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Abstract
Purpose of Review By 2050, 70% of the global population will live in urban areas, exposing a greater number of people to
specific city-related health risks that will only be exacerbated by climate change. Two prominent health risks are poor air quality
and physical inactivity. We aim to review the literature and state the best practices for clean air and active transportation in urban
areas.
Recent Findings Cities have been targeting reductions in air pollution and physical inactivity to improve population health. Oslo,
Paris, and Madrid plan on banning cars from their city centers to mitigate climate change, reduce vehicle emissions, and increase
walking and cycling. Urban streets are being redesigned to accommodate and integrate various modes of transportation to ensure
individuals can become actively mobile and healthy. Investments in pedestrian, cycling, and public transport infrastructure and
services can both improve air quality and support active transportation. Emerging technologies like electric and autonomous
vehicles are being developed and may reduce air pollution but have limited impact on physical activity. Green spaces too can
mitigate air pollution and encourage physical activity.
Summary Clean air and active transportation overlap considerably as they are both functions of mobility. The best practices of
clean air and active transportation have produced impressive results, which are improved when enacted simultaneously in
integrated policy packages. Further research is needed in middle- and low-income countries, using measurements from real-
world interventions, tracing air pollution back to the sources responsible, and holistically addressing the entire spectrum of
exposures and health outcomes related to transportation.
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Introduction

Ambient air pollution (PM2.5) was the fifth-ranking mor-
tality risk factor in 2015 (after high systolic blood pressure,
smoking, high fasting plasma glucose, and high total cho-
lesterol), causing 4.2 million premature global deaths
(7.6% of all deaths) [1, 2]. Over 90% of ambient air pollu-
tion fatalities occur in low- and middle-income countries,
mainly in Asia, Africa, and the Eastern Mediterranean re-
gion [1]. Those aged 50 and older are the most susceptible;
a trend that is particularly relevant as lifespans continue to
lengthen and adults aged 60 and older represent an increas-
ing proportion of the global population [1, 3]. Additionally,
the associated premature mortality and morbidity reduces
countries’ labor incomes and gross domestic product
(GDP) growth. In 2016, for example, the cost associated
with the burden of disease from ambient PM2.5 worldwide
was USD$5.7 trillion: 4.4% of the global GDP [4].
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Worldwide, trends of motor vehicle dependency have con-
tributed to the emission of greenhouse gases (GHGs) and air
pollutants, which adversely impact urban air quality. GHGs
produced by motor vehicle traffic further contribute to global
warming and climate changes that can independently exacer-
bate poor air quality and public health outcomes [5, 6]. Motor
vehicle dependency has also resulted in physical inactivity for
many, incurring a significant burden of disease which is re-
sponsible for 3.2 million deaths (6% of all deaths) per year [7,
8]. With these emerging impacts and concerns, more transpor-
tation planners and public health officials have been collabo-
rating to integrate physical activity and active travel, in what is
known as active transportation, to reduce physical inactivity.
Active transportation decreases the risk of type 2 diabetes,
weight gain, respiratory disease, cardiovascular disease, cere-
brovascular disease, dementia, depression, obesity, cancer,
and impaired mental health all resulting in an increased risk
of premature mortality [9]. Active transportation could pro-
vide means to integrate physical activity habits into daily rou-
tines and can improve ambient air quality if modal shifts from
motor vehicles occur at a sufficient scale [10].

The mortality and disease burdens associated with ambient
air pollution and physical inactivity can have profound effects
on the quality of life and the social and economic progression
of cities and their citizens. The global urban population is
expected to grow by 2.5 billion people before 2050 (90% of
which will be in Asian and African cities), exposing more
people to the health burdens associated with urban air pollu-
tion and physical inactivity [11]. In this paper, we first over-
view the current status of air quality and active transportation
in cities and countries around the world alongside relevant
standards and recommendations. We then review the best
practices of clean air and active transportation to highlight
current interventions addressing poor air quality and physical
inactivity in cities. Most of the literature we source was pub-
lished within the last 5 years. Existing literature about clean air
and active transportation, however, is based on research from
Western countries. Many middle- and low-income countries
do not have extensive data sets on air quality; therefore, liter-
ature from these regions is currently sparse [12]. For this rea-
son, we mainly focus on Western countries, even though the
greatest urban growth and health risks are concentrated in
Africa, Asia, and Eastern Mediterranean countries [1, 8, 13].

Air Pollution

The Current State of Air Quality and Health Effects

In 2017, over 80% of the world’s urban population was ex-
posed to air pollution levels that exceeded World Health
Organization (WHO) recommendations [1]. Ninety-seven
percent of cities with populations greater than 100,000 in

middle- and low-income countries do not meet the WHO air
quality guidelines [14]. Globally, there is high variability in air
pollution levels across different cities, as shown in the WHO
air quality database which stores the most recently recorded
annual particulate matter (PM) means. In 2017, Bakersfield,
California, had the highest annual PM2.5 mean—18.2 μg/
m3—in the United States (U.S.) [15]. In 2016, the highest
annual PM2.5 means for the European Union (EU) were all
from Polish cities, ranging between 35 and 38 μg/m3 [14].
Similarly, the ten most polluted cities in Asia were in India
and had annual PM2.5 means ranging from 113 to 173 μg/m3

in 2016 [16]. Most middle- and low-income countries have
just begun measuring urban air quality while high-income
countries have spent decades exploring a variety of methods
to measure and reduce air pollution. Air pollution in low-
income countries has been increasing while Western countries
have seen gradual decreases in air pollution, due, in part, to
clean air programs and policies that can provide insight on the
best practices to expedite air pollution reductions in areas with
worsening air quality.

A key contributor to ambient air pollution is road transpor-
tation. Motor vehicles are responsible for air pollution that
degrades urban air quality, specifically PM2.5, PM10, black
carbon (BC), ultrafine particles (UFP), nitrogen oxide
(NOx), and carbon monoxide (CO), each detrimental for hu-
man health [17–19]. These pollutants are released into the air
via exhaust pipes, physical decomposition of vehicle and road
parts, and resuspension caused by motor vehicle traffic. With
the placement of roads near homes, offices, and schools, an
increasing proportion of the population is near busy highways
and urban roads. Further, the number of registered vehicles
and vehicle miles traveled is increasing which results in more
people being exposed to air pollution and the risk of numerous
adverse health effects [20].

In conservative estimates, motor vehicle-related air pol-
lution causes 1% (184,000 deaths) of all air pollution-
related deaths worldwide. Ambient air pollution exposure
has been linked to premature mortality and cardiovascular
disease [21], stroke [22], respiratory diseases [21] and in-
flammations including lung cancer [23], pneumonia [24],
childhood asthma [25], and chronic obstuctive pulmonary
disease [26], as well as congenital anomalies [27], deep
vein thrombosis [28], type 2 diabetes [29], obesity [30],
autism and child behavior problems [31], dementia [32],
and pregnancy complications [33]. Road transportation in
Europe is responsible for 19% of CO, 36% of NOx, and
10% and 8% of PM2.5 and PM10 emissions, respectively,
and 30% of NOx, 10% of total PM, 54% of CO, and 14% of
CO2 emissions worldwide, although the contribution of
road transportation to overall air pollution will vary de-
pending on traffic characteristics, site layout, and the pol-
lutant studied [17, 34–36]. It is difficult to tease out the
contribution of traffic-related air pollution to overall
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ambient air pollution and associated health effects, but
some studies have attempted doing so in various ways.
For example, some studies use (proximity to) traffic flow
in a GIS to examine the health of individuals living in low
verus high traffic intensity areas [37, 38]. Others used dis-
persion modeling to explicility model the contribution of
traffic to the overall air pollution and associated health
effects [39, 40]. Similary, source apportionment methods
have been used to identify the contribution of traffic to
overall air pollution and associated health effects [41,
42]. Other studies consider certain pollutants, such as
NO2, as markers of traffic-related air pollutants. In com-
parison to the literature on the health effects of overall
ambient air pollution, studies specifically investigating
the contribution of different air pollution sources to specif-
ic health effects are less available. Looking forward, the
specific assessment of health effects of traffic-related air
pollution is important for policy decision-making as it
can inform effective mitigation policies [43].

Air Quality and Vehicle Emission Standards

Air Quality Standards

Periodically, the WHO will assemble a group of experts
from a variety of fields and institutions to review the
latest literature concerning the status of air quality and
health effects of air pollution and produce international
guidelines that aim to reduce air pollution levels to ensure
healthy living environments. The latest guidelines were

published in 2005 and are detailed in Table 1. Currently,
over 80% of the global population lives in areas where
these guidelines are not met, which combined with emerg-
ing evidence suggesting that there are health risks from
PM and ozone (O3) exposure at levels below the WHO
guidelines has prompted revision to the guidelines that are
expected to be published in 2020 [14, 44–46]. The WHO
guidelines are stricter than air pollution standards in the
U.S. or EU, where the most progressive air quality stan-
dards are in place [47, 48]. For this reason, we consider
the WHO air quality guidelines as the best available stan-
dards that all countries should aim for. In line with the
context of this paper, we next specifically discuss vehicle
emission standards and how they contribute to overall air
pollution reductions and compliance with the WHO air
quality guidelines.

Vehicle Emission Standards

Vehicle emission standards are in various stages of develop-
ment around the world. A recent review of the 19 G20 coun-
tries revealed how developing and underdeveloped countries
are lagging behind in their efforts to regulate GHG emissions
produced by motor vehicles [49]. Six of these countries—
Australia, Brazil, China, India, Mexico, and Russia—
currently employ outdated vehicle emission standards, while
adopting EU vehicle emission standards could reduce tailpipe
PM2.5 emissions by 67% [49].

In Europe, vehicle emission regulations are based on
the Euro Standards that began in 1992. Since then, there
have been six updates, each more stringent on emissions
[50]. Although there has been significant progress in lim-
iting transportation emissions throughout Europe, about
90% of European city dwellers were still exposed to pol-
lution levels above WHO air quality guidelines in 2017
[51]. Vehicle emissions can be widely dispersed in the air
becoming a transboundary issue requiring collaboration
among neighboring countries and states. Following the
recent Volkswagen emissions scandal, a study found that
nine other vehicle manufacturers in Europe had been sell-
ing diesel cars that produced more tailpipe emissions of
NOx on the road than their laboratory tests reported [52].
The volume of excessive NOx emissions ranged from
14 gigagrams (Gg) in Sweden to 140 Gg in Germany
and France, causing a substantial health burden [52].

On the other hand, the U.S. Environmental Protection
Agency enforced The Clean Air Act (CAA) of 1970 to ad-
dress the entire spectrum of air pollution sources. The CAA
has produced automobile-specific standards to regulate vehi-
cle emissions in the U.S. which are currently in the “Tier 3”
phase that is set to last until 2025 [53]. A comparison of
vehicle emissions regulation in the U.S. versus Europe is
shown in Table 2.

