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About the Climate and Health Alliance

The Climate and Health Alliance �CAHA� is a national health promotion charity and the peak body on climate change
and health in Australia. CAHA is an alliance of organisations within the health sector working together to raise
awareness about the health risks of climate change and the health benefits of emissions reductions. The
membership of CAHA includes a broad cross-section of health sector stakeholders with over 100 member
organisations �Appendix 1�, representing healthcare professionals from a range of disciplines, as well as healthcare
service providers, institutions, academics, researchers, and consumers.

Acknowledgement

The Climate and Health Alliance recognises Aboriginal and Torres Strait Islander People as the traditional custodians
of the land on which we live and work, and acknowledge that sovereignty of the land we call Australia has never
been ceded. We commit to listening to and learning from Aboriginal and Torres Strait Islander people about how we
can better reflect Indigenous ways of being and knowing in our work.
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Clearing the air
Transport decarbonisation and health

This report is based on a review commissioned by CAHA from Professor Mark Stevenson,
Avita Streatfield and Ferdinand Balfoort at the University of Melbourne in 2023. The report
also includes additional material prepared by Clare Walter, Chelsea Hunnisett, Remy Shergill
and Roland Sapsford at the Climate and Health Alliance, and has been edited for publication.
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Abbreviations
ACC Accident Compensation Commission

CO2 Carbon dioxide

EMM Electric micromobility

ICE Internal combustion engine

MaaS Mobility-as-a-Service

PM2.5, PM10 Particulate matter

SDGs Sustainable Development Goals

EV Electric Vehicle
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A note from the Chair

The evidence on climate change is clear – without rapid, ambitious and decisive action the
world as we know it will be altered irrevocably and human health will suffer. In Australia,
frequent bushfires, droughts, heatwaves and floods serve as all too frequent reminders that
even with ambitious action, our climate has already changed and we must adapt at the same
time as reducing emissions.

In 2021, the Climate and Health Alliance �CAHA� released its ‘Healthy, Regenerative and Just’
Framework. The Framework presents an inclusive vision for coordinated action that supports
Australia to deliver on its obligations under the Paris Agreement, and to do so in a way that
promotes health and wellbeing, a regenerative economy, and social, environmental and
cultural justice in the context of a changing climate. This framework is widely supported by
the health sector.

The transport sector is responsible for almost 20% of Australia’s emissions. This represents
both an enormous challenge, and enormous opportunity to achieve better climate and health
outcomes in this country

Healthy, Regenerative and Just includes a call for accelerated transition to healthy, equitable
and low-emission transport. This means moving away from heavy reliance on fossil fuel
based car and truck transport towards a healthier mix of transport options as well as the
electrification of the nation’s road transport fleet. Together these actions will reduce
emissions while improving overall health and wellbeing.

This rapid evidence review seeks to delve deeper into the challenges and opportunities for
health and climate through decarbonisation of the transport sector. It analyses the
interaction between transport, health and climate and sets out a series of evidence based
recommendations for how Australia can move forward for the wellbeing of current and future
generations. The evidence here provides a clear foundation for the health, transport and
environment sectors to take action.

At CAHA we recognise climate change as the biggest health threat of the 21st century. It is
incumbent on our policy makers and political leaders to act on the evidence as quickly as
possible. We present this paper as an opportunity for progress.

Frances Peart

President and Board Chair
Climate and Health Alliance
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Introduction
Australia’s over-reliance on a transport system powered by fossil fuels and combustion
engines has resulted in detrimental environmental and population health impacts. Road
transport emissions have grown more than from any other sector in Australia, increasing
nearly 60% since 1990. Australia’s per capita road transport emissions are 45% higher than
the OECD average �Climate Council Australia 2017�. The significant health consequences
arising from road transport emissions are an increasing concern.

The good news is that many opportunities exist to decarbonise Australia’s road transport
system. We already know that transitioning from a 20th-century fossil-fuelled transport
system to a zero-emission system will deliver environmental and health benefits. A key part
of this is a shift from heavy dependence on private motor vehicles for most trips, to greater
use of active transport modes, such as walking and cycling for local travel. Decarbonisation
also requires increased investment in public transport infrastructure and services. This
reduces emissions, increases physical activity, and improves air quality levels �Kwan et al.
2017�. As well as active modes, electric micromobility �EMM�, including e-scooters, e-bikes,
and e-mopeds, can be used for the start and end of journeys �Anderson et al. 2022�. EMM is
better for the environment than fossil-fuelled transport, even considering emissions over
their life cycle. They also provide physical and mental health benefits.

We must also adopt low- and zero-emission private and public vehicles. Driving fully electric
vehicles can also reduce greenhouse emissions and air pollution. Supporting the uptake of
electric vehicles for enhanced public transport will produce health co-benefits while
decarbonising our transport system.

Actions to decarbonise need careful planning and efforts to improve transport equity.
Enabling people to shift from passive to active transport requires an increase in safe
infrastructure for people who are walking and cycling. More EMM requires aligned policies
and infrastructure to ensure their safe use. Over reliance on private electric vehicles alone
can cause unintended negative consequences, such as increased energy needed for
recharging batteries, and health inequity for people facing barriers to new transport options.
These trade-offs must be well understood as part of a healthy and just approach to
transport decarbonisation.

This report is a high-level evidence review, providing insights on how best to decarbonise
the transport system to achieve health co-benefits.

caha.org.au | #climatehealth | 7



Clearing the air | Transport decarbonisation and health - a rapid evidence review

Climate impacts of Australia’s transport
system
The Commonwealth Government has committed to a 43% reduction in greenhouse gas
emissions by 2030 via the Climate Change Bill 2022. However, Australia’s emissions must be
reduced by 74% by 2030 in order to limit global warming to the Paris Agreement goal of 1.5
°C �ClimateWorks Australia 2020�. In Australia, road transport emissions have grown more
than any other sector, increasing nearly 60% since 1990 �Australian Government 2017� and
accounting for 19% of Australia’s overall emissions �DCCEEW 2023�. This has resulted in
Australia’s per capita road transport emissions being 45% higher than the OECD average
�Climate Council Australia 2017�.

Australia’s over-reliance on a transport system powered by fossil fuels and combustion
engines has resulted in detrimental environmental and population health impacts. These
impacts arise from the use of private motor vehicles reliant on petrol and diesel fuels. These
fuels produce greenhouse gases, with CO2 representing 99% of transport-related emissions.
The remaining 1% is methane, nitrous oxide, and particulate matter �Brand et al. 2021�. The
challenge of addressing these transport emissions remains critical for safeguarding human
and environmental health in a warming climate.

Australia’s urban landscape and its impacts on
high-emissions private vehicle use
Globally, transport emissions comprise about one-quarter of total greenhouse gas emissions
�IEA 2022�. In many highly motorised countries, transport emissions are much higher �Yadav
et al. 2023�. In Australia, the transport sector is the third largest source of greenhouse gas
emissions, with cars being responsible for about half of all transport emissions �Australian
Government 2017�. Highly motorised countries like Australia have very high private car
ownership, and minimal public and active transport participation �Figure 1�.

A key reason for car dependence in Australia is that most of the population lives in sprawling
cities with limited public transport. This is particularly acute throughout the peri-urban areas
of Australian cities, where people rely on private cars for transport �Kent et al. 2019�.
Regions reliant on private car use often lack amenable and safe infrastructure to
accommodate other road users; this is partly due to an auto-centric past combined with
land-use policies favouring housing affordability on the urban fringe �Bosman and Dodson
2014; Scheurer and Curtis 2019�.
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Figure 1. Highest CO2 polluters per capita by country. Figure 1. provides a comparison of
per capita carbon emissions across various countries. Source: TheWorld Bank
EN.ATM.CO2E.PC �2018�

As a result of Australia’s sprawling cities, more than 80% of daily household trips for work or
education are by private motor vehicles; more than 50% of those are for commuting and trips
average just 17 km �ABS 2021�. Australian households also have high car ownership, with an
average of 1.8 private vehicles per household and more than half of Australian households
owning two vehicles �ABS 2021�.

Sprawling residential-only development patterns that lack ready access to key services such
as schooling, shops, and healthcare dominate many Australian suburbs. Lower-density
suburban areas also tend to lack the social infrastructure of denser urban areas. These
conditions provide fewer opportunities for social interaction and activities �Dutta et al. 2023�.
Such suburban areas limit the ability of children and adults to walk or cycle �ABS 2016�.
Low-density housing in such areas renders public transport cost-prohibitive, producing a
reliance on private motor vehicles. This increases exposure to risks associated with traffic
speed and volume, vehicle emissions, and physical inactivity �Stevenson et al. 2016�.
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Health impacts of Australia’s transport
system
As is, our transport system creates an array of negative health impacts, driven by:

● Air pollution produced by vehicles, either from burning fuel or from mechanical
abrasion

● High car dependency leading to physical inactivity, road trauma and noise pollution

Negative health impacts from our transport system include injury and chronic diseases,
including cardiac arrests, asthma, respiratory disease, strokes, diabetes, lung cancer,
adverse birth outcomes, impaired cognitive development in children and accelerated
cognitive decline in elderly people.

Air pollution
The cars and trucks on Australian roads are a major source of air pollution. Vehicles produce
air pollution in two ways:

● Tailpipe emissions: When ICE vehicles burn petrol or diesel fuel, they release tailpipe
emissions comprising a range of harmful air pollutants, including nitrogen dioxide,
sulphur dioxide, volatile organic compounds, and fine particulate matter �PM2.5).

