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1 INTRODUCTION
1.1 DEFINITION OF THE OBJECT

This literature review examines the effects of traffic calming in urban environments on four
health determinants, namely:

The number and severity of road collisions,*

Air quality,

Environmental noise, and

Physical activity associated with active transportation.

Traffic calming is a manner of intervening in the built environment that appears to offer
significant potential as a way to improve population health, and the evaluative literature is
sufficiently abundant to require a literature review. This review will also facilitate comparison
of the two approaches to traffic calming: the black-spots approach and the area-wide
approach.

As specified in our document introducing the concept of traffic calming,? there exists no
consensus as to the precise contours of the concept in question, hence the importance of
making explicit and providing the rationale for our working definition.

The concept of traffic calming as used in this literature review refers to engineering
measures (speed humps, curb extensions, etc.) and to strategies structuring their
implementation (30-km/h zones, meeting zones, etc.)® whose purpose is to reduce vehicle
speeds * and/or traffic volumes on existing public roads to achieve various goals and
objectives. These strategies are based either on a black-spots approach (where isolated
measures are installed at specific points on the road network) or on an area-wide approach
(where measures are installed in a systematic and integrated manner within a geographic
area comprising several streets).

Thus, the concept of traffic calming as used here refers to engineering measures, strategies
and approaches that, concretely speaking, vary in terms of their goals and objectives.
Regarding these measures, there is a clear lack of consensus as to what precisely is meant
by the term “engineering measures.” While everyone agrees that devices such as speed
humps or curb extensions with pedestrian crosswalks are included under this designation,
views diverge significantly concerning what is excluded. For most authors, in fact, road signs

The term “collision” has been chosen instead of the term “accident,” because the latter refers not only to an
impact between two bodies, but also connotes an event of a random chance occurrence, i.e. one that is of an
accidental nature. In this respect, the term “collision” seems more neutral and thus directs discussion more
toward risk factors (Stewart & Lord, 2002).

For more information on the origins of this working definition, please see our document entitled “Traffic
Calming: An Equivocal Concept” at: http://www.ncchpp.ca/175/publications.ccnpps?id_article=648.

The glossary, in Appendix 2, describes and illustrates each traffic-calming measure mentioned in this literature
review. It also lists their most common names in English and in French.

In urban settings, traffic calming is usually aimed at reducing the speed of motor vehicles relative to the
50-km/h norm, established in the mid-20th century.

National Collaborating Centre for Healthy Public Policy 1
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are excluded, except when they serve to indicate, for example, a speed limit of 30 or 40 km/h
at the entrance to areas where speed humps or other devices of this nature have been
installed. Some definitions diverge specifically with regard to the use of stop signs. For some
authors, stop signs cannot be considered traffic-calming measures, whereas others include
them when they are installed as part of an area-wide calming strategy. Thus, road signs were
included in many of the evaluative studies considered in the present literature review. The
results associated with road signs were therefore reported, not only because they are
included within the perimeter of study of some evaluations, but also because some engineers
developing intervention strategies themselves view these as belonging to the repertory of
traffic-calming measures.

With regard to strategies, these are based on one of two approaches: the black-spots
approach, which favours interventions at one or more discrete points considered in isolation
from the road network, and the area-wide approach, which underpins interventions applied
on a more or less large geographic scale.®

In Canada, calming strategies based on the black-spots approach predominate. They rest on
the idea that the road network is, in general, designed to be safe and that it is well-adapted to
the various uses of public roads and their associated functions, but that it contains some
isolated design flaws, that require correcting, whether through traffic-calming measures or
otherwise. Figure 1 depicts a map produced by the City of Edmonton that illustrates this
approach. The map shows the location of “black spots,” that is of places considered to be
high risk—in this case, intersections where, during 2007, 40 or more collisions occurred.® The
city’s authorities make use of these black-spots analyses to guide their choice of
interventions aimed at improving road safety, including those that can be considered as
traffic-calming measures. Installation of such traffic-calming measures is usually aimed at
improving safety at specific points on the road network, particularly by reducing motor vehicle
speeds.

® This distinction is also made using the expressions “targeted approach” and “systemic approach.”

® There is no standard or single criterion for defining a black spot—practices vary from one city to another.

2 National Collaborating Centre for Healthy Public Policy
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\— EICRBER mansrormmon 4
Figure 1 An example of the black-spots
approach

This map identifies the most high-risk sites on the city of
Edmonton’s road network (40 or more collisions in 2007). The
number of collisions thus mapped is significant (2724) even
though this represents only about 10% of all the collisions that
occurred during the same year in the city.

Source: City of Edmonton, 2008, p. 29.

As regards calming strategies based on the area-wide approach, these are still rare in this
country, although some have been implemented in a few cities, in particular, Vancouver,
North Vancouver, Toronto, Ottawa and, more recently, in the Plateau-Mont-Royal borough of
Montréal.” Area-wide strategies usually rest on the idea that the road network design in
certain areas of varying size is systematically biased in favour of motorized traffic, to the
detriment of other modes of travel (cycling, walking, etc.) and other uses of urban space
(homes, schools, meeting areas, etc.). Area-wide strategies are thus intended to help correct
this bias.

A Transport Canada (2005) document identifies many more Canadian cities as having implemented area-wide

strategies than we have included here. The difference between the authors’ working definition of an “area-wide
strategy” and ours probably, to a large degree, explains this discrepancy, but the document in question does
not allow for a detailed comparison of these definitions.

National Collaborating Centre for Healthy Public Policy 3
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To this end, the installation of calming measures on a road network is systematically
planned, in general so as to reduce driving speeds, but often also to reduce the volume of
“through traffic” on local streets.® This “through” traffic makes use of streets, whose main
function is residential, to travel across a given sector instead of using roads specifically
intended for this purpose, namely arteries and highways. Figure 2 depicts a map of the

largest 30-km/h zone in France that illustrates the potential geographic scope of strategies
based on the area-wide approach.

Speed limited N

to 30 km/h o Ny’ /
H _.(:,% : ~ '_if 3 % ;J -
3 % 3 T nw
vl B L LR A R
P a .
i i - / 5 B - 4
) ) F
Figure 2 An example of the area-wide
approach

The largest 30-km/h zonein France covers 87 km of
residential streets in the central boroughs of Lyon (transit
roads are not affected). Installation of these calming
measures began in 2003 and is still underway.

Source: adapted from Grand Lyon / Communauté urbaine de
Lyon/France, 2007.

8 The streets in an urban road network are usually classified hierarchically, based on function, into three
categories: local streets, collector streets, and arteries. Local streets are those whose main function is to allow
access to residences on the street. Collector streets, between local streets and arteries, are those whose
purpose is to allow access to residences and businesses as well as to collect through traffic and direct it to
arteries. As for arteries, their main function is to allow the passage of through traffic.

National Collaborating Centre for Healthy Public Policy
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The present literature review is organized so as to allow for comparison of the effects, in an
urban setting, of strategies based on the two approaches to traffic calming.® Table 1
summarizes the principal characteristics of these approaches.

Table 1 Principal characteristics of the two approaches to traffic calming

Black-spots approach Area-wide approach

Systematic bias of roads and of the public road
Isolated design flaws on certain network in favour of motorized traffic, to the
public roads. detriment of other modes of travel and other
uses of adjacent areas.

Conception of the
problems to be
addressed

Specific points on the road
Scale of interventions | network (intersection, street block
or, sometimes, an entire street).

More or less extensive geographic areas
comprising several streets.

Improvement of road safety and, more broadly,

Mainly the improvement of road of the living environment (noise, air quality,

Goals

safety. active transportation, green space, etc.).
. . Integrated series of calming measures aimed
Calming measures principally : . .
. . ) at reducing motor vehicle speeds and traffic
aimed at reducing motor vehicle :
Means X volumes (in the latter case, usually by
speeds and, more rarely, traffic . . .
channeling traffic toward arterial networks or
volumes. -
highways).
1.2 INTERVENTION LOGIC

The effects of traffic-calming measures and strategies on the four health determinants
considered in this review (number and severity of collisions, air quality, environmental noise,
and active transportation) are usually conceived of as being linked—directly or indirectly—to
the two main mechanisms of action associated with such measures, namely, the reduction of
driving speeds and of traffic volumes at intervention sites. Moreover, some authors (Ewing,
1999; Transportation Association of Canada [TAC] & Canadian Institute of Transportation
Engineers [CITE], 1998) use the two main mechanisms of action to classify traffic-calming
measures into two broad categories: those used to reduce driving speeds and those used to
reduce traffic volumes. These two categories are often further divided into sub-categories.
Calming measures used mainly to reduce speeds are classified into three sub-categories:
vertical deflections (e.g., speed humps) which, as the name indicates, vertically deflect
vehicles; horizontal deflections (e.g., chicanes) which laterally deflect vehicles; and road
narrowings (e.g., chokers). Calming measures used to reduce traffic volumes are divided into
two sub-categories: those that reduce road capacity (e.g., reduction in the number of lanes)
and those that alter street connectivity (e.g., diagonal diverters). Figure 3 summarizes this
classification scheme.

® To learn more about the political contexts within which traffic-calming interventions are developed, refer to our

document entitled “Traffic Calming: Political Dimensions” at: http://www.ncchpp.ca/175/Publications.ccnpps?id
article=670.

National Collaborating Centre for Healthy Public Policy 5
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Traffic-

calming
measures

Reduction of Reduction of

vehicle traffic
speeds volumes
| 1 | |
Vertical Horizontal Reduction of Alteration of
deflections (e.g., deflections (e.g., Road narrowings road capacity the road
speed humps, chicanes) (e.g., chokers) (e.g., network
speed cushions) reduction in connectivity

the number (e.g.

£l diagonal
of lanes) diverter)

Figure 3 Classification of principal traffic-calming measures

Although the effectiveness of traffic-calming measures at reducing traffic speeds and
volumes may vary according to the context in which measures are implemented and the
strategies guiding their implementation, this effectiveness has been relatively well-
documented and tested (TAC & CITE, 1998; Ewing, 1999; Ewing & Brown, 2009). Therefore,
the present literature review foregoes an examination of this aspect to concentrate on the
effects of these measures on health determinants. Figure 4 graphically summarizes the
intervention logic in its simplest form. The model links the two approaches to traffic calming
to their effects on health determinants by means of their preferred mechanisms of action.
These mechanisms are presented in a manner that takes into account the fact that, by
reducing traffic speeds, one may also seek to reduce traffic volumes. The idea, then, is that
reducing speeds would make a travel route less attractive to motor vehicles than other routes
towards which one desires to channel them.

TRAFFIC-CALMING
POLICY

PRINCIPAL MECHANISMS i EFFECTS ON HEALTH
OF ACTION | DETERMINANTS

Reduction of the number and
severity of collisions

Reduction of
speeds

Black-spots approach

Improvement of air quality

v Reduction of environmental noise

.| Reduction of
volumes

Area-wide approach

Increase in active transportation

Figure 4 Intervention logic of traffic calming

6 National Collaborating Centre for Healthy Public Policy
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This simplified diagram presents the two main mechanisms of action as they are described in
the traffic-calming literature, thus excluding several mechanisms that more specifically target
one or several health determinants (e.g., improvement of pedestrian visibility— reduction in
number and severity of collisions). It also excludes intermediary effects between the
mechanisms shown and the effects on health determinants (e.g., reduction of speed—
enhanced perception of safety» increase in active transportation), as well as potential
interactions between health determinants (e.g., decrease in the number and severity of
collisions — enhanced perception of safety — increase in active transportation). Finally,
because the diagram represents the logic of the intervention and not its actual effects,
potentially negative effects on health determinants are not included (e.g., reduction of speeds
— increased emission of pollutants per vehicle — deterioration of air quality). These
elements excluded from the diagram will be addressed in the sections specific to the four
health determinants. In addition, readers will find a more detailed version of this illustration in
Appendix 1.

1.3 WORKING PROPOSAL AND ORGANIZATION OF THE LITERATURE REVIEW

The literature review is organized so as to allow for comparison of the effects on four health
determinants of strategies based on the two approaches to traffic calming, implemented in an
urban setting. A priori, it seems likely that strategies based on the area-wide approach have
greater potential for improving population health than strategies based on the black-spots
approach. Indeed, strategies based on the area-wide approach favour interventions
implemented on a larger geographic scale (networks comprising more than one street), they
are often driven by broader objectives and goals (road safety and improvement of the living
environment) and they tend to involve both the main mechanisms of action associated with
calming measures (reduction of traffic speeds and volumes) rather than just one. The intent
of this literature review is to allow for an informed discussion of this theoretical advantage.

The literature review is divided into four main sections, each covering one of the
aforementioned health determinants. These sections are themselves divided into two sub-
sections, one presenting the results of studies allowing for evaluation of the effects of the
black-spots approach and the other presenting the results of studies allowing for analysis of
the effects of the area-wide approach. In addition, the results are presented so as to
distinguish between studies whose approach is objective and those whose approach is
subjective.™® Each section begins by identifying the mechanisms of action associated with the
calming strategies specifically tied to the health determinant discussed in the section, and
concludes by summarizing the results and identifying research gaps.

10 By objective research, we mean research that develops and seeks to measure objects of study that are
considered to exist and be measurable whether or not they are perceived by particular persons. For example,
researchers have attempted to determine the influence of the built environment on modes of travel by
measuring indicators such as the number of pedestrians and cyclists, building density, the level of mixed
usage, the connectivity of road networks, the proximity of parks and other recreational areas, the number of
calming measures, etc. By subjective research, we mean research that develops and seeks to measure
objects of study whose existence is based on the perceptions of particular individuals under study. Returning,
partially, to the same example, other researchers have evaluated the relationship between the use of parks
and recreational areas and nearby residents’ perceptions of their user-friendliness (safety, cleanliness).
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2 METHOD

The documentary search was carried out during May and June 2010, and scanning
continued until the end of October 2010.