Table 1 WHO air quality guidelines

Pollutant WHO guidelines

PM2.5 10 μg/m3 per cubic meter annual mean

OR

25 μg/m3 24-h mean

PM10 20 μg/m3 annual mean

OR

50 μg/m3 24-h mean

O3 100 μg/m3 8-h mean

Nitrogen dioxide (NO2) 40 μg/m3 annual mean

OR

200 μg/m3 1-h mean

SO2 20 μg/m3 24-h mean

OR

500 μg/m3 10-min mean

CO 30 mg/m3 1-h mean

OR

10 mg/m3 8-h mean

Source: [37]
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Active Transportation

The Current State of Active Transportation

Walking and cycling are the most common forms of active
transportation, but public transportation can be considered ac-
tive transportation as walking or cycling typically bookend
public transportation trips [54]. Overall, the built environment
can dictate the suitability of various transportation modes in a
city. Key aspects of the built environment that are conducive
to active transportation are infrastructure separated from mo-
tor vehicle traffic, short travel distance, density, parks and
recreational space, and overall accessibility [55]. However, a
defining characteristic of urban growth over the past several
decades is sprawl. Urban sprawl describes the outward expan-
sion of cities and increases the distance between destinations,
reinforcing reliance on private motor vehicles. Sprawl is anti-
thetical to high-density development which is instrumental in
the utilization of active transportation [56]. Beyond the built
environment, other factors such as price, comfort, and timeli-
ness are conducive to active transportation use [57, 58].

Active Transportation Guidelines and Policies

As previously mentioned, physical activity can be routinely
attained via active transportation. The WHO recommends at
least 150 min of moderate-intensity physical activity through-
out the week, or at least 75 min of vigorous-intensity physical
activity throughout the week, or an equivalent combination of
moderate- and vigorous-intensity activities, for adults, to re-
duce serious health risks [7]. The attainability of this recom-
mendation varies around the globe: South East Asia hosts the
lowest percentage of physically inactive adults (15% of men
and 19% of women), while 50% of women and 40% and 36%
of men fail to meet physical activity recommendations in the
Americas and Eastern Mediterranean regions, respectively
[8]. Globally, 31% of adults are not physically active for
150 min/week [8].

Because the built environment, and its respective transpor-
tation infrastructure, largely dictate transportation mode
choices, active transportation rates reflect the urban planning

and design policies that mold the built environment. There are
four levels of policy interventions that influence active trans-
portation: society-level policies (reducing speed limits,
restricting car use, or limiting parking spaces to discourage
motor vehicle travel), city-level policies (land use design
changes to increase density and walking and cycling), route-
level policies (providing the required infrastructure to enable
active transportation), and individual-oriented policies (edu-
cational initiatives to encourage changing travel behaviors).
To elicit significant behavioral change, interventions must be
made in each of these areas [59].

Intersection Between Active Transportation
and Clean Air

Clean air and active transportation overlap considerably as
they are both functions of mobility. Shifting from pollution-
intensive energy generation and transportation modes to ac-
tive transportation will result in air quality and physical activ-
ity benefits that contribute to healthier urban environments
[45]. A systematic review evaluating Health Impact
Assessments (HIA) of transportation mode shifts reported
overall air quality benefits due to reduced motor vehicle use
but also found increased risk from air pollution exposure dur-
ing active transportation [60]. However, these results can be
context specific, as described below.

Risk-Benefit Trade-off

Many studies addressed the risk-benefit trade-off of additional
air pollution exposure due to active transportation. Two stud-
ies concluded that the benefits of physical activity from active
transportation outweigh the risks of air pollution exposure in
most scenarios [9, 61]. Less than 1% of cities globally have
ambient PM2.5 levels (95 μg/m3) high enough to offset the
physical activity benefits of cycling for 30 min a day, accord-
ing to the WHO air quality database [61]. One of the most
polluted cities in the database was Delhi (153 μg/m3 PM2.5)
where an individual could bike for up to 45 min each day
before air pollution exposure health risks surpassed physical
activity benefits [61]. At the global annual urban background
PM2.5 mean (22 μg/m3), individuals could walk or cycle for
16 and 7 h each day, before they no longer receive physical
activity benefits due to air pollution exposure [61].

Differences in Transportation Mode Exposure

A study of air pollution exposure based on transportation
mode in cities in the UK, Belgium, Netherlands, Spain,
Ireland, and Switzerland concluded that motorists are exposed
tomore PM2.5, BC, and CO than both cyclists (20%, 70%, and
90%) and pedestrians (40%, 300%, and 300%)—who are the

Table 2 Comparison of vehicle emission regulations per pollutant

Vehicle emission pollutants USA European Union

Nitrogen oxide (NOx) 0.04 g/mi 0.06/0.08* g/mi

Carbon monoxide (CO) 2.61 g/mi 1.0/0.5* g/mi

Carbon dioxide (CO2) 155 g/mi 130 g/mi

Particulate matter (PM) 0.003 g/m 0.008 g/mi

Non-methane organic gases 0.06 g/mi 0.07/na* g/mi

Sources: [39, 41]

*Petrol/diesel fuels
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least exposed [62]. However, a study of Sacramento,
California, found that cyclists have the greatest exposure to
PM2.5, BC, and UFP per mile [63]. The results from these
studies highlight the importance of study context as air pollu-
tion exposure varies considerably between transportation mi-
croenvironments and between regions/cities. [64•] reviewed
39 studies that investigated the relationship between transpor-
tation mode and air pollution exposure and concluded that
motorists consistently experience the highest exposure to air
pollutants including CO, NO2, BC, and PM. However, active
transportation users, mainly cyclists, have greater ventilation
rates than motorized transportation commuters and therefore
inhale more air pollutants. Despite inhaling more air pollution,
a study of air pollution exposure in Montreal concluded that
cyclists burn 3.63 times as many calories as motorist and reap
physical activity benefits [65].

An important determinant of air pollution exposure for ac-
tive transportation users is the time of day and route chosen to
travel. In Sacramento, California, 15–75% of air pollution
exposure was influenced by the time of day and route choice
[63]. In Boston, Massachusetts, BC and NO2 concentrations
were 33% higher near street bike lanes compared to bike lanes
that were distanced from motor vehicles, with a reduction of
BC and NO2 concentrations by 3.4% and 11.6%, respectively,
as vegetation density increased [66]. Urban background sites
in many major European cities consistently presented lower
air pollution concentrations than main traffic arteries, with
fluctuations recorded at different day times [62].

Best Practices

The status of air quality and active transportation in cities and
countries around the world, as well as their overlap, has been
summarized in the previous sections. The policies and prac-
tices detailed in the subsequent sections are considered the
best practices for achieving clean air and improved active
transportation, each being identified from literature published
within the last 5 years. These practices—car-free policies, ve-
hicle technologies, urban design interventions, green space
provision, and public transportation provision—are rarelymu-
tually exclusive and can make significant additive improve-
ments when enforced simultaneously.

Car-Free Policies

Car-free policies aim to restrict the use of motor vehicles in
cities. Some policies ban the use of motor vehicles in certain
areas, while others may temporarily close streets so that only
pedestrians and cyclists can use them. Other methods to re-
strict the use of cars include road pricing, environmental
zones, and taxation which are meant to disincentivize the
use of motor vehicles. The intentions of these policies vary

as some are designed to reduce specific pollutants, while
others may focus on reducing GHGs or limiting traffic con-
gestion. While the air quality effects of these policies inher-
ently overlap, their success is variable and the extent to which
they encourage active transportation also fluctuates, as will be
overviewed next.

The idea of a “car-free city” is revolutionary considering
how drastically automobiles have altered the urban landscape,
yet several European and Asian cities aim to achieve a car-free
city [67]. The C40 Cities Climate Leadership Group has pro-
duced a pledge to transition to zero emission vehicles while
developing cities in a way that reduces the use of vehicles
overall [68]. As a member of the C40 initiative to reduce fossil
fuel reliance and the Carbon Neutral Cities Alliance, Oslo,
Norway, expects to boast a car-free city center within the next
year and hopes to achieve a 95% reduction in GHG emissions
by 2030 [69, 70]. The removal of private vehicles in Oslo
could eliminate a significant portion of GHG (60% of GHG
emissions in Oslo are produced by road transportation) and
other air pollutants, as seen in several European cities already
[70]. For example, NO2 concentrations decreased by 40% on a
car-free day in Paris and 20% in Leeds during a leg of the Tour
de France [67]. Other cities have already successfully imple-
mented various degrees of car restrictions. Copenhagen and
Brussels are home to the first and second largest car-free areas
in Europe while Basel has its historic medieval city center car-
free [71]. Paris and Madrid have made permanent bans on
diesel vehicles and placed other restrictions on private vehi-
cles [71]. Berlin and other German cities have utilized low-
emission zones that restrict the use of vehicles which do not
attain specific emission standards in certain areas. Mexico
City has been enforcing car-free days, a method that
Nairobi, the world’s secondmost congested city, has proposed
as a solution to its traffic and air pollution problems [71, 72].
London is preparing to enlist a ban on diesel vehicles starting
in 2020 and San Francisco is converting one of its busiest
streets into a car-free space [71].

Other car-free policies may be more restricted in their spa-
tial and temporal coverage but can nevertheless improve air
quality and serve as a first step in an incremental process for
change and public acceptance. In Bogota, Colombia, 75 miles
of roads, in addition to the existing 200 miles of bike-only
lanes, are closed to cars weekly in an event known as
Ciclovia. Participants in Ciclovia are three times as likely to
meet physical activity requirements compared to the rest of the
population in Bogota, when measuring leisure time physical
activity [73]. There are now over 400 Ciclovias around the
world due to the initial success of the event in Bogota [74]. In
Los Angeles, California, on-road UFP and PM2.5 concentra-
tions were decreased by 21% and 49%, respectively, during
CicLAvia 2014 [75]. Alternatively known as “open street”
events throughout the U.S., the physical activity and health
benefits of bike-only activities are typically limited due to
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their sparse occurrence throughout the year due to funding and
permitting issues [76]. Such events show promise and their
popularity has grown with 75% of open street programs in the
U.S. being conceived after 2010 and average several thousand
participants [76].

In addition to car-free policies, there are interventions that
can reduce car usage without explicitly banning the use of
motor vehicles. Berlin, Germany, has established an “environ-
mental zone” that is only accessible by low-emission vehicles
[71]. Cities across Germany have established environmental
zones, some of which were studied and found to decrease
measured annual mean PM10 by an additional 2 μg/m3 com-
pared to the reductions in PM10 outside the environmental
zones [77]. These environmental zones, however, were typi-
cally focused on reducing concentrations of PM. Their effect
on other pollutants, like NO2, has largely only been modeled,
so while reductions in vehicle emissions can be expected, the
extent of real-world vehicle emission reductions is relatively
unclear [67].