● Non-tailpipe emissions: All vehicles produce air pollutants via mechanical abrasion –
like the wearing of brakes and tyres, and road dust resuspension. Non-tailpipe
emissions largely comprise larger particulate matter �PM10).

Traffic-related air pollution has far-reaching health impacts, placing a significant burden on
the healthcare system and affecting productivity �Figure 2�. A recent estimate from the
University of Melbourne suggests traffic-related air pollution is linked each year to 11,000
premature deaths, 19,000 hospitalisations due to cardiovascular and respiratory disease,
and 66,000 asthma cases in Australia �Walter et al. 2023�. There is growing evidence of the
impact of air pollution on human cognition. Increased exposure to ambient air pollution is
linked to impaired neurodevelopment in children �Morgan et al. 2023; Zou et al. 2023�.
Exposure to traffic-related air pollution may increase the risk of dementia among people with
mild cognitive impairment �Urbano et al. 2023�.
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Figure 2. Pyramid of effects from air pollution. Source: US EPA, BenMAP

Air pollution disproportionately affects certain populations in Australia:

● Babies and children, including before birth

● Older age groups

● Those with pre-existing health conditions

● Aboriginal and Torres Strait Islander Peoples

● Lower socioeconomic groups

Babies and children are particularly affected by traffic-related air pollution. Age-stratified
Australian studies have revealed respiratory risk estimates in the 0�4 yr age group that are
two to threefold higher compared to adults �Walter et al., 2021�. Air pollution-related deaths
peak among neonatal babies (in the first 27 days of life), often due to lower respiratory
infections caused by particulate matter �Health Effects Institute 2021�. Deaths then peak
again in the older age groups, as air pollution contributes to lower-respiratory infections as
well as non-communicable diseases that develop over time, like ischaemic heart disease,
stroke, chronic obstructive pulmonary disease, and lung cancer �Health Effects Institute
2021�.
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Particulate matter
Fine particulate matter �PM2.5) is an air pollutant released in tailpipe emissions. When inhaled,
these tiny particles are small enough to reach the bloodstream, causing inflammation. These
particles can also bind with circulating volatile organic compounds and heavy metals prior to
inhalation, leading to additional toxic substances in the body. As such, PM2.5 affects almost
every organ system, as shown in Figure 3. PM2.5exposure can lead to chronic obstructive
pulmonary disease, small blood vessel disease, and can injure the myocardium leading to
arrhythmias, atherosclerosis, and stroke �Li et al. 2020; Zhao et al. 2019; Du et al. 2016;
Hayes et al. 2020�. Chronic exposure to PM2.5poses the risk of cognitive decline, particularly
among low-income groups where there is a higher likelihood of prenatal PM2.5exposure �Ke et
al. 2023�.

Particulate matter from non-tailpipe emissions �PM10) is also dangerous to human health,
despite being too large to enter the bloodstream. When inhaled, PM10 causes adverse
inflammatory and pro-oxidant effects in the lungs and leads to acute responses like asthma
and bronchitis �Fussell et al. 2022; Norbäck et al. 2019�.

Figure 3. Health impacts associated with fine particulate matter. Causal associations are
in bold. Thurston et al. 2017
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Physical inactivity
Physical inactivity is a global public health challenge, partly due to urbanisation and
increased use of passive modes of transport such as private motor vehicles �Brown et al.
2019�. Australia is no exception – the majority of Australians do not meet the minimum
recommendation of physical activity �AIHW 2023a). Australians are also highly reliant on
passive modes of transport – less than 5% of commuters travel as a pedestrian or cyclist
�ABS 2022�.

Physical inactivity increases the risk of many diseases and is causally linked to the burden
from type 2 diabetes, bowel cancer, dementia, coronary heart disease and strokes, as well
as uterine and breast cancer in females. It is the ninth leading preventable cause of ill health
and premature death �AIHW 2021�. When combined with traffic congestion, physical
inactivity is linked with poor mental health outcomes among motor vehicle users, including
higher risk of depression, anxiety, stress, and low family cohesion �Penn et al. 2022�.
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Road trauma and injury
Car dependency also causes road trauma, the leading cause of injury mortality and
morbidity globally. The over-reliance on private motor vehicles exposes children,
pedestrians, and bicyclists to increased rates of road trauma, including premature deaths
and significant injury and disability �WHO 2022�.

Unfortunately, every year, thousands of Australians are hurt or die in road and other
transport crashes, most commonly while in a car �AIHW 2023b). Despite Australia's goal to
reduce road deaths and serious road injuries by 50 and 30% respectively, there has been no
significant decline in the past decade. In fact, the rate of road injury increased by 11.3% over
the decade to 2020.

In recent years, transport has been the cause of 11% of injury hospitalisations and 10% of
injury deaths �AIHW 2023b):

● Car occupants have been involved in 31% of transport-related injury hospitalisations
and 53% of transport-related injury deaths

● Motorcyclists have been involved in 25% of transport-related injury hospitalisations
and 18% of transport-related injury deaths

● Pedal cyclists have been involved in 24% of transport-related injury hospitalisations
and 3% of transport-related injury deaths

● Pedestrians have been involved in 6% of transport-related injury hospitalisations and
12% of transport-related injury deaths
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Noise pollution
Road transport also contributes to mental and physical health issues associated with noise
pollution. There is little Australian evidence available; however, the European Environment
Agency estimates approximately 12,000 premature deaths could be attributed to traffic
noise, plus a further 48,000 cases of ischaemic heart disease �EEA 2020�.

The links between noise and stress are well established. The brain is always monitoring
sounds for signs of danger, even during sleep. As a result, frequent or loud noise can trigger
anxiety or stress. With continued exposure to noise pollution, a person’s sensitivity to stress
increases (Westman & Walters 1981). In recent decades, traffic noise pollution has been
linked to elevated rates of dementia and Alzheimer’s disease �Cantuaria et al. 2021�. This
effect could be due to sleep disturbance, stress hormone elevation and hence cardiac
issues, inflammation and associated effects on the immune system.

caha.org.au | #climatehealth | 15
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Health and climate benefits of
decarbonising the transport system
It’s clear that Australia’s transport system exacerbates public health challenges and the
climate crisis, which in turn will have a further systemic effect on population health �WHO
2009�.

The good news is, decarbonising our transport system will unlock a broad array of climate
and health benefits. Below, we outline the climate and health benefits of low or zero carbon
transport solutions, including electric vehicles, public transport, active transport and electric
micromobility (e-bikes and e-scooters).

Cleaning up our tailpipes
The world is undergoing an accelerating transition to electric vehicles (EVs). Other
alternative fuels such as hydrogen fuel cells are also being explored for some uses. The
International Energy Agency has described the global transition to electric vehicles as a “sea
change” and a “driving force” which will avoid the need for 5 million barrels of oil a day by
2030 �IEA, 2023� An electric vehicle generates no tailpipe emissions – neither greenhouse
gas emissions nor air pollutants like PM2.5, nitrogen dioxide and ground-level ozone. As such,
replacing internal combustion engines vehicles with electric vehicles is a win-win solution for
tackling climate change via decarbonisation and improving health via reduced air pollution
�Pan et al. 2023�. Non-tailpipe related air pollution remains an issue with EVs.

Electric vehicles are much quieter than ICE vehicles, which is also beneficial when
considering the health impacts of noise pollution. However, silent cars can be dangerous to
those with vision impairment. Unlike America, Europe and parts of Asia, Australia does not
currently require electric vehicles to generate sound. The Australian Government is deciding
whether to make it mandatory for electric vehicles to be fitted with an Acoustic Vehicle
Alerting System �AVAS� to make it easier for pedestrians to detect them. Vision Australia
asserts that ‘if mandated, the AVAS could save lives and avoid thousands of injuries” �2023�.
The Australasian College of Road Safety estimates that AVAS in Australia ‘could potentially
prevent over 3,400 crashes by 2050’ �Lawrence et al. 2020�.
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Not a silver bullet
While the health benefits of converting the fleet to electric vehicles are substantial,
widespread uptake will not address many of the entrenched health effects of a
car-dependent transport system.

Many of the negative health effects of our current transport system derive from the impact
of car dependency and urban design. Moving from ICE vehicles to electric vehicles will have
limited benefits when it comes to addressing physical inactivity, road trauma and traffic
congestion �Penn et al. 2022�.

Electric vehicles may also have some unintended consequences, in addition to the risks
associated with silent cars outlined above. For instance, the reduced impact on the
environment and the reduced per-kilometre driving costs may result in increased private
vehicle kilometres travelled, leading to increased levels of physical inactivity, at a personal
health level �Penn et al. 2022�.

Electric vehicles have no tailpipe greenhouse gas emissions. In countries where fossil fuels
are involved in electricity generation, all electricity use can to some extent be associated
with greenhouse gas emissions and air pollution. The overall picture is complex and situation
specific; electric vehicle batteries can, for example, potentially also help smooth peaks in
electricity demand �International Energy Agency 2020, Needell et al 2023�.

There are also greenhouse gas emissions associated with the production of electric vehicles,
and the mining of raw materials used in their production, as there are with ICE vehicles.
Disposal of all vehicle types remains an ongoing issue. At present there are few options for
reusing or recycling used electric vehicle batteries, potentially creating a further downstream
effect on the environment �Slowik et al. 2020�.

