobility

Since the first car crash death in the late 19th century, car harm has grown to be so ubiquitous that it is
socially constructed as normal, accidental, or inevitable (Culver, 2018; Te Brommelstroet, 2020). Beyond
crashes, cars and automobility kill and worsen human health through pollution and several other
mechanisms. This section provides an introductory epidemiology of automobility.

Accounting only for crashes and some forms of pollution, approximately 1.67 million people per year die as a
result of automobility. This means that cars and automobility cause 1 out of 34 deaths (Global Burden of
Disease Collaborative Network, 2020). We estimate that cars and the system of automobility have killed
approximately 60 to 80 million people since their invention (see Table 1 and the supplementary materials
for details and data). The 60-80 million number is similar in magnitude to the combined 57 to 82 million
deaths from the two World Wars (Hughes and Royde-Smith, 2022; Showalter and Royde-Smith, 2022).

Table 1. Estimated annual and cumulative deaths caused by cars and automobility.

Automobility 2019 deaths Cumulative Notes
externality (millions) deaths
(millions)
Traffic crashes, 21st  1.30 28-29 Sources: (Global Burden of Disease Collaborative Network, 2020;
century (2000-2022) World Health Organization, 2018, World Health Organization, 2021a)

Traffic crashes, 20th - 26-40 Sources: (Global Burden of Disease Collaborative Network, 2020;
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Automobility 2019 deaths Cumulative Notes

externality (millions) deaths
(millions)
century International Federation of Red Cross and Red Crescent Societies,
1998; Organisation for Economic Co-operation and Development,
2021; World Health Organization, 2018, World Health Organization,
2021a) and additional data; see supplementary materials
Traffic-related air 0.25 6.3-9 Sources: (Anenberg et al., 2019; Bhalla et al., 2014; Caiazzo et al,,
pollution 2013; Fann et al., 2017; Frey, 2018; Global Burden of Disease
Collaborative Network, 2020; Xiong et al., 2022)
Vehicle-based lead 0.12 0.9-5.7 Sources: (Ericson et al., 2017; Global Burden of Disease Collaborative
exposure Network, 2020; Green Cross Switzerland, Pure Earth, 2016)

Other externalities,

Not included in this study
e.g. other pollution,

sedentary travel

Total 1.67 61-83

Traffic crash deaths are counted directly while the health burden of pollution is indirectly estimated; see the supplementary

materials for details and data.

Our annual and cumulative death toll figures are conservative estimates mainly due to a lack of data for
multiple areas of car harm. The estimates include crash deaths from all motor vehicles (cars, motorcycles,
buses, trucks, etc.). These motor vehicles are all part of the system of automobility which prioritises speed
over safety. In 2019, 43% of crash death victims were walking, wheeling, or cycling when a motor vehicle
driver killed them (Global Burden of Disease Collaborative Network, 2020).

The death toll estimates also include deaths from traffic-related air pollution and some types of vehicle-
based lead exposure. Our estimates do not include the contribution of automobility toward illness and death
caused by sedentary travel, intentional violence, and forms of pollution not mentioned above, such as noise
pollution.

In addition to the immense scale of death caused by automobility, approximately 102 million people are
injured in motor vehicle crashes annually (Global Burden of Disease Collaborative Network, 2020). Beyond
impact injuries, more than 90% of people live in areas with unsafe levels of outdoor air pollution including
vehicle-sourced pollution (World Health Organization, 2021b). Through crashes, pollution, resource
extraction, and climate change, automobility has reached—and worsened the health of—nearly every person
on the planet.

4. Violence

This section focuses on traffic crashes and intentional violence related to automobility (Fig. 4). The word
violence is used here to mean “bodily physical harm” related to motor vehicles (Culver, 2018, p. 147).
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Fig. 4. Externalities of automobility and the violence to which they contribute.

4.1. Crashes

Traffic crashes kill 1.3 million people per year or 3500 people per day, and they are the eighth-leading cause
of death globally (World Health Organization, 2021c; World Health Organization, 2018). Over the past few
decades, the number of crash deaths has not risen as quickly as car ownership—reflecting safety
improvements in many places but safety reductions in others. Africa has the highest regional crash death
rate per capita, and Europe has the lowest as crash deaths have been declining there for several decades.
Importantly, crash deaths in the US were declining but recently began increasing again (National Highway
Traffic Safety Administration, 2021; World Health Organization, 2018). This trend has been partially
attributed to the growing popularity of SUVs which, due to their heavier and taller forms, are more likely to
kill people outside of cars such as those walking (Monfort and Mueller, 2020; Ossiander et al., 2014). A US
study found that children were 8 times more likely to be killed when hit by a SUV than by a traditional car
(Edwards and Leonard, 2022). As SUVs now account for 46% of global car sales (Cozzi et al., 2023), the US
increase in crash death rates could be a warning for other countries.

Globally, traffic crashes are the leading cause of death for children over 4 and for adults under 30 (World
Health Organization, 2021c). Crashes kill more than 700 children every day (Zegeer and Bushell, 2012).
Except in cases when teenaged children are permitted to drive, children are killed or injured either as
passengers or while outside of cars. To facilitate the movement of people in cars, children walking to school
or playing with friends must “watch out and make way, or be killed” (Culver, 2018, p. 152).

Crash injuries are, in many cases, permanently life altering (World Health Organization, 2021c). Globally, an
estimated 102 million people are injured in crashes annually (Global Burden of Disease Collaborative
Network, 2020). This means that in an average year, about 1 in 80 people are injured in a crash. Since 2000,


https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0966692324000267-gr4.jpg
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1200
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1200
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1200
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0800
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0800
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0800
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0800
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0800
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0800
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1200
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1200
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1200
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0750
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0750
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0750
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0870
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0870
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0870
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0315
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0315
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0315
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0235
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0235
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0235
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1245
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1245
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1245
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0255
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0255
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0255
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb1215
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0385
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0385
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0385
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0385
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0385
https://www.sciencedirect.com/science/article/pii/S0966692324000267#bb0385

an estimated 2 billion people have been injured in motor vehicle crashes—up to 1 in 4 people alive today—
not accounting for repeat injuries or population change.