Road pricing is another measure implemented in cities
across Europe and throughout other regions of the world to
deter the use of motor vehicles. There are different methods of
road pricing, notably Congestion Charge Zones (CCZ) and
distance-based road pricing. The effects of each method can
vary and are influenced by the tax levied, but there are mea-
surable reductions in air pollution [78]. A CCZ in London
successfully reduced CO2 emissions by 19%. Distance-
based road pricing is less common but was estimated to pro-
duce larger CO2 emission reductions (36%—Cambridge, UK)
[78]. A modeled CCZ in Beijing could reduce CO and NOx

emissions by 60% and 35%, respectively [79].
While road pricing aims to discourage travel, parking pric-

ing aims to increase the efficiency of traffic flow. Estimates
attribute 30 to 50% of vehicle traffic in urban downtowns to
vehicles cruising for parking [80]. This activity not only con-
tributes to traffic congestion and longer travel time but in-
creases vehicle miles traveled and the pollution footprint of
motor vehicles as well. In San Francisco, SFpark is a parking
pricing system that manages the availability of on-street
parking spaces. As the occupancy of on-street parking spaces
increases, so does the price per hour whereas if parking spaces
are considerably unoccupied, the price per hour decreases.
After monitoring 256 street blocks for a pilot period of 2 years,
the adjusted parking rates managed to keep parking occupan-
cy below 80%, reducing cruising bymore than 50% [80]. Pay-
to-park schemes that enable smoother traffic flow can provide
air quality benefits and also open streets to active transporta-
tion modes.

A third financial tool that has successfully improved air
quality is taxation. In 2007, Norway reformed its vehicle tax
structure [81]. The tax was based on the level of CO2 emis-
sions per kilometer, instead of engine size. This incentivized
the purchase of cars that were more fuel efficient and resulted

in a shift away from high-polluting vehicles. Overall, this tax
reform decreased the market share of high-pollution vehicles
by 12% and the CO2 intensity per vehicle was reduced by
6 gCO2/km [81]. Taxes can also be applied to fuels, as was
modeled in a study of the EU in 2015. By increasing excise
taxes for diesel vehicles to equal excise taxes for petrol vehi-
cles, CO2, NOx, and PM2.5 could be reduced by up to 14%,
17%, and 22%, although the impact of this scheme depends
on the disparity between diesel and petrol excise taxes [82]. If
a tax was levied based on CO2 content of fuels (50€/tCO2),
reductions are more evenly spread and CO2, NOx, and PM2.5

were decreased by an average of 8.5%, 9%, and 10% across
the EU [82]. Taxation is a tool that is largely dependent on
public and political support, however, which in the past has
proven to be an obstacle for vehicle and fuel tax advocates
[82].

Vehicle Technologies

Vehicle technologies can also play an important role in im-
proving urban air quality, although there is evidence that the
scale of adaptation needs to be wide for benefits to occur [83].
This section overviews emergent and disruptive technologies
that may make an impact on air quality and active transporta-
tion in urban areas. Specifically, this section discusses electric
and autonomous vehicles and how they might change trans-
portation systems and emissions.

Regarding urban air quality, the benefits of electric vehicle
(EV) and autonomous vehicle (AV) technologies are more
specific to GHG. Studies modeling EV market penetration
have projected reduced on-road emissions of CO2 in China
by 20%, CO and NOx in Taiwan by 85% and 27%, CO in
Ireland by 14%, and NO2 and NOx in Milan by 5.5% and
14.1%, respectively [17]. Many models, however, do not ad-
dress the health impacts of these reductions, and the GHG
reductions that EVs provide by replacing motor vehicles will
be offset by the GHGs that result from increased electricity
generation rendering little, if any, change in air quality and
health outcomes [84]. This zero-sum reality of GHG reduc-
tions associated with EVs is reliant on how electricity is de-
rived [17]. In the U.S., electricity generation produces 28% of
all GHG emissions and to meet the energy demand of a large
EV fleet would likely result in shifting the current burden of
GHG emissions from the transportation sector to the energy
sector [85]. However, there are countries leading the way in
producing clean energy to electrify their vehicle fleet. EVs
compose 19% of the passenger vehicle market in Norway,
the largest market share in the world. This was achieved
through a variety of financial incentives like limiting road
taxes and tolls and exempting EVs from purchase and parking
fees [86]. Norway can also rely on clean hydroelectric energy
as all 70,000 EVs are powered almost exclusively by hydro-
electricity (responsible for 96% of Norway’s electricity) [87].
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While tailpipe emissions can be reduced with the above
technologies, non-exhaust emissions, in the form of PM (road
surface, brake, and tire wear) and the production of batteries,
have been suggested to increase upon adoption of EVs [88,
89]. Overall, the effects of EVs on air quality are understudied
and non-exhaust pollutants could potentially worsen the situ-
ation, despite potentially reducing transportation GHG emis-
sions [6].

On the other hand, AVs propose an alternative future for
transportation and city planning. Currently, there are limita-
tions to the deployment of AVs, but there is potential for re-
duction in vehicle emissions upon AV integration. A system-
atic review of the potential air pollution and public health
implications of AVs estimates fuel consumption reductions
ranging from 11 to 47% based on differing systems of optimal
acceleration and deceleration, connected vehicle-to-
infrastructure technology, road designs, and AV penetration
in the vehicle fleet [90•]. An integration model of battery-
powered AVs shows GHG emission reductions of ~ 90%
and ~ 75% per mile when replacing internal combustion mo-
tor vehicles and hybrid EVs due to the reduced GHG intensity
of battery-powered vehicles [90•]. These scenarios, however,
are quite optimistic, and the adoption of both technologies
(EV and AV) are likely to lag in underdeveloped and rural
areas, resulting in differential impacts, potentially by socio-
economic status. Further, the impact of vehicle technologies
on physical inactivity is limited and understudied.

Urban Design Interventions

An important influence on active transportation and the
resulting physical activity is the built environment. In many
Western countries, sprawl and suburbanization occurred after
World War II. As the economy boomed in the U.S., private
vehicles became more widely available, families moved to
suburbs, and low-density development followed as extensive
networks of highways allowed longer commutes. In Europe,
vehicles and highways provided a similar result to that in the
U.S. European cities that were rebuilding after World War II
replaced their dense pre-automobiles cores with spacious ur-
ban designs conducive to automobiles that limited active
transportation. The following paragraphs about urban design
interventions will discuss how land use policies and infra-
structure development influence transportation mode choice,
physical activity, and air quality.

The legacy of sprawling development can be seen in
Europe where 50% of passenger car trips are shorter than
5 km, many of which could be shifted to active transportation
modes if densification, road safety, and accessibility improve
[91]. A study of 14 cities in ten countries concluded that up to
89 min of physical activity per week (60% of the WHO rec-
ommendation for weekly physical activity) can be attributed
to the built environment design [92•]. In Melbourne,

Australia, built environment characteristics that influence ac-
tive transportation behavior were identified. A housing densi-
ty of > 20 dwellings/ha reduced the likelihood of taking a
private vehicle trip by 45%. Mixed land use and a connected
street network that provided access to at least nine local living
destinations decreased the use of motor vehicles by more than
50%. Living within 500 m of a supermarket alone reduced the
use of motor vehicles by more than 25% [93].

Infrastructure improvements that focus on safety and ac-
cessibility were also reasoned to encourage active transporta-
tion in six European cities that were included in a HIA that
focused on the health benefits derived from increased active
transportation [94•]. The health benefits of walking and cy-
cling in Paris, Basel, Barcelona, Prague, Copenhagen, and
Warsaw were modeled based on improved walking and cy-
cling rates. The improved rates used were equivalent to the
highest rates of walking and cycling among the six cities: 50%
of trips by walking in Paris and 35% of trips by cycling in
Copenhagen. Shifting 35% of trips to cycling resulted in 113
(Warsaw) to 5 (Basel) less annual deaths, while reductions in
mortality due to shifting 50% of trips to walking ranged from
19 (Warsaw) to 3 (Barcelona) annual deaths. These mode
shifts also produced cumulative GHG reduction co-benefits
ranging from 2503 (Basel) to 26,423 (Warsaw) tons of CO2

emissions avoided in each city annually [94•]. Furthermore, a
HIA of 167 European cities finds that there is a positive cor-
relation between the expansion of cycling networks and rider-
ship. By expanding the cycling network to 315 km/100,000
people, cycling could account for 24.7% of all trips,
preventing 10,000 premature deaths, with the greatest benefits
occurring in cities that had underdeveloped cycling infrastruc-
ture [95].

While both modeled HIAs have calculated the health im-
pacts of modal shifts, the method of urban design to encourage
such a shift is a separate issue that needs to be addressed. To
encourage active transportation in metropolitan Barcelona, the
development of superblocks has made walking and cycling
safer for residents [96]. Superblocks are proportioned city
blocks oriented in a 3 × 3 grid meant to improve the environ-
mental quality of neighborhoods. Main roads that allow a
maximum speed of 50 km/h form the perimeter of super-
blocks, while the interior roads that dissect the grid into nine
blocks do not allow vehicles to travel across superblocks and
restrict speeds to 20 km/h. Reduced traffic speed and overall
congestion has decreased vehicle emissions and noise levels
within superblocks. Since 2007, measurements of walking
and cycling have shown increases of 10% and 30% while
traffic within superblocks has dropped off by 26% in the
Barcelona neighborhood of Gracia and Vitoria-Gasteiz
[97]. The superblocks are part of a larger Urban Mobility
Plan in Barcelona, which aims to reduce motor vehicle
traffic by 21% in order to achieve a 40% reduction of
CO2 emissions by 2030 [98].
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By increasing infrastructure to encourage the use of active
transportation, integrating transportation modes becomes
more feasible and can further increase accessibility. In the
U.S., “complete streets” are being implemented to redesign
the built environment in a way that is amenable to diverse
mobility. Over 1200 complete street policies have been
adopted and their success increases as the programs grow.
Ninety-five percent of all complete street policies in the U.S.
were designed to be accessible by all abilities and ages via
walking, cycling, and public transportation [99]. Public trans-
portation use increased 35% on a redesigned complete street
in San Francisco while a repurposed road in Seattle has ac-
commodated 35% more cyclists [100]. Proximity to a com-
plete street in Salt Lake City, Utah, has a positive correlation
to participation in active transportation with those living clos-
est to the complete street, engaging in 50%more walking trips
than subjects who lived further [101]. A comparative study of
six streets in Los Angeles showed UFP and PM2.5 concentra-
tions were decreased by 7% and 2%, respectively, in complete
street environments due to decreased motor vehicle traffic
[102].

Green Space Provision

Green spaces, land that contains parks, forests, nature re-
serves, and/or waterbodies, have been associated with physi-
cal activity, reductions in air pollution, and overall health ben-
efits [103–105]. This section discusses how cities have man-
aged and placed green spaces to benefit air quality, physical
activity, and active transportation by providing healthy and
safe places for transportation and recreation.

While the effect of green spaces on concentrations of
gaseous pollutants is often limited, the removal of PM is
considerable [106]. In Strasbourg, France, green spaces
remove about 7% of PM10 emissions in the city annually
[107]. A study of various green infrastructure interventions
determined that trees provided the greatest reprieve of am-
bient air pollution in Melbourne, Australia, when com-
pared to green walls and green roofs. When increasing
the density of trees to 80 trees per hectare, the annual up-
take of NO2 (964 kg), SO2 (125 kg), PM10 (1474 kg),
PM2.5 (43 kg), CO (10 kg), and O3 (1885 kg) was in-
creased [108]. A systematic review of studies on the effect
of trees on PM2.5 removal concluded there is a reduction of
5 μg/m3 of PM2.5 for 10.2 million people throughout the
245 cities included in the review [109]. In Hamburg,
Germany, 16.8% of the urban area consists of parks, rec-
reation areas, or woodland justifying its claim as one of the
greenest cities in Europe. There are plans to expand green
space to cover 40% of Hamburg, accessible by foot and
bike exclusively, by 2035 to reduce motor vehicle accessi-
bility and the city’s CO2 footprint by 80% in the next
30 years [67].