Widespread electric vehicle uptake also has implications for health equity. The transition to
EVs will not in itself contribute towards improving equity in access and mobility equity (which
is tightly linked to public health). Given that lower-income communities tend to face
transport disadvantage – and that people unable to operate or afford private motor vehicles
may be reliant on public and active transport – it is crucial that transport policy prioritises
infrastructure for active and public transport without relying on electric vehicles to meet the
mobility needs of all populations �Penn et al. 2022�.
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Making public transport clean and accessible
Investment in public transport infrastructure reduces carbon emissions and air pollution
while increasing physical activity – providing measurable health co-benefits in terms of
mortality and disability adjusted life years �Kwan et al. 2017; Brown et al. 2019�.

The health benefits are broadly achieved through three main shifts:

● A modal shift from commutes via private car to commuting via shared transport

● Reducing air pollution emitted by public transport by switching from fossil-fuelled
vehicles to electric vehicles

● Increasing physical activity during a public transport journey when compared to
door-to-door trips in a private motor vehicle.

Modal shift
People switching from private motor vehicles to public transport reduces air pollution, CO2
emissions, congestion, personal stress and infrastructure strain. To maximise these benefits,
various policies can be implemented to limit motor vehicles in areas of good public transport
coverage �Kwan et al. 2017; Butler et al. 2022�. For example, London, Singapore, Stockholm
and Milan have all introduced congestion pricing systems, where drivers are charged to use
certain roads in order to reduce traffic congestion and emissions �Vosough et al. 2020;
Hosford et al. 2021�. Vosough et al. �2020� note that congestion pricing may reduce car trips,
air pollution, asthma attacks, and road traffic injury. Drivers may decide to either change
their routes or switch to public transport �Hosford et al. 2021�. Tolls can also respond to the
level of pollution emitted by an individual vehicle.

Overcoming unpopular policy: Congestion charging in Stockholm, Sweden
In Stockholm, congestion charging was introduced as a trial for six months in 2006. To garner
support for an unpopular policy, the city officials delivered extensions to the public transport
system at the same time. Following the six-month trial, there was overwhelming support for
the congestion charge. The change in public opinion arose as a consequence of the
significant improvements in travel time observed during the trial �Eliasson et al. 2009�. Not
only did the charge reduce congestion, but the policy also led to a 4.5% increase in public
transport patronage . Importantly, the health co-benefits were considerable, with levels of
CO2 decreasing by 2.7%, nitrogen oxides decreasing by up to 8.5%, and road traffic injury
decreasing by between 5 and 10% �Eliasson et al. 2009�.
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Electrifying public transport
As with electric vehicles, electrifying our buses, trams and trains will result in less
transport-related air pollution and thus reduce the burden of associated morbidity. For
instance, transitioning from fossil fuel-powered buses to electric buses delivers the same
health co-benefits of private EV uptake, even faster �Gopinath et al. 2022; Ribeiro and
Mendes 2022�.

Increasing physical activity
Unlike private motor vehicles, which offer users door-to-door motorised independent
mobility, public transport usually requires users to walk for access/egress to shared routes.
Public transport use also supports additional walking around and between intermediate
destinations during the day, as users are separated from their vehicle at home or point of
access. Evidence suggests that public transport users have up to four times greater odds of
meeting physical activity recommendations and walk up to 33 min more per day compared to
private motor vehicle users �Brown et al. 2019�. Improving accessibility to public transport
will improve population health by facilitating physical activity and lead to healthcare cost
savings compared with business-as-usual. These wider health benefits should be better
considered in transport planning and policy decisions �Brown et al. 2019�.

Solutions outside of our urban centres
Australian urban residents tend to have favourable views towards public transport,
particularly in inner city areas with good coverage. But beyond our urbanised cities, the lack
of extensive public transport coverage means that residents remain dependent on private
motor vehicles �Butler et al. 2022�. On-demand transit is a flexible and responsive transport
solution with enormous potential to reduce car dependency in low density suburban,
peri-urban and rural environments with limited public transport access �Nelson and Caulfield
2022�. On-demand transit provides customers with shared transport services (usually a
small bus) at a cost similar to public transport. If the vehicle is electric, this additionally
reduces the emissions per kilometre travelled.

In these environments, transport policy aimed at supporting lower car dependence can
focus on using on-demand transit to expand existing transport services. This can be
achieved through strategies that target commuters with multi-leg journeys, such as people
who drive to train stations, by encouraging them to replace driving with shared or active
transport for the first or last leg of their trips �Butler et al. 2022�.
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Active transport and urban planning
The shift to electrified transport is necessary but not in itself sufficient to create a healthy
and equitable low emissions transport system. Many more health benefits can be unlocked
by a more holistic shift from a car-dependent transport system to one which incentivises
walking and cycling (‘active transport’).

Replacing car trips with cycling or walking has been found to meaningfully increase physical
activity levels, significantly reduce the risks of premature mortality and morbidity from
obesity, cardiovascular disease, type 2 diabetes, dementia, ischaemic heart disease,
cerebrovascular disease, osteoporosis, cancers, and other non-communicable diseases
associated with inactive lifestyles �Penn et al. 2022; Jarrett et al. 2012; Haque et al. 2022;
Allirani et al. 2022; Rojas-Rueda et al. 2016; Ferrari et al. 2022�.

One study of longitudinal data from seven European cities underscored both the physical
and mental health improvements associated with active transport �Avila-Palencia et al.
2018�. Active transport users reported higher self-perceived health and mental health than
those using passive modes like cars or motorbikes. Cycling was associated with good
self-perceived health and mental health measures like vitality, and fewer feelings of
loneliness. Walking was associated with good self-perceived health, higher vitality, and more
frequent contact with friends and family �Avila-Palencia et al. 2018�.

However, shifting people from passive to active transport must be accompanied by
appropriate urban infrastructure to ensure the safety of cyclists and pedestrians. Perceived
unsafety is a key barrier to cycling, which can be overcome by separated and safe cycling
infrastructure �Marshall and Ferenchak 2019; Useche et al. 2019�. Cyclists and pedestrians
travelling greater distances on roads designed solely for vehicles can lead to an increase in
road traffic injury �Stevenson et al. 2016�.

New urban mobility: transitioning to a decarbonised transport system in London, England
London was one of the first cities to introduce congestion charges to mitigate traffic-related
air pollution. Since 2003, the city has introduced further innovations focused on reducing
private motor vehicle use. The innovations include policies imposing charges for
diesel-fuelled vehicles driven in the city, and designing suburban areas to reduce through
traffic and hence create ‘low-traffic neighbourhoods’. These policies have resulted in an
increase in city residents cycling and using public transport. The mode shift arising due to
these policies has been phenomenal, with the inner London suburb of Lambeth experiencing
25,000 fewer car trips a day since low-traffic neighbourhoods were introduced in 2020 (this
accounts for the decline in trips observed due to COVID� and a 40% increase in cycling,
walking and e-scooter trips �Kersley 2022�.
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Electric micromobility
Electric micromobility �EMM� – like e-scooters, e-bikes and e-mopeds – is a new technology
sector which launched globally in 2017. EMM is carbon positive compared with
same-distance trips by fossil-fuelled transport �Hollingsworth 2019; Moreau 2020; De Bortoli
2021; Kazmaier et al. 2020; EYGM Limited 2020�. Other benefits of EMM include:

● Reduced congestion

● More efficient transport for shorter trips �CB Insights 2020�

● Improved access to public transport �Fearnley 2020; Yanocha & Allan 2021; ITF 2021;
Hollingsworth 2019; Reed 2019�

● Increased physical activity �NABSA 2020; Lopez-Doriga 2022; Severengiz 2020�

● Reduced need for parking space �NABSA 2020; Severengiz 2020; Reed 2019�

Health benefits
EMM provides the physical and mental health benefits associated with moderate levels of
activity, particularly in those who are physically inactive �Anderson et al. 2022; López-Dóriga
2022; Berntsen et al. 2017�. One study on overweight or obese individuals living in regional
Australia found that e-bikes provided a moderate level of physical activity and self-perceived
improvements in physical and mental wellbeing �Anderson et al. 2022�. These findings align
with those of the Lobben et al. �2018� Norwegian study, which found that previously inactive
participants who began using e-bikes experienced lower blood pressure and heart rates –
similar to the benefits of conventional cycling. The Bourne et al. �2018� review of 17 studies
provided moderate evidence that e-bikes can improve cardiorespiratory fitness in physically
inactive individuals, and thus offer an alternative to conventional cycling.

The physical and mental health benefits of taking up EMM vary with the specific mode shift
�López-Dóriga et al. 2022��

● Shifting from private motor vehicles and motorcycles to EMM decreased the risk of
anxiety, depression, and stroke.

● Shifting from public transport to e-bikes and e-scooters also had health benefits,
whereas shifting to e-mopeds posed health and safety risks

● Shifts to e-bikes providing the greatest health gains, followed by e-scooters and
then e-mopeds
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Climate benefits
Shifting from ICE vehicles and motorbikes to EMM can result in reduced emissions
�López-Dóriga et al. 2022�. To maximise decarbonisation efforts, EMM modes should
complement existing public transport networks and be tailored for moderate-distance trips
�Felipe-Falgas et al. 2022�

Strategies to incorporate EMM may also depend on the composition of transport modes in
cities. A move from private motor vehicles to EMM in cities with poor public transport
infrastructure and a high reliance on private motor vehicle use, such as in Australia, will likely
produce more environmental and health benefits than in cities with higher proportions of
active transport use �Felipe-Falgas et al. 2022�. Furthermore, cities using electric grids
dependent on fossil fuels may also benefit from a modal shift to EMM, as the electricity
consumption of EMM per passenger is lower than that of trains, for example �Felipe-Falgas
et al. 2022�.