4.2. Intentional violence

In car-dependent societies, cars blend into their surroundings and can be inconspicuous weapons. Car bombs
were first deployed in the 1920s and have been more frequently used since the 1970s (Davis, 2011). People
also use vehicles as weapons without explosives, wherein the force of impact is the weapon. Hundreds of
cities have installed bollards to fortify their public spaces against vehicle attacks (Chambers and Andrews,
2019).

Other forms of intentional car-based violence include aggressive driving, driving under the influence of
alcohol, and drive-by shootings (Bernardin et al., 2023; Bjureberg and Gross, 2021; Borg et al., 2020; Braly et
al., 2018; Carroll and Rothe, 2014). Car-based carbon monoxide (CO) poisoning and intentional crashes are
methods for self-harm causing thousands of deaths per year (Carroll and Rothe, 2014; Gunnell et al., 2015;
Mott et al., 2002; O'Donovan et al., 2022). In some countries, automobility enables state violence. For US
residents, traffic stops are the most common interaction with police, and they are a setting for police
violence against Black, Latine/x, and Indigenous people (Carbado, 2015; Engel and Johnson, 2006; Pierson et
al., 2020; Seo, 2019; Woods, 2021).

Intentional car-related violence includes armed conflicts over access to resources such as oil and metals.
Motor vehicles are by far the largest consumer of oil with the sector responsible for about half of total oil
consumption (International Energy Agency, 2020). Wars have complex causes, but one study estimated that
25-50% of interstate wars since 1973 have been connected to oil access (Colgan, 2013). Conflicts within
states have also been motivated by access to oil, for example in Nigeria in the 2000s (Schultze-Kraft, 2017).

5. 11l health

Cars and automobility negatively affect physical and mental health through a variety of mechanisms
including pollution, sedentary travel, and social isolation (Fig. 5).
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Fig. 5. Externalities of automobility and the ill health to which they contribute.

5.1. Pollution

Automobility contributes to air, land, and water pollution. These forms of pollution are harmful to human
health and contribute to hundreds of thousands of premature deaths per year.

5.1.1. Air, land, and water pollution

Traffic-related air pollution is a mix of gases and particles. Gases include nitrogen oxides (NOy), carbon
monoxide (CO), sulphur dioxide (SO,), and ozone (0O3) (Boogaard et al., 2022; Masiol et al., 2014). Particulate
matter (PM) includes “organic and elemental carbon, metals [e.g. lead], and polycyclic aromatic
hydrocarbons” (Attademo et al., 2017, p. 55). Particulate matter is typically categorised by particle size. PMyq
and PM, 5 include particles up to 10pm and 2.5pum, respectively. Ultrafine particulate matter, PMg 1, includes
particles up to 0.1pm (100nm).

In motor vehicle operations, two processes are responsible for the majority of air pollution: motor running
and material abrasion. Motor emissions are produced by the running of a vehicle's engine. Abrasion
emissions are caused by the friction of materials such as tyres, brakes, and road surfaces (Harrison et al.,
2021; Smith et al., 2013). The manufacturing and disposal of vehicles also contribute to ambient air
pollution. Transitioning to electric vehicles may increase PM abrasion emissions if electric vehicles continue
to be heavier than internal combustion engine vehicles (Harrison et al., 2021; Soret et al., 2014).

Among PM emissions, smaller particles tend to be more hazardous to human health. PMg; “are of great
concern... due to their ease to go through biological barriers” (Gonzalez-Maciel et al., 2017, p. 190). While
“up to 90% of PM in urban areas is traffic-related” (Reis et al., 2018, p. 252), certain vehicles produce more
harmful particle species and sizes. Diesel engines release 10-100 times as much breathable PM as do
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gasoline engines (Mazzarella et al., 2007). Stricter regulation of vehicles has led to reductions in PM and NOy
emissions, but these improvements are being offset by increasing numbers of vehicles (Farahani et al., 2021;
Xiong et al., 2022).

A systematic review of 353 studies found that traffic-related air pollution is associated with “all-cause,
circulatory, ischemic heart disease and lung cancer mortality” (Boogaard et al., 2022, p. 1). Vehicular air
pollution may increase risk of neurological conditions including depression, anxiety, dementia including
Alzheimer's, schizophrenia, autism, and cognitive impairment (Attademo et al., 2017; Bakolis et al., 2021;
Chen et al., 2017; Gonzalez-Maciel et al., 2017; Kioumourtzoglou et al., 2017; Newbury et al., 2019; Oudin et
al., 2016; Paul et al., 2019; Power et al., 2011; Raz et al., 2015). It contributes to low birth weights and
premature births (Dibben and Clemens, 2015; Smith et al., 2017), and in children it contributes to reduced
lung volumes and increased risk of diseases, e.g. asthma and leukaemia, and mental health issues (Khreis et
al., 2017; Mudway et al., 2019; Newbury et al., 2019; Waygood et al., 2017). Globally, approximately 246,000
annual deaths are attributable to traffic-related air pollution (PM, 5 and O3) (Anenberg et al., 2019; Xiong et
al., 2022).

Vehicle tyres and brakes, as well as road markings, shed microparticles including microplastics which
become airborne and can contaminate food or water (Blair et al., 2019; Kole et al., 2017). Humans then ingest
or inhale these plastic particles. More research is needed to determine the risks of microplastic intake but
effects may include inflammation, cellular damage, gastrointestinal issues, and effects from the
accumulation of heavy metals that attach to microplastics (Brewer et al., 2021; Chang et al., 2020; Vethaak
and Legler, 2021; Wright and Kelly, 2017).