For urban dwellers, green space offers a retreat from the
clamor of cities [110]. There is an emerging field of study on
the mental health benefits of commuting through green
spaces. A positive correlation between active transportation
through green spaces and self-reported mental health was
identified by one study, but further research is needed to cor-
roborate these findings [105]. However, associations between
green spaces and public health are not a simple causal rela-
tionship, but are products of a matrix consisting of function-
ality, size, location, and aesthetic [110]. Green space has been
shown to encourage active transportation only if the appropri-
ate infrastructure is in place and safety is perceived [111].
Several studies have shown that the quality (aesthetics and
amenities) determines the utility of green space more than
the sheer quantity (placement) [110, 112].

Public Transportation

As mentioned at the outset of this paper, public transportation
often entails active transportation due to the likelihood that
individuals walk or cycle to fulfill the first- and last-mile por-
tions of their travel. The practices and policies contained in
this section focus on the physical activity and air quality ben-
efits of improved public transportation provision and
utilization.

A study in the UK shows that a higher percentage of public
transportation users (almost four times as high) met public
health physical activity guidelines than car commuters [113].
In Montreal, public transportation users burn 1.73 as many
calories during commute than car commuters [65]. Public
transportation users in England average 16 (bus users) to 28
(train users) min of physical activity daily, and one-fifth (bus
users) to a half (train users) of these users achieve 30 min of
physical activity daily [114]. Two studies in the UK focused
on changes in body mass index (BMI), an increase of which
poses a risk of heart disease, diabetes, and certain cancers due
to shifts from active and public transportation to private vehi-
cles and vice versa [115, 116]. In both studies, BMI increased
by ~ 0.33 kg/m2 for those who reduced active and public
transportation usage while BMI decreased ~ 0.31 kg/m2 for
those who adopted new active and public transportation com-
muting habits.

The benefits of public transportation utilization go beyond
physical activity as air quality benefits can result from the
reduced motor vehicle usage [117]. A new public transporta-
tion system in Thessaloniki, Greece, was shown to reduce air
pollution-related deaths by 20% due to the reduction ofmobile
air pollution sources [84]. In the U.S., heavy rail systems, light
rail systems, and buses produce 76%, 62%, and 33% less
GHG per passenger mile than a single occupancy vehicle
[118]. A study of public transportation strikes in Barcelona
on 208 days between 2005 and 2016 showed a 4.1% and
7.7% increase in NOx and BC concentrations, respectively,
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in the absence of public transportation [119]. A similar study
observed 71 public transportation strikes in Germany from
2002 to 2011 and found a 14% and 4% increase of PM10

and NO2 air pollution concentrations on the days with strikes
[120].

Integrated Policy Packages

This final section focuses on policy packages that incorporate
different interventions from the previous sections. By enacting
a variety of policies simultaneously such as improved vehicle
technologies, restricted vehicle use, improved active and pub-
lic transportation infrastructure, air pollution and physical in-
activity are addressed more holistically and effectively than if
they were being addressed with a single policy tool and great-
er health benefits are expected.

A study of over 20 policies enacted in California between
1993 and 2012 to reduce emissions from transportation and
other sources showed considerable success. Emissions of NOx

were reduced by 54%, PM2.5 by 21%, and PM10 by 15%,
despite a 22% and 37% increase in population and motor
vehicle miles traveled, respectively [121]. In 2008, Beijing
installed several control measures to improve air quality for
the Olympics. These included updating vehicle emission stan-
dards, reducing the number of government vehicles driven,
banning all diesel and heavy-duty trucks from operating in
Beijing, license plate bans, closing gas stations, and improv-
ing public transportation service. The mean concentration for
each targeted pollutant was substantially reduced: SO2 by
60%, CO by 48%, PM2.5 by 27%, and NO2 by 43% [122].

Another city that is altering its transportation landscape by
enacting integrated policy packages is Copenhagen,
Denmark. Copenhagen has reduced carbon emissions by
40% since 1990, despite a population increase of 50%, and
aims to be carbon neutral and fossil fuel free by 2050 [123].
This progress has been achieved through a combination of
car-free policies and investment in active transportation infra-
structure. A bike share system, segregated biking lanes, ade-
quate bike parking facilities, and a “Green Wave Route” (cy-
clists traveling 12.4 mph will hit all green lights) have resulted
in 35% of trips taken by bicycle within the city. Almost 50%
of all trips are completed via active transportation and further
development of bicycle-exclusive lanes are expected to in-
crease cycling by another 15–20% [124].

Finally,Woodcock et al. set up a model of health impacts of
various urban transportation scenarios in London and Delhi.
Using a comparative risk assessment, the change in physical
activity, exposure to air pollution, and risk of traffic injury in
each scenario were used to quantify health benefits in both
cities [125]. The authors investigated three scenarios: lower-
carbon-emission motor vehicles, increased active travel, and a
combination of the two. The results showed that the third
scenario (the combination of active travel and lower-

emission motor vehicles) would yield the largest health bene-
fits preventing 7439 disability-adjusted life years in London
and 12,995 in Delhi, mainly from a reduction in the number of
years of life lost from ischemic heart disease (10–19% in
London, 11–25% in Delhi) [125]. Alone, the increased use
of lower-emission motor vehicles scenario resulted in the least
health benefits [125].

Conclusion and Future Research Directions

The attempt to curtail air pollution has been an evolving issue.
Despite air quality improvements, road networks are still
expanding, and car ownership is increasing globally, exacer-
bating air pollution and physical inactivity in cities. The ne-
cessity for interdisciplinary collaboration to ensure that future
city expansion is done sustainably has become an important
focus area of recent research and practice. Some cities are
trying to reduce urban air pollution by making active transpor-
tation more accessible and feasible for citizens while others
have undertaken projects to alter the built environment to be
amenable for pedestrians and cyclists through increased safety
and accessibility measures. Several more cities have enlisted
bans or taxes on vehicles and fuels to improve air quality and
encourage modal shifts to walking, cycling, or public trans-
portation (the entire list of policies discussed in this paper are
outlined below in Table 3). The positive health impacts of
these measures can be maximized by their integration (or bun-
dling in policy packages) but will not be immediate and may
take years to be fully realized. Their successes, however, will
add momentum to a global movement to reduce car depen-
dency and make cities healthier and more active.

Future research can usefully focus on addressing the fol-
lowing gaps in the literature:

& There is a lack of research in middle- and low-income
countries on air pollution and physical inactivity. Ninety
percent of future urban growth will be in Asia and Africa,
necessitating research in these regions.

& There are no global guidelines for active transportation
like there are for air pollution. Accountability studies have
been published regarding air pollution policies, but ac-
countability studies focusing on active transportation prac-
tices could encourage improvements in active transporta-
tion and provide a base for active transportation
guidelines.

& There is an overall lack of measurement studies that quan-
tify the active transportation impacts of green space pro-
vision. Understanding the relationship between the two
could allow for more informed land use decisions and
provide health benefits.

& The air quality impacts of complete streets are not exten-
sively researched. Understanding the air quality impacts
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of complete streets could allow for more informed land
use decisions and provide health benefits.

& There is a lack of full chain models and source-
apportionment studies that trace back air pollution levels
and potential changes to the actual sources responsible.

& The health impacts at low levels of air pollution are un-
known and may challenge the wisdom that air quality
guidelines represent safe levels.

& There is a lack of work holistically addressing the entire
spectrum of exposures and health outcomes due to trans-
portation. A paper currently in progress has identified 12
additional pathways, besides air pollution and physical
inactivity, that describe the relationship between public
health outcomes and mobility habits in urban areas [127].

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. WHO. Air pollution. WHO. 2018. https://www.who.int/
airpollution/ambient/health-impacts/en/. Accessed 13.10.2018.

2. Cohen AJ, Brauer M, Burnett R, Anderson HR, Frostad J, Estep
K, et al. Estimates and 25-year trends of the global burden of
disease attributable to ambient air pollution: an analysis of data
from the Global Burden of Diseases Study 2015. Lancet.
2017;389(10082):1907–18. https://doi.org/10.1016/S0140-
6736(17)30505-6.

3. Tonne C, Basagaña X, Chaix B, HuynenM, Hystad P, Nawrot TS,
et al. New frontiers for environmental epidemiology in a changing
world. Environ Int. 2017;104:155–62. https://doi.org/10.1016/j.
envint.2017.04.003.

4. World Bank. Reducing pollution. 2018. http://www.worldbank.
org/en/topic/environment/brief/pollution. Accessed on 12.09.
2018.

5. Patz JA, Grabow ML, Limaye VS. When it rains, it pours: future
climate extremes and health. Ann Glob Health. 2014;80(4):332–
44. https://doi.org/10.1016/j.aogh.2014.09.007.

6. Gouldson A, Sudmant A, Khreis H, Papargyropoulou E. The eco-
nomic and social benefits of low-carbon cities: a systematic re-
view of the evidence. London: Coalition for Urban Transitions;
2018. http://newclimateeconomy.net/content/cities-working-
papers.

7. WHO. Global strategy on diet, physical activity and health: phys-
i c a l a c t i v i t y. WHO. 2018 . h t t p s : / /www.who . i n t /
dietphysicalactivity/factsheet_adults/en/. Accessed 13.10 2018.

8. WHO. Physical inactivity: a global public health problem. 2018.
http://www.who.int/dietphysicalactivity/factsheet_inactivity/en/.
Accessed 12.09 2018.

9. Mueller N, Rojas-Rueda D, Cole-Hunter T, de Nazelle A, Dons E,
Gerike R, et al. Health impact assessment of active transportation:
a systematic review. Prev Med. 2015;76:103–14. https://doi.org/
10.1016/j.ypmed.2015.04.010.

10. Nieuwenhuijsen MJ, Khreis H, Verlinghieri E, Rojas-Rueda D.
Transport and health: a marriage of convenience or an absolute
necessity. Environ Int. 2016;88:150–2. https://doi.org/10.1016/j.
envint.2015.12.030.

11. UN. 68% of the world population projected to live in urban areas
by 2050, says UN. 2018. https://www.un.org/development/desa/
en/news/population/2018-revision-of-world-urbanization-
prospects.html. Accessed 12.09.2018.

12. Hoffmann B. Air pollution in cities: urban and transport planning
determinants and health in cities. In: Nieuwenhuijsen M, Khreis
H, editors. Integrating human health into urban and transport plan-
ning: a framework. Cham: Springer International Publishing;
2019. p. 425–41.

13. Li W, Kamargianni M. Air pollution and seasonality effects on
mode choice in China. Transp Res Rec. 2017;2634:101–9.
https://doi.org/10.3141/2634-15.