Road trauma
As with active transport solutions, EMM can lead to increased road trauma in the absence of
safe infrastructure. Hence considerable investment in safe infrastructure for EMM and active
transport users is required to deliver low, or preferably no, road trauma �Stevenson et al.
2016�.

Invest in transport equity
In areas with low public transport coverage, people unable to operate or afford private motor
vehicles are more vulnerable to social and economic exclusion �Butler et al. 2022�. Recent
transport surveys indicate that the poorest and most socially disadvantaged members of
society also experience transport disadvantage �Lucas 2012�, spending large proportions of
their income and time on driving.

In Australia, young people, the elderly, low-income households, and First Nations
populations in regional areas tend to experience the greatest barriers to transport. This limits
access to work opportunities, education, and social activities �Johnson 2011; Hurni 2006;
Altman and Hinkson 2007; Lucas 2012�. Investment in measures that promote health, reduce
emissions and improve transport equity is critical to allow people to access essential
services and to provide health co-benefits �Lucas 2012�.
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Success stories
While this paper has outlined the significant challenges in decarbonisation of the transport
system, there are many national and international success stories where inspiration and
learning can be drawn from in order to improve climate and health outcomes.

Facilitating electric micromobility in Brisbane, Australia
Brisbane has been a pioneer in the adoption of electric micromobility �EMM�, serving as the
first major city in Australia to introduce an e-scooter sharing scheme in 2018 �Brisbane City
Council 2021�. The program deployed 2,800 e-scooters and e-bikes, and since their
inception has logged more than 4.5 million rides. At an average of 2.2 km per trip reported by
Neuron Mobility, an EMM operator, between November 2018 and May 2021, total emission
reductions were around 1,000 tonnes of CO2 equivalent �CO2-e) �Neuron Mobility 2022�.
The benefits from EMM also include reduced congestion, improved tourism experience, and
improved access to services.

EMM has also led to considerable economic benefits. Neuron, an EMM operator, highlighted
that in the 2020�21 financial year, their operations contributed $116.6 million in direct,
indirect, and enabled economic activity towards Brisbane’s economy, and is estimated to
have created and supported 681 Brisbane-based jobs �Neuron Mobility 2022�.

As Brisbane’s strategy notes, the sustainability credentials of EMM are increasingly evident.
The strategy notes that between ‘30�50% of riders report using e-scooters to replace car
rides on their most recent trip’, and that ‘in younger demographics (under 40�, car ownership
is a decreasing priority… car sales are down year on year’ �Brisbane City Council 2021�.
Improvements in sustainability have been estimated from the level of mode shift affected by
more sustainable transport modes in the first years since EMM was launched �Hollingsworth
2019; Moreau 2020�. Research shows that EMM encourages public transport participation by
solving first and last-mile connectivity issues and reduces longer-term private car
ownership.
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Shifting to active travel in Paris, France
In Paris, France, investments in active travel, particularly in cycling networks, prompted a
sharp increase in cycling levels �Xiao et al. 2022; Buehler et al. 2022�, leading to better
health and climate outcomes.

As the most densely populated city in France, the city expanded its total cycling network
from only 5 km in 1995 to over 1,000 km �Buehler et al. 2022; Xiao et al. 2022�. Over the past
25 years, the city actively promoted bike-sharing systems like Vélib’, comprising over 20,000
bicycles, making it one of the largest bike-sharing systems in the world �Buehler et al. 2022�.
Paris’ expansive cycling network consists not only of on-street bicycle lanes – including 170
km of protected bi-directional lanes – but also over 80 km of off-street cycling paths
�Buehler et al. 2022�. As a result of these expansions to the cycling network, Paris has
observed a significant increase in cycling levels over 24 years, increasing by 60% from
1997�2004 and then by 250% from 2004�19 �Buehler et al. 2022�.

In addition to improvements in cycling infrastructure, micromobility was also supported,
while private motor vehicle travel was disincentivised. Paris provided financial incentives for
the purchase of e-bikes and e-cargo bikes, paying one-third of the purchase price for
85,000 bicycles between 2009�22 �Buehler et al. 2022�. Moreover, the city discouraged
private motor vehicle use by increasing car parking costs, removing parking spaces,
converting car lanes into bus-priority lanes, and banning motor vehicles entirely from
roadways running along the Seine River, which flows through central Paris �Buehler et al.
2021; Buehler et al. 2022�.

Paris’ extensive investment in active transport infrastructure illustrates key lessons to be
learned by other cities looking to promote modal shifts from passive to active transport.
Expanding cycling lanes while ensuring that they remain protected from motorised vehicles
is crucial for ensuring increases in ridership. Investments in cycling lanes can go hand in
hand with promotion of micromobility modes, like e-bikes, as well as bike-sharing systems
like Vélib’. Such investments will be more fruitful when accompanied by disincentives for car
use.
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Retrofitting the built environment in Barcelona, Spain
The Barcelona Superblock trial illustrates what can be achieved when retrofitting built form
to restrict motor vehicle access in high-density locations. In this trial, researchers and local
government retrofitted the urban design and planning principles of three ‘superblocks’. Large
superblocks covering an area of around 400 m by 400 m were created from residential
blocks of 150 m by 150 m. The residential blocks were surrounded by normal busy streets.
Outside the superblocks, the city’s normal through traffic was accommodated on streets
with a maximum speed of 50 km/h. Within the superblocks, cars were banned or restricted
to 20 km/h, priority was given to walking and cycling, and open space was reclaimed or
created from parking �Figure 6�.

An evaluation of these three superblocks and the resultant extrapolation of the findings to
the entire city of Barcelona (it is feasible to retrofit all blocks to superblocks) found
premature mortality rates were reduced by 700 deaths a year, and life expectancy increased.
This was due to reductions in air pollution, noise and heat, greater access to green space,
and increased transport-related physical activity. The economic effects of transforming the
existing urban blocks were estimated at €1.7 billion �A$2.7 billion) a year. This benefit mainly
comes from increased life expectancy, a 20% reduction in premature mortality, and a 13%
reduction in overall burden of disease �Mueller et al. 2019�.
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How to realise the co-benefits of
transport decarbonisation
The science is clear. Without rapid, ambitious and decisive action to reduce the level of CO2
in our atmosphere, the world as we know it will be altered irrevocably and human health will
suffer. Some level of warming is already “locked in”; this means we must take action in every
sector and for all people in Australia if we are to be prepared for the reality of living on a
warming planet. This paper has demonstrated the enormous opportunity to improve health
and equity while transforming the transport sector.

Australia’s road transport system relies heavily on private motor vehicles, exacerbating
emissions load and associated health harms. Australia’s per capita transport emissions are
higher than those of most other countries due to our inefficient road passenger, rail, and bus
transport systems. The over-reliance on a transport system powered by fossil fuels has
resulted in harm to people’s health and the environment. There is an urgency to transition
from a 20th-century fossil-fuelled transport system to a zero-emission system involving
electric vehicles with safe infrastructure for increased use of active and public transport
systems.

The sprawling residential-only development patterns that dominate most suburban areas in
Australian cities limit the ability of children and adults to walk or cycle for their daily travel
requirements. Low-density housing in peri-urban areas also renders public transport costs
prohibitive, externalising transport costs through forced car ownership. This leads to
exposure to health risks associated with traffic speed and volume, vehicle emissions, noise
pollution, and physical inactivity.

The good news is that there are overwhelming health co-benefits associated with
transitioning from private motor vehicle use to active and public transport. Several studies
highlighted in our paper show the considerable gains in disability-adjusted life years
associated with such a transition. Similarly, transitioning from private motor vehicles to EMM
– especially if shared – can result in health co-benefits while reducing emissions. Mode shifts
to active transport will provide the greatest health gains, while EMM (particularly e-bikes)
will deliver health co-benefits akin to those arising from moderate levels of physical activity.

A transport policy that supports the uptake of electric vehicles for public transport will result
in an array of health co-benefits while dramatically decarbonising our transport system.
However, a focus solely on private electric vehicles is unlikely to deliver deep
decarbonisation and may marginalise many Australians.

Young Australians, the elderly, low-income households, and First Nations populations in
regional areas experience the greatest barriers to transport, limiting access to work
opportunities, education, healthcare, and social activities. Investment in transport equity –
providing safe and affordable modes of travel that all groups of a population can access – is
critical for allowing users to access essential services and to provide associated health
co-benefits.
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Merely advocating for an electric vehicle policy will not address the transport equity crisis
experienced across many regional and peri-urban areas. A comprehensive combination of
interventions, including those highlighted in this review, is needed.

Despite the challenge ahead, this review highlights important strategies that will achieve
reductions in road transport-related carbon emissions and deliver health co-benefits.
Alongside electrification, these strategies need to include:

o increased investment in safe, accessible and reliable electric public transport

o implementing safe infrastructure for increasing walking, cycling and EMM transport

o safely deploying shared EMM transport in cities, with an emphasis on supporting
“last mile alternatives” to private vehicles.

o advocating for 15�20-minute communities within cities and towns, thereby
supporting a city of short distances and increased access to amenities using active,
public and EMM transport

o developing transport policies that incentivise active, public and EMM transport
(examples could include congestion charging, removal of street parking, low emission
zones, which have been beyond the scope of this review)

o ensuring transport equity, which is integral to a healthy decarbonised transport
future.