Automobility sources of metals that contaminate environments include exhaust, tyres, brakes, clutches,
lubricating oils, vehicle corrosion, road surfaces (e.g. asphalt), and road markings (Adamiec et al., 2016; Ozaki
et al., 2004; Sysalova et al., 2012). Studies in Iran and Poland found that road dust was contaminated with up
to a dozen metals (Adamiec et al., 2016; Mirzaei Aminiyan et al., 2018). The authors noted that brakes and
tyres were especially potent contributors of metal contaminants in road dust. As such, increased uptake of
heavy electric vehicles will maintain or increase these levels of metal contamination.

Among vehicle-related metals, one of the most dangerous to human health is lead (Pb). From 1923 to 2021
lead was added to gasoline to improve engine performance (Needleman, 2000; UN Environment Programme,
2021). Before leaded fuel was banned, it “accounted for 80-90% of airborne Pb in cities where it was used”
(van der Kuijp et al., 2013, p. 1). Lead depositions persist today and people will be exposed for years to come
(Muller et al., 2018). Moving vehicles cause lead-contaminated soils and road dusts to be re-suspended in the
air which people then inhale (Laidlaw et al., 2012; Resongles et al., 2021). About 75% of current global lead
consumption is for motor vehicle batteries (World Health Organization, 2022). Lead is also found in paint for
both new and older vehicles (Ghaffarian-Bahraman et al., 2021; Gottesfeld, 2015; Santosa et al., 2022). Road
markings contain high concentrations of lead, especially in yellow paint (Adachi and Tainosho, 2004; Lee et
al., 2016; Meza-Figueroa et al., 2018; Turner and Filella, 2023; Zannoni et al., 2016). While it is difficult to
determine exactly what proportion of lead deaths are caused by automobility sources (fuel, batteries, and
paint), we estimate that automobility causes 120,000 lead exposure deaths annually—see supplementary
materials (Ericson et al., 2017; Global Burden of Disease Collaborative Network, 2020; Green Cross
Switzerland, Pure Earth, 2016; World Health Organization, 2022).

Oils from streets contaminate land and water, especially in the form of runoff after precipitation events
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(Byrne et al., 2017; Kuruppu et al., 2019). In addition to deposition on roadways, oil is spilled into water and
land systems. People who come into contact with spilled oil, breath its vapours, or eat oil-contaminated
seafood are at risk for dizziness, nausea, neurological issues, and cancer (Chang et al., 2014).

5.1.2. Noise pollution

Motor vehicles are the main source of noise pollution in urban areas (Khan et al., 2018). At speeds of under
about 30kph (19mph), car noise is dominated by “propulsion noise” from the engine. At higher speeds, noise
is dominated by “rolling noise” or tyres rolling on the road surface. For heavy duty vehicles, propulsion noise
is the main factor up to speeds of about 75kph (47mph) (Heutschi et al., 2016). Electric engines produce less
noise at slow speeds, but the difference becomes less noticeable above 30kph as rolling noise increases.

Certain vehicles and behaviours have an outsized effect on noise pollution. Motorcycles are among the
loudest vehicles and are often perceived as nearly twice as loud as cars (Hernandez et al., 2019). Aggressive
drivers who rev their engines, use their car horns excessively, or travel at unsafe speeds increase noise
pollution. Car alarms, which are frequently false alarms, are another source of automotive noise pollution
(Goines and Hagler, 2007).

The negative health effects of vehicular noise pollution include cardiovascular disease, high blood pressure,
tinnitus (ringing in the ear), hearing loss, anxiety, stress, sleep disturbance, and cognitive impairment (Allen
and Adar, 2011; Caciari et al., 2013; Fritschi et al., 2011; van Kempen et al., 2002). Like many aspects of car
harm, it is difficult to separate out the harm that is directly attributable to vehicles, but a World Health
Organization study found that at least 1 million “healthy life years are lost every year from traffic-related
noise in the western part of Europe” (Fritschi et al., 2011, p. 108). A European Environment Agency report
estimated 10,100 premature deaths per year due to road noise pollution in 32 European countries (Peris et
al., 2020).

5.1.3. Light and thermal pollution

Automobility contributes to light and thermal pollution through car-centric built environments. Streets and
car parks (parking lots) generate light pollution that interferes with human health, e.g. sleep quality (Cao et
al., 2023; Cho et al., 2015; Zhong et al., 2023). Paved surfaces such as streets and parking spaces increase
local air and surface temperatures. This “urban heat island” effect harms human health by exacerbating heat
waves, increasing air pollution, causing heat-related conditions (e.g. heat stress and heat stroke), and
worsening existing conditions (e.g. cardiovascular or respiratory diseases) (Basu and Samet, 2002; Khosla et
al., 2021; Li and Bou-Zeid, 2013; Mora et al., 2017; Santamouris et al., 2015; Ziter et al., 2019).

5.2. Sedentary travel

Sedentary behaviour, including car travel, increases the risk of “all-cause mortality, cardiovascular disease
mortality... cancer mortality, and incidence of cardiovascular disease, type 2 diabetes, and cancer” (Bull et
al., 2020, p. 1456). Meanwhile, walking, cycling, or wheeling serve not only as transportation but as exercise
activities that improve physical and mental health (Bull et al., 2020; Frank et al., 2004; Johansson et al., 2019;
Nufiez-Cordoba et al., 2013). In car dependent places, many short journeys are made by car when they could
be made by physically active modes. Reliance on cars for longer trips can be reduced by using bus and train
services. Travelling by public transport is sedentary while passengers are on board, but journeys involve
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walking or wheeling at the start and end of each trip. One study found that switching from car commuting to
public transport commuting with no other behaviour changes increased energy expenditure by 124kcal per
day—about equal to the kcal expended by an average adult walking 2km (Morabia et al., 2010).