2.1 DOCUMENTARY SOURCES AND RESEARCH METHODS

Given that the expression “traffic calming” has been the standard in the English literature
since 1999 (Ewing, 1999), databases were searched using this key expression. Tests carried
out in PubMed and MedLine using the expressions “traffic abatement,” “traffic mitigation,”
“traffic management,” “traffic control,” and “traffic moderation” confirmed that, for the period
covered, the articles concerning traffic calming could be located by relying on the expression
“traffic calming.” For the French literature, searches were carried out using the expressions
“apaisement de la circulation,” “modération de la circulation,” and “modération de la vitesse.”
Given the diversity of the potential effects of traffic calming on health, the searches were
carried out by simply entering the key expressions in the “title” and “keyword” fields.

The following databases were searched:

e PubMed;

o The Transportation Research Information Services (TRIS) database;
e Scopus;

e Scirus;

¢ IngentaConnect;

e Repeére;

e Using the CSA lllumina platform (ERIC, Health and Safety Science Abstracts, PILOTS
Database, CSA Sociological Services Abstracts, CSA Sociological Abstracts, CSA
Worldwide Political Science Abstracts, Recent References Related to the Social
Sciences);

e Using the EBSCOhost platform (Medline, PsycINFO, Socindex, E-Journals, CINAHL);

e Using the OvidSP platform (Ovid MedLine (R), EMBASE, EBM Reviews—Cochrane
Database of Systematic Reviews, EBM Reviews—ACP Journal Club, EBM Reviews—
Database of Abstracts of Reviews of Effects, EBM Reviews—Cochrane Central Register of
Controlled Trials, EBM Reviews—Cochrane Methodology Register, EBM Reviews—Health
Technology Assessment, EBM Reviews—NHS Economic Evaluation Database, Global
Health).

The Google and Google Scholar search engines were searched using the French and
English key expressions, to extend the scope of the search. Several websites were also
consulted, including in particular:

e Transport Canada (Canada), http://www.tc.gc.ca/eng/programs/environment-utsp-
trafficcalming-1172.htm;

National Collaborating Centre for Healthy Public Policy 9
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e Transportation Demand Management Encyclopedia, Victoria Transport Policy Institute
(Canada), http://www.vtpi.org/tdm/tdm4.htm;

o Conseil régional de I'environnement de Montréal (Canada), http://www.cremtl.gc.ca/index.
php?id=648;

¢ The City of Ottawa (Canada), http://www.ottawa.ca/residents/onthemove/driving/traffic/at
m/appendices/appendix_c_en.html;

¢ The City of Toronto (Canada), http://www.toronto.ca/transportation/traffic/traffic_calming.ht
m;

¢ The City of North Vancouver (Canada), http://www.cnv.org//server.aspx?c=3&i=275;

¢ Institute of Transportation Engineers (United States), http://www.ite.org/traffic/;

e U.S. Department of Transportation, Federal Highway Administration (United
States), http://www.fhwa.dot.gov/environment/tcalm/;

o Pedestrian and Bicycle Information Center (United States), http://www.walkinginfo.org/ind
ex.cfm;

e Transport Research Laboratory (England), http://www.trl.co.uk/default.htm;

e Centre d’études sur les réseaux, les transports, I'urbanisme et les constructions publiques
(France), http://www.certu.fr/;

o SWOV Institute or Road Safety Research (Netherlands), http://www.swov.nl/index uk.htm.

Documents were also located through “snowballing,” a method using bibliographies as the
means to find other pertinent resources.

2.2 INCLUSION AND EXCLUSION CRITERIA

Content of documents

To be selected for purposes of analysis, documents had to evaluate at least one effect on a
determinant of population health caused by: 1) at least one intervention aimed at calming
traffic on existing streets in an urban setting or; 2) traffic-calming measures installed on test
tracks for evaluation purposes. Interventions in rural settings were excluded, because they
most often involve installations aimed at slowing down drivers travelling through inhabited
zones on roads that, outside of these zones, are designed for high speeds—a situation that
applies imperfectly, if at all, to urban settings. Following a preliminary reading of the
documents, it became evident that the studies centred around four health determinants,
namely, the number and severity of collisions, air quality, environmental noise, and active
transportation. The documentary search then continued, with only documents focused on at
least one of these four determinants. Documents in which methodologies for evaluating an
effect were developed without that effect being measured and those focused on the
economic costs of traffic-calming strategies and measures were excluded.
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Countries studied

In addition to studies examining Canadian experiences, studies focused on the United
States, European countries, and Australia were included, because these countries were
judged to be sufficiently similar to Canada.

Period considered

The period extending from January 2000 to May 2010 was considered during the
documentary search of databases. Scanning was subsequently carried out until the end of
October 2010. The search was broadened using “snowballing.” Some indispensable
documents on little-documented aspects were added as a result, even though they were not
published within the period initially considered.

Languages
The documents selected were written in English or French.

Methodological quality of studies

Studies using a simple before-and-after design to evaluate the effect of calming measures by
comparing the number and severity of collisions at specific points in time were not retained,
because these studies were shown to be marred by significant bias (see section 3.1.2.1,
Box 1). No other systematic exclusion based on methodological criteria was carried out.
Studies based on both objective and subjective epistemological approaches were included in
this literature review. Moreover, there were no exclusions on the basis of method of inquiry,
data collection technique or analytical procedures employed.*

In the case where the methodology used in a particular study was likely to affect its validity
(conceptual, internal, external) or the reliability of its results, comments to this effect were
included where the study was presented. In this regard, several of the studies included in this
literature review do not indicate whether tests of statistical significance were carried out. This
absence of this statistical information does not imply that relevant statistical analyses were
not carried out, but neither does it allow us to conclude that they were. To draw the reader’s
attention to this fact, we have mentioned it in the text and in the summary tables where these
studies are presented (Appendix 3). Overall evaluations of the methodological strengths and
weaknesses of the studies selected and of their implications for the robustness of results are,
for their part, integrated into the various section summaries and discussed in the Conclusion.

A single before-after type study (Lindenmann, 2005) focused on the effectiveness of 30-km/h zones installed in
Switzerland at reducing the frequency and severity of collisions was excluded from the literature review for
reasons relating to conceptual clarity. The severity of collisions, for example, is expressed therein as a function
of the number of “accident victims,” but this term is not defined. Moreover, the results concerning collisions are
classified according to three collision occurrence patterns (case 1, case 2, case 3), for which no explanations
are given. This exclusion should not affect the results of this review, since the conclusions the author of the
study draws from his data are in line with those presented in this literature review (that is, a reduction in the
number and severity of collisions after areas are calmed).
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2.3 SELECTED DOCUMENTS

Following verification of their conformity to the inclusion and exclusion criteria, the
documents selected for the purpose of analyzing the results of the evaluative research
included 19 drawn from the scientific literature (peer-reviewed articles published in scientific
journals) and 10 drawn from the grey literature (reports and conference presentations).

To determine the effects of the different health determinants on population health, the
mechanisms of action of the calming measures, research gaps, and methodological
problems, we broadened the documentary search and extended the inclusion and exclusion
criteria. Studies that were not directly focused on calming measures, but on their
mechanisms of action, for example, were thus included, along with studies focused on
methodologies or traditional literature reviews identifying research gaps. In this manner,
36 documents drawn from the scientific literature and 38 documents drawn from the grey
literature were added to the literature review.

To allow readers to distinguish between studies drawn from the scientific literature and those
drawn from the grey literature, the term “article” was reserved for studies drawn from the
scientific literature, whereas the terms “report” and “conference presentation” were
systematically reserved for the grey literature. The term “study” for its part, was used
generically to refer to either.

2.4 PERUSAL AND EXTRACTION OF EVALUATIVE DATA

All of the documents retained for the purpose of analyzing the results of the evaluative
research were obtained and read in their entirety by both authors of this review. They then
compiled the data in extraction tables, systematically considering the questions asked by the
studies' authors, the methodology used, the answers given to the questions, conceptual and
internal validity and the reliability of results. Differences in interpretation were resolved
through consensus. These tables are presented in Appendix 3.

2.5 CLASSIFICATION OF EVALUATIVE STUDIES

The results of the evaluative studies were classified according to the two approaches to
traffic calming and the four health determinants covered in this literature review. Separating
studies examining area-wide strategies from those examining black-spots strategies is an
exercise that presents challenges. In reality, although traffic-calming interventions are quite
diverse (types of calming measures, combinations, number, density, extent of geographic
area calmed, etc.), they are rarely precisely described in evaluative studies and the logic
having governed the installation of calming measures (black-spots approach, area-wide
approach) is still less often explained.

When the intervention logic is not made explicit, it is standard practice in the literature on
traffic calming in general, and in that evaluating collisions, injury and death in particular, to
separate evaluative studies on the basis of the geographic extent of the interventions
considered (at one spot, along a line, for example, a street block or an entire street, or within
a geographic area, that is, a network of more than one street). Studies evaluating the effects
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of a series of calming measures installed in a geographic area comprising several streets are
used to provide information about the effects of calming strategies based on the area-wide
approach. As for studies evaluating the effects of isolated calming measures installed at
specific points on the road network, they are undertaken to evaluate either the effects of one
calming measure (e.g., those of speed humps), of one type of calming measure (e.g., those
of vertical deflections), or of the black-spots approach in general, since isolated interventions
are usually the product of strategies based on this approach.

The classification of interventions involving several calming measures installed on a street
block, or even on an entire street, is more controversial: they are sometimes included in the
first category (Bunn et al., 2003; 2009) and sometimes in the second (Elvik, 2001; Boulter &
Webster, 1997).

This classification of studies according to the geographic extent of the interventions
examined has its limitations within the context of this literature review, for it presupposes that
the geographic extent of the interventions evaluated is indicative of the logic that governed
the planning and installation of the calming measures evaluated. It is possible, for example,
for a calming measure’s effectiveness at reducing collisions, injuries and deaths to be
evaluated at a specific point on a road network, even though the measure is part of a
configuration of calming measures that was planned for and installed on a network
comprising several streets. However, despite its limitations, the geographic extent of the
interventions evaluated by a study remains the best criterion for classifying it, when the
intervention logic is not specified.

In this literature review, evaluative studies were thus classified according to the intervention
logic (black-spots/area-wide), when this was specified, and according to the geographic
extent of the interventions evaluated, when the logic was not made explicit. Since
interventions on a street block or an entire street are not generally designed to reduce traffic
volume by redirecting through traffic toward arteries and highways, they are thus most similar
to isolated interventions installed at specific points on the road network, intended mainly to
reduce driving speeds. Moreover, some discrete calming measures (chicanes, road diets,
etc.) can only be installed on street blocks or along entire streets. For these reasons, we
opted for the classification system adopted by Elvik (2001) and by Boulter & Webster (1997).
We thus classified these studies alongside those focused on isolated interventions at specific
points on the road network, so as to glean from them information about the effects of
strategies based on the black-spots approach. Studies focused on interventions installed in a
geographic area comprising several streets were, for their part, used to enhance
understanding of the effects of strategies based on the area-wide approach. To allow readers
to classify these studies differently, the tables summarizing the evaluative studies included in
this literature review are presented in Appendix 3. Interventions involving several calming
measures installed on a street block or on an entire street are there presented as a separate
category.
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3 SYNTHESIS OF DATA DRAWN FROM THE LITERATURE

3.1 NUMBER AND SEVERITY OF COLLISIONS

Motorized traffic is responsible for a significant number of injuries and deaths occurring when
collisions take place or in their aftermath (World Health Organization [WHO], 2009; Canadian
Institute for Health Information [CIHI], 2010). In Canada, for 2006, the number of deaths™?
caused by road collisions was evaluated at 2889 and the number of injured at 199,337
(WHO, 2009). Collisions involving motor vehicles were also responsible for 42% of
hospitalizations due to serious injury in Canada for the 2007-2008 period (WHO, 2007; CIHI,
2010). Interventions aimed at improving the road safety record are usually classified into four
categories depending on whether their aim is to modify individual behaviour (e.g., campaigns
to raise awareness about the dangers of driving while fatigued), construction norms for
vehicles (e.g., air bags), the physical environment (e.g., traffic-calming measures) or the
social and political environment (e.g., criminalization of impaired driving) (Haddon, 1980).
Interventions targeting the physical environment, such as traffic-calming strategies, have the
advantage of not depending on the presence of the police force to be effective. In addition,
they have the potential to improve the safety of all road users. Finally, since the lowest-
income population segments and those with the lowest socioeconomic status (SES) are
often overrepresented in road fatalities and injuries in urban settings (WHO, 2004; Laflamme,
Hasselberg, & Burrows, 2010; Cubbin & Smith, 2002), these interventions can help to reduce
health inequalities (Jones, Lyons, John, & Palmer, 2005; Morency & Cloutier, 2005; Grundy,
Steinbach, Edwards, Wilkinson, & Green, 2008a). These are the main reasons that traffic-
calming strategies—in conjunction with other interventions—are being promoted.

3.1.1 Mechanisms of action

According to the studies consulted, traffic-calming strategies can influence road safety
results by means of six main mechanisms:

a) Reduction of vehicle speed

Research shows that the number and severity of collisions increases with speed (Sergerie et
al., 2005). A report even suggests that each decrease of 1.6 km/h in an urban setting results
in a 3 to 6% decrease in collisions, depending on how major a road is being considered
[Taylor, Lynam, & Baruya, 2000]). As Figure 5 illustrates, increasing speed decreases a
driver’s field of vision, which goes from slightly wider than 150 degrees at very slow speeds
to around 75 degrees at 100 km/h, thus reducing the likelihood that a dangerous situation will
be noticed in time. Moreover, increasing speed increases stopping distance, that is, the
distance travelled by the vehicle during the time it takes a driver to react plus the vehicle’s
braking time, which accordingly reduces the likelihood that the vehicle will stop in time to
avoid a collision or that it will have slowed down enough to avoid a serious collision. For
example, a car travelling at 30 km/h on dry pavement, and whose driver takes two seconds
to react, will stop after travelling a distance of a little over 20 metres. At 50 km/h, the same
car would have travelled twice that distance, a little over 40 metres (Bureau de prévention

2 The WHO defines a road fatality as a death caused by a road collision, occurring either at the time of collision
or in the subsequent thirty days (WHO, 2004).