No single intervention will achieve the transformation required to attain a decarbonised
transport system that also promotes health and wellbeing. Australia has significant
challenges in achieving decarbonised transport, in part because of its dependency on
private motor vehicles. However, with decisive leadership at all levels of government,
significantly positive outcomes for our climate and our health can be realised.

caha.org.au | #climatehealth | 27



Clearing the air | Transport decarbonisation and health - a rapid evidence review

References
Accident Compensation Corporation �ACC� New Zealand 2022, Supporting a Changing
Aotearoa: Annual Report 2022, accessed from
https://www.acc.co.nz/assets/corporate-documents/acc8430-acc-annual-report-2022.pdf

Allirani, H., Verma, A. and Sasidharan, S. 2022, Benefits from Active Transportation—A Case
Study of Bangalore Metropolitan Region.

Altman, J. and Hinkson, M. 2007, Mobility and Modernity in Arnhem Land: The social universe
of Kuninjku trucks, Journal of Material Culture, vol. 12, pp. 181�203.
doi:10.1177/1359183507078122.

Anderson, C.C., Clarkson, D.E., Howie, V.A., Withyman, C.J. and Vandelanotte, C. 2022,
Health and well-being benefits of e-bike commuting for inactive, overweight people living in
regional Australia, Health Promotion Journal of Australia, vol. 33, no. S1, pp. 349�357.

Australasian College of Road Safety 2023. ACRS Submission on Acoustic Vehicle Alerting
Systems for Electric Vehicles
https://acrs.org.au/wp-content/uploads/ACRS-submission-on-AVAS-for-electric-vehicles.pdf

Australian Financial Review 2022, Why it’s a bumpy road ahead for electric cars (in seven
charts)
https://www.afr.com/companies/transport/why-it-s-a-bumpy-road-ahead-for-electric-cars-i
n-seven-charts-20221107-p5bw4i

Australian Government 2017, Quarterly Update of Australia’s National Greenhouse Gas
Inventory: March 2017. Accessed at http://www.environment.gov.au/system/files/
resources/6cc33ded-14aa-4ddc-b298-b6ffe42f94a1/files/
nggi-quarterly-update-march-2017.pdf

Australian Institute of Health and Welfare �AIHW�, 2021, Australian Burden of Disease Study
2018� Interactive data on risk factor burden, AIHW website, accessed 17 October 2022.

Australian Institute of Health and Welfare �AIHW�, 2023a, Physical activity.
https://www.aihw.gov.au/reports/australias-health/insufficient-physical-activity

Australian Institute of Health and Welfare �AIHW�, 2023b, Injury in Australia: Transport
accidents. https://www.aihw.gov.au/reports/injury/transport-injuries

Avila-Palencia, I., Int Panis, L., Dons, E., Gaupp-Berghausen, M., Raser, E., Götschi, T., Gerike,
R., Brand, C., de Nazelle, A., Orjuela, J.P., Anaya-Boig, E., Stigell, E., Kahlmeier, S., Iacorossi,
F. and Nieuwenhuijsen, M.J. 2018, The effects of transport mode use on self-perceived
health, mental health, and social contact measures: A cross-sectional and longitudinal study,
Environment international, vol. 120, pp. 199�206.

caha.org.au | #climatehealth | 28

https://www.acc.co.nz/assets/corporate-documents/acc8430-acc-annual-report-2022.pdf
https://acrs.org.au/wp-content/uploads/ACRS-submission-on-AVAS-for-electric-vehicles.pdf
https://www.afr.com/companies/transport/why-it-s-a-bumpy-road-ahead-for-electric-cars-in-seven-charts-20221107-p5bw4i
https://www.afr.com/companies/transport/why-it-s-a-bumpy-road-ahead-for-electric-cars-in-seven-charts-20221107-p5bw4i
http://www.environment.gov.au/system/files/
http://www.environment.gov.au/system/files/
http://www.environment.gov.au/system/files/
https://www.aihw.gov.au/reports/burden-of-disease/abds-2018-interactive-data-risk-factors
https://www.aihw.gov.au/reports/burden-of-disease/abds-2018-interactive-data-risk-factors
https://www.aihw.gov.au/reports/australias-health/insufficient-physical-activity
https://www.aihw.gov.au/reports/injury/transport-injuries


Clearing the air | Transport decarbonisation and health - a rapid evidence review

Badland H, Whitzman C, Lowe M, et al. 2014, Urban liveability: Emerging lessons from
Australia for exploring the potential for indicators to measure the social determinants of
health. Soc Sci Med; 111C� 64�73.

Berntsen, S., Malnes, L., Langaker, A., Bere, E. 2017, Physical activity when riding an electric
assisted bicycle, Int J Behav Nutr Phys Act, vol. 26, no. 1, p. 55.

Bosman, C. and Dodson, J. 2014, Sustainable and affordable housing in Australian
Environmental Planning: Challenges and Future Prospects, pp. 171�181.

Bourne J.E., Sauchelli, S., Perry, R., et al. 2018, Health benefits of electrically-assisted
cycling: a systematic review, Int J Behav Nutr Phys Act, vol. 15, no. 1, p. 116.

Brand, C., Götschi, T., Dons, E., Gerike, R., Anaya-Boig, E., Avila-Palencia, I., de Nazelle, A.,
Gascon, M., Gaupp-Berghausen, M., Iacorossi, F., Kahlmeier, S., Int Panis, L., Racioppi, F.,
Rojas-Rueda, D., Standaert, A., Stigell, E., Sulikova, S., Wegener, S. and Nieuwenhuijsen, M.J.
2021, The climate change mitigation impacts of active travel: Evidence from a longitudinal
panel study in seven European cities, Global Environmental Change, vol. 67.

Brisbane City Council 2021, Brisbane’s e-mobility strategy 2021�2023, Brisbane City Council.
Available from:
https://www.brisbane.qld.gov.au/sites/default/files/documents/2021�06/20210623�Brisbane
s-emobility-strategy_web-tagged.pdf

Broome, R.A., Powell, J., Cope, M.E. and Morgan, G.G. 2020, The mortality effect of PM2.5
sources in the Greater Metropolitan Region of Sydney, Australia, Environment
international, vol. 137.

Brown, V., Barr, A., Scheurer, J., Magnus, A., Zapata-Diomedi, B. and Bentley, R. 2019, Better
transport accessibility, better health: a health economic impact assessment study for
Melbourne, Australia, International Journal of Behavioural Nutrition and Physical Activity, vol.
16.

Buehler, R.; Pucher, J.R. �Eds.� 2021, Cycling for Sustainable Cities, In: Urban and Industrial
Environments; The MIT Press: Cambridge, MA, USA. ISBN 978�0�262�54202�9. 

Buehler, R. and Pucher, J. 2022, Cycling through the COVID�19 Pandemic to a More
Sustainable Transport Future: Evidence from Case Studies of 14 Large Bicycle-Friendly
Cities in Europe and North America, Sustainability �Switzerland), vol. 14, no. 12.

Butler, L., Yigitcanlar, T., Paz, A. and Areed, W. 2022, How can smart mobility bridge the
first/last mile gap? Empirical evidence on public attitudes from Australia, Journal of Transport
Geography, vol. 104.

Cantuaria, M. et al. 2021, Residential exposure to transportation noise in Denmark and
incidence of dementia: national cohort study, BMJ, vol. 374, no. n1954.

caha.org.au | #climatehealth | 29

https://www.brisbane.qld.gov.au/sites/default/files/documents/2021-06/20210623-Brisbanes-emobility-strategy_web-tagged.pdf
https://www.brisbane.qld.gov.au/sites/default/files/documents/2021-06/20210623-Brisbanes-emobility-strategy_web-tagged.pdf


Clearing the air | Transport decarbonisation and health - a rapid evidence review

Chang, K.M., Hess, J.J., Balbus, J.M., Buonocore, J.J., Cleveland, D.A., Grabow, M.L., Neff, R.,
Saari, R.K., Tessum, C.W., Wilkinson, P., Woodward, A. and Ebi, K.L. 2017, Ancillary health
effects of climate mitigation scenarios as drivers of policy uptake: A review of air quality,
transportation and diet co-benefits modelling studies, Environmental Research Letters, vol.
12, no. 11.

Climate Council Australia. 2017, Transport emissions: driving down car pollution in cities.
Climate Council of Australia.

ClimateWorks Australia, 2020, Decarbonisation Futures: Solutions, actions and benchmarks
for a net zero emissions Australia.

Currie, G. and Delbosc, A. 2011, Mobility vs. Affordability as Motivations for Car-Ownership
Choice in Urban Fringe, Low-Income Australia, Auto Motives, 193�208.
10.1108/9780857242341�010.

De Bortoli, A. 2021, Environmental performance of shared micromobility and personal
alternatives using integrated modal LCA, Transportation Research Part D� Transport and
Environment, no. 93, art. no. 102743

De Lanversin, E. 2022, �Direction Générale de l’Aménagement, du Logement et de la Nature,
La Défense, France). Personal Communication.

Delponte, I. and Costa, V. 2022, Metropolitan MaaS and DRT Schemes: Are They Paving the
Way Towards a More Inclusive and Resilient Urban Environment?

Du Y., Xu X., Chu M., Guo Y., Wang J. 2016, Air particulate matter and cardiovascular disease:
The epidemiological, biomedical and clinical evidence. J. Thorac. Dis. 8, E8�E19.