Over the past few decades, children have become increasingly sedentary in their travel, particularly in the
most car dependent countries. Children who are driven to destinations are less likely to meet the 60-min
daily physical activity recommendation from the World Health Organization (Oliver et al., 2015). In the US,
the proportion of children who walk or cycle to school has decreased from about 48% in the 1970s to 10.7% in
2017 (Kontou et al., 2020). One reason for the decline in walking to school across multiple countries is the
danger posed by cars: “There is too much traffic for Alex to walk to school, so we drive” (Oliver et al., 2018, p.
323).

5.3. Dependence and isolation

In car-dependent landscapes, individuals are isolated from people and destinations by long distances and
physical barriers such as motorways (expressways). Without a car, one cannot access food, healthcare, work,
education, family, or friends. Most people on the planet do not drive, including millions in car-dependent
places. This results in social isolation, and “isolated individuals are at increased risk for the development of
cardiovascular disease, infectious illness, cognitive deterioration, and mortality” (Steptoe et al., 2013, p.
5797). In car-dependent places, people who do not drive must remain in place until someone comes to visit
or they can use buses (if available) or taxis (Milton et al., 2015). Emergency services can also be impacted by
sprawling car-dependent landscapes as evidenced by fire and ambulance response time delays caused by
road traffic and increased travel distances (Lambert et al., 2012; Trowbridge et al., 2009).

Car dependence has shifted social constructions of childhood and especially concepts of independence and
safety. Compared to children who walk or cycle, children who travel in cars have less knowledge about their
neighbourhoods, have fewer opportunities for outdoor play and exploration, and gain less experience in
assessing risk and becoming independent (Bruntlett and Bruntlett, 2021; Karsten, 2005; Mackett, 2002;
Oliver et al., 2015; Waygood et al., 2017).

Cars and car spaces dominate urban life. Whether walking, wheeling, cycling, travelling by bus, or simply
standing or sitting outside, everyone must negotiate with cars to be allowed their existence. Each time
someone prepares to cross a street, they are engaging in a life-and-death decision process. The danger and
unpleasantness of traffic reduces rates of walking and cycling and therefore physical activity which is
essential to good health (Jacobsen et al., 2009; Mindell and Karlsen, 2012).

6. Social injustice

Automobility is enabled by and produces a long list of social injustices. These include unevenly distributed
harm, inaccessibility, and the consumption of space, time, and resources (Fig. 6).
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EXTERNALITIES HARM
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Fig. 6. Externalities of automobility and the social injustices to which they contribute.

6.1. Unequal distribution of harm

The harm of automobility is unevenly distributed across social characteristics including age, race, ethnicity,
sex, gender, wealth, class, and ability. In terms of age, more than 700 children are killed in traffic crashes
every day, and children and the elderly are more likely than other pedestrians to be killed in crashes (Zegeer
and Bushell, 2012). Crashes are the leading cause of death for people aged 5 to 29 (World Health
Organization, 2018).

Race and ethnicity have been intertwined with car harm for decades. Currently, traffic crash death rates are
highest in Africa and Southeast Asia and lower in predominantly white regions despite the presence of more
cars per person in predominantly white regions (World Health Organization, 2018). In Brazil and the US, two
large racially and ethnically diverse countries, crashes disproportionately kill Black and Indigenous people
(Andrade SSCA and Mello-Jorge MHP, 2016; Culver, 2018). A US study found that people were less likely to
stop their cars for Black pedestrians than for white pedestrians (Goddard et al., 2015). Automobility played
(plays) a key role in colonialism. For example, colonial road building used forced labour and displaced
Indigenous communities (Clarsen, 2017; Clarsen and Veracini, 2012; Ponsavady, 2018). Automobility often
conflicts with and endangers Indigenous practices of walking as transport (Lucas et al., 2019).

In terms of gender and sex, cars are designed for the “average male” anatomy and.

when a woman is involved in a car crash, she is 47% more likely to be seriously injured than a man, and 71%
more likely to be moderately injured, even when researchers control for factors such as height, weight, seat-
belt usage, and crash intensity. She is also 17% more likely to die. (Criado-Perez, 2019, p. 186).

Traffic crashes are “the main cause of injuries and trauma in pregnant women” and “more than half of all
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pregnancy trauma are due to [crashes]” (Auriault et al., 2014, p. 207). Speeding, risky manoeuvres, revving
engines, and other aggressive behaviours have been gendered as masculine activities. This scenario is
dangerous for all people on the road, including those perpetuating it as men make up the majority of people
killed in crashes caused by risky driving (Braly et al., 2018; Sullman et al., 2017).

Economic status influences one's risk of harm from motor vehicles. Despite lower levels of car ownership
and fewer kilometres travelled, the economically poor are more likely than the economically wealthy to be
killed in traffic crashes (Culver, 2018; Curl et al., 2018; Lucas et al., 2019; World Health Organization, 2018).
Economically wealthy people, especially the “kinetic elite” (Birtchnell and Caletrio, 2013; Sheller, 2018),
cause more air pollution through excess driving, but this pollution is disproportionately inhaled by
economically poor people and racially minoritised groups (Tessum et al., 2019; Wadud et al., 2022). The least
wealthy members of our societies do not have cars but are forced to endure elevated levels of crashes and
pollution so that wealthier people can drive.

6.2. Inaccessibility

Two meanings of (in)accessibility are particularly relevant for car harm. First, accessibility can refer to
physical access to the built environment for people with disabilities. For example, people with mobility
disabilities may use wheelchairs or other mobility aids, and people with limited vision or hearing may
experience difficulty with travel. Second, accessibility can refer to spatial accessibility. This describes access
to places where one interacts with people and accesses essential goods and services (Guimaraes et al., 2019).