National Collaborating Centre for Healthy Public Policy 15
Institut national de santé publiqgue du Québec



Urban Traffic Calming and Health

des accidents, 2008a). The seriousness of collisions also increases with speed, especially
when vulnerable road users, such as pedestrians and cyclists, are involved. As Figure 6
shows, for every ten pedestrians struck by a car, nine will survive when the speed at impact
is 30 km/h, but only three will survive at 50 km/h, and only one will survive at 60 km/h
(Bureau de prévention des accidents, 2008b). By aiming to reduce driving speeds (often to
about 30 km/h), and particularly those of the fastest drivers (Transportation Demand
Management [TDM] Encyclopedia, 2010a), traffic-calming strategies should help reduce the

number and severity of collisions.

100 Km/'h

Figure 5 Narrowing of field of vision as
speed increases

Source: Société de I'assurance automobile du Québec, 2011.
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Forevery 10 pedestrians struck, 3 will survive at 50 km/h, and 9 at 30 km/h.

Figure 6 Probability that a pedestrian will die
as aresult of a collision with a car
in relation to the speed at impact

Source: Adapted from Bureau de prévention des accidents, 2008b.

16

National Collaborating Centre for Healthy Public Policy
Institut national de santé publique du Québec



Urban Traffic Calming and Health

b) Speed homogenization

The presence of speed differentials in the traffic flow increases the probability of collisions
(Ewing & Edwards, 2009; Ewing, 2000). Yet, traffic-calming strategies can cause speed
differentials, for example, when drivers slow down to go over a speed hump and accelerate
afterward. However, they have a tendency to more greatly reduce the speed of the fastest
drivers and, thus, to reduce speed differentials in the traffic flow. The effect of a calming
strategy on the number of collisions tied to speed differentials should therefore depend on
the configuration of traffic-calming measures.

¢) Reduction of motorized traffic volume

In general, the number of road injuries in urban settings varies according to traffic volume
(Ewing, 2000). Calming strategies aimed at channelling traffic elsewhere therefore risk, all
risk factors being equal, displacing collisions from one location to another instead of reducing
their number. On the other hand, strategies that succeed in reducing traffic volume in
absolute terms (by increasing active transportation, for example) are likely to contribute to a
decrease in the number of road injuries.

d) Reduction of the number of points of conflict

Points of conflicts are locations “where the paths of two vehicles or the paths of a vehicle and
a cyclist or pedestrian cross or intersect” (Ministere des Transports du Québec, 2007). As
Figure 7 illustrates, some calming measures, such as roundabouts, reduce the number of
points of potential conflict between public road users, which can result in a reduction in the
number of collisions (Ewing, 1999).

A

|

[
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| . Li'.‘ Centlict| @E“T’
Figure 7 Number of points of conflict (black dots on the
diagrams) at a traditional intersection and in a
roundabout

Sources: Stein, Kittelson, Newton, & Hottmann, 1992, p. 43 in Ewing, 1999, p. 111.
© 1992 and 1999 Institute of Transportation Engineers, 1627 Eye Street, NW, Suite 600,
Washington, DC 20006 USA, www.ite.org. Used by permission.
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e) Improvement of visibility and reduction of exposure

Certain calming measures, such as curb extensions, can improve the visibility of users (e.g.,
pedestrians) or reduce their exposure to the risk of collision (e.g., by reducing the distance to
be travelled when crossing a street). Improving these two factors can contribute to a
reduction in the number of collisions in which they play a part (Ewing & Brown, 2009).

f) Increase driver alertness

By helping create more complex environments, calming strategies can also increase driver
alertness, potentially decreasing the number of collisions (Ewing, 2000).

The prevention of collisions, road injuries and deaths are among the main objectives of
traffic-calming strategies, which explains why a significant portion of the existing literature is
devoted to evaluating their effectiveness at doing so. In the following pages, we will first
present studies that have evaluated the effects of an isolated measure installed at a specific
point on the road network or of a series of isolated measures installed along a single street.
We will then summarize the studies evaluating area-wide strategies.™

3.1.2  Effects of isolated traffic-calming measures
3.1.2.1 Objective studies

Most of the studies consulted that evaluated the effectiveness at improving road safety of
isolated measures installed at specific points on the road network or on a single street simply
recorded the number of collisions before and after an intervention was implemented. This
method tends to systematically overestimate the effectiveness of calming measures, for
which it has been severely criticized (see Box 1). These studies were systematically
excluded from the literature review.

Box1 LIMITATIONS OF “BEFORE-AFTER” STUDIES EVALUATING THE EFFECTS OF ISOLATED
INTERVENTIONS ON ROAD SAFETY

Studies with a “before-after” design evaluate the effect of interventions simply by
comparing the number of collisions before and after an intervention. These studies have
been criticized for not taking into account the following three confounding factors:

a) The underlying trend in the number of collisions

Studies that simply indicate the number of collisions before and after the installation of
calming measures at an intervention site cannot control for an underlying trend upwards or
downwards in the number of collisions. However, such trends can be caused by factors
unrelated to the intervention studied, such as changes in the method for compiling data on
collisions, in driving habits, in weather conditions, etc. (Persaud & Lyon, 2007).

3 Because the improvement of perceived safety has been identified as a mechanism of action that can influence
the decision of whether or not to opt for an active mode of transportation, the results of subjective studies
focused on safety are not presented in this section, but in the section on “active transportation.”
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“Before-after” studies evaluating the effects of calming measures on road safety can thus
ascribe to calming measures a level of effectiveness that they do not possess (Elvik,
1997).

b) Regression to the mean

The installation of isolated calming measures at specific points on a road network is often a
response to a number or rate of collisions occurring at such spots that is judged to be
abnormally high. When this is the case, we say of the calming strategy implemented that it
is based on the black-spots approach, because the latter targets points on the road
network where collisions, injuries or deaths are concentrated. Evaluating the effectiveness
of such interventions simply by tallying the number of collisions before and after installation
of the measures proves problematic, because places that register an abnormally high or
low number or rate of collisions tend to regress, with time, toward an average number or
rate of collisions. Studies that do not control for this statistical phenomenon, known as
regression to the mean, can thus overestimate the effectiveness of calming measures
(Elvik, 1997). Indeed, Mountain & Fawaz (1992) refer to one of their articles (1991) in
which they recorded having observed a 62% decrease in collisions at 155 “black spots”
and a 14% increase at adjacent sites, simply by monitoring the distribution of collisions
over a two-year period, without any calming measure having been installed.

c¢) Collision migration

Following a targeted intervention, observers sometimes note what appears to be a
displacement of collisions, from whence the expression “collision migration” (Joly,
Bourbeau, Bergeron, & Messier, 1992). Several explanations have been proposed for this
phenomenon, including regression to the mean and diversion of traffic caused by calming
measures, which can, depending on the context, produce an increase in collisions
elsewhere on the road network (Mountain & Fawaz, 1992). If the effects of a targeted
intervention on adjacent sectors are not measured, a before-after tally of collisions at the
intervention site may interpret as an improvement in safety what, in reality, is simply a
migration of collisions (Elvik, 1997).

Having conducted a meta-analysis of 36 studies examining targeted measures, Elvik
(1997) discovered that the reported effectiveness of interventions at reducing the number
and severity of collisions was dependent on the number of confounding factors for which
studies controlled. In general, studies reporting reductions in the number of collisions in the
order of 50% to 90% did not control for any factors. The more factors a study controlled for,
the less significant the reported effectiveness, to the point where studies that
simultaneously took into account the underlying trend, regression to the mean, and
collision migration did not generally report statistically significant effects.

These limitations do not exclude the possibility that interventions targeting “black spots”
effectively reduce the number and severity of collisions at targeted sites. However, they
point to certain difficulties related to the evaluation of interventions based on this approach
and to the possible overestimation of effects reported by studies whose design is less than
robust.
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On the other hand, recent studies have documented significant improvements in road safety
using the Empirical Bayes Method. This method makes it possible to take into account
changes in traffic volume, the underlying trend in the number of collisions and the effects of
regression to the mean (Persaud & Lyon, 2007). It uses data collected from control sites, the
number and severity of collisions at the intervention sites before installation of the calming
measures, and data concerning the evolution of traffic volumes to estimate, using regression
models, the number and severity of collisions that could reasonably have been expected to
occur without the installation of traffic-calming measures. The effectiveness of the
intervention is then determined by comparing the number and severity of collisions having
occurred since the intervention with those expected. Since we judge this method to be
sufficiently reliable, three articles having used it are presented in this section. Subsequently,
an article documenting an observational case-control study is also presented.

The first article (Retting, Bhagwant, Garder, & Lord, 2001) evaluated safety gains resulting
from the replacement of 24 intersections controlled by stop signs or traffic lights with as many
roundabouts, in the United States. Table 2 summarizes the results presented in this article.

Table 2 Effectiveness of roundabouts
Calming measure Collisions Persor_la_l injury Fatgl gnd incapacitating
collisions injury collisions
Roundabout (n=24) -38%* -76%* -89%*
Single-lane roundabout replacing opx opx
stop signs (n=9) -61% 7% )
Multi-lane roundabout replacing stop 5 i i
signs (n=6) 0
Single-lane roundabout replacing o opx
traffic lights (n=4) -35% ~74% -

*  Significant variation at, at least, p<0.05.
Source of the data: Retting et al., 2001.

Figure 8 A single-lane roundabout

Source: http://www.flickr.com. Photographer: WSDOT.
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According to the authors, reduced speeds and fewer points of conflict at roundabouts can
explain the significant reduction in the number of collisions recorded and in the seriousness
of those that occur. It is interesting to note that replacement of an intersection controlled by
stop signs with a single-lane roundabout is particularly effective at reducing the number of
collisions and injuries. Since the majority of collisions occur at intersections, the article
concludes that replacing intersections controlled by traffic lights or stop signs with
roundabouts, where conditions permit, has considerable potential for reducing collisions, but
above all for reducing injuries and deaths.

An article (Stout, Pawlovich, Souleyrette, & Carriquiry, 2006) evaluates the impact of 15 road
diets in the United States, using the Empirical Bayes Method (23 years of data) and a
“before-after” design with control sites (10 years of data). This calming measure usually
consists of converting four-lane roads into three-lane roads, with one lane for traffic going in
each direction and a central lane reserved for left turns from either direction. As shown in
Figure 9, the public space recovered when road diets are implemented can be used to install
bike lanes and sidewalks or to green streets.

Figure 9

Before (left) and after (right)
aroad diet

Source: Rosales, 2007, p. 2.

Table 3 summarizes the results presented in this article.

Table 3 Effectiveness of road diets
Collisions Collision rates Total Fatal and
Calming Method of per kilometre | (controlled for personal Minor injury serious
measure evaluation (collision variations in injury collisions P
8 . collisions
density) volume) collisions
Bayes -25% -19% - - -
Road diet
“Before-after”
with control -29% -21% -34% -30% -11%
sites
Note: No statistical significance test mentioned.
Source of the data: Stout et al., 2006.
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The article concludes that road diets can be used to reduce the number of collisions, injuries
and deaths, but the authors do not indicate whether these reductions are statistically
significant.

An article (Mountain, Hirst, & Maher, 2005) compares the effectiveness of 149 traffic-calming
interventions on roads with 48-km/h (30-mph) speed limits located throughout England.
These interventions were classified into three groups: the 79 interventions using speed
cameras, the 39 using vertical deflections (alone or combined with horizontal deflections or
road narrowings) and the 31 interventions using only horizontal deflections, narrowings,
speed activated signs (n=4) or markings indicating the speed limit (n=1). The final unusual
grouping is justified, according to the authors, by the similarity of the associated results.
Table 4 summarizes the key results presented in this article.

Table 4 Comparison of the effectiveness of three types of calming measures
Personal . Number of personal
Average S Fatal and serious | . . . !
. injury . injury collisions avoided
Calming measures speed collisions collisions (collision/km/year)
0, 0,
{Cl 95%} (Cl 95%) {C1 95%} (C1 95%)
Vertical deflections 135 km/h® “a4%* -35%* -1.00°
{-16.6 to -10.5} {-54 to -34} {-54 to -18} {-1.4 to0 -0.6}
Horizontal 5.3 km/h* -29% -14% -0.78*
narrowings {-7.1t0 -3.7} {-48 to -8} {-44 to +32} {-1.6 t0 -0.2}
Speed cameras -6.6 km/h* -22%* -11% -1.03*
P {-7.6 to -5.5} {-30 to -13} {-26 to +6} {-1.4 to -0.8}

*  Significant variation at, at least, p <0.05.
Source of the data: Mountain et al., 2005.

Traditionally, the effectiveness of interventions is expressed in terms of a percentage
reduction in the various types of collisions. Presented thus, interventions making use of
vertical deflections are significantly more effective at reducing personal injury collisions than
those making use of speed cameras. This result seems to correspond to the significantly
more pronounced effect of vertical deflections on speed. However, if the effectiveness of
interventions is expressed in terms of the number of personal injury collisions avoided, the
significant effectiveness of the three types of calming measures is similar. The authors
attempt to explain the variation in the results associated with these two perspectives by
pointing to differences in implementation contexts. The speed cameras referred to in this
article were installed, for example, on streets with high traffic flow and at sites where more
personal injury collisions were recorded (almost double the collisions before the
interventions) than at sites where vertical deflections were installed, usually on local streets
with lower traffic flow. Thus, in addition to demonstrating the overall effectiveness of traffic-
calming measures at significantly reducing the number of collisions and personal injury
collisions, the article underlines the importance of taking into account implementation
contexts when comparing the effectiveness of different measures.
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An article (Tester, Rutherford, Wald, & Rutherford, 2004) presenting an observational case-
control study evaluates the effectiveness of speed humps at reducing collisions causing
death and injury among child pedestrians under 15 years old in the city of Oakland, in the
United States. The article analyzes the admission data of hospital emergency departments
over a period of five years (1995-2000) to identify children living on local streets who were
admitted after being struck by a car while walking near their home (radius of 0.4 km). The
article excludes collisions caused by cars backing out of a driveway or a parking space. Each
of the one hundred children whose situation satisfied the selection criteria was matched with
two control children admitted on the same day to the emergency department for other
reasons, but matched in terms of gender and age and also living on a local street. The three
hundred children were classified into two categories: those living on a street block with at
least one speed hump and those living on a street block without any speed humps. Among
the control children, 23% (n=46) lived near a speed hump, whereas among case children, the
rate goes down to 14% (n=14). The matched-pairs analysis indicates that the probability of a
child living near a speed hump being injured by a car near home (radius of 0.4 km) and
admitted to hospital is significantly lower (OR: 0.50, Cl 95%: 0.27 to 0.89) than for a child
not living near this type of calming measure. When the analysis considers only those children
injured on the street block where they live (n=49), the protective effect of speed humps is
even greater (OR: 0.38, Cl95%: 0.15 to 0.90). Controlling for race and ethnicity, the
protection provided by proximity to a speed hump remains statistically significant and similar
for children injured within a radius of 0.4 km (OR: 0.47, Cl 95%: 0.24 to 0.95); however,
although the point estimate still indicates a protective effect, this is no longer statistically
significant for children injured on the street block where they live (OR: 0.40, Cl 95%: 0.15 to
1.06). On the basis of these results, the article concludes that speed humps make the
environment safer for child pedestrians.