Dutta, S., Koduru, S. and Juganaru, M. 2023, Impact of Physical Density on Nature and Use
of Open Spaces: A Pilot Study of Two Residential Areas from Jaipur, India, Journal of The
Institution of Engineers �India): Series A, vol. 104, no. 1, pp. 95�110.

Echeverría, L., Giménez-Nadal, J.I. and Alberto Molina, J. 2022, Who uses green mobility?
Exploring profiles in developed countries, Transportation Research Part A� Policy and
Practice, vol. 163, pp. 247�265.

Eliasson J, Hultkrantz L, Nerhagen L, Smidfelt Rosquist L. 2009, The Stockholm
congestion-charging trial: Overview of effects. Transportation Research Part A. 240�250.

European Environment Agency �EEA� 2020, Health risks caused by environmental noise in
Europe, European Environment Agency. Available from:
https://www.eea.europa.eu/publications/health-risks-caused-by-environmental

EYGM Limited 2020, Micromobility: moving cities into a sustainable future, accessed from
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/automotive-and-transport
ation/automotive-transportation-pdfs/ey-micromobility-moving-cities-into-a-sustainable-fut
ure.pdf

caha.org.au | #climatehealth | 30

https://www.eea.europa.eu/publications/health-risks-caused-by-environmental
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/automotive-and-transportation/automotive-transportation-pdfs/ey-micromobility-moving-cities-into-a-sustainable-future.pdf
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/automotive-and-transportation/automotive-transportation-pdfs/ey-micromobility-moving-cities-into-a-sustainable-future.pdf
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/automotive-and-transportation/automotive-transportation-pdfs/ey-micromobility-moving-cities-into-a-sustainable-future.pdf


Clearing the air | Transport decarbonisation and health - a rapid evidence review

Fearnley, N. et al. 2020, Patterns of E�Scooter Use in Combination with Public Transport,
Findings, https://doi.org/10.32866/001c.13707.

Felipe-Falgas, P., Madrid-Lopez, C., Marquet, O. 2022, Assessing Environmental
Performance of Micromobility Using LCA and Self-Reported Modal Change: The Case of
Shared E�Bikes, E�Scooters, and E�Mopeds in Barcelona, Sustainability �Switzerland), vol. 14,
no. 7, art. no. 4139

Ferrari, G., Drenowatz, C., Kovalskys, I., Gómez, G., Rigotti, A., Cortés, L.Y., García, M.Y.,
Pareja, R.G., Herrera-Cuenca, M., Del’Arco, A.P., Peralta, M., Marques, A., Leme, A.C.B.,
Sadarangani, K.P., Guzmán-Habinger, J., Chaves, J.L. and Fisberg, M. 2022, Walking and
cycling, as active transportation, and obesity factors in adolescents from eight countries,
BMC Pediatrics, vol. 22, no. 1.

Forster C. 2006, The challenge of change: Australian cities and urban planning in the new
millennium. Geographical Research, 44

Fussell JC, Franklin M, Green DC, Gustafsson M, Harrison RM, Hicks W, Kelly FJ, Kishta F,
Miller MR, Mudway IS, Oroumiyeh F. A Review of road traffic-derived non-exhaust particles:
emissions, physicochemical characteristics, health risks, and mitigation measures.
Environmental Science & Technology. 2022 May 25;56�11��6813�35.

Globe Investor 2022, The myth about electric vehicles. Plus, Air Canada is no longer the
most shorted security on the TSX, and head-turning big-bank GIC rates. The Globe and Mail.
Available from
https://www.theglobeandmail.com/investing/investment-ideas/article-the-myth-about-electr
ic-vehicles-plus-air-canada-is-no-longer-the-most/

Gopinath, A., Daulayal, S., Kori, A., Vasudha Lakshmi, P.A. and Mudeeb, P. 2022, Analysis of
solar and wind potential in e-mobility application, AIP Conference Proceedings.

Graham, J. and Brungard, E. 2021, Consumer adoption of plug-in electric vehicles in selected
countries Future Transp., vol. 1, no. 2, pp. 303�325.

Guilloux, T. 2022. Department of Transportation, Paris, France. Personal Communication.

Hamilton, I., Kennard, H., McGushin, A., Höglund-Isaksson, L., Kiesewetter, G., Lott, M.,
Milner, J., Purohit, P., Rafaj, P., Sharma, R., Springmann, M., Woodcock, J. and Watts, N. 2021,
The public health implications of the Paris Agreement: a modelling study, The Lancet
Planetary Health, vol. 5, no. 2, pp. e74-e83.

Haque, R., Chen, L.H., Irwin, M.R. and Olmstead, R. 2022, Association of Physical Activity
with Risk of Mortality among Breast Cancer Survivors, JAMA Network Open, vol. 5, no. 11,
pp. E2242660.

caha.org.au | #climatehealth | 31

https://doi.org/10.32866/001c.13707
https://www.theglobeandmail.com/investing/investment-ideas/article-the-myth-about-electric-vehicles-plus-air-canada-is-no-longer-the-most/
https://www.theglobeandmail.com/investing/investment-ideas/article-the-myth-about-electric-vehicles-plus-air-canada-is-no-longer-the-most/


Clearing the air | Transport decarbonisation and health - a rapid evidence review

Hayes R.B., Lim C., Zhang Y., Cromar K., Shao Y., Reynolds H.R., Silverman D.T., Jones R.R.,
Park Y., Jerrett M., et al. 2020, PM2.5 air pollution and cause-specific cardiovascular disease
mortality. Int. J. Epidemiol. 49�25�35.

Health Effects Institute 2020, State of Global Air 2020, Special Report, Boston, MA� Health
Effects Institute.

Hollingsworth, J et al. 2019, Are e-scooters polluters? The environmental impacts of shared
dockless electric scooters, Environ Res Lett, vol. 14, no. 8

Hosford, K., Firth, C., Brauer, M. and Winters, M. 2021, The effects of road pricing on
transportation and health equity: a scoping review, Transport Reviews, vol. 41, no. 6, pp.
766�787.

Hurni, A. 2006, Transport and Social Exclusion in Western Sydney. University of Western
Sydney and Western Sydney CoEMMunity Forum, Australia

International Energy Agency, 2020, Global EV Outlook 2020� Entering the decade of electric
drive? accessed at https://www.iea.org/reports/global-ev-outlook-2020

International Energy Agency, 2022, ‘Transport: Overview’, Accessed at
https://www.iea.org/energy-system/transport

International Transport Forum �ITF� 2012, Transport Outlook: Seamless Transport for Greener
Growth, Accessed at
oecd.org/greengrowth/greeningtransport/Transport%20Outlook%202012.pdf

International Transport Forum �ITF� 2021, Micromobility, Equity and Sustainability: Summary
and Conclusions, ITF Roundtable Reports, no. 185, OECD Publishing, Paris.

Yanocha, D., and Allan, M. 2021, Maximising Micromobility: Unlocking Opportunities to
Integrate Micromobility and Public Transportation

International Energy Agency �IEA� 2023, ‘Demand for electric cars is booming, with sales
expected to leap 35% this year after a record-breaking 2022’, accessed from
https://www.iea.org/news/demand-for-electric-cars-is-booming-with-sales-expected-to-lea
p-35-this-year-after-a-record-breaking-2022

Transportation and Development Policy �ITDP Global), accessed from
https://www.itdp.org/wp-content/uploads/2021/06/ITDP_MaximizingMicromobility_2021_sing
lepage.pdf

IPCC. Climate Change 2022, Mitigation of Climate Change. Contribution of Working Group III
to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge: Cambridge University Press; 2022.

Jarrett, J., Woodcock, J., Griffiths, U.K., Chalabi, Z., Edwards, P., Roberts, I. and Haines, A.
2012, Effect of increasing active travel in urban England and Wales on costs to the National
Health Service, The Lancet, vol. 379, no. 9832, pp. 2198�2205.

caha.org.au | #climatehealth | 32

https://www.iea.org/reports/global-ev-outlook-2020
https://www.iea.org/energy-system/transport
http://www.oecd.org/greengrowth/greeningtransport/Transport%20Outlook%202012.pdf
https://www.iea.org/news/demand-for-electric-cars-is-booming-with-sales-expected-to-leap-35-this-year-after-a-record-breaking-2022
https://www.iea.org/news/demand-for-electric-cars-is-booming-with-sales-expected-to-leap-35-this-year-after-a-record-breaking-2022
https://www.itdp.org/wp-content/uploads/2021/06/ITDP_MaximizingMicromobility_2021_singlepage.pdf
https://www.itdp.org/wp-content/uploads/2021/06/ITDP_MaximizingMicromobility_2021_singlepage.pdf


Clearing the air | Transport decarbonisation and health - a rapid evidence review

Johnson, V. 2011, An exploration of the relationship between transport to arts and cultural
activities and social exclusion, Doctoral Thesis, Monash University, Melbourne, Australia.

Kamargianni, M., Georgouli, C., Tronca, L.P. and Chaniotakis, M. 2022, Changing transport
planning objectives during the Covid-19 lockdowns: Actions taken, and lessons learned for
enhancing sustainable urban mobility planning, Cities, vol. 131.

Kazmaier, H. et al. 2020, Techno-economical and ecological potential of electrical scooters:
A life cycle analysis, European Journal of Transport and Infrastructure Research, vol. 20, no.
4, pp. 233�251.