Buildings, vehicles, streets, and other built environments are not designed to enable physical access for all
people. For example, some car infrastructure creates obstacles for people with mobility disabilities, e.g.
pavement (sidewalk) clutter such as parking meters, driveway kerb cuts, and bollards to guard against unsafe
driving. Kerb cuts for crossing streets, which originated as an “accommodation” for people in wheelchairs,
can be a barrier for people who are blind or have limited vision, especially when tactile paving is not used
(Hamraie, 2017). More physically accessible streets have raised crossings or speed tables that reduce or
eliminate kerb cuts and require cars to slow down to make way for people who are walking or wheeling.

Inaccessibility is not only a matter of equity but also an urgent safety issue. People with disabilities are more
likely than others to be killed or injured by motor vehicles despite lower levels of car access and higher
levels of public transport use (Aldred and Woodcock, 2008; Kraemer and Benton, 2015; Wilkins et al., 2017).
Some people with physical disabilities use dial-a-ride services or taxis, or they may have a vehicle with
ability-specific modifications which can cost up to US$190,000 (Darcy and Burke, 2018; Verbich and El-
Geneidy, 2016). Currently people with physical disabilities are marginalised by expensive vehicle
modification costs, inaccessible infrastructure, and by the assumption that they only move about by a
particular mode when in fact they use a combination of modes including cars, public transport, walking,
wheeling, and cycling.

Car-dependent environments “disable” people who do not drive by restricting access to essential needs
(Urry, 2006).

Automobility promises the annihilation of distance, but prioritises some people's journeys at the expense of
others'. Some distances become larger, as when dual carriageways and fast one-way systems bisect inner-
city areas, speeding up commuters while forcing local people to detour. Rather than dissolving space, the car
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economy redistributes it, and most disabled people are among the losers, along with people in poor
neighbourhoods and children. (Aldred and Woodcock, 2008, p. 494).

Physical (in)accessibility and social (in)accessibility overlap and reinforce one another while also interacting
with economic inaccessibility. Systems disable people via “social oppression, not a person's impairment”
(Aldred and Woodcock, 2008, p. 487). Automobility, like many systems, is organised around the assumption
of “able-bodied” movement with too few considerations for physical and social accessibility.

6.3. Consumption of space, time, and resources

Automobility consumes a large amount of space for the operation and storage of motor vehicles including
streets, motorways (expressways), car parks (parking lots), residential garages, and petrol stations.
Governments, organizations, and individuals invest money and time into building and maintaining these
spaces so that the system of automobility can function (Bohm et al., 2006b).

6.3.1. Car-dependent places

Automobility enables the geographical separation of home, work, schools, hospitals, shops, parks, and other
places so that motor vehicles are the most convenient way to move between them. In this way, automobility
is a solution for a problem that it helps to create (Sheller and Urry, 2000; Urry, 2006). After World War II,
dozens of countries built new car-based spaces including suburbs, new towns, wider streets, and motorways.
In the US, the federal government incentivised white citizens to move from cities to suburbs with low-cost
government-guaranteed mortgages and by subsidising driving with new car infrastructure (Nall, 2018;
Sheller, 2018; Trounstine, 2020). This pattern of “white flight” decimated services for those who remained in
cities—particularly people who were systematically marginalised such as Black people and the economically
poor.

6.3.2. Streets and motorways (expressways)

Streets are, in principle, shared between all people and modes of transport, yet cars consume far more street
space than other modes do. While moving, cars consume an estimated 1.39m? per hour per person
compared to 0.52m? for bicycles, 0.27m? for walking, and 0.07m? for buses (Crist et al., 2022; Héran et al.,
2011; Héran and Ravalet, 2008). These estimations vary depending on vehicle size, speed, and number of
passengers. One person in a car consumes the space of about 20 bus passengers, and cars are consuming
more and more space as vehicle sizes increase. SUVs now account for 46% of global car sales (Cozzi et al.,
2023).

Among roadways, motorways are some of the most space and resource-intensive. Not only do they cost
millions of pounds per kilometre, they displace residents and destroy communities as they cut paths through
the landscape. From 1957 to 2010, construction of US motorways cost at least US$1.4 trillion and required the
movement of 38 billion metric tons of earth—equivalent to 116 Panama Canal construction projects. These
motorways displaced an estimated 1 million people from their neighbourhoods (Nall, 2018).

6.3.3. Parking

Unlike streets, parking is rarely used by people outside of cars. As such, parking space is distributed more
inequitably than street travel lane space. On-street parallel parking consumes approximately 10-19m? per
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car and off-street parking consumes about 25-33m? per car (Crist et al., 2022; Héran et al., 2011; Héran and
Ravalet, 2008; Shoup, 2011; US Department of Transportation, 2022; Willson, 2013). By contrast, a person
standing, sitting in a wheelchair, or stationary on a bicycle consumes approximately 1-2m?. An empty car in
a car park consumes the space of about 20 people.

Outside of city centres, parking often appears to be free. Yet there is no such thing as free parking. Rather,
“everyone parks free at everyone else's expense” through increased costs for goods and services (Shoup,
2011, p. 128). Some governments have minimum parking “requirements” or mandates that legally obligate
property owners to supply a certain number of parking spaces for each building. These mandates frequently
result in car parks (parking lots) that consume more land than the buildings to which they are attached
(Shoup, 2011; Willson, 2013). At a supermarket with parking, customers all pay the same inflated price for
food since the cost of building and maintaining the car park has been externalised onto the cost of each item.
As a result, people who walk to the store are covering part of each driver's bill.

6.3.4. Housing

Automobility increases the cost of goods and services. The global housing crisis is largely a lack of affordable
housing in cities, and it has led to high rent burdens, overcrowding, and homelessness (Potts, 2020).
Automobility has contributed to this scarcity as one parking space is often larger than a person's living space.
One off-street parking space consumes 25-33m? which is about the same size as the average living space per
person in China, South Korea, or Spain and larger than the average living space per person in India, Brazil,
Mexico, or Poland (International Energy Agency, 2019; Tubelo et al., 2021). Collectively these seven countries
are home to 3.3 billion people, meaning that at least 40% of the global population lives in countries where
the average living space per person is equal to or smaller than one parking space. Of the European countries
that have dwelling size regulations, minimums are set between 14 and 20m? per person which is smaller
than one off-street parking space (Appolloni and D'Alessandro, 2021).