3.1.2.2 Summary of the results for isolated traffic-calming measures

The documentary search led to the selection of four articles (Retting et al., 2001; Stout et al.,
2006; Mountain et al., 2005; Tester et al., 2004) belonging to the scientific literature having
evaluated the effectiveness of various calming measures (roundabouts, road diets, vertical
deflections, horizontal deflections or narrowings, and speed cameras) at reducing the
number of collisions, injuries and deaths. The authors of three articles used the Empirical
Bayes Method, whereas one article presents a “case-control” study. The results were not all
tested for statistical significance, but the majority of the results for which tests are known to
have been carried out were significant. The key points to recall are the following:

% OR or odds ratio: An odds ratio is a statistic produced through logistic regression that expresses the
relationship between the probability that an event will occur and the probability that it will not occur. An odds
ratio can be used to determine if, all other things being equal, persons living in an environment defined by
certain characteristics are more or less likely to move around by bicycle, for example. An odds ratio of 1 would
indicate that the characteristic had no effect, whereas a ratio of less than 1 would indicate that the
characteristic in question lowers the likelihood that such persons would move around by bicycle and a ratio of
more than 1 would indicate an increase in the likelihood. The further the odds ratio is from 1, the greater the
effect on the probability of the event occurring.
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a) Reduction in collisions, injuries and deaths

All of the articles report a reduction in collisions, injuries and deaths tied to the presence of
the calming measures evaluated.

b) Speeding, collisions, injuries and deaths

One article (Mountain et al., 2005) supports the assumption in the logic model of a
relationship between a reduction in vehicle speeds and a reduction in collisions, injuries and
deaths.

¢) Promising calming measures

Among the calming measures evaluated, single-lane roundabouts (Retting et al., 2001) and
vertical deflections (Mountain et al., 2005), such as speed humps (Tester et al., 2004), were
shown to be particularly effective at reducing collisions, injuries and deaths.

3.1.3 Effects of area-wide calming schemes
3.1.3.1 Objective studies

Box 2 THEORETICAL ADVANTAGES OF AREA-WIDE STRATEGIES OVER ISOLATED
INTERVENTIONS FOR IMPROVING ROAD SAFETY IN URBAN SETTINGS

With regard to reducing the number and severity of collisions in urban settings, it is
reasonable to assume that area-wide traffic-calming strategies have, in theory, three main
advantages over strategies that intervene at specific points or on specific segments of the
road network:

a) Collision dispersion

To begin with, as illustrated in Figure 10, collisions in urban settings are generally
dispersed throughout the road network occurring at a multitude of points each registering a
relatively small number of collisions. Given this context, a classic black-spots approach
does indeed make it possible to identify the places where a greater number of collisions or
injuries occur and to take action there, but an area-wide approach offers the potential
advantage of decreasing the risk of collision or injury at a greater number of sites, and thus
at a significant proportion of potential collision sites within an area or neighbourhood. For
example, the article by Morency & Cloutier (2006) identifies 22 “black spots” for
pedestrians on the island of Montréal, with “black spots” being arbitrarily defined as places
where at least eight pedestrians were injured during a five-year period. However, these
“black spots” represent only 4% of the pedestrians injured during this period, whereas
5082 pedestrians were injured at over 3500 different sites.
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Figure 10 An example of collision dispersion in an urban
setting

Each point on this map of the island of Montréal indicates a spot where an ambulance
was sent during the 1999-2003 period for a pedestrian injured by a motor vehicle.

Source: Adapted from Morency & Cloutier, 2005, p. 31.

b) Collision migration

If drivers use adjacent residential streets to avoid points on the road network that have
been calmed, a targeted approach that intervenes at “black spots” is likely to displace
collisions elsewhere. To prevent this migration of collisions, the area-wide approach often
explicitly attempts to manage diverted traffic by channelling it toward roads that are better
adapted to higher speeds and volumes and by ensuring the safety of the latter, notably,
through the use of appropriate calming measures (e.g., curb extensions, roundabouts,
speed tables, etc.).

¢) Volume reduction

Whereas targeted interventions installed at “black spots” generally seek to reduce speeds
at specific points on the road network to improve safety at those points, an area-wide
approach typically seeks to reduce traffic volumes, as well as speeds, throughout an area.
Such reductions in volume can result not only from efforts to channel a portion of traffic
(through traffic) onto roads that are better designed to receive it, but also from
interventions that encourage the adoption of alternate means of travel and, in particular, of
active and public transportation. In theory, the area-wide approach may thus have an
advantage over the black-spots approach, in that it seeks not only to reduce vehicle
speeds, but also to reduce the number of trips made in automobiles in a given area.
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Elvik (2001) published a systematic review with meta-analysis focused on 33 studies
evaluating the effectiveness of area-wide strategies at reducing the number of collisions with
and without injuries. No studies were excluded on the basis of the methodology used.
Table 5 presents the significant results of the meta-analysis, when these include the data
reported by the 33 studies examined:

Table 5 Effectiveness of area-wide strategies according to collision site

Collisions without injury
{Cl 95%}

Personal injury collisions

Collision site {CI 95%}

Calming strategy

Local streets -29%* {-25 to -22} -24%* {-29 to -18}

Area-wide strategies Main roads -11%* {-16 to -6} -8%* {-12 to -5}

Entire area -16%* {-19 to -13} -15%* {-17 to -12}

*  Significant variation at, at least, p <0.05.
Source of the data: Elvik, 2001.

The article concludes that there were significant reductions in collisions with and without
injury on local streets and main roads, as well as throughout the area. The reductions
observed on local streets were significantly greater than those on main roads. However,
when retaining only the studies with the most robust designs (“before-after” with control sites)
for the purpose of evaluating the effect on personal injury collisions, only the reduction of
12% (CI 95%: -21 to -1) for the entire calmed area remains statistically significant. The
studies were grouped by decade of publication and by country to allow for verification of the
external validity of the results. These results were relatively consistent across decades and
countries, so the reported effectiveness does not seem to be the result of confounding
factors, as these would have had to influence results in a consistent and uniform manner
across the varying implementation and evaluation contexts.

Another systematic review with meta-analysis, first published in 2003, then updated in 2009,
was carried out by Bunn et al. (2003; 2009). The first version of this review synthesizes the
results of 12 studies examining 16 area-wide strategies, and the second version synthesizes
the results of 18 studies examining 22 area-wide strategies, implemented in high-income
countries. Having searched systematically for studies using “before-after” designs with
control sites or randomized trials, the authors found only “before-after” studies with control
sites. Table 6 presents the results of both versions of the meta-analysis.

Table 6 Effectiveness of area-wide strategies
. Collisions involving Personal injury i
Vversion Collisions a pedestrian collisions (including Fatal collisions
(C1 95%) ?CI o5%) death) (CI 95%)
0 {C1 95%}
2003 -5% {-19 to +11} 0% {-16 to +18} -11% {-20 to 0} -37% {-86 to +159}
2009 -11% {-24 to +5} +1% {-12 to +16} -15%* {-25 to -4} -21% {-77 to +168}

*  Significant variation at, at least, p <0.05.

Sources of the data: Bunn et al., 2003; 2009.
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Despite these generally positive results, only the reduction in personal injury collisions from
the 2009 analysis is statistically significant. This significant reduction (-15%) corresponds to
the significant reduction in personal injury collisions for calmed areas reported in the meta-
analysis by Elvik (2001). It should be noted that the diverse range of calming schemes
included in the literature review (going from a scheme using only stop signs to schemes
using a wide variety of engineering measures) may obscure the superior effectiveness of

some types of schemes.
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Figure 11 City of Vancouver West-End
neighbourhood traffic-calming scheme

Source: Zein et al.,, 1997, Figure 1, p. 4. Copyright, National Academy of
Sciences, Washington, D.C., 1997. Reproduced with permission of the
Transportation Research Board.

An article (Zein, Geddes, Hemsing, & Johnson, 1997) evaluates four area-wide schemes
implemented in the Greater Vancouver region, in Canada, including one in the West-End
neighbourhood of downtown Vancouver, which is illustrated in Figure 11. As an indicator of
the severity of collisions, the value of insurance claims linked to collisions before and after
the interventions was compared.™ The data used cover a period of one year prior to the
interventions, but no details are provided concerning the data collected after the
interventions. Neither the methodology nor the data used to arrive at the results are
presented in the document. Moreover, no statistical significance test is mentioned. The
results should therefore be interpreted with caution.

15 «Before-after” type studies evaluating the effects of area-wide interventions on collisions, injuries and deaths
are not as subject to bias as those evaluating black-spots interventions. That is why we have included the
former and excluded the latter. In specific terms, because area-wide interventions are not implemented at
specific points where there is a high risk of collisions, their evaluations are less prone to the effects of
regression to the mean. Moreover, since they typically aim at directing diverted traffic toward the appropriate
roads and at making these safe, they are less likely to result in collision migration—which the studies of Grundy
et al. appear to confirm (2008a; 2008b; 2009). However, “before-after” studies are just as likely to mistake a
general downward trend in the number of collisions, injuries and deaths for the effect of interventions,
regardless of whether these are area-wide or isolated.
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The article concludes that an average reduction in collisions of 40% occurred, with
substantial variations between areas (-18% to -60%), and that the average reduction in the
value of claims was 38% (-10% to -57%)).

In 1999, the Transport Research Laboratory published a report (Cloke et al., 1999)
evaluating the effects of an area-wide scheme, implemented in the Leigh Park area of
Havant, England, comprising various calming measures (raised intersections, pedestrian
refuges, curb extensions, raised pedestrian crossings, speed cushions, raised medians, mini-
roundabouts and gateways). The schematic plan of this intervention is included in
section 3.2.3.1. Among the effects evaluated was the impact on the number of collisions and
personal injury collisions, with occurrences before (3 years) and after (20 months) the
intervention being compared. Because the data collection periods were judged to be too
short, the authors presented the results without carrying out statistical significance tests.
While these results should be interpreted with caution, it is interesting to note that the
number of collisions per year in the area remained similar, along with the number of personal
injury collisions involving motorcyclists, cyclists or adult pedestrians, whereas the number of
personal injury collisions involving child pedestrians decreased by 50% per year.

Figure 12 Scheme involving installation
of 21 mini-roundabouts in
Vaxjo, Sweden

Source: Hyden & Varhelyi, 2000, p. 12.

The article by Hyden & Vérhelyi (2000) evaluates the effect on road safety of a scheme
involving the installation of 21 mini-roundabouts in Vaxjo, Sweden (see Figure 12), at
intersections with daily traffic volumes of up to 23,500 vehicles. The scheme replaced one
intersection controlled by traffic lights and 20 intersections without signals with mini-
roundabouts. An indirect measurement of road safety was obtained using the conflicts
technique, which made it possible to estimate the number and type of collisions before and
after implementation of the scheme based on the conflicts observed between the various
road users. Thus, twelve intersections affected by the changes were observed for thirty hours
each (the article does not specify how these hours were divided between the periods before
and after the changes). Table 7 presents the estimates based on these observations.
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Table 7 Estimated effectiveness based on the conflicts technique of a
mini-roundabout scheme

. Personal injury Collisions with Collisions with Collisions with
Calming strategy g S . . . o .
collisions injured driver injured pedestrian injured cyclist
Scheme involving 0 o o o
21 mini-roundabouts -44% +12% -80% -60%

Note: No statistical significance test mentioned.
Source of the data: Hyden & Varhelyi, 2000.

According to the authors, the estimated increase in the number of drivers injured can be
partly explained by a poorly-designed mini-roundabout where the risk of personal injury
collision increased by approximately 200%. The authors conclude that, if this mini-
roundabout with a defective design is excluded, the mini-roundabout scheme can be seen to
have led to a “very significant” reduction in risk for vulnerable users (pedestrians and cyclists)
without either increasing or decreasing the risk for drivers and passengers, but no statistical
analysis is presented in support of this claim.

20 mph zones
M Adjacent areas

Figure 13 20-mph zones and adjacent
areas in London, U.K.

Source: Grundy et al., 2009, p. 2.