14. WHO.WHOGlobal Ambient Air Quality Database. 2018. https://
www.who.int/phe/health_topics/outdoorair/databases/cities/en/.
Accessed 15.08 2018.

15. EPA. Air quality—cities and counties. 2017. https://www.epa.
gov/air-trends/air-quality-cities-and-counties. Accessed 10.09
2018.

16. BBC. Indian Cities Dominate World Air Pollution List. 2018.
https://www.bbc.com/news/world-asia-india-43972155.
Accessed 08.08 2018.

17. Requia WJ, Mohamed M, Higgins CD, Arain A, Ferguson M.
How clean are electric vehicles? Evidence-based review of the
effects of electric mobility on air pollutants, greenhouse gas emis-
sions and human health. Atmos Environ. 2018;185:64–77. https://
doi.org/10.1016/j.atmosenv.2018.04.040.

18. EEA. Air quality in europe—2017 report. 2017. https://www.eea.
europa.eu/publications/air-quality-in-europe-2017. Accessed 27.
08.2018.

19. WHO. Health effects of transport-related air pollution. 2005.
Accessed 10.08.2018.

20. Health Effects Institute. Traffic-related air pollution: a critical re-
view of the literature on emissions, exposure, and health effects.
HEI special report 17. 2010. Accessed on 10.10.2018.

21. Lu F, Xu D, Cheng Y, Dong S, Guo C, Jiang X, et al. Systematic
review and meta-analysis of the adverse health effects of ambient
PM2.5 and PM10 pollution in the Chinese population. Environ
Res. 2015;136:196–204. https://doi.org/10.1016/j.envres.2014.
06.029.

22. Beelen R, Raaschou-Nielsen O, Stafoggia M, Andersen ZJ,
Weinmayr G, Hoffmann B, et al. Effects of long-term exposure
to air pollution on natural-cause mortality: an analysis of 22
European cohorts within the multicentre ESCAPE project.
Lancet. 2014;383(9919):785–95. https://doi.org/10.1016/S0140-
6736(13)62158-3.

23. Raaschou-Nielsen O, Andersen ZJ, Beelen R, Samoli E, Stafoggia
M, Weinmayr G, et al. Air pollution and lung cancer incidence in
17 European cohorts: prospective analyses from the European
Study of Cohorts for Air Pollution Effects (ESCAPE). Lancet
Oncol. 2013;14(9):813–22. https://doi.org/10.1016/S1470-
2045(13)70279-1.

Curr Envir Health Rpt (2019) 6:22–37 33

https://www.who.int/airpollution/ambient/health-impacts/en
https://www.who.int/airpollution/ambient/health-impacts/en
https://doi.org/10.1016/S0140-6736(17)30505-6
https://doi.org/10.1016/S0140-6736(17)30505-6
https://doi.org/10.1016/j.envint.2017.04.003
https://doi.org/10.1016/j.envint.2017.04.003
http://www.worldbank.org/en/topic/environment/brief/pollution
http://www.worldbank.org/en/topic/environment/brief/pollution
https://doi.org/10.1016/j.aogh.2014.09.007
http://newclimateeconomy.net/content/cities-working-papers
http://newclimateeconomy.net/content/cities-working-papers
https://www.who.int/dietphysicalactivity/factsheet_adults/en
https://www.who.int/dietphysicalactivity/factsheet_adults/en
http://www.who.int/dietphysicalactivity/factsheet_inactivity/en
https://doi.org/10.1016/j.ypmed.2015.04.010
https://doi.org/10.1016/j.ypmed.2015.04.010
https://doi.org/10.1016/j.envint.2015.12.030
https://doi.org/10.1016/j.envint.2015.12.030
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://doi.org/10.3141/2634-15
https://www.who.int/phe/health_topics/outdoorair/databases/cities/en
https://www.who.int/phe/health_topics/outdoorair/databases/cities/en
https://www.epa.gov/air-trends/air-quality-cities-and-counties
https://www.epa.gov/air-trends/air-quality-cities-and-counties
https://www.bbc.com/news/world-asia-india-43972155
https://doi.org/10.1016/j.atmosenv.2018.04.040
https://doi.org/10.1016/j.atmosenv.2018.04.040
https://www.eea.europa.eu/publications/air-quality-in-europe-2017
https://www.eea.europa.eu/publications/air-quality-in-europe-2017
https://doi.org/10.1016/j.envres.2014.06.029
https://doi.org/10.1016/j.envres.2014.06.029
https://doi.org/10.1016/S0140-6736(13)62158-3
https://doi.org/10.1016/S0140-6736(13)62158-3
https://doi.org/10.1016/S1470-2045(13)70279-1
https://doi.org/10.1016/S1470-2045(13)70279-1


24. MacIntyre EA, Gehring U, Mölter A, Fuertes E, Klümper C,
Krämer U, et al. Air pollution and respiratory infections during
early childhood: an analysis of 10 European birth cohorts within
the ESCAPE Project. Environ Health Perspect. 2013;122(1):107–
13.

25. Khreis H, Kelly C, Tate J, Parslow R, Lucas K, Nieuwenhuijsen
M. Exposure to traffic-related air pollution and risk of develop-
ment of childhood asthma: a systematic review and meta-analysis.
Environ Int. 2017;100:1–31.

26. Kumar P, Patton AP, Durant JL, Frey HC. A review of factors
impacting exposure to PM2.5, ultrafine particles and black carbon
in Asian transport microenvironments. Atmos Environ. 2018;187:
301–16. https://doi.org/10.1016/j.atmosenv.2018.05.046.

27. VrijheidM,Martinez D, Manzanares S, Dadvand P, Schembari A,
Rankin J, et al. Ambient air pollution and risk of congenital anom-
alies: a systematic review and meta-analysis. Environ Health
Perspect. 2011;119(5):598–606. https://doi.org/10.1289/ehp.
1002946.

28. Robert D, Brook SR, Arden Pope C 3rd, Brook JR, Bhatnagar A,
Diez-Roux AV, et al. Particulate matter air pollution and cardio-
vascular disease. American Heart Association Circulation.
2010;121(21):2331–78.

29. Eze IC, Hemkens LG, Bucher HC, Hoffmann B, Schindler C,
Künzli N, et al. Association between ambient air pollution and
diabetes mellitus in Europe and North America: systematic review
and meta-analysis. Environ Health Perspect. 2015;123(5):381–9.
https://doi.org/10.1289/ehp.1307823.

30. Jerrett M, McConnell R, Wolch J, Chang R, Lam C, Dunton G,
et al. Traffic-related air pollution and obesity formation in chil-
dren: a longitudinal, multilevel analysis. Environ Health. 2014;13:
49. https://doi.org/10.1186/1476-069X-13-49.

31. Raz R, Roberts AL, Lyall K, Hart JE, Just AC, Laden F, et al.
Autism spectrum disorder and particulate matter air pollution be-
fore, during, and after pregnancy: a nested case–control analysis
within the Nurses’ Health Study II Cohort. Environ Health
Perspect. 2015;123(3):264–70. https://doi.org/10.1289/ehp.
1408133.

32. Power MC, Adar SD, Yanosky JD, Weuve J. Exposure to air
pollution as a potential contributor to cognitive function, cognitive
decline, brain imaging, and dementia: a systematic review of ep-
idemiologic research. Neurotoxicology. 2016;56:235–53. https://
doi.org/10.1016/j.neuro.2016.06.004.

33. Sapkota A, Chelikowsky AP, Nachman KE, Cohen AJ, Ritz B.
Exposure to particulate matter and adverse birth outcomes: a com-
prehensive review and meta-analysis. Air Quality, Atmosphere &
Health. 2012;5(4):369–81. https://doi.org/10.1007/s11869-010-
0106-3.

34. EEA. Emissions of themain air pollutants in Europe. 2018. https://
www.eea.europa.eu/data-and-maps/ indicators/main-
anthropogenic-air-pollutant-emissions/assessment-4. Accessed
09.10 2018.

35. IARC. Outdoor air pollution a leading environmental cause of
cancer deaths. Press release 221 ed. Lyon: International Agency
for Research on Cancer; 2013. Accessed on 14.09.2018

36. Straif K, Cohen AJ, Samet J. Air pollution and cancer. Lyon:
International Agency for Research on Cancer; 2013. Contract
No.: 161. Accessed on 17.09.2018.

37. Gonzalez-Barcala FJ, Pertega S, Garnelo L, Castro TP, Sampedro
M, Lastres JS, et al. Truck traffic related air pollution associated
with asthma symptoms in young boys: a cross-sectional study.
Public Health. 2013;127(3):275–81. https://doi.org/10.1016/j.
puhe.2012.12.028.

38. Svendsen ER, Gonzales M, Mukerjee S, Smith L, Ross M, Walsh
D, et al. GIS-modeled indicators of traffic-related air pollutants
and adverse pulmonary health among children in El Paso, Texas.

Am J Epidemiol. 2012;176(suppl_7):S131–S41. https://doi.org/
10.1093/aje/kws274.

39. Gruzieva O, Bergström A, Hulchiy O, Kull I, Lind T, Melén E,
et al. Exposure to air pollution from traffic and childhood asthma
until 12 years of age. Epidemiology. 2013;24(1):54–61. https://
doi.org/10.1097/EDE.0b013e318276c1ea.

40. McConnell R, Islam T, Shankardass K, Jerrett M, Lurmann F,
Gilliland F, et al. Childhood incident asthma and traffic-related
air pollution at home and school. Environ Health Perspect.
2010;118(7):1021–6. https://doi.org/10.1289/ehp.0901232.

41. Hime N, Marks G, Cowie C. A comparison of the health effects of
ambient particulate matter air pollution from five emission
sources. Int J Environ Res Public Health. 2018;15(6):1206.

42. Berger K, Malig BJ, Hasheminassab S, Pearson DL, Sioutas C,
Ostro B, et al. Associations of source-apportioned fine particles
with cause-specific mortality in California. Int J Environ Res
Public Health. 2018;29(5):639–48. https://doi.org/10.1097/ede.
0000000000000873.

43. Khreis H, de Hoogh K, Nieuwenhuijsen MJ. Full-chain health
impact assessment of traffic-related air pollution and childhood
asthma. Environ Int. 2018;114:365–75. https://doi.org/10.1016/j.
envint.2018.03.008.

44. Di Q,Wang Y, Zanobetti A, Wang Y, Koutrakis P, Choirat C, et al.
Air pollution and mortality in the Medicare population. N Engl J
Med. 2017;376(26):2513–22. https://doi.org/10.1056/
NEJMoa1702747.

45. WHO. Ambient (outdoor) air quality and health. 2018. http://
www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-
air-quality-and-health. Accessed 14.07 2018.

46. Pinault LL, Weichenthal S, Crouse DL, Brauer M, Erickson A,
Donkelaar AV, et al. Associations between fine particulate matter
and mortality in the 2001 Canadian Census Health and
Environment Cohort. Environ Res. 2017;159:406–15. https://
doi.org/10.1016/j.envres.2017.08.037.