Homes in car-dependent places are often built and sold with off-street parking in a garage, car park (parking
lot), or drive. Bundling parking with housing inflates the cost of housing and obscures the true cost of
automobility. In multi-story parking structures, each space costs US$25,000-75,000 to build and maintain
(Rivadeneyra et al., 2017; Willson, 2013). In an affordable housing development in California, bundled
parking raised construction costs by 38% despite an exception that allowed the construction of fewer parking
spaces (Shoup, 2011). Bundling parking with housing creates “free” homes for cars and more expensive
homes for people.

6.3.5. Time

For drivers, automobility “consumes” time through multiple processes including traffic congestion, searching
for parking, and getting repairs done. As more people drive, the roads fill up thereby making it more difficult
for each individual to drive. “The pursuit of individual mobility becomes collective immobility” (Bohm et al.,
2006b, p. 9). As Ivan Illich noted in the 1970s, “the typical American male” spends 4 out of 16 waking hours
driving or gathering money to pay for a car (Illich, 1974, pp. 18-19). Perceptions of travelling time vary, and
for some motorists time spent driving can be enjoyed and thus not “wasted” by congestion and other time-
related factors (Kent, 2014). However, people who are walking, wheeling, cycling, or on a bus receive no
benefits from the cars around them but their journeys are made slower by traffic congestion.
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6.3.6. Financial burden

Car-dependent places force people to own cars so they can access essential destinations (Curl et al., 2018;
Mattioli, 2017). The cost of car ownership and use, which ranges from several hundred Euro to more than
€1000 per month, can ruin a family's finances. Yet this amount does not cover the full cost of car use
(Glazebrook, 2009; Gdossling et al., 2022). Even in countries with high tariffs on fuel, motorists cannot cover
the cost of automobility. A study in Australia found that 10% of parking was covered by the motorist while
the rest was externalised, and the motorist's “out-of-pocket costs” were just one-sixth of the total trip cost
(Glazebrook, 2009). A German study estimated the total lifetime cost of one car to be €600,000 to 957,000 of
which €250,000 to 280,000 is paid for by government subsidies and higher prices for goods and services
(Gossling et al., 2022). In the European Union, a study suggested that cars cost society €0.11 per kilometre
while walking and cycling provide a positive benefit (mainly via health effects) of €0.37 and €0.18 per
kilometre (Gossling et al., 2019).

7. Environmental damage

In the planetary boundaries framework, six of the nine planetary boundaries have been transgressed
(Richardson et al., 2023). Automobility has contributed to the transgression of at least four of these
boundaries: climate change, biosphere integrity, land system change, and novel entities. Automobility is a
leading source of anthropogenic carbon emissions, and it damages ecosystems and habitats, consumes
natural resources, and worsens natural disasters (Fig. 7).
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Fig. 7. Externalities of automobility and the environmental damage to which they contribute.

7.1. Carbon emissions
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Automobility is one of the leading causes of climate change. In 2019, transport “accounted for 23% of global
energy-related CO, emissions. 70% of direct transport emissions came from road vehicles,” and transport-
related carbon emissions are rising (Intergovernmental Panel on Climate Change, 2021, p. 1674).

Tailpipe emissions are just one part of traffic-related emissions. Motor vehicle life cycles usually contain
some configuration of the following stages: production; operation; end-of-life; fuel or electricity provision;
maintenance; and infrastructure (Chester and Horvath, 2009; Oda et al., 2022). All stages produce carbon
emissions, and emissions in each stage vary depending on vehicle type, geography, materials, and policies.
For example, internal combustion engine vehicles produce most of their emissions in the operation stage,
with 23-32t of CO,, and the production stage, with 5-10t. Electric vehicles produce most of their emissions
in the fuel or electricity provision stage, with 11-20t, and the production stage, with 9-14t (Oda et al., 2022).

As discussed in Section 6.3, automobility infrastructure includes streets, parking, and other spaces. Building
and maintaining this infrastructure generates substantial carbon emissions. A study in Spain estimated
roadway life cycle emissions at 8880 to 50,300t of CO,e per km (Barandica et al., 2013). Car-based, sprawling
land uses can also increase carbon emissions in non-transportation sectors. “Compact and walkable urban
form enables effective mitigation while dispersed and auto-centric urban form locks-in higher levels of
energy use” (Intergovernmental Panel on Climate Change, 2021, p. 1400). For example, in building heating,
densely arranged units produce fewer emissions as they often abut other heated units. Technologies likely to
be core to lower-carbon futures such as district heating and cooling systems only operate efficiently in high
density areas, e.g. through the use of shared systems such as large-scale heat pumps (Intergovernmental
Panel on Climate Change, 2021, p. 1403).

7.2. Pollution and resource extraction

Across multiple vehicle life cycle stages, resource exploitation includes oil extraction and mining for metals.
Oil is used to produce fuel and to produce plastics for vehicle manufacturing. The use of plastics in vehicles is
increasing due to the low weight of plastics compared to metals. This means that plastics help reduce vehicle
weights and therefore the energy needed to move them. However, plastics are made from petrochemicals
and are a major source of carbon emissions and pollution (Schénmayr, 2017). In a modern car, about 50% of
the vehicle volume is plastic (Fernandez Pales et al., 2019).

Mining activities for metals used in vehicle manufacturing influence several environmental areas of concern
including “air quality, water quality / quantity, acid mine drainage, land impacts, [and] ecological impacts”
(Jain et al., 2016, p. 53). Some metal mining activities for vehicle manufacturing involve child labour and
modern slavery, e.g. cobalt extraction in the Democratic Republic of the Congo (Harper et al., 2019; Kara,
2023). Under current manufacturing practices, electric, hybrid, and hydrogen fuel cell vehicles require more
mined material than gasoline-powered vehicles. As automobile markets electrify, metal mining activities are
likely to increase unless recycled materials are adopted more widely (Dolganova et al., 2020; Kosai et al.,
2021).