A report (Grundy, Steinbach, Edwards, Wilkinson, & Green, 2008b), as well as a more
synthetic article in a scientific journal (Grundy et al., 2009), examine the 399 zones with
20-mph (32-km/h) speed limits that have been installed in London, U.K., gradually since
1990 (see Figure 13). They evaluated the effects of these zones on collisions, injuries and
deaths occurring within the zones and on their periphery. Typically, the entrance to and exit
from the zones are marked with signs, and traffic within the zones is calmed, in particular,
through the use of vertical deflections (e.g., raised intersections) and horizontal deflections
(e.g., chicanes). The size of calmed zones ranges from a 0.07-km stretch of road to an area
covering 37 km of roads, with a median size of 3.6 km. The authors used collision data
collected by the police department over a period of twenty years (1986-2006) to calculate the
effect of the zones on the roads within them and to verify whether collisions had migrated to
adjacent roads (within 150 m). The data was also used to control for the phenomenon of
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regression to the mean and for the underlying downward trend in the number of collisions
occurring in London. According to the results presented, the 20-mph zones are responsible
for a significant reduction in the number of collisions; specifically, a reduction of 37.5%
(Cl1 95%: -31.6 to -43.4), with no indication of collision migration. In fact, even after controlling
for the underlying downward trend, a significant reduction in collisions of 7.4% (CI 95%: -3.8
to -11.0) was observed on the periphery of the calmed zones. This reduction cannot,
however, be explained with reference to the article. The authors speculate that it may be due
to the proximity of the 20-mph zones or to other interventions on these roads (e.g., speed
cameras on the main roads bordering the zones). Table 8 presents the key results
concerning the number of road injuries by category of user.

Table 8 Effectiveness of 20-mph (32-km/h) zones at reducing personal injury
collisions occurring within them

Drivers or

Pedestrians Cyclists passengers Motorcyclists Total
0, 0, 0, 0,
{CI 95%)} {Cl 95%)} 1Cl 95%) {Cl 95%} {Cl 95%}
Personal injury -32.4%* -16.9%* -52.5%* -32.6%* -41.9%*
collisions (PICs) | {-37.7t0-27.1} | {-29.0t0-4.8} | {-62.4t0-42.5} | {-43.4t0-21.7} | {-47.810-36.0}
0-15 vears -46.2%* -27.7%* i i -48.5%*
y {(-55.5 10 -36.8) | {-49.1to -6.3} {-55.0 to -41.9}
Collisions with
persons Killed -34.8%* -37.6%* -61.8%* -39.1%* -46.3%*
or seriously {-47.510-22.18} | {-60.9t0 -14.4} | {-71.7 t0 -52.0} | {-59.1t0-19.0} | {-54.1to -38.6}
injured (KSI)
0-15 vears -43.9%* i i i -50.2%*
y {(-61.3 t0 -26.6} {-63.2 0 -37.2}

*  Significant variation at, at least, p <0.05.
Sources of the data: Grundy et al., 2008b; 2009.

These results show that the 20-mph zones significantly reduced the number of personal
injury collisions (PICs) and of collisions with persons killed or seriously injured (KSI) for the
various groups of public road users. The point estimates suggest that the 20-mph zones are
particularly effective at protecting children (0-15 years old), but in the absence of data
applying solely to adults, it is impossible to determine whether these differences are
statistically significant. A comparison of the measure’s effectiveness at reducing PICs and
KSI collisions in large zones (more than 3.6 km of road) and in small zones (3.6 km and less)
revealed no significant difference. On the basis of the most moderate risk reduction factor,
Grundy et al. (2009) estimated that the 399 20-mph zones in London prevent 203 persons,
including 51 pedestrians from being injured each year, and that, of these, 27 would have
been seriously injured or killed.

In another report, Grundy et al. (2008a) evaluate the effects of the same 399 20-mph zones
on inequalities in road injuries among five levels of socioeconomic status (SES) and four
racial categories. The locations where the collisions occurred were classified into five SES
quintiles based on the Index of Multiple Deprivation 2004, using 2001 census data and police
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data from 1987 to 2006. Those injured in road collisions were grouped into four racial
categories (white, Asian, black and other)*® using police data from 1996 to 2006.

Effects according to socioeconomic status

Based on the classification of areas into quintiles, the authors determined that in 2000 the
percentage of road kilometres covered by 20-mph zones was less than 2%, regardless of
SES quintile. By 2008, the situation had substantially changed in favour of the most deprived
persons. In fact, the more deprived an area, the higher this percentage rose. The percentage
of roads covered was 2.5% for Q1 (the least deprived quintile), 5.9% for Q2, 9.7% for Q3,
17.7% for Q4, and 27.5% for Q5 (the most deprived quintile). Between 1987 and 2006, the
effectiveness®’ of 20-mph zones at reducing annual amounts of personal injury collisions
(PICs) and collisions with person killed or seriously injured (KSI) on roads covered by the
zones and on adjacent roads (within 150 metres) did not vary significantly according to the
SES quintile where zones were implemented. However, there were two exceptions: the
reduction in PICs involving motorcyclists and the reduction in PICs involving car occupants
were significantly higher on roads adjacent to 20-mph zones implemented in the most
deprived areas than on roads adjacent to zones implemented in the least deprived areas.
Despite the fact that the majority of 20-mph zones were implemented in areas with a low
SES, annual aggregate reductions across London, between 1987 and 2006, were
significantly greater in the quintiles with the highest SES, as regards total PICs and collisions
involving children, pedestrians, cyclists, motorcyclists and car occupants.

Effects according to racial categories

Between 1996 and 2006, on roads adjacent to 20-mph zones, annual reductions in PICs and
KSI collisions did not vary significantly among people identified as white, black and Asian.
However, in 20-mph zones, annual reductions were significantly lower for black people than
for white or Asian people, as regards total KSI collisions and PICs involving pedestrians and
child pedestrians. The report does not provide an explanation for these differences, but the
authors speculate that they may be the result of a proportionately and progressively greater
exposure of black people to the risk of collision, in particular because they would have
walked more than white or Asian people. Between 1996 and 2006, annual reductions were
also significantly greater for white people than for Asian or black people, as regards total KSI
collisions, total PICs and PICs involving children, pedestrians, child pedestrians, cyclists,
motorcyclists and car occupants.

® The researchers used the terms “Black,” “White,” “Asian,” and “Other” to group together “police-assigned
‘ethnicity’ code from the STATS19” (Grundy et al., 2008a, p. 10), the form used by London's police to report
collisions. While the authors of the present document have reservations about the use of these particular
terms, neither do we wish to ignore the evidence that inequalities exist along the line of long-standing
categories related to perceptions of race. With this proviso, we will repeat them as such.

As is standard practice in the literature, effectiveness is here expressed as a percentage reduction in personal
injury collisions and fatal or serious injury collisions, and not in terms of the number of injuries, serious injuries
and deaths avoided. This practice is not without consequence for the results, for there are often more
collisions, injuries and deaths in deprived areas than in the least deprived areas (Laflamme et al., 2010;
Cubbin & Smith, 2002; Morency & Cloutier, 2005). Thus, it is likely that interventions whose effectiveness,
expressed as a percentage, is the same for areas with different SES would prevent more collisions, injuries
and deaths if they were implemented in areas with a lower SES.
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These results led the authors to conclude that inequalities in road injuries have increased in
London despite the more intensive implementation of 20-mph zones in the most deprived
areas. On the basis of a less moderate risk reduction factor than that used in 2009 (Grundy
et al., 2009), the authors conclude that by targeting deprived areas for the implementation of
20-mph zones, 1193 personal injuries were prevented each year, with almost half of these
being in the most deprived quintile. Based on the number of injuries avoided, 20-mph zones
can thus be seen to have reduced the widening of the gap between the least deprived and
the most deprived quintiles by about 15%. It should be noted that this result was not
accompanied by a statistical significance test.

Another article (Jones et al., 2005), focused on two similar cities in England, also evaluates
the potential of traffic-calming measures for reducing inequalities in road injuries, but in this
case the focus is limited to child pedestrians (4-16 years old) injured following a collision in
areas with varying levels of socioeconomic status (SES). The two cities were divided into
areas classified according to four levels of SES. An audit was carried out of the calming
measures installed in the two cities, but this audit was limited to speed humps, road
narrowings, and road closures. In city A, the areas in the most deprived fourth had
4.80 (Cl 95%: 3.71 to 6.22) times more calming measures per 1000 residents than those in
the least deprived fourth; that is, a significantly greater ratio between these two fourths than
that of city B (1.88 [Cl 95%: 1.46 to 2.42]). Rates of personal injury collisions per
1000 residents were compared for the cities and for areas. In the absence of precise
information about the dates when the calming measures were installed, the periods of 1992-
1994 and 1998-2000 were compared, municipal authorities in both cities having indicated
that installation of the measures occurred mainly from the mid 1990s onwards. The analyses
took into account the number of children in both cities, the number of families with a car and
the number of children walking to school. It should be noted that, although the evaluation
considers the effect of calming measures on an area comprising more than one road, the
article does not indicate whether the measures installed on these roads were planned and
implemented so as to function in a systemic manner (area-wide approach) or resulted from
an accumulation of individual measures installed at specific points over time (black-spots
approach). Table 9 summarizes the results presented in this article.

Table 9 Effects of the number and distribution of calming measures on
inequalities in road injuries among child pedestrians
Child pedestrian (4-16 years old) Gap between the rates (%o) of the
injury rate (%o) least and most deprived fourths
1992-1994 | 1998-2000 [?{igleg‘g[,‘/;e 1?(?'29';’/?}4 1{9(3852%0
City A 6.98 4.84 {-2.8-12'tc1)4-*1.48} {2.2? '5(3254} {1_4§ '8)1;_87}
Most deprved 9.53 5.85 {-5.2&3%.13}
City B 6.05 5.25 {-1.séoigoo.27} {2.511}207;.28} {2.2(:53 '3)6;95}
Most deprved 8.99 7.67 {-3.6-21£20.97}

*  Significant variation or difference of at least, p <0.05.

Source of the data: Jones et al., 2005.
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These results led to the observation that in city A, where a greater number of calming
measures were installed (city A: 891/city B: 553), the child pedestrian injury rates decreased
significantly throughout the city and in the most deprived areas. As for city B, the point
estimates indicate reductions, but these are not statistically significant. Based on the point
estimates, the reduction in the gap between the injury rates of the least and most deprived
areas seems greater for city A, where a greater proportion of measures were installed in the
most deprived areas (city A: 4.80/city B: 1.88). However, neither of the gap reductions is
statistically significant, nor, moreover, is the gap between the rates of the two cities.
Nevertheless, the results of the article indicate that variations in the child pedestrian injury
rate are inversely correlated (r=-0.769, p=0.026) with the density of traffic-calming measures
in an area, that is, to the number of calming measures per kilometre of road. Thus, the article
supports the conclusion that the more numerous traffic-calming interventions in city A are
associated with a significant reduction in collisions involving injured child pedestrians, but it
does not support the conclusion that having targeted the most deprived areas led to a
significant reduction in inequalities. Ultimately, even though the authors of the article were
unable to measure such an effect, increasing the density of calming measures in deprived
areas would likely help reduce inequalities.

3.1.3.2 Summary of the results for area-wide calming schemes

The documentary search led to the identification of three systematic reviews with meta-
analyses (Elvik, 2001; Bunn et al., 2003; 2009) (including one revised update) and three
other articles (Zein et al., 1997; Grundy et al., 2009; Jones et al., 2005) belonging to the
scientific literature, as well as four studies (Cloke et al., 1999; Hyden & Varhelyi, 2000;
Grundy et al., 2008a; 2008b) drawn from the grey literature. These studies evaluate the
effectiveness of various area-wide schemes at reducing collisions, injuries and deaths, as
well as their unequal distribution within the population.

They use different methodological approaches and are not all equally rigorous, but they
generally arrive at results which converge and which agree with the main mechanisms of
action recognized. The key points to recall are the following:

a) Reduction of collisions, injuries and deaths

Two of the three meta-analyses report significant reductions of 15% in personal injury
collisions (Bunn et al., 2009; Elvik, 2001), while the third reports reductions, but not
significant ones (Bunn et al., 2003). With regard to the studies examining specific area-wide
interventions, these all report overall reductions in collisions, personal injury collisions, and
collisions causing serious injury or death. Of these latter studies, all those whose results are
accompanied by statistical significance tests report significant reductions (Grundy et al.,
2008b; 2009; Jones et al., 2005).

b) Protection of the most vulnerable road users

Neither of the meta-analyses that focused on the effects on pedestrians notes any effect on
this category of user (Bunn et al., 2003; 2009). However, the other studies that focus on
vulnerable users report significant reductions in collisions involving pedestrians, cyclists and
motorcyclists (Grundy et al., 2008b; 2009; Jones et al., 2005) or report reductions without
mention of statistical significance tests (Hyden & Varhelyi, 2000). Three studies also point
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out that more marked reductions were observed among children walking or cycling than
among adults using these same modes of travel (Grundy et al., 2008b; 2009; Hyden &
Varhelyi, 2000).

c) Reduction of inequalities

One of the studies controlling for several confounding factors (Grundy et al., 2008a)
concludes that the effectiveness (expressed as a percentage) of 20-mph zones at reducing
personal injury collisions did not vary according to the socioeconomic status of the area in
which they were implemented, but that they tended to protect people identified as black less
than those identified as white or Asian. This study and an article that controlled for fewer
factors (Jones et al., 2005) evaluate whether having targeted deprived areas for the
implementation of area-wide schemes led to a reduction in inequalities. One (Jones et al.,
2005) reports a non-significant reduction in inequalities and the other (Grundy et al., 2008a)
reports a reduction in the growth of inequalities, but without accompanying this result with
statistical significance tests.

d) Collision migration

Notwithstanding the fact that area-wide strategies generally seek to redirect some of the
traffic using an area’s residential streets toward the main arteries of a road network, one
meta-analysis (Elvik, 2001) and one of the more recent articles (Grundy et al., 2009) indicate
that not only do collisions not migrate with the redirected traffic, but also that their number
decreases significantly on these arteries (Elvik, 2001; Grundy et al., 2009). However, the
articles do not explain these results.

e) Promising area-wide strategies

The studies consulted do not allow for a comparison of the effectiveness of the various area-
wide strategies evaluated. However, one article (Jones et al., 2005) indicates that the density
of calming measures (no. of measures/km) is significant, because it was inversely correlated
to the rate of child pedestrians injured. Another study (Grundy et al., 2008b) suggests that
the size of calmed areas does not affect the effectiveness of area-wide strategies at reducing
personal injury collisions and collisions causing serious injury or death.