47. European Commission E. Air quality standards. European
Commission. 2018. http://ec.europa.eu/environment/air/quality/
standards.htm. Accessed on 15.09.2018.

48. Environmental Protection Agency E. NAAQS Table. Criteria Air
Pollutants. EPA. 2016. https://www.epa.gov/criteria-air-
pollutants/naaqs-table. Accessed on 12.10.2018.

49. Josh Miller LD, Kodjak D. Impacts of world-class vehicle effi-
ciency and emissions regulations in select G20 countries. The
International Council on Clean Transportation. 2017. Accessed
on 15.10.2018.

50. Nesbit M, FergussonM, Colsa A, Ohlendorf J, Hayes MC, Paquel
K, Schweitzer JP. Comparative study on the differences between
the EU and the US legislation on emissions in the automotive
sector: European Parliament 2016. Accessed on 15.10.2018.

51. EEA. Air Pollution. EEA. 2017. https://www.eea.europa.eu/
themes/air/intro. Accessed 12.09 2018.

52. Chossière GP, Malina R, Allroggen F, Eastham SD, Speth RL,
Barrett SRH. Country- and manufacturer-level attribution of air
quality impacts due to excess NOx emissions from diesel passen-
ger vehicles in Europe. Atmos Environ. 2018;189:89–97. https://
doi.org/10.1016/j.atmosenv.2018.06.047.

53. Dieselnet. United States: cars and light-duty trucks: tier 3. 2016.
https://www.dieselnet.com/standards/us/ld.php. Accessed on 13.
10.2018.

54. USDOT. Active transportation. 2015. https://www.transportation.
gov/mission/health/active-transportation.

55. SmithM, Hosking J,Woodward A,Witten K, MacMillan A, Field
A, et al. Systematic literature review of built environment effects
on physical activity and active transport—an update and new find-
ings on health equity. Int J Behav Nutr Phys Act. 2017;14(1):158.
https://doi.org/10.1186/s12966-017-0613-9.

34 Curr Envir Health Rpt (2019) 6:22–37

https://doi.org/10.1016/j.atmosenv.2018.05.046
https://doi.org/10.1289/ehp.1002946
https://doi.org/10.1289/ehp.1002946
https://doi.org/10.1289/ehp.1307823
https://doi.org/10.1186/1476-069X-13-49
https://doi.org/10.1289/ehp.1408133
https://doi.org/10.1289/ehp.1408133
https://doi.org/10.1016/j.neuro.2016.06.004
https://doi.org/10.1016/j.neuro.2016.06.004
https://doi.org/10.1007/s11869-010-0106-3
https://doi.org/10.1007/s11869-010-0106-3
https://www.eea.europa.eu/data-and-maps/indicators/main-anthropogenic-air-pollutant-emissions/assessment-4
https://www.eea.europa.eu/data-and-maps/indicators/main-anthropogenic-air-pollutant-emissions/assessment-4
https://www.eea.europa.eu/data-and-maps/indicators/main-anthropogenic-air-pollutant-emissions/assessment-4
https://doi.org/10.1016/j.puhe.2012.12.028
https://doi.org/10.1016/j.puhe.2012.12.028
https://doi.org/10.1093/aje/kws274
https://doi.org/10.1093/aje/kws274
https://doi.org/10.1097/EDE.0b013e318276c1ea
https://doi.org/10.1097/EDE.0b013e318276c1ea
https://doi.org/10.1289/ehp.0901232
https://doi.org/10.1097/ede.0000000000000873
https://doi.org/10.1097/ede.0000000000000873
https://doi.org/10.1016/j.envint.2018.03.008
https://doi.org/10.1016/j.envint.2018.03.008
https://doi.org/10.1056/NEJMoa1702747
https://doi.org/10.1056/NEJMoa1702747
http://www.who.int/news-room/fact-sheets/detail/ambient
http://www.who.int/news-room/fact-sheets/detail/ambient
https://doi.org/10.1016/j.envres.2017.08.037
https://doi.org/10.1016/j.envres.2017.08.037
http://ec.europa.eu/environment/air/quality/standards.htm
http://ec.europa.eu/environment/air/quality/standards.htm
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.eea.europa.eu/themes/air/intro
https://www.eea.europa.eu/themes/air/intro
https://doi.org/10.1016/j.atmosenv.2018.06.047
https://doi.org/10.1016/j.atmosenv.2018.06.047
https://www.dieselnet.com/standards/us/ld.php
https://www.transportation.gov/mission/health/active-transportation
https://www.transportation.gov/mission/health/active-transportation
https://doi.org/10.1186/s12966-017-0613-9


56. Wang L, Wen C. The relationship between the neighborhood built
environment and active transportation among adults: a systematic
literature review. Urban Sci. 2017;1(3):29.

57. Cascetta E, Cartenì A. A quality-based approach to public trans-
portation planning: theory and a case study. International Journal
of Sustainable Transportation. 2014;8(1):84–106. https://doi.org/
10.1080/15568318.2012.758532.

58. Wang L, Li L, Wu B, Bai Y. Private car switched to public transit
by commuters, in Shanghai, China. Procedia Soc Behav Sci.
2013;96:1293–303. https://doi.org/10.1016/j.sbspro.2013.08.147.

59. Winters M, Buehler R, Götschi T. Policies to promote active trav-
el: evidence from reviews of the literature. Curr Environ Health
Rep. 2017;4(3):278–85. https://doi.org/10.1007/s40572-017-
0148-x.

60. Raza W, Forsberg B, Johansson C, Sommar JN. Air pollution as a
risk factor in health impact assessments of a travel mode shift
towards cycling. Glob Health Action. 2018;11(1):1429081.
https://doi.org/10.1080/16549716.2018.1429081.

61. TainioM, de Nazelle AJ, Götschi T, Kahlmeier S, Rojas-Rueda D,
Nieuwenhuijsen MJ, et al. Can air pollution negate the health
benefits of cycling and walking? Prev Med. 2016;87:233–6.
https://doi.org/10.1016/j.ypmed.2016.02.002.

62. de Nazelle A, Bode O, Orjuela JP. Comparison of air pollution
exposures in active vs. passive travel modes in European cities: a
quantitative review. Environ Int. 2017;99:151–60. https://doi.org/
10.1016/j.envint.2016.12.023.

63. HamW, Vijayan A, Schulte N, Herner JD. Commuter exposure to
PM2.5, BC, andUFP in six common transport microenvironments
in Sacramento, California. Atmos Environ. 2017;167:335–45.
https://doi.org/10.1016/j.atmosenv.2017.08.024.

64.• Cepeda M, Schoufour J, Freak-Poli R, Koolhaas CM, Dhana K,
Bramer WM, et al. Levels of ambient air pollution according to
mode of transport: a systematic review. Lancet Public Health.
2017;2(1):e23–34. https://doi.org/10.1016/S2468-2667(16)
30021-4 A systematic review of air pollution exposure
differences by transportation mode.

65. Apparicio P, Gelb J, Carrier M, Mathieu M-È, Kingham S.
Exposure to noise and air pollution by mode of transportation
during rush hours in Montreal. J Transp Geogr. 2018;70:182–92.
https://doi.org/10.1016/j.jtrangeo.2018.06.007.

66. MacNaughton P, Melly S, Vallarino J, Adamkiewicz G, Spengler
JD. Impact of bicycle route type on exposure to traffic-related air
pollution. Sci Total Environ. 2014;490:37–43. https://doi.org/10.
1016/j.scitotenv.2014.04.111.

67. Nieuwenhuijsen MJ, Khreis H. Car free cities: pathway to healthy
urban living. Environ Int. 2016;94:251–62. https://doi.org/10.
1016/j.envint.2016.05.032.

68. C40. Green and healthy streets: fossil-fuel-free streets
declaration—planned ACtions to Deliver Commitments. C40.
2018. https://c40-production-images.s3.amazonaws.com/other_
uploads/images/1426_C40_FFF_260918.original.pdf?
1537953007. Accessed 4.12 2018.

69. Bliss L. The war on cars, Norwegian edition. 2018. https://www.
citylab.com/transportation/2018/05/oslos-race-to-become-a-
major-bike-haven/559358/. Accessed 10.10 2018.

70. Plastrik PCJ. Game changers: bold actiongs by cities to accelerate
progress toward carbon neutrality. 2018. http://carbonneutralcities.
org/wp-content/uploads/2018/09/CNCA-Game-Changers-
Report-2018.pdf. Accessed 10.10 2018.

71. Garfield L. Cities that are starting to ban cars. Business Insider.
2017. https://www.businessinsider.com/cities-going-car-free-ban-
2017-8. Accessed on 10.09.2018.

72. Khreis H, Nieuwenhuijsen M. Nairobi is planning car-free days.
They could bring many benefits. The Conversation. 2018. https://
theconversation.com/nairobi-is-planning-car-free-days-they-
could-bring-many-benefits-99301. Accessed on 15.10.2018.

73. Torres A, Sarmiento OL, Stauber C, Zarama R. The Ciclovia and
Cicloruta programs: promising interventions to promote physical
activity and social capital in Bogotá, Colombia. Am J Public
Health. 2013;103(2):e23–30. https://doi.org/10.2105/AJPH.2012.
301142.

74. Sarmiento OL, Díaz del Castillo A, Triana CA, Acevedo MJ,
Gonzalez SA, Pratt M. Reclaiming the streets for people: insights
from Ciclovías Recreativas in Latin America. Prev Med.
2017;103:S34–40. https://doi.org/10.1016/j.ypmed.2016.07.028.

75. Shu S, Batteate C, Cole B, Froines J, Zhu Y. Air quality impacts of
a CicLAvia event in downtown Los Angeles, CA. Environ Pollut.
2016;208:170–6. https://doi.org/10.1016/j.envpol.2015.09.010.

76. Hipp JA, Bird A, van Bakergem M, Yarnall E. Moving targets:
promoting physical activity in public spaces via open streets in the
US. Prev Med. 2017;103:S15–20. https://doi.org/10.1016/j.
ypmed.2016.10.014.

77. Jiang W, Boltze M, Groer S, Scheuvens D. Impacts of low emis-
sion zones in Germany on air pollution levels. Transportation
Research Procedia. 2017;25:3370–82. https://doi.org/10.1016/j.
trpro.2017.05.217.

78. Cavallaro F, Giaretta F, Nocera S. The potential of road pricing
schemes to reduce carbon emissions. Transp Policy. 2018;67:85–
92. https://doi.org/10.1016/j.tranpol.2017.03.006.

79. Wu K, Chen Y, Ma J, Bai S, Tang X. Traffic and emissions impact
of congestion charging in the central Beijing urban area: a simu-
lation analysis. Transp Res Part D: Transp Environ. 2017;51:203–
15. https://doi.org/10.1016/j.trd.2016.06.005.

80. Millard-Ball A, Weinberger RR, Hampshire RC. Is the curb 80%
full or 20% empty? Assessing the impacts of San Francisco’s
parking pricing experiment. Transp Res A Policy Pract. 2014;63:
76–92. https://doi.org/10.1016/j.tra.2014.02.016.