In the end-of-life stage, economically valuable (e.g. copper) and hazardous (e.g. fuel) elements are removed
from vehicles. The remaining plastic, glass, and other materials are cut into automotive shredder residue.
About two thirds of this residue is sent to landfill and most of the remaining is incinerated (Merkisz-
Guranowska, 2018; Nakano and Shibahara, 2017).
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7.2.1. Tyres

One vehicle component that has a large environmental impact across multiple life cycle stages is tyres.
Approximately 2 to 3 billion tyres are manufactured annually and they are not biodegradable (Smithers,
2021; Tian et al., 2021). Tyres are made from (mainly synthetic) rubber, carbon black, silicon dioxide, steel
wire, nylon, and polyester (Sun et al., 2016). These materials are mostly derived from fossil fuels. In the end-
of-life stage, there are three common outcomes for tyres: they are recycled into new products; they are
incinerated; or they are placed in landfills or stockpiles (Bianco et al., 2021).

Metals and microplastics from tyres and brakes pollute terrestrial, marine, and freshwater ecosystems and
contribute to the transgression of the novel entities planetary boundary. Among primary microplastics
(particles released directly rather than from the breakdown of larger plastics) released into the ocean, tyres
and road markings account for an estimated 35%. Road runoff is the main pathway by which microplastics
enter both land and water ecosystems (Boucher and Friot, 2017). Plastic particles from tyres and brakes “have
been detected already in remote areas... they also absorb light and thereby decrease the surface albedo of
snow and ice accelerating melting” (Evangeliou et al., 2020, p. 2). In an Arctic ice (firn) core with a bottom
dating back to c. 1966, tyre particles constituted 24% of observed plastic particles (Materi¢ et al., 2022). One
of the substances found in tyres has been killing salmon in the north-western US for several decades. The
effects of this tyre substance on other animals needs further investigation (Tian et al., 2021).

7.2.2. Other pollution

Automobility contributes to numerous other forms of pollution. Applying road salt to melt ice and snow is
contaminating freshwater ecosystems and making some water sources unsafe for drinking (Dugan et al.,
2017; Goodyear, 2015). In Section 5.1, oil spills and noise pollution were mentioned in the context of human
health. They also affect ecosystems. A single 2019 oil spill off the coast of Brazil contaminated at least 55
marine protected areas including coral reefs (de Soares et al., 2020). Traffic-related noise pollution harms
wildlife through physical effects, e.g. hearing damage, and through behavioural effects, e.g. breakdowns in
communication such as birdsong obscured by traffic noise (Derryberry et al., 2020; Slabbekoorn, 2019).

7.3. Land use

The vast global road network affects wildlife through collisions, habitat loss and fragmentation, pollution,
and development triggered by road infrastructure (Dolan et al., 2006). Vertebrate deaths from road traffic are
difficult to count, but the global number is likely greater than 1 billion per year. In both Brazil and the US,
motor vehicles kill an estimated 1 million vertebrates per day for annual totals in the hundreds of millions
(Guimarades, 2015; Loss et al., 2014; Seiler and Helldin, 2006).

Roads and sprawl, or car-based low-density development, contribute to deforestation and declining
biodiversity. “More than any other proximate factor, the dramatic expansion of roads is determining the pace
and patterns of habitat disruption and its impacts on biodiversity” (Intergovernmental Panel on Climate
Change, 2021, p. 1191; Kleinschroth et al., 2019; Laurance et al., 2014). Road networks and sprawling
developments of low-density housing, retail, offices, and warehouses consume vast amounts of land. These
types of development exacerbate natural disasters. Roads and low-density buildings are typically impervious
to water infiltration and thus increase both runoff and flooding (Rocheta et al., 2017). Sprawling
development also alters the patterns of wildfires, for example by introducing new ignition sources at the
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periphery of human settlement (Bryant and Westerling, 2014).

8. Interventions

Though not the main focus of this paper, existing interventions are already reducing car harm and improving
human and environmental wellbeing in cities and other settlements. This section briefly explores a selection
of interventions from research published in the past 20years. These example interventions are summarised
in Table 2.

Table 2. Example interventions to reduce car harm. The format of this table is based on Table 5 from a
systematic review of“interventions to reduce car use in European cities”(Kuss and Nicholas, 2022).

Interventions Example effects Example locations Studies / further reading

(Goh, 2002; Kuss and
Nicholas, 2022)

London (UK), Singapore,
Stockholm (SE)

Congestion charges / road Reduced pollution; more space

pricing for buses, cycles

Reductions to on-street More space for walking, Barcelona (ES), Oslo (NO),

Paris (FR)

(Johansson et al., 2022;

parking wheeling, cycling Kuss and Nicholas, 2022)

Car-free or car-limited areas (Kalisa et al., 2022;
Nieuwenhuijsen and

Khreis, 2016)

Reduced crashes, air pollution, Fez (MA), Kigali (RW),

and noise Venice (IT)

Reduced traffic speeds Fewer crashes deaths and injuries Belfast (UK), Edinburgh (UK) (Milton et al., 2021)

Boston (US), London (UK),
Seoul (KR)

(Guo and Ren, 2013; Hess
and Rehler, 2021)

Replacing minimum parking Lower costs for goods and

mandates with maximums  services (especially housing)

Converting parking Increase in housing availability Los Angeles (US), Stockholm (Brown et al., 2020;

structures into homes, shops,

etc.