3.1.4 Conclusion of the section on the number and seriousness of collisions
3.1.4.1 Section summary

Traffic-calming interventions are mainly promoted as a way of reducing the number of
collisions, injuries and deaths. Despite the range of traffic-calming measures and strategies
evaluated, the studies consulted lead to the conclusion that, in general, traffic calming
effectively helps improve road safety. This conclusion is based on several studies whose
methodologies and levels of rigorousness vary and whose results converge and, generally,
agree with the mechanisms of action identified. The studies show that interventions targeting
locations where the risk of collisions and injuries is high (black-spots approach) as well as
area-wide strategies can substantially reduce collisions, injuries and deaths. Thus, it is
difficult to draw conclusions about the advantages and disadvantages of individual
interventions relative to area-wide interventions, especially since the significance of gains in
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both cases likely derives from the intensity, the extent and the context of interventions,
regardless of the approach used.

3.1.4.2 Research gaps

Comparison of approaches

It would be relevant for studies to seek to compare the effectiveness at reducing collisions,
injuries and deaths of calming strategies based on the black-spots approach and strategies
arising from the area-wide approach. A city such as Montréal, where the two types of
strategies are currently being developed in different boroughs, offers a very interesting
opportunity to compare the two approaches.

Traffic diversion

The area-wide approach rests partly on the hypothesis that the diversion of motorized traffic
away from local residential streets and onto the main road network (arteries, highways) will
not simply displace collisions from one place to another, but will rather decrease their
number or seriousness. However, the risk of collision and injury on arteries, in particular, is
generally high (Dumbaugh & Rae, 2009; Lovegrove & Sayed, 2006). While two articles
(Elvik, 2001; Grundy et al., 2009) report that the area-wide strategies evaluated did not
cause collisions to migrate from local streets to arteries, neither of these articles took into
account in their analyses the possible presence of measures aimed at adapting these roads
to accommodate an increase in volume or at enhancing their safety, for example, through the
use of calming measures adapted to this type of road (e.g., roundabouts, curb extensions,
speed tables, etc.). Research would be required to determine the conditions under which
diverting traffic through area-wide strategies would not cause collisions to migrate to the
main road network.

Figure 14 Speed table: a measure
designed for faster lanes
and heavy vehicles

Source: Boulter et al., 2001, p. 11.
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Inequalities

In a similar vein, if it is possible that some interventions which redirect a certain amount of
traffic from local streets onto arteries increase road safety problems on those arteries, then,
given that persons with low socioeconomic status tend to be overrepresented as residents of
these roads (Smargiassi, Berrada, Fortier, & Kosatsky, 2006), it would be relevant for
researchers to examine the potential effects of such redirection on inequalities in road
injuries and deaths.

3.2 AIR QUALITY

In urban environments, traffic is responsible for a significant portion of emissions of nitrogen
oxides (NO,), carbon monoxides (CO), volatile organic compounds (VOCs)-including
hydrocarbons (HC), and particulate matter (PM). As an example, in Toronto, motor vehicles
are responsible for 85% of CO, 69% of NO, and 16% of PM, s (Toronto Public Health, 2007).
The air pollution to which these emissions contribute has been associated with increases in
the incidence and in the prevalence of certain health problems, such as premature death,
cardiovascular and respiratory diseases, cancers, etc. (Toronto Public Health, 2007). It is
important to distinguish between the emission of air pollutants and their effects on air quality,
because a variation in emissions does not necessarily produce a linear variation in ambient
air quality. In reality, the relationship between the two is mediated by, for example, ambient
temperature, prevailing winds, the presence of other reactive molecules or other emission
sources, etc. This said, various actions can be taken to reduce traffic emissions or the effects
of these emissions on the quality of the air to which populations are exposed. For example,
technology can reduce vehicle emissions (e.g., catalytic converters), and urban planning and
the planning of transportation networks can reduce traffic volumes (e.g., densification, public
transportation) or move traffic away from residential areas (e.g., urban bypasses), etc.
Although traffic-calming strategies are primarily promoted as a way to reduce road collisions,
injuries and deaths, it is likely that they could, in certain contexts, help reduce vehicle
emissions on calmed roads and, sometimes, shift them outside the calmed areas. These
changes could affect the quality of the air to which populations are exposed, and thus their
health.

3.2.1 Mechanisms of action

According to the studies consulted, traffic-calming strategies can influence air pollutant
emissions and ambient air quality by means of three main mechanisms:

a) Reduction of vehicle speeds

The variation of air pollutant emissions according to vehicle speed is well established (Owen,
2005). As illustrated in Figure 15, emissions generally follow fuel consumption, which
appears graphically as a U-shaped curve; that is, fuel consumption and emissions per
kilometre travelled are greater at low and at high speeds (Sergerie et al., 2005;
Environmental Protection Agency [EPA] & U.S. Department of Energy [DOE], 2010; WHO
Regional Office for Europe, 2005). Thus, it is not surprising that the “EPA MOBILE Model”
(http://www.epa.gov/OMS/mobile.htm) predicts that the slowing down of traffic due to traffic-
calming strategies should be accompanied by an increase in emissions (Transportation
Research Board, 1995).
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Figure 15 Effect of mean travelling
speed on emission levels from
passenger cars with catalysts

Note: Values for nitrogen oxides (NO,) and hydrocarbons (HC)
have been multiplied by 10 and those for carbon dioxide (CO,)
have been divided by 100.

Sources: Adapted from Ntziachristos & Samaras, 2000, in WHO
Regional Office for Europe, 2005, p.25. Copyright 2000,
reprinted with permission from Elsevier.

b) Reduction of speed variations

Accelerations, decelerations and idling time also influence vehicle pollutant emissions,
because a combustion engine consumes more fuel when turning slowly, while a vehicle is
idling, or when accelerating, than when it is turning at a constant speed (EPA & DOE, 2010;
Bahar, Smahel, & Smiley, 2009). The increased fuel consumption that results from frequent
variations in driving speed and the less complete combustion that occurs during
accelerations produce an overall increase in emissions (Houwing, 2003; Sergerie et al.,
2005). Frequently varying speed while driving thus tends to produce more air pollutant
emissions than driving at a constant speed, which explains, moreover, the difference in the
emission levels associated with aggressive and calm driving styles (Owen, 2005; EPA &
DOE, 2010; Houwing, 2003). The configuration of calming measures (which generally
determines the speed at which they can easily be negotiated), their spacing (which
determines the potential for acceleration and deceleration between them) and how they
manage right of way at intersections (which determines accelerations, decelerations and
idling time at intersections) should therefore influence their impact on pollutant emissions.
Thus, interventions succeeding in reducing speed variations should contribute to decrease
pollutant emissions by vehicle.

¢) Reduction of traffic volume

Air pollutant emissions from motor vehicles vary in accordance with the number of trips taken
and the distance travelled in motor vehicles. Given the reduced effectiveness of catalytic
converters during the first few minutes of driving and the emissions caused by initial
acceleration, WHO Regional Office for Europe estimated in 2005 that approximately 90% of
air pollutants are emitted during the first 200 seconds that a car is in motion when travelling
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less than 6 km in a city (WHO Regional Office for Europe, 2005). Since a significant number
of motor vehicle trips taken in urban settings cover short distances,'® a change in the number
of such trips (due to an increase in walking or cycling trips, for example) should have a
greater effect on total emissions than an increase or decrease in the distances travelled.
When calming strategies succeed in reducing the volume of motor vehicle traffic, by
increasing walking, for example, this should result in a reduction in emissions and an
improvement in air quality, whereas pollutant emissions may simply be displaced if traffic is
diverted from one area to another.

Most of the studies consulted that examine the effects of traffic-calming strategies on air
pollutant emissions and air quality inferred these effects by referring to the three mechanisms
above, without attempting to measure the effects. We have retained for purposes of analysis
only those studies that evaluated the effects of one or of a series of calming measures. As in
the preceding section, we will first present the data on isolated interventions installed at
specific points on the road network or along a single street, followed by the data on area-
wide calming schemes.

3.2.2 Effects of isolated traffic-calming measures
3.2.2.1 Objective studies

All the studies consulted that considered the effects of individual interventions on air quality
evaluated these effects by examining the air emissions of motor vehicles. Probably because
the impact of such interventions is very restricted geographically, only one article (Boulter et
al., 2001) attempted to measure their effects on ambient air quality.

A literature review produced by the Transport Research Laboratory (Boulter & Webster,
1997) demonstrates that the results of seven studies conducted prior to 1997 focusing on
European interventions at isolated points of the road network or on a single street vary
considerably. Table 10 summarizes these results.*

8 An article estimates, for example, that in the Montréal metropolitan region, 11.7% (n=862,000) of trips carried
out weekly cover distances of less than 1.6 km and that 55% of these are taken in motor vehicles (Morency,
Demers, & Lapierre, 2007). In the United States, according to the authors of one article, 41% of all trips carried
out in urban settings cover distances of less than 3.2 km and 28% cover less than 1.6 km, with 89% of
Americans using their car for trips of between 1.6 and 3.2 km and 66% for trips covering less than 1.6 km
(Pucher & Renne, 2003). In Europe, according to WHO estimates, 30% of car trips cover distances of less than
3 km and 50% cover distances of less than 5 km (WHO Regional Office for Europe, 2011).

To facilitate comparison of the various results, all the tables in the present section have the same columns.
This choice explains why some tables have entire columns for which no data are available (“-"). Fuel
consumption and CO2 emissions are presented together because their variations are strongly correlated
(Boulter & Webster, 1997).
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Table 10 Effects of various calming measures on air emissions
Type of
Calming vehicle
measures (gas-powered co HC CO/Fuel NOx PM
cars)
with and
Speed without +70% to0 +80% | +70% to +100% | +50% to +60% | -20% t0 0% | -
humps catalytic
converter
with catalytic +20% i +4% +18% i
converter
One speed
hump without
catalytic +11% - +5% +22% -
converter
with catalytic +300% _ +37% +300% )
converter
Ten speed
humps without
catalytic +200% - +51% +300% -
converter
Various
measures, - - - -9% - -
40-km/h limit
Six speed with catalytic o 0 o
humps converter +300% i +25% +1000% i
Five speed o o
humps - - - +36% to +73% - -
Two 0
roundabouts | ~ ) ) +33% ) )

Note: No statistical significance test mentioned.
Source of the data: Boulter & Webster, 1997.

Despite wide variation among the studies, nearly all of them report substantial increases in
the various air pollutants measured. According to the authors, a decrease in driving speeds
and more frequent speed variations following the interventions explain the increases
observed.

To follow up on the variations observed in this literature review, the Transport Research
Laboratory undertook to study the specific impact of various calming measures (flat-top and
round-top speed humps, raised intersections, speed cushions, chicanes, curb extensions,
combination of a road narrowing and a speed cushion, mini-roundabout) on air pollutant
emissions and ambient air quality?®® (Boulter et al., 2001). Actual driving speeds were
measured without the knowledge of drivers, before and after the installation of calming
measures or on street blocks with calming measures and on control street blocks, to
establish typical driving cycles for each calming measure. These cycles were then

2 While the study evaluated the effects of the calming measures taken in isolation, it should be noted that almost
half of these were part of area-wide calming schemes. The manner in which the study presents the results
does not allow for their separation on the basis of the two approaches to traffic calming.
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reproduced under laboratory conditions using three types of cars, to measure the associated
emissions. Without offering any real explanation or justification, the authors indicate that
seven of the twelve cars used were replaced by other cars of the same type during the
experiment. Since this may have compromised the validity of the results, these should be
interpreted with caution. Table 11 presents the average variations measured for all the
calming measures taken together.

Table 11 Effects of calming measures on air emissions according to type of
vehicle
Calming Type of vehicle co HC COu/Fuel NO, PM
measure (cars)
Gas with catalytic +5904* +540%* +26%6* +8%
converter
Various Gas without
measures ) +34%* +50%* +20%* +1%
catalytic converter
Diesel +39%* +48%* +26%* +28%* +30%*

*  Significant variation at p <0.05.
Source of the data: Boulter et al., 2001.

These results show that, apart from the NO, emitted by gas-powered cars, the calming
measures, on average, led to significant increases in the emission of most pollutants. To
determine the impact of these increases on air quality 10 metres from road centres, the
authors used a dispersion model. The results take into consideration reduced traffic volume
recorded at one site and increases at four other sites following the interventions, but the
author does not specify when these measurements were taken. The results also take into
account the traffic volume of heavy vehicles, basing calculations on the relationship,
established in a previous study, between the speed and the average emissions of such
vehicles. Based on the proportion of vehicles with and without catalytic converters circulating
in England in 2000, the authors estimated that the interventions had, on average, the
following effects on air quality: +0.4% to +6.7% for CO, +2.7% to +10.1% for benzene, +2.7%
to +9.5% for 1,3-butadiene, and -0.4% to +4.3% for NO,. The reported values seem to
indicate a slight deterioration in air quality, but in the absence of any statistical significance
test, and given the unexplained increases in traffic volumes, these results should be
interpreted with caution.

In 2005, the Society of Automotive Engineers International published a report (Daham,
Andrews, Li, Partridge, Bell, & Tate, 2005) on the impact of speed humps on air pollutant
emissions. However, the method used casts doubt on the validity of the results obtained. To
simulate a road without speed humps, the authors drove at a constant speed of 50 km/h on a
road with seven speed cushions installed on it, and to simulate the presence of seven 80 mm
speed humps (the highest kind), they drove on the same road, slowing down to 16 km/h to
go over the speed cushions and accelerating up to 32-50 km/h between them. Using
equipment installed on the car to measure emissions in real time, they simulated the impact
of speed humps on a car with a very heavy load, thus producing results that are probably not
very representative of a car with an average load. Moreover, by slowing down more than
necessary to easily go over the simulated speed humps, and then accelerating rapidly
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between the speed humps, the authors simulated an aggressive driving style, which probably
led to an overestimation of average emissions on the calmed road. Indeed, the authors state
that their results are “probably a representation of an unsmooth driver who is in a hurry to
negotiate a traffic-calmed road driving a heavily laden car” (Daham et al., 2005, p. 14).
Table 12 summarizes the results obtained.