81. Ciccone A. Is it all about CO2 emissions? The environmental
effects of a tax reform for new vehicles in Norway: University
of Oslo, Department of Economics 2014. Accessed on
12.09.2018.

82. Zimmer A, Koch N. Fuel consumption dynamics in Europe: tax
reform implications for air pollution and carbon emissions. Transp
Res A Policy Pract. 2017;106:22–50. https://doi.org/10.1016/j.tra.
2017.08.006.

83. Soret A, Guevara M, Baldasano JM. The potential impacts of
electric vehicles on air quality in the urban areas of Barcelona
and Madrid (Spain). Atmos Environ. 2014;99:51–63. https://doi.
org/10.1016/j.atmosenv.2014.09.048.

84. Sabel CE, Hiscock R, Asikainen A, Bi J, Depledge M, van den
Elshout S, et al. Public health impacts of city policies to reduce
climate change: findings from the URGENCHE EU-China pro-
ject. Environ Health. 2016;15(1):S25. https://doi.org/10.1186/
s12940-016-0097-0.

85. EPA. Sources of greenhouse gas emissions. EPA, EPA.gov. 2016.
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-
emissions#main-content. Accessed on 10.12.2018.

86. Lorentzen E, Haugneland P, Bu C, Hauge E. Charging infrastruc-
ture experience in Norway—the worlds most advanced EV mar-
ket. 2017. https://wpstatic.idium.no/elbil.no/2016/08/EVS30-
Charging-infrastrucure-experiences-in-Norway-paper.pdf.
Accessed on 21.10.2018.

87. Figenbaum E. Perspectives on Norway’s supercharged electric
vehicle policy. Environmental Innovation and Societal
Transitions. 2017;25:14–34. https://doi.org/10.1016/j.eist.2016.
11.002.

88. Timmers VRJH, Achten PAJ. Non-exhaust PM emissions from
electric vehicles. Atmos Environ. 2016;134:10–7. https://doi.org/
10.1016/j.atmosenv.2016.03.017.

89. Eckart J. Batteries can be part of the fight against climate
change—if we do these five things. World Economic Forum.
2017. https://www.weforum.org/agenda/2017/11/battery-

Curr Envir Health Rpt (2019) 6:22–37 35

https://doi.org/10.1080/15568318.2012.758532
https://doi.org/10.1080/15568318.2012.758532
https://doi.org/10.1016/j.sbspro.2013.08.147
https://doi.org/10.1007/s40572-017-0148-x
https://doi.org/10.1007/s40572-017-0148-x
https://doi.org/10.1080/16549716.2018.1429081
https://doi.org/10.1016/j.ypmed.2016.02.002
https://doi.org/10.1016/j.envint.2016.12.023
https://doi.org/10.1016/j.envint.2016.12.023
https://doi.org/10.1016/j.atmosenv.2017.08.024
https://doi.org/10.1016/S2468-2667(16)30021-4
https://doi.org/10.1016/S2468-2667(16)30021-4
https://doi.org/10.1016/j.jtrangeo.2018.06.007
https://doi.org/10.1016/j.scitotenv.2014.04.111
https://doi.org/10.1016/j.scitotenv.2014.04.111
https://doi.org/10.1016/j.envint.2016.05.032
https://doi.org/10.1016/j.envint.2016.05.032
http://c40-production-images.s3.amazonaws.com/other_uploads/images/1426_C40_FFF_260918.original.pdf?1537953007
http://c40-production-images.s3.amazonaws.com/other_uploads/images/1426_C40_FFF_260918.original.pdf?1537953007
http://c40-production-images.s3.amazonaws.com/other_uploads/images/1426_C40_FFF_260918.original.pdf?1537953007
https://www.citylab.com/transportation/2018/05/oslos-race-to-become-a-major-bike-haven/559358
https://www.citylab.com/transportation/2018/05/oslos-race-to-become-a-major-bike-haven/559358
https://www.citylab.com/transportation/2018/05/oslos-race-to-become-a-major-bike-haven/559358
http://carbonneutralcities.org/wp-content/uploads/2018/09/CNCA-Game-Changers-Report-2018.pdf
http://carbonneutralcities.org/wp-content/uploads/2018/09/CNCA-Game-Changers-Report-2018.pdf
http://carbonneutralcities.org/wp-content/uploads/2018/09/CNCA-Game-Changers-Report-2018.pdf
https://www.businessinsider.com/cities-going-car-free-ban-2017-8
https://www.businessinsider.com/cities-going-car-free-ban-2017-8
https://theconversation.com/nairobi-is-planning-car-free-days-they-could-bring-many-benefits-99301
https://theconversation.com/nairobi-is-planning-car-free-days-they-could-bring-many-benefits-99301
https://theconversation.com/nairobi-is-planning-car-free-days-they-could-bring-many-benefits-99301
https://doi.org/10.2105/AJPH.2012.301142
https://doi.org/10.2105/AJPH.2012.301142
https://doi.org/10.1016/j.ypmed.2016.07.028
https://doi.org/10.1016/j.envpol.2015.09.010
https://doi.org/10.1016/j.ypmed.2016.10.014
https://doi.org/10.1016/j.ypmed.2016.10.014
https://doi.org/10.1016/j.trpro.2017.05.217
https://doi.org/10.1016/j.trpro.2017.05.217
https://doi.org/10.1016/j.tranpol.2017.03.006
https://doi.org/10.1016/j.trd.2016.06.005
https://doi.org/10.1016/j.tra.2014.02.016
https://doi.org/10.1016/j.tra.2017.08.006
https://doi.org/10.1016/j.tra.2017.08.006
https://doi.org/10.1016/j.atmosenv.2014.09.048
https://doi.org/10.1016/j.atmosenv.2014.09.048
https://doi.org/10.1186/s12940-016-0097-0
https://doi.org/10.1186/s12940-016-0097-0
http://epa.gov
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#main-content
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#main-content
https://wpstatic.idium.no/elbil.no/2016/08/EVS30-Charging-infrastrucure-experiences-in-Norway-paper.pdf
https://wpstatic.idium.no/elbil.no/2016/08/EVS30-Charging-infrastrucure-experiences-in-Norway-paper.pdf
https://doi.org/10.1016/j.eist.2016.11.002
https://doi.org/10.1016/j.eist.2016.11.002
https://doi.org/10.1016/j.atmosenv.2016.03.017
https://doi.org/10.1016/j.atmosenv.2016.03.017
https://www.weforum.org/agenda/2017/11/battery-batteries-electric-cars-carbon-sustainable-power-energy


batteries-electric-cars-carbon-sustainable-power-energy/.
Accessed 28 Nov 2018.

90.• Milakis D, van Arem B, van Wee B. Policy and society related
implications of automated driving: a review of literature and di-
rections for future research. J Intell Transp Syst. 2017;21(4):324–
48. https://doi.org/10.1080/15472450.2017.1291351 A study on
the air quality benefits of autonomous vehicles.

91. Woolsgrove C. Cycling and motor vehicle and safety. European
Cyclists’ Federation 2017. https://ecf.com/sites/ecf.com/files/
ECF_position_RSafety_Programme_2020-2030.pdf

92.• Sallis JF, Cerin E, Conway TL, Adams MA, Frank LD, Pratt M,
et al. Physical activity in relation to urban environments in 14
c i t ies wor ldwide: a cross-sec t iona l s tudy. Lancet .
2016;387(10034):2207–17. https://doi.org/10.1016/S0140-
6736(15)01284-2 A review of active transportation impacts
determined by built environment designs.

93. Boulange C, Gunn L, Giles-Corti B, Mavoa S, Pettit C, Badland
H. Examining associations between urban design attributes and
transport mode choice for walking, cycling, public transport and
private motor vehicle trips. J Transp Health. 2017;6:155–66.
https://doi.org/10.1016/j.jth.2017.07.007.

94.• Rojas-Rueda D, de Nazelle A, Andersen ZJ, Braun-Fahrländer C,
Bruha J, Bruhova-Foltynova H, et al. Health impacts of active
transportation in Europe. PLoS One. 2016;11(3):e0149990.
https://doi.org/10.1371/journal.pone.0149990 A health impact
analysis of active transportation in European cities.

95. Mueller N, Rojas-Rueda D, Salmon M, Martinez D, Ambros A,
Brand C, et al. Health impact assessment of cycling network ex-
pansions in European cities. Prev Med. 2018;109:62–70. https://
doi.org/10.1016/j.ypmed.2017.12.011.

96. Rueda S. Superblocks for the design of new cities and renovation
of existing ones: Barcelona’s case. In: Nieuwenhuijsen M, Khreis
H, editors. Integrating human health into urban and transport plan-
ning: a framework. Cham: Springer International Publishing;
2019. p. 135–53.

97. Brass K. Redesigning the grid: Barcelona’s experiment with su-
perblocks. Urban Land Institute. 2017. https://urbanland.uli.org/
planning-design/barcelonas-experiment-superblocks/. Accessed
October, 29 2017.

98. Kostandinovic N. The implementation of the superblock pro-
gramme in Barcelona: filling our streets with life. 2018. https://
www.c40.org/case_studies/barcelona-superblocks. Accessed on
12.11.2018.

99. Skilton S. The best complete street policies of 2016. National
Complete Streets Coalition. 2017. https://smartgrowthamerica.
org/app/uploads/2017/06/best-complete-streets-policies-of-2016-
1.pdf. Accessed on 10.10.2018.

100. Schlossberg M, Rowell J, Amos D, Sanford K. Rethinking streets:
an evidence-based guide to 25 complete street transformations.
2015. Accessed 10.09.2018. https://pages.uoregon.edu/schlossb/
ftp/RS/RethinkingStreets_All_V2_high_wCover.pdf. Accessed
on 21.10.2018.

101. Brown BB, Smith KR, Tharp D, Werner CM, Tribby CP, Miller
HJ, et al. A complete street intervention promote walking to tran-
sit, non-transit walking, and bicycling: a quasi-experimental dem-
onstration of increased use. J Phys Act Health. 2016;13(11):1210–
9. https://doi.org/10.1123/jpah.2016-0066.

102. Yifang Zhu RW, Shu S, McGuckin N. Effects of complete streets
on travel behavior and exposure to vehicular emissions. 2016.
https://www.arb.ca.gov/research/apr/past/11-312.pdf. Accessed
11.09.2018.

103. NieuwenhuijsenMJ. Urban and transport planning, environmental
exposures and health—new concepts, methods and tools to im-
prove health in cities. Environ Health. 2016;15(Suppl 1):38.
https://doi.org/10.1186/s12940-016-0108-1.

104. Twohig-Bennett C, Jones A. The health benefits of the great out-
doors: a systematic review and meta-analysis of greenspace expo-
sure and health outcomes. Environ Res. 2018;166:628–37. https://
doi.org/10.1016/j.envres.2018.06.030.

105. Zijlema WL, Avila-Palencia I, Triguero-Mas M, Gidlow C, Maas
J, Kruize H, et al. Active commuting through natural environ-
ments is associated with better mental health: results from the
PHENOTYPE project. Environ Int. 2018;121:721–7. https://doi.
org/10.1016/j.envint.2018.10.002.