Ciclovia / open streets

Electric bikes |

micromobility

Car sharing

and affordability

Safer spaces for walking,

wheeling, and cycling; expanding

the commons

Covering long distances and cargo

without cars

Reduced car ownership; reduced

car idle time

(SE)

Bogota (CO), Jakarta (ID),
Kigali (RW), Nairobi (KE),
Pune (IN)

Kunming (CN), Shanghai
(CN)

Beijing (CN), Malmo (SE)

Johansson et al., 2022)

(Adam et al., 2020;
Sheller, 2018;

Subramanian et al., 2020)

(Fishman and Cherry,
2016; Philips et al., 2022)

(Sun and Ertz, 2021;
Svennevik et al., 2021;
Vélez, 2023)

A study of interventions for reducing car use identified 12 effective interventions including congestion

charges, parking reductions, and car-limited or car-free zones (Kuss and Nicholas, 2022). Other studies have

explored the public health effects of (partly) car free cities (Nieuwenhuijsen and Khreis, 2016). Some cities

are currently working to reduce traffic speeds which in turn reduce crash casualties (Milton et al., 2021).

Researchers are evaluating the potential of electric bikes to reduce transport carbon emissions, carry cargo,

and travel long distances without a car (Philips et al., 2022). Bogota, Kigali, and other cities have launched
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ciclovia events wherein streets are opened up for walking and cycling (Adam et al., 2020). Hundreds of cities
are experimenting with changing their minimum parking mandates and in some cases are replacing them
with parking maximums or transit-oriented development regulations (Guo and Ren, 2013; Hess and Rehler,
2021). Paris and Amsterdam are removing thousands of parking spaces, and in other cities parking structures
have been converted into homes (Johansson et al., 2022).

One frequently discussed and politically prioritised car harm intervention is vehicle electrification. Although
switching to electric vehicles may be less politically controversial than reducing car use, electrification fails
to address a majority of the harms described in this paper, including crashes, intentional violence, sedentary
travel, car dependence and isolation, unequal distribution of harm, inaccessibility, land use, or consumption
of space, time, and resources. Electrification has the potential to reduce carbon emissions from motor
running, but emissions from vehicle production and the end-of-life phase will remain high—or increase.
Electric vehicle production will likely increase the extraction of mined metals. Increased energy demand to
charge electric vehicles may delay efforts to decarbonise electric grids (Henderson, 2020). In short, political
prioritisation of electric vehicles is unlikely to result in large reductions in deaths, injuries, injustices, or the
environmental damage caused by automobility.

This paper has discussed the effects of a world organised around the movement and storage of cars, but
there are other potential futures. Many of the interventions in Table 2 involve shifting space and budgets
away from private cars toward walking, wheeling, cycling, and public transport. These interventions have
been successfully implemented in cities around the world. They are ready for implementation in new
contexts where they can reduce the human and environmental harm caused by automobility. Such
interventions require actions from governments that contradict the current automobility-dominated status
quo.

9. Conclusions

This narrative review broadly summarises the harm caused by automobility to people and the environment.
The goal of the paper is to describe the scale and severity of car harm. Based on a mobility justice framework
(Sheller, 2018), the paper discusses car harm across four categories: violence, ill health, social injustice, and
environmental damage.

Regarding violence, or “bodily physical harm” (Culver, 2018, p. 147), automobility causes harm through traffic
crashes and intentional violence. Crashes kill 1.3 million people per year including 700 children per day.
Traffic crashes injure approximately 100 million people annually. Intentional violence includes, for example,
vehicle ramming attacks and armed conflicts over access to resources such as fossil fuels and mined metals.

Automobility can negatively affect physical and mental health through a variety of mechanisms including
pollution, sedentary travel, car dependence, and social isolation. Automobility contributes to the pollution of
air, land, and water systems through vehicle manufacturing, engine exhaust, road salt, and the abrasion of
tyres, brakes, and road surfaces. Counting only air pollution and lead exposure, vehicle-sourced pollution
kills 370,000 people per year. Car-dependent places tend to isolate people from their family, friends, and
daily needs (such as food) unless they can drive and afford to own a car. When travelling by car instead of
walking, wheeling, cycling, or using public transport, people spend more time sedentary and less time
moving which negatively affects their physical and mental health.
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Automobility creates social injustices and also requires injustice in order to function. The system relies on an
unequal distribution of harm, on multiple forms of inaccessibility, and on the over-consumption of space,
time, and resources. People with more privilege, such as wealthy people, men, or white people, tend to drive
more while the externalities of their driving disproportionately affect those with less privilege, such as
economically poor people, women, or racially minoritised groups. Car infrastructure creates barriers for
people with mobility difficulties, such as too many driveway kerb cuts or too few street crossing points. Cars
consume a vast amount of urban land. For example, one off-street parking space consumes 25-33m?, which
is similar in size to (or larger than) the average living space per person in many countries. Automobility
inflates the cost of goods and services (e.g. food, housing) due to bundled “free” parking.

In terms of the environment, automobility has contributed to the transgression of at least four of the nine
planetary boundaries through pollution, carbon emissions, damage to ecosystems, consumption of natural
resources, and exacerbation of natural disasters. Carbon emissions from vehicle operation and
manufacturing are one of the leading causes of climate change. The sprawling global road network has split
habitats, destroyed ecosystems, and increased the frequency and severity of floods and fires.

Since their invention, cars and the system of automobility have killed an estimated 60-80 million people,
injured at least 2 billion, created or exacerbated social inequities, and damaged ecosystems in every global
region. Governments, corporations, and individuals continue to encourage automobility (e.g. through road
expansion and electric vehicle subsidies) despite its status as the leading cause of death of children, a major
contributor to climate change and pollution, and a system that forces the economically poor to pay for the
convenience of the wealthy. The current status quo prioritises the movement and storage of cars above the
safety, health, dignity, and wellbeing of people and the environment. It took just a few decades for nearly
every city on Earth to be remade from a pedestrian-centric place to an automobile-centric place. Perhaps in a
few more decades, interventions such as those listed above will have once again remade cities—this time
into safer, healthier, and more just environments.
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