Ke, L., Feng, G., Zhang, Y., Ma, X., Zhao, B., Sun, Y., Dong, Z., Xing, J., Wang, S. and Di, Q.
2023, Causal effects of prenatal and chronic PM2.5 exposures on cognitive
function, Environmental research, vol. 219.

Kent, J.L., Mulley, C. and Stevens, N. 2019, Transport and wellbeing in a newly constructed
greenfield estate: A quantitative exploration of the commuting experience, Journal of
Transport and Health, vol. 13, pp. 210�223.

Kersley A. 2022, People hate the idea of car-free cities – until they live in one. Science.
Accessed 29 Dec 2022 https://www.wired.co.uk/article/car-free-cities-opposition

Kiviluoto, K., Tapio, P., Ahokas, I., Aittasalo, M., Kokko, S., Vasankari, T., Tuominen, A.,
Paloniemi, R., Sandberg, B. and Hurmerinta, L. 2022, Mismatch, empowerment, fatigue or
balance? Four scenarios of physical activity up to 2030 in Finland, Futures, vol. 144.

Krewski, D. 2009, Evaluating the effects of ambient air pollution on life expectancy. N Engl J
Med., 360, 413�415.

Kuschel et al., 2022, Health and air pollution in New Zealand 2016 �HAPINZ 3.0� Volume 1�
Findings and implications, report prepared for Ministry of the Environment, Ministry of
Health, Te Manatū Waka Ministry of Transport and Waka Kotahi NZ Transport Agency

Kwan, S.C., Tainio, M., Woodcock, J., Sutan, R. and Hashim, J.H. 2017, The carbon savings
and health co-benefits from the introduction of mass rapid transit system in Greater Kuala
Lumpur, Malaysia, Journal of Transport and Health, vol. 6, pp. 187�200.

Langford, B.C., Cherry, C., Bassett, D., Fitzhugh, E., Dhakal, N. 2017, Comparing physical
activity of pedal-assist electric bikes with walking and conventional bicycles, Journal of
Transport Health, vol. 6, pp. 463�73.

Lawrence B, Fitzharris M, Liu S, Newstead S. Crash reduction benefits of the fitment of
acoustic vehicle alerting systems �AVAS� in Australia. Report from the Enhancing the Safety
of Quiet Road Transport Vehicles �QRTV� Project.
https://research.monash.edu/en/publications/enhancing-the-safety-of-quiet-road-transport
-vehicles-qrtv-crash- : Monash University Accident Research Centre; 2020

Li J., Hu Y., Liu L., Wang Q., Zeng J., Chen C. 2020, PM2.5 exposure perturbs lung
microbiome and its metabolic profile in mice. Sci. Total. Environ., 721�137�432.

caha.org.au | #climatehealth | 33

https://www.wired.co.uk/article/car-free-cities-opposition
https://research.monash.edu/en/publications/enhancing-the-safety-of-quiet-road-transport-vehicles-qrtv-crash-
https://research.monash.edu/en/publications/enhancing-the-safety-of-quiet-road-transport-vehicles-qrtv-crash-


Clearing the air | Transport decarbonisation and health - a rapid evidence review

Lobben, S., Malnes, L., Berntsen, S., Tjelta, L., Bere, E., Kristoffersen, M., et al. 2018, Bicycle
usage among inactive adults provided with electrically assisted bicycles, Acta Kinesiol, vol.
24, pp. 60�73.

Loh, V., Sahlqvist, S., Veitch, J., Thornton, L., Salmon, J., Cerin, E., Schipperijn, J. and
Timperio, A. 2022, From motorised to active travel: using GPS data to explore potential
physical activity gains among adolescents, BMC Public Health, vol. 22, no. 1.

López-Dóriga, I., Vich, G., Koch, S., Khomenko, S., Marquet, O., Roig-Costa, O., Daher, C.,
Rasella, D., Nieuwenhuijsen, M. and Mueller, N. 2022, Health impacts of electric
micromobility transitions in Barcelona: A scenario analysis, Environmental Impact
Assessment Review, vol. 96.

Lu, C., Adger, W.N., Morrissey, K., Zhang, S., Venevsky, S., Yin, H., Sun, T., Song, X., Wu, C.,
Dou, X., Zhu, B. and Liu, Z. 2022, Scenarios of demographic distributional aspects of health
co-benefits from decarbonising urban transport, The Lancet Planetary Health, vol. 6, no. 6,
pp. e461-e474.

Lucas, K. 2012, Transport and social exclusion: Where are we now?, Transport Policy, vol. 20,
pp. 105�113.

MacMichael, S. 2021, Six in ten users of pop-up bike lanes in Paris are new to cycling, says
city’s government. Road.cc. Available from
https://road.cc/content/news/6�10-users-pop-bike-lanes-paris-new-cycling-280681

Marrec, S. 2022, Unpacking Plan Velo: How Paris Plans to Make Cycling Possible for All; City
of Paris: Paris, France.

Marshall, W.E. and Ferenchak, N.N. 2019, Why cities with high bicycling rates are safer for all
road users. Journal of Transport & Health, vol. 13. https://doi.org/10.1016/j.jth.2019.03.004

Mathers CD and Loncar D. 2006, Projections of Global Mortality and Burden of Disease from
2002 to 2030. PLOS Medicine, 3�11):e442.

Mehlig, D., Woodward, H., Oxley, T., Holland, M. and Apsimon, H. 2021, Electrification of road
transport and the impacts on air quality and health in the UK, Atmosphere, vol. 12, no. 11.

Mogaji, E. and Uzondu, C. 2022, Equitable active transport for female cyclists,
Transportation Research Part D� Transport and Environment, vol. 113.

Moran, M.E. 2022, Treating COVID with Bike Lanes: Design, Spatial, and Network Analysis of
‘Pop-Up’ Bike Lanes in Paris, Findings.

Moreau, H. et al. 2020, Dockless e-scooter: A green solution for mobility? Comparative case
study between dockless e-scooters, displaced transport, and personal e-scooters,
Sustainability �Switzerland), vol. 12, no. 5, art. No. 1803

Morgan, Z.E.M., Bailey, M.J., Trifonova, D.I., Naik, N.C., Patterson, W.B., Lurmann, F.W.,
Chang, H.H., Peterson, B.S., Goran, M.I. and Alderete, T.L. 2023, Prenatal exposure to
ambient air pollution is associated with neurodevelopmental outcomes at 2 years of
age, Environmental Health: A Global Access Science Source, vol. 22, no. 1.

caha.org.au | #climatehealth | 34

https://road.cc/content/news/6-10-users-pop-bike-lanes-paris-new-cycling-280681
https://doi.org/10.1016/j.jth.2019.03.004


Clearing the air | Transport decarbonisation and health - a rapid evidence review

NABSA 2020, 2nd Annual Shared Micromobility: State of the Industry Report, accessed from
http://nabsa.net/industry

Needell, Z., Wei W., Trancik, J.E. 2023, Strategies for beneficial electric vehicle charging to
reduce peak electricity demand and store solar energy, Cell Reports Physical Science, vol 4,
issue 3, https://doi.org/10.1016/j.xcrp.2023.101287

Nelson, J.D. and Caulfield, B. 2022, Implications of COVID�19 for future travel behaviour in
the rural periphery, European Transport Research Review, vol. 14, no. 1.

Neuron Mobility 2022, ‘Shared Rides, Shared Wealth: Prosperity Report 2022 Australia’.
Accessed from
https://www.rideneuron.com/wp-content/uploads/2022/10/AU�Prosperity-Report-Oct-14.pdf

Norbäck D., Lu C., Zhang Y., Li B., Zhao Z., Huang C., Zhang X., Qian H., Sun Y., Wang J., et
al. 2019, Sources of indoor particulate matter �PM� and outdoor air pollution in China in
relation to asthma, wheeze, rhinitis and eczema among pre-school children: Synergistic
effects between antibiotics use and PM10 and secondhand smoke. Environ. Int. 125�
252�260.

Ng M, Fleming T, Robinson M, et al. 2014, Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980�2013� a systematic analysis for
the Global Burden of Disease Study. The Lancet; 384�9945�� 766�81

OECD. 2012, Compact City Policies: A comparative assessment. Paris, France: OECD

Pan, S., Yu, W., Fulton, L.M., et al. 2023, Impacts of the large-scale use of passenger electric
vehicles on public health in 30 US metropolitan areas, Renewable and Sustainable Energy
Reviews, vol. 173, no. 113100.

Parliament of the Commonwealth of Australia. Climate Change Bill. 2022, Available from:
https://www.legislation.gov.au/Details/C2022B00055.

Penn, A.S., Bartington, S.E., Moller, S.J., Hamilton, I., Levine, J.G., Hatcher, K. and Gilbert, N.
2022, Adopting a Whole Systems Approach to Transport Decarbonisation, Air Quality and
Health: An Online Participatory Systems Mapping Case Study in the UK, Atmosphere, vol. 13,
no. 3.

Plan Melbourne 2014, 20�Minute Neighbourhoods, available from
https://www.planmelbourne.vic.gov.au/current-projects/20-minute-neighbourhoods.

Reed, T. 2019. Micromobility Potential in the US, UK and Germany. INRIX Research.

Ribeiro, P.J.G. and Mendes, J.F.G. 2022, Towards Zero CO2 Emissions from Public Transport:
The Pathway to the Decarbonization of the Portuguese Urban Bus Fleet, Sustainability
�Switzerland), vol. 14, no. 15.