Table 12 Effects of speed humps on air emissions
Calming measures Type of vehicles CcO HC COs/Fuel NOx PM
(gas-powered cars)
Speed humps With catalytic +117% | +148% | +90%/+35% | +195% .
converter

Note: No statistical significance test mentioned.
Source of the data: Daham et al., 2005.

According to these results, speed humps engender significant increases in air emissions.
However, by changing the driving style (from calm to aggressive) between the control cycle
and the experimental cycle, the authors introduced a confounding factor into their study.
Moreover, these results are probably not representative of a car with an average load.
Therefore, these results should be interpreted with caution.

An article by Ahn & Rakha (2009) presents the results of a study in which speeds and speed
variations were measured on three roads and air pollutant emissions were calculated using a
computer model. The first road had a speed limit of 40 km/h: driver speeds were measured
before and after the installation of five speed cushions. On the second road, whose speed
limit was 25 km/h, speeds were measured before and after the installation of two speed
bumps.?* On the third road, whose speed limit was 40 km/h, the impact of the calming
measures was determined by having a car driven on the road as illustrated in Figure 16. The
pollutants emitted at intersections without calming measures were compared to those of
calmed intersections.

No Control Stop Control Traffic Circles Traffic Humps

Figure 16 Diagram of a road with calmed intersections

Source: Reprinted from Ahn & Rakha, 2009, p. 414, Copyright 2009, with permission
from Elsevier.

2 tis important to distinguish between “speed bumps” and “speed humps.” While the former are narrow (often
less than 30 cm across) and are crossed at very low speeds (5-10 km/h), the latter form a broader platform
(typically 3 to 4 m across) and are crossed at higher speeds (typically 30 km/h). The former are usually
installed in alleys and parking lots, whereas the latter are usually installed on local streets, where slow vehicle
speeds are desired.
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On the first two roads, the presence of calming measures significantly increased per car
emissions of the various pollutants. On the third road, intersections with calming measures
gave rise to significantly higher emissions than intersections without calming measures or
stop signs. However, on the latter road, the authors did not calculate the emissions of
vehicles on cross streets. Yet, the calming measures introduced probably affected speeds
and speed variations on these streets by changing how the right of way was managed at the
intersections. When calming measures cause traffic to flow more freely on cross streets, by
replacing stop signs with a mini-roundabout, for example, this is likely to lead to a decrease
in emissions on these streets. Because of this omission, the results for the third road cannot
be considered representative of the total impact of the calming measures on air pollutant
emissions. For this reason, the results for the third road (stop signs, mini-roundabouts, speed
humps) must be interpreted with caution. Table 13 summarizes the results for the three
roads studied.

Table 13 Effects of calming measures on air emissions
Type of
Calming measures | Road | vehicles CcoO HC COz/Fuel NOy PM
(cars)
Speed cushions 1 Gas +47%* +54%* +48%* +98%* -
Speed bumps 2" Gas +9% +20%* +29%*/+33%* +19%* -
Stop signs 3" Gas +145%* +125%* +112%*/+114%* +264%* -
Mini-roundabouts | 3" Gas +20%* | +31%* +3506%/+34%* +569%* -
Speed humps 3" Gas +44%* +51%* +52%*/+53%* +110%* -

*  Significant variation at p <0.05.
Source of the data: Ahn & Rakha, 2009.

Whether or not they are considered traffic-calming measures by specialists, stop signs are
often initially seen as a traffic-calming panacea by residents faced with a traffic problem
(Ewing, 1999). Notwithstanding the weaknesses of the article, it is worth noting that this is
the intervention that led to the greatest increase in air pollutants, a result that might calm
residents’ enthusiasm for stop signs and lead one to consider that replacing intersections
controlled by stop signs with mini-roundabouts could, depending on the context, help reduce
vehicle emissions.

3.2.2.2 Subjective study

An article (Morrison, Thomson, & Petticrew, 2004) evaluates the perception of residents
living on a road in Glasgow, Scotland, six months before and six months after the installation
of several calming measures (five pairs of speed cushions, parking bays, and two zebra
crossings). Of the 750 residents randomly selected to fill out the postal questionnaire,
244 answered before the intervention and 185 answered afterwards. They were asked to
evaluate their feelings about problems related to their environment, using a scale of 1 to 7
(1 being the happiest and 7 the unhappiest). Having compared the answers given before and
after the intervention, the authors found a significant improvement of 2.88 points in answers
to the question regarding traffic fumes.
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3.2.2.3 Summary of results for isolated traffic-calming measures

The documentary search led to the identification of two articles (Ahn & Rakha, 2009;
Morrison et al., 2004) belonging to the scientific literature, one of which examines residents’
perceptions (Morrison et al., 2004), and three studies (Boulter & Webster, 1997; Boulter et
al., 2001; Daham et al., 2005) drawn from the grey literature, including a traditional literature
review (Boulter & Webster, 1997). These studies evaluate the effects of individual calming
measures on air emissions and air quality. They use different methodological approaches
and are not all equally rigorous, but they present results which, overall, converge and agree
with the recognized mechanisms of action. The key points to recall are the following:

a) Increase in per vehicle emissions

All of the objective studies report that the majority of isolated interventions led to increases of
varying size for per vehicle emissions. The two studies (Boulter et al., 2001; Ahn & Rakha,
2009) that mention statistical significance tests report statistically significant increases for
most of the pollutants measured. These results are linked to reduced traffic speeds and to an
increase in speed variations caused by most of the isolated interventions. Nevertheless, it is
still possible that interventions which reduce speed variations on top of traffic speeds can
also reduce vehicle emissions (Ahn & Rakha, 2009).

b) Slight deterioration of air quality

The only study (Boulter et al., 2001) that evaluates air quality on calmed roads reports a
slight deterioration, on average, of air quality following interventions, but traffic volumes
increased on most of the roads studied, and no information is provided about the statistical
significance of the results.

c) Perception

Contrary to what the objective studies may lead one to expect, one article (Morrison et al.,
2004) reports that residents of a calmed road were significantly less unhappy about vehicle
emissions after calming measures were introduced.

d) Promising calming measures

Without providing conclusive evidence, one article (Ahn & Rakha, 2009) indicates that
replacing an intersection managed with stop signs by a mini-roundabout could, by reducing
vehicle speed variations, reduce per vehicle pollutant emissions.

3.2.3  Effects of area-wide calming schemes
3.2.3.1 Objective studies

Area-wide strategies are often used not only to reduce driving speeds, but also to reduce
traffic volumes in the areas where they are implemented. Thus, some studies took into
account reductions in volume when evaluating the effects of area-wide strategies on air
emissions and air quality.
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The traditional literature review carried out by Boulter & Webster (1997) examines the six

studies that focus on area-wide strategies separately. The review specifies that the studies

examined the effects of speed without taking into account the reduction in traffic volume that

may have occurred following the interventions. Table 14 presents the variations in emissions
measured following the interventions.

Table 14 Effects of various area-wide strategies on air emissions
Type of
Calming vehicles co HC CO./Fuel NOx PM
measures (gas-powered
cars)
Area with Without
extensive traffic | catalytic +7% 10 +71% | -25% to -10% | +7% to +19% | -60% to -38% -
calming® converter
Without
30-km/h zone catalytic -20% to +28% | -23% to +2% | -6% to +14% | -31% to -5% -
converter

Speed hump
scheme

Area with
extensive
calming

21 mini-
roundabouts,
30-km/h limit®

Slight
increase

Increase

+2%

No change

Increase

+<1%

Decrease

Decrease

+1%

This is the expression used by the authors of the literature review, although they do not define it.

Boulter & Webster (1997) classify this study among those evaluating cases where a series of calming measures were
installed on one road. However, the evaluation is of an area-wide scheme involving the installation of 21 mini-roundabouts on
more than one street in Vaxjo, Sweden, also evaluated by Hyden & Varhelyi (2000) and Varhelyi (2002); which is why it is

b

presented in this section.
Note: No statistical significance test mentioned.

Source of the data: Boulter & Webster, 1997.

All of these studies report a decrease in NO, emissions or a negligible effect on them, but
note variable results with respect to the other pollutants.
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Figure 17 Leigh Park area calming scheme

Source: Department for Transport, 1999, p. 2.

In 1999, the Transport Research Laboratory published a report (Cloke et al., 1999)
evaluating the environmental impact of an area-wide traffic-calming scheme involving the
installation of several types of calming measures in the Leigh Park area of Havant, England.
Figure 17 shows the calming measures installed and their distribution in the area. The
speeds and speed variations of 20 subjects who drove through the zone were measured to
establish driving cycles. On roads calmed with speed cushions, traffic volume reductions of
15% to 35% and speed reductions of 18-19 km/h were recorded at the locations where the
speed cushions were installed. It was estimated that 10% of traffic was diverted outside of
the calmed sector, the equivalent of approximately 600 fewer vehicles per day in the area.
Variations in vehicle emissions, calculated using a computer model, are presented in
Table 15.
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Table 15 Effects of the Leigh Park traffic-calming scheme on air emissions

Vehicle emissions

Type of vehicles COy/

Air emissions (gas-powered) (el0) HC Fuel NOy PM

Emissions on roads with speed
cushions (without taking into Cars +22% +24% +9% -12% -
account volume reduction)

Emissions on roads with speed Cars and heavy

cushions (taking into account hicl -8% -71% -12% -22% -
volume reduction) vehicies

Emissions on roads calmed with Cars and heav

other measures (taking into account hicl y -4% 2% -4% -8% -
volume reduction) venhicles

Emissions for the area Cars and heavy -6% -5% -8% -15% -

vehicles

Note: No statistical significance test mentioned.
Source of the data: Cloke et al., 1999.

With the exception of NO, emissions per vehicle, which decreased, the calming of roads
resulted in an increase in per vehicle pollutant emissions. Nevertheless, when the reduction
in traffic volumes is taken into account, the result is a decrease in emissions on roads
calmed and in the entire area, although the study does not indicate whether these results are
statistically significant. Based on measurements of NO, and benzene (a type of HC) taken
using diffusion tubes distributed at 6 sites, including 2 control sites outside the area, before
and after the interventions, a non-significant improvement, at p <0.05, in air quality (-5%
benzene, -1% NO,) was observed in the area, as compared to control sites. Thus, the
creation of the zones did not significantly affect the air quality within them.

Véarhelyi (2000) published an article evaluating the effects of a scheme involving the
installation of 21 mini-roundabouts in Vaxjo, Sweden, on the fuel consumption and emissions
of cars. Driving cycles were observed before (n=600) and after (h=800) the installation of the
mini-roundabouts. Measurements were made using a car equipped to record the distance it
travelled every two seconds, making it possible to determine travelling speed and speed
variations. The driver of this car copied the movements of other randomly selected drivers,
without their knowledge. The information recorded was used to establish typical driving
cycles. The fuel consumption and emissions resulting from these typical driving cycles were
calculated using a model that took into account traffic volumes at the various branches of the
intersections, which did not vary significantly following the intervention. The calculations
simplified reality by assuming that all the vehicles counted were cars (whereas heavy
vehicles represented about 7% of traffic), that they were all gas-powered and that 30% of
them were equipped with a catalytic converter. Table 16 summarizes the results obtained.
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Table 16 Effects on air emissions of a scheme involving installation of
21 mini-roundabouts

Calming measures ;;ya?s?pcgvx\//eizidcgsrs) CO HC COy/Fuel NOx PM
L\Aei;rljz;::(i)# g i?]bijr)]ltjérsecti on 28:]/3;’\;12 catalytic +6% - +3% +4% -
without signals
Main road gg:{wm catalytic +13%* - +8% +8% -
Secondary road gg:{g;’ﬂg‘r catalytic -20% - -21% -15% -
lrvlellﬁ?rl:arccu)r?c ; i?]_biELtjérsecti on Sg:{fn‘e"ftt:r catalytic -29% - -28% 21% ;
with traffic lights

*  Significant variation at p <0.05.
Source of the data: Varhelyi, 2002.

Although only one result was statistically significant, all the results in this article agree with
the outcomes expected based on the mechanisms of action: a decrease in emissions
following improved flow at secondary road intersections previously without signals (where
vehicles systematically yielded passage); a decrease in emissions following a decrease in
speed variations at a mini-roundabout replacing an intersection with traffic lights (where all
vehicles on each of the branches alternated stopping); and an increase in emissions
following the slowing down of traffic at intersections on main roads previously without signals
(where vehicles systematically had right of way). Even though the results concerning the
mini-roundabout replacing an intersection with traffic lights are not statistically significant
(probably because a single roundabout was evaluated), the point estimates suggest that this
intervention holds promise as a way to reduce emissions. The article points to the
importance of the implementation context of an intervention and of the distribution of traffic
volumes on the different branches of an intersection in determining the effects of a calming
measure installed at an intersection, but the results regarding the overall effect of the area-
wide scheme on per vehicle emissions are inconclusive.

In another article, Owen (2005) evaluated the effects on pollutant emissions and air quality of
six 20-mph (32-km/h) zones implemented in North West England. The six zones studied
were relatively small (approximately 0.5 km x 0.5 km). Speed in the zones was controlled by
physical traffic-calming measures, such as speed humps and traffic lights. Measurements of
ambient concentrations of NO, and benzene were taken before (5 to 9 months) and after
(3 to 12 months) the creation of the zones. These measurements were taken at three sites
within each zone and at one control site using diffusion tubes and thermal desorption tubes,
which are subject to wide margins of error (£25% for diffusion tubes). On the basis of these
measurements, the article concludes that the introduction of calming measures neither
improved nor worsened air quality significantly in the six zones. Basing calculations on
average driving speeds within five of the six zones, the author found that per vehicle
emissions rose (0% to +5% NO,; +11% to +34% benzene), but when variations in traffic
volume were taken into account, emissions were found to have decreased in the majority of
zones (+8%, -18%, -9%, -32% and -80% NOj; +22%, +3%, -15%, -32% and -76% benzene).
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However, using average speeds to calculate emissions can lead to the underestimation or
overestimation of emissions by failing to consider the effect of speed variations. A dispersion
model indicated that local traffic was responsible for a small percentage of ambient
concentrations of NO,and, more specifically, of NO, (4% to 14% of NO,; 0% to 3% of NO,).
This weak contribution to NOy levels and the use of relatively imprecise measuring equipment
probably explains, at least in part, why no significant variation in air quality was measured
following the interventions.