106. Yli-Pelkonen V, Setälä H, Viippola V. Urban forests near roads do
not reduce gaseous air pollutant concentrations but have an impact
on particles levels. Landsc Urban Plan. 2017;158:39–47. https://
doi.org/10.1016/j.landurbplan.2016.09.014.

107. Selmi W, Weber C, Rivière E, Blond N, Mehdi L, Nowak D. Air
pollution removal by trees in public green spaces in Strasbourg
city, France. Urban For Urban Green. 2016;17:192–201. https://
doi.org/10.1016/j.ufug.2016.04.010.

108. Jayasooriya VM, Ng AWM,Muthukumaran S, Perera BJC. Green
infrastructure practices for improvement of urban air quality.
Urban For Urban Green. 2017;21:34–47. https://doi.org/10.1016/
j.ufug.2016.11.007.

109. McDonald RKT, Boucher T, Longzhu T, Salem R. Planting
healthy air: a global analysis of the role of urban trees in address-
ing particulate matter pollution and extreme heat. Arlington
County: The Nature Conservancy; 2016.

110. Lee ACK, Jordan HC, Horsley J. Value of urban green spaces in
promoting healthy living and wellbeing: prospects for planning.
Risk Manag Healthc Policy. 2015;8:131–7. https://doi.org/10.
2147/RMHP.S61654.

111. Hartig T, Mitchell R, Vries SD, Frumkin H. Nature and health.
Annu Rev Public Health. 2014;35(1):207–28. https://doi.org/10.
1146/annurev-publhealth-032013-182443.

112. de Vries S, van Dillen SME, Groenewegen PP, Spreeuwenberg P.
Streetscape greenery and health: stress, social cohesion and phys-
ical activity as mediators. Soc Sci Med. 2013;94:26–33. https://
doi.org/10.1016/j.socscimed.2013.06.030.

113. Batista Ferrer H, Cooper A, Audrey S. Associations of
mode of travel to work with physical activity, and individ-
ual, interpersonal, organisational, and environmental charac-
teristics. J Transp Health. 2018;9:45–55. https://doi.org/10.
1016/j.jth.2018.01.009.

114. Patterson R, Webb E, Millett C, Laverty AA. Physical ac-
tivity accrued as part of public transport use in England. J
Public Health. 2018:fdy099. https://doi.org/10.1093/pubmed/
fdy099.

115. Martin A, Panter J, Suhrcke M, Ogilvie D. Impact of changes in
mode of travel to work on changes in body mass index: evidence
from the British Household Panel Survey. J Epidemiol
Community Health. 2015;69(8):753–61. https://doi.org/10.1136/
jech-2014-205211.

116. Flint E, Webb E, Cummins S. Change in commute mode and
body-mass index: prospective, longitudinal evidence from UK
Biobank. Lancet Public Health. 2016;1(2):e46–55. https://doi.
org/10.1016/S2468-2667(16)30006-8.

117. USDOT. Cleaner air—relationship to public health. USDOT,
Transportation.gov. 2015. https://www.transportation.gov/
mission/health/cleaner-air. Accessed October 23 2018.

118. FTA. Transit’s role in environmental sustainability. 2016. https://
www.transit.dot.gov/regulations-and-guidance/environmental-
programs/transit-environmental-sustainability/transit-role.
Accessed October 15 2018.

119. Basagaña X, Triguero-Mas M, Agis D, Pérez N, Reche C,
Alastuey A, et al. Effect of public transport strikes on air
pollution levels in Barcelona (Spain). Sci Total Environ.
2018;610–611:1076–82. https://doi.org/10.1016/j.scitotenv.
2017.07.263.

36 Curr Envir Health Rpt (2019) 6:22–37

https://www.weforum.org/agenda/2017/11/battery-batteries-electric-cars-carbon-sustainable-power-energy
https://doi.org/10.1080/15472450.2017.1291351
https://ecf.com/sites/ecf.com/files/ECF_position_RSafety_Programme_2020-2030.pdf
https://ecf.com/sites/ecf.com/files/ECF_position_RSafety_Programme_2020-2030.pdf
https://doi.org/10.1016/S0140-6736(15)01284-2
https://doi.org/10.1016/S0140-6736(15)01284-2
https://doi.org/10.1016/j.jth.2017.07.007
https://doi.org/10.1371/journal.pone.0149990
https://doi.org/10.1016/j.ypmed.2017.12.011
https://doi.org/10.1016/j.ypmed.2017.12.011
https://urbanland.uli.org/planning-design/barcelonas-experiment-superblocks
https://urbanland.uli.org/planning-design/barcelonas-experiment-superblocks
http://www.c40.org/case_studies/barcelona-superblocks
https://smartgrowthamerica.org/app/uploads/2017/06/best-complete-streets-policies-of-2016-1.pdf
https://smartgrowthamerica.org/app/uploads/2017/06/best-complete-streets-policies-of-2016-1.pdf
https://smartgrowthamerica.org/app/uploads/2017/06/best-complete-streets-policies-of-2016-1.pdf
https://pages.uoregon.edu/schlossb/ftp/RS/RethinkingStreets_All_V2_high_wCover.pdf
https://pages.uoregon.edu/schlossb/ftp/RS/RethinkingStreets_All_V2_high_wCover.pdf
https://doi.org/10.1123/jpah.2016-0066
https://www.arb.ca.gov/research/apr/past/11-312.pdf
https://doi.org/10.1186/s12940-016-0108-1
https://doi.org/10.1016/j.envres.2018.06.030
https://doi.org/10.1016/j.envres.2018.06.030
https://doi.org/10.1016/j.envint.2018.10.002
https://doi.org/10.1016/j.envint.2018.10.002
https://doi.org/10.1016/j.landurbplan.2016.09.014
https://doi.org/10.1016/j.landurbplan.2016.09.014
https://doi.org/10.1016/j.ufug.2016.04.010
https://doi.org/10.1016/j.ufug.2016.04.010
https://doi.org/10.1016/j.ufug.2016.11.007
https://doi.org/10.1016/j.ufug.2016.11.007
https://doi.org/10.2147/RMHP.S61654
https://doi.org/10.2147/RMHP.S61654
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1016/j.socscimed.2013.06.030
https://doi.org/10.1016/j.socscimed.2013.06.030
https://doi.org/10.1016/j.jth.2018.01.009
https://doi.org/10.1016/j.jth.2018.01.009
https://doi.org/10.1093/pubmed/fdy099
https://doi.org/10.1093/pubmed/fdy099
https://doi.org/10.1136/jech-2014-205211
https://doi.org/10.1136/jech-2014-205211
https://doi.org/10.1016/S2468-2667(16)30006-8
https://doi.org/10.1016/S2468-2667(16)30006-8
http://transportation.gov
https://www.transportation.gov/mission/health/cleaner-air
https://www.transportation.gov/mission/health/cleaner-air
https://www.transit.dot.gov/regulations-and-guidance/environmental-programs/transit-environmental-sustainability/transit-role
https://www.transit.dot.gov/regulations-and-guidance/environmental-programs/transit-environmental-sustainability/transit-role
https://www.transit.dot.gov/regulations-and-guidance/environmental-programs/transit-environmental-sustainability/transit-role
https://doi.org/10.1016/j.scitotenv.2017.07.263
https://doi.org/10.1016/j.scitotenv.2017.07.263


120. Bauernschuster S, Hener T, Rainer H. When labor disputes bring
cities to a standstill: the impact of public transit strikes on traffic,
accidents, air pollution, and health. Am Econ J Econ Pol.
2017;9(1):1–37. https://doi.org/10.1257/pol.20150414.

121. Gilliland F, Avol E, McConnell R, Berhane K, Gauderman
WJ, Lurman F et al. The effects of policy-driven air quality
improvements on children’s respiratory health: Health Eff
Inst. 2017. Accessed on 10.10.2018.

122. Zhang J, Zhu T, Kipen H, Wang G, Huang W, Rich D, et al.
Cardiorespiratory biomarker responses in healthy young adults
to drastic air quality changes surrounding the 2008 Beijing
Olympics. Res Rep Health Eff Inst. 2013;(174):5–174.

123. Berger J. Copenhagen, striving to be carbon-neutral: part 1, the
economic payoffs. 2017. https://www.huffingtonpost.com/entry/
copenhagen-striving-to-be-carbon-neutral-part-1-the_us_
589ba337e4b061551b3e0737. Accessed on 11.10.2018.

124. Copenhagen Co. Copenhagen: city of cyclists facts and figures
2017. http://www.cycling-embassy.dk/2017/07/04/copenhagen-
city-cyclists-facts-figures-2017/. Accessed on 10.09.2018.

125. Woodcock J, Edwards P, Tonne C, Armstrong BG, Ashiru O,
Banister D, et al. Public health benefits of strategies to reduce
greenhouse-gas emissions: urban land transport. Lancet.
2009;374(9705):1930–43. https://doi.org/10.1016/S0140-
6736(09)61714-1.

126.• Franco JF, Segura JF,Mura I. Air pollution alongside bike-paths in
Bogotá-Colombia. Front Environ Sci. 2016;4(77). https://doi.org/
10.3389/fenvs.2016.00077 This study details the air quality
and physical activity benefits of a successful active
transportation policy.

127. Glazener A, Ramani T, Zietsman J, Nieuwenhuijsen M, Mindell
JS, Khreis H. Mobility and public health: a conceptual model and
literature review. In Progress. 2018.

Curr Envir Health Rpt (2019) 6:22–37 37

https://doi.org/10.1257/pol.20150414
https://www.huffingtonpost.com/entry/copenhagen-striving-to-be-carbon-neutral-part-1-the_us_589ba337e4b061551b3e0737
https://www.huffingtonpost.com/entry/copenhagen-striving-to-be-carbon-neutral-part-1-the_us_589ba337e4b061551b3e0737
https://www.huffingtonpost.com/entry/copenhagen-striving-to-be-carbon-neutral-part-1-the_us_589ba337e4b061551b3e0737
http://www.cycling-embassy.dk/2017/07/04/copenhagen-city-cyclists-facts-figures-2017
http://www.cycling-embassy.dk/2017/07/04/copenhagen-city-cyclists-facts-figures-2017
https://doi.org/10.1016/S0140-6736(09)61714-1
https://doi.org/10.1016/S0140-6736(09)61714-1
https://doi.org/10.3389/fenvs.2016.00077
https://doi.org/10.3389/fenvs.2016.00077

	Transforming Our Cities: Best Practices Towards Clean Air and Active Transportation
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Air Pollution
	The Current State of Air Quality and Health Effects
	Air Quality and Vehicle Emission Standards
	Air Quality Standards
	Vehicle Emission Standards


	Active Transportation
	The Current State of Active Transportation
	Active Transportation Guidelines and Policies

	Intersection Between Active Transportation and Clean Air
	Risk-Benefit Trade-off
	Differences in Transportation Mode Exposure

	Best Practices
	Car-Free Policies
	Vehicle Technologies
	Urban Design Interventions
	Green Space Provision
	Public Transportation
	Integrated Policy Packages

	Conclusion and Future Research Directions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