Rojas-Rueda, D., De Nazelle, A., Andersen, Z.J., Braun-Fahrländer, C., Bruha, J.,
Bruhova-Foltynova, H., Desqueyroux, H., Praznoczy, C., Ragettli, M.S., Tainio, M. and
Nieuwenhuijsen, M.J. 2016, Health impacts of active transportation in Europe, PLoS ONE, vol.
11, no. 3.

caha.org.au | #climatehealth | 35

http://nabsa.net/industry
https://doi.org/10.1016/j.xcrp.2023.101287
https://www.rideneuron.com/wp-content/uploads/2022/10/AU-Prosperity-Report-Oct-14.pdf
https://www.legislation.gov.au/Details/C2022B00055
https://www.planmelbourne.vic.gov.au/current-projects/20-minute-neighbourhoods


Clearing the air | Transport decarbonisation and health - a rapid evidence review

Royal College of Physicians. 2016, Every breath We Take: The Lifelong Impact of Air
Pollution, In Report of a Working Party; RCP� London, UK. Available at
https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-airpoll
ution

Scheurer, J. and Curtis, C. 2019, Reducing social spatial inequity with public transport in
Melbourne, Australia in A Companion to Transport, Space and Equity, pp. 25�38.

Severengiz, S., Finke, S., Schelte, N., & Forrister, H. �2020�. Assessing the environmental
impact of novel mobility services. Procedia Manufacturing, 43, 80�87.
https://dx.doi.org/10.1016/j.promfg.2020.02.114

Slowik, P., Lutsey, N., Hsu, C.W. 2020, How technology, recycling, and policy can mitigate
supply risks to the long-term transition to zero-emission vehicles, International Council on
Clean Transportation. Available at
https://theicct.org/wp-content/uploads/2021/06/zev-supply-risks-dec2020.pdf

Sommar, J.N., Johansson, C., Lövenheim, B., Schantz, P., Markstedt, A., Strömgren, M.,
Stigson, H. and Forsberg, B. 2022, Overall health impacts of a potential increase in cycle
Commuting in Stockholm, Sweden, Scandinavian Journal of Public Health, vol. 50, no. 5, pp.
552�564.

Stevenson M, Thompson J, de Sa TH, Ewing R, Mohan D, McClure R, Roberts I, Tiwari G,
Giles-Corti B, Xiaoduan S, Wallace M, Woodcock J. 2016, Land use, transport and population
health; estimating the health benefits of compact cities. Lancet, 388�10062�� 2925�2935.

TUMI Management 2021, The 15-minute city, accessed
https://www.transformative-mobility.org/assets/publications/TUMI_The-15�Minute-City_2021
�07.pdf

Thompson J, Stevenson M, Wijnands J, Nice K, Aschwanden G, Silver J, Nieuwenhuijsen M,
Rayner P, Schofield R, Hariharan R, Morrison C. 2020, A global analysis of urban design types
and road transport injury: an image processing study. The Lancet Planetary Health, 4�1��
e32-e42.

Thompson, R., Smith, R.B., Karim, Y.B., Shen, C., Drummond, K., Teng, C. and Toledano, M.B.
2023, Air pollution and human cognition: A systematic review and meta-analysis, Science of
the Total Environment, vol. 859.

Thurston, G. D., et al. 2017, A joint ERS/ATS policy statement: what constitutes an adverse
health effect of air pollution? An analytical framework. European Respiratory Journal 49�1�.

United States Environmental Protection Agency. BenMAP. Benefits mapping and analysis
program. Accessed 13th August, 2023. How BenMAP�CE Estimates the Health and Economic
Effects of Air Pollution | Environmental Benefits Mapping and Analysis Program - Community
Edition �BenMAP�CE� | US EPA

caha.org.au | #climatehealth | 36

https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-airpollution
https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-airpollution
https://dx.doi.org/10.1016/j.promfg.2020.02.114
https://theicct.org/wp-content/uploads/2021/06/zev-supply-risks-dec2020.pdf
https://www.transformative-mobility.org/assets/publications/TUMI_The-15-Minute-City_2021-07.pdf
https://www.transformative-mobility.org/assets/publications/TUMI_The-15-Minute-City_2021-07.pdf


Clearing the air | Transport decarbonisation and health - a rapid evidence review

Urbano, T., Chiari, A., Malagoli, C., Cherubini, A., Bedin, R., Costanzini, S., Teggi, S., Maffeis,
G., Vinceti, M. and Filippini, T. 2023, Particulate matter exposure from motorized traffic and
risk of conversion from mild cognitive impairment to dementia: An Italian prospective cohort
study, Environmental research, vol. 222.

Useche, S.A., Montoro, L., Sanmartin, J. and Alonso, F. 2019, Healthy but risky: A descriptive
study on cyclists’ encouraging and discouraging factors for using bicycles, habits and safety
outcomes. Transportation Research Part F� Traffic Psychology and Behaviour, vol. 62,
587�598. https://doi.org/10.1016/j.trf.2019.02.014

Vision Australia 2023. Government public consultation to improve safety of electric cars
https://www.visionaustralia.org/electriccars

Vosough, S., Poorzahedy, H. and Lindsey, R. 2020, Predictive cordon pricing to reduce air
pollution, Transportation Research Part D� Transport and Environment, vol. 88.

Walter C., Say K., Irving L., et al. 2023, Health impacts associated with vehicle emissions in
Australia: Melbourne Climate Futures Expert Position Statement.
https://www.unimelb.edu.au/__data/assets/pdf_file/0006/4498161/Expert-Position-Statemen
t_Vehicle-emissions_FINAL.pdf

Walter CM, Schneider‐Futschik EK, Lansbury NL, Sly PD, Head BW, Knibbs LD. 2021, The
health impacts of ambient air pollution in Australia: a systematic literature review. Internal
medicine journal. Oct;51�10��1567�79.

Waidyatillake N, Campbell T, Vicendese D, Dharmage S, Curto A, Stevenson M. 2021,
Particulate Matter and Premature Mortality: A Bayesian Meta-analysis. International Journal
of Environmental Research and Public Health, 18, 7655� 1�21.

World Bank 2018, ‘CO2 emissions (metric tons per capita)’, World Bank Data. Accessed from
https://data.worldbank.org/indicator/EN.ATM.CO2E.PC

World Health Organization �WHO�, n.d., Air Pollution who.int/health-topics/air-pollution

World Health Organization �WHO�, 2016, Ambient air pollution: A global assessment of
exposure and burden of disease. who.int/iris/bitstream/hand
le/10665/250141/9789241511353-eng.pdf

World Health Organization �WHO� Regional Office for Europe, 2013, Health effects of
particulate matter: Policy implications for countries in eastern Europe, Caucasus and central
Asia.
euro.who.int/__data/assets/pdf_file/0006/189051/Health-effects-of-particulate-matter-final-
Eng.pdf

World Health Organization �WHO�, 2020, The top 10 causes of death.
who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death

World Health Organization �WHO�. 2021. COP26 Special report on climate change and
health: The health argument for climate action.

caha.org.au | #climatehealth | 37

https://doi.org/10.1016/j.trf.2019.02.014
https://www.visionaustralia.org/electriccars
https://www.unimelb.edu.au/__data/assets/pdf_file/0006/4498161/Expert-Position-Statement_Vehicle-emissions_FINAL.pdf
https://www.unimelb.edu.au/__data/assets/pdf_file/0006/4498161/Expert-Position-Statement_Vehicle-emissions_FINAL.pdf
https://data.worldbank.org/indicator/EN.ATM.CO2E.PC
http://www.who.int/iris/bitstream/hand%20le/10665/250141/9789241511353-eng.pdf
http://www.who.int/iris/bitstream/hand%20le/10665/250141/9789241511353-eng.pdf
http://www.euro.who.int/__data/assets/pdf_file/0006/189051/Health-effects-of-particulate-matter-final-Eng.pdf
http://www.euro.who.int/__data/assets/pdf_file/0006/189051/Health-effects-of-particulate-matter-final-Eng.pdf
http://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death


Clearing the air | Transport decarbonisation and health - a rapid evidence review

World Health Organization, 2022,
https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries �Accessed,
December 10, 2022�

Xiao, C.S., Sharp, S.J., van Sluijs, E.M.F., Ogilvie, D. and Panter, J. 2022, Impacts of new cycle
infrastructure on cycling levels in two French cities: an interrupted time series
analysis, International Journal of Behavioral Nutrition and Physical Activity, vol. 19, no. 1

Yadav, J., Deppenkemper, K. and Pischinger, S. 2023, Impact of renewable fuels on
heavy-duty engine performance and emissions, Energy Reports, vol. 9, pp. 1977�1989.

Zhang, R., and Fujimori, S. 2020, The role of transport electrification in global climate change
mitigation scenarios, Environ Res Lett, vol. 15, p. 034019.

Zhao, J., Li, M.; Wang, Z.; Chen, J.; Zhao, J.; Xu, Y.; Wei, W.; Wang, J.; Xie, J. 2019, Role of
PM2.5 in the development and progression of COPD and its mechanisms. Respir. Res. 20,
1�13.

Zou, M.-., Huang, H.-., Chen, Y.-., Jiang, C.-., Wu, C.-., Lung, S.-.C., Chien, L.-., Lo, Y.-. and
Chao, H.J. 2023, Sex-differences in the effects of indoor air pollutants and household
environment on preschool child cognitive development, Science of the Total
Environment, vol. 860.

caha.org.au | #climatehealth | 38

https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries


Clearing the air | Transport decarbonisation and health - a rapid evidence review

caha.org.au | #climatehealth | 39