3.2.3.2 Subjective studies

Within the context of the report on Leigh Park (Cloke et al., 1999), discussed previously,
interviews before (n=151) and after (n=150) implementation of the calming measures were
carried out with groups of residents, in particular, to determine their perception of airborne
nuisances in the area. The report does not specify how the interviews were carried out or
how participants were selected. Moreover, only 113 residents participated in the interviews
both before and after the intervention, and the results are not accompanied by statistical
significance tests. Due to these limitations, the results should be interpreted with caution.
The majority of respondents (68%) had perceived no change with respect to airborne
nuisances (dust, dirt, fumes, smoke) when out walking after the interventions. Of those who
perceived a difference, the majority reported an increase in nuisances (21%, versus 10%
who perceived a reduction). However, the percentage of respondents who reported being
“very much” or “quite a lot” bothered by dust or dirt (42% before/46% after) or by smoke
(42% before/38% after) in their homes remained basically the same.

The report prepared by Hemsing & Forbes (2000) for the City of Ottawa and the Ottawa-
Carleton region presents the perception of the residents of calmed roads and zones
according to the type of road on which they live (local, collector or arterial) and the type of
calming measure installed (horizontal, vertical or a combination of both). The survey was
conducted using questionnaires distributed on a non-random basis to residents of already-
calmed roads. Thus, the representativeness of the sample cannot be affirmed, the less so
since on some roads only a few surveys were filled out. For these reasons, the results should
be interpreted with caution. Table 17 summarizes the views of residents, as reported in the
report’s appendices.
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Table 17 Effects of calming schemes on air quality as perceived by residents
Calming measures ;Fgggss of No change Don’'t know | Improvement | Deterioration
Local 27% 31% - 21%
Horizontal Collector 45% 28% 19% -
Arterial 41% 28% 18% -
Local 13% 55% 13% -
Vertical Collector 39% 24% 26% -
Arterial 48% 27% 12% 12%
Local 37% 18% 34% -
Horizontal and vertical Collector - - - -
Arterial 43% 30% 18% -

Note: No statistical significance test was mentioned, but the lines with underlined numbers indicate a greater proportion of
respondents having perceived an improvement, as opposed to a deterioration, in air quality; whereas those remaining in plain
text indicate the absence of or inability to establish such a relationship or its inverse.

Source of the data: Hemsing & Forbes, 2000.

According to these results, the majority of respondents observed no change in air quality or
did not know if there had been one. Nevertheless, for most road categories, more
respondents perceived an improvement in air quality than perceived a deterioration.

3.2.3.3 Summary of results for area-wide calming schemes

The documentary search led to the identification of two articles (Varhelyi, 2002; Owen, 2005)
belonging to the scientific literature and three studies (Boulter & Webster, 1997; Cloke et al.,
1999; Hemsing & Forbes, 2000) drawn from the grey literature, including one traditional
literature review (Boulter & Webster, 1997) and two studies that examined residents’
perceptions (Cloke et al., 1999; Hemsing & Forbes, 2000). These studies evaluate the
effects of area-wide calming schemes on air emissions and air quality. They use different
methodological approaches and are not all equally rigorous, but they present results which,
overall, agree with the recognized mechanisms of action. The key points to recall are the
following:

a) Variable effects on per vehicle emissions

The traditional literature review (Boulter et al., 1997) reports both increases and decreases
as well as a lack of change with respect to per vehicle emissions of the various pollutants
following the implementation of area-wide schemes, with the exception of NO, emissions for
which it reports no increases. One article (Owen, 2005) reports per vehicle increases in
emissions of all pollutants following implementation of the schemes and one study (Cloke et
al., 1999) concludes likewise, except that it reports a decrease in per vehicle emissions of
NO,. The only article (Varhelyi, 2002) that mentions statistical significance tests points to the
importance of the implementation context, and reports weak, non-significant increases in per
vehicle emissions for a mini-roundabout replacing an intersection without signals, but much
greater non-significant decreases for the replacement of an intersection controlled by traffic
lights. The differences between the results reported by the various studies are likely due, in
part, to the variable effects of area-wide schemes on driving speeds, speed variations and
time spent idling.
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b) Relevance of traffic volumes for total emissions

The two studies (Cloke et al., 1999; Owen, 2005) that take into account increases and
decreases in traffic volume in the calmed areas report reductions for emissions of all
pollutants in the majority of areas where traffic volumes decreased, although no statistical
significance tests accompany these results. One article (Varhelyi, 2002) examining a scheme
involving mini-roundabouts points to the fact that interventions can have different effects on
vehicles driving on the various branches of an intersection. Thus, the effect of such
interventions on total emissions would depend on the amount of traffic on the various
branches.

c) Air quality

Despite the variations in per vehicle emissions and in overall emissions in an area, neither of
the two studies (Cloke et al., 1999; Owen, 2005) having measured the effect of calming
schemes on ambient air quality report significant changes for areas, once the variations at
control sites were taken into account. One article (Owen, 2005) suggests that the weak
contribution of road traffic in calmed areas to ambient concentrations of atmospheric
pollutants may, in certain cases, explain why an increase or a decrease in emissions caused
by an area-wide scheme does not necessarily lead to significant variation in measurements
of ambient air quality. However, the imprecision of the measuring devices used could also
explain the absence of significant results.

d) Perception

The two studies (Cloke et al.,, 1999; Hemsing & Forbes, 2000) that examined residents’
perceptions report that a majority did not observe any change in air quality following the
interventions.

e) Promising area-wide strategies

None of the studies consulted compare the effects of area-wide strategies. Nevertheless, two
studies (Cloke et al.,, 1999; Owen, 2005) report reductions in emissions following the
implementation of schemes that reduced traffic volumes, while one article (Véarhelyi, 2002)
implies that mini-roundabouts replacing traffic lights can, when they result in fewer speed
variations and less time spent idling, help reduce per vehicle emissions.

3.2.4 Conclusion of the section on air quality
3.2.4.1 Section summary

Traffic-calming interventions are not usually promoted as a way of improving air quality, but
rather as a way of reducing the number of collisions, injuries and deaths. While, generally
speaking, they can be said to improve road safety, the literature is less abundant and less
conclusive concerning their effects on air pollutant emissions and ambient air quality.
Nevertheless, most studies indicate that the implementation of calming measures generally
leads to an increase in per vehicle emissions of the main air pollutants, even though certain
calming measures, such as mini-roundabouts, are more likely to reduce them in certain
contexts. Increases in per vehicle emissions can be explained by a decrease in speeds or an
increase in speed variations and time spent idling, whereas decreases in emissions can be
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explained by the inverse phenomena. The studies also indicate that when a traffic-calming
intervention leads to a reduction in traffic volumes, this can compensate for an increase in
per vehicle emissions or even lead to an overall reduction in emissions at the intervention
site. According to the studies consulted, the residents of calmed areas do not always
perceive these changes. Despite increases and decreases in air pollutant emissions, the
studies do not report any significant variation in air quality in the vicinity of the interventions,
but this result may be due to the imprecision of measuring devices. The explanatory
mechanisms lead one to expect that the strategies most effective at reducing emissions at
intervention sites are those that reduce speed variations, idling times and traffic volumes at
those sites. According to the logic of these mechanisms, area-wide strategies, which often
explicitly aim to reduce traffic volumes in an area, seem to have an advantage over targeted
interventions, which do not generally seek to alter traffic volumes. However, area-wide
strategies that divert motorized traffic instead of reducing it (e.g., by promoting active
transportation) risk displacing pollutants rather than reducing pollutant emissions, and, in
certain contexts, this may increase health inequalities.

3.2.4.2 Research gaps

Effects of local traffic on air quality

Traffic-calming interventions, depending on the measures implemented and the context, can
lead to an increase or a decrease in emissions at intervention sites. While some studies have
sought to quantify these variations, only one article (Owen, 2005) has calculated the
contribution of these local emissions to ambient concentrations of atmospheric pollutants.
The article in question indicates that, for the area-wide schemes it evaluated, local emissions
contributed little to ambient concentrations of pollutants, which may explain why the studies
consulted (Boulter et al., 2001; Cloke et al., 1999; Owen, 2005) report no significant increase
or decrease in ambient air quality following an increase or decrease in these emissions. To
improve understanding of the health effects that may be linked to an increase or a decrease
in local emissions, it would be relevant to conduct studies to determine, in various contexts,
the portion of atmospheric pollutants that can generally be attributed to emissions on the
roads where most calming measures are installed, that is, on local streets lined with homes.

Accuracy of measuring devices

In a similar vein, the three studies (Boulter et al.,, 2001; Cloke et al., 1999; Owen, 2005)
having evaluated the effects of traffic calming on ambient air quality used rather imprecise
measuring devices (e.g., diffusion tubes). It would be relevant to conduct research using
more precise devices (e.g., continuous analyzers), to determine whether or not interventions
have a significant effect on ambient air quality.

Inequalities

The area-wide approach to traffic calming often aims to redirect a portion of traffic on local
streets toward the arterial network. Given that persons with low socioeconomic status tend to
be overrepresented among residents of these roads (Smargiassi et al., 2006), it would be
relevant to conduct research into the potential effects of area-wide strategies on inequalities
in exposure to air pollutants from road traffic.
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Greening

Also, traffic calming often results in the recovery of space formerly devoted to automobile
traffic. This reorganization of public space often presents opportunities for greening which
can, moreover, affect ambient air quality (Beckett, Freer-Smith, & Taylor, 1999; Yang,
McBride, Zhou, & Sun, 2005) and the amount of greenhouse gases released into the
atmosphere (Nowak & Crane, 2002). It would be relevant to conduct research into this
potential opportunity for greening.

Figure 18 A “green” mini-roundabout

Source: SkyscraperPage Forum, 2011. Photographer:
SFUVancouver.

3.3 ENVIRONMENTAL NOISE

Environmental noise generally refers to sounds considered undesirable or harmful emitted by
any source, except noise at the industrial workplace (WHO, 1999). The principal effect of
environmental noise is the disturbance of sleep, which can lead to fatigue and feelings of
depression, and can lower performance levels. On a daily basis, it can interfere with
communication processes, concentration, memory and complex problem solving (WHO,
1999). Prolonged exposure to environmental noise can, notably, increase consumption of
tranquilizers and sleeping pills, psychiatric symptoms, psychiatric hospital admissions,
stress-related hormones, the risk of hypertension, obesity, and ischaemic heart disease
(WHO, 1999; WHO Regional Office for Europe, 2009). Since motorized traffic is one of the
main sources of environmental noise (WHO Regional Office for Europe, 2009), it thus
contributes to the deterioration of quality of life and to increases in the incidence and
prevalence of certain chronic diseases and mental ilinesses. Canada does not seem to have
been unaffected by this problem, for it has been estimated that 1.8 million Canadians were
“very” or “extremely annoyed” by traffic noise in 2003 (Michaud, Keith, & McMurchy, 2005).
This said, various actions can be taken to help reduce environmental noise caused by traffic
or the population’s exposure to it. In particular, noise can be curtailed at its source (e.g., quiet
technologies, reduction of traffic volumes), mitigated (e.g., acoustic barriers, insulation of
homes) or distanced from populations (e.g., diversion of traffic). Although traffic-calming
strategies are primarily promoted as a way to reduce road collisions, injuries and deaths, it is
likely that they could also help reduce traffic noise and exposure to this noise, in particular,
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by reducing traffic speeds and volumes, and by distancing a portion of traffic from sensitive
locations (e.g., homes, schools, etc.).

3.31 Mechanisms of action

According to the studies consulted, traffic-calming strategies can influence motorized traffic
noise by acting on five mechanisms:

a) Reduction of vehicle speeds

Vehicle noise increases with speed. As Figure 19 shows, this association is stronger for cars
than for heavy vehicles (commercial vehicles and buses), whose noise is mainly generated
by the engine and the exhaust system, which does not vary much with speed, unlike the
noise caused by the friction of tires on pavement (Abbott, Tyler, & Layfield, 1995). Thus, by

reducing driving speeds, calming measures should mainly help reduce the amount of noise
generated by cars.
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Figure 19 Increase in maximum vehicle noise
level according to speed for three
types of vehicles

Source: Abbott et al., 1995, p. 9.

b) Reduction of speed variations

Increasing the magnitude, the frequency and the speed of accelerations and decelerations
tends to increase the noise generated by accelerating motors and by brakes, for example.
Traffic-calming strategies can lead to speed variations when, for example, a driver is
navigating a speed hump, but they can also encourage driving at slow and constant speeds
when calming measures are close enough to discourage accelerating and decelerating
between them. Thus, the impact of calming strategies on vehicle noise levels tied to speed
variations is likely to depend on the configuration of calming schemes. Those who succeed in
reducing speed variations are likely to contribute to decreasing traffic noise.
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¢) Reduction of traffic volume

The effect of variations in traffic volume on noise is complex. The presence of fewer vehicles
on a road or in an area can lead, depending on the context, to higher driving speeds. These
can lead to an increase in the maximum noise level of vehicles. Inversely, heavier traffic can
slow vehicles down and thus decrease their maximum noise level. However, heavier traffic
can also lead to congestion and thus increase noise due to braking mechanisms, frequent
stops, etc. Considering another noise measurement, an increase in the number of vehicles
travelling on a road or in an area can also increase the average noise level (see Box 3 for a
discussion of these different measurements). The impact of calming strategies on
environmental noise attributable to a change in traffic volume therefore depends on the
indicators used to measure noise and on several other factors, such as the conditions
determining driving speeds and road capacities before and after calming.

d) Introduction of textured materials

Textured materials, such as paving stones, can increase noise from vehicles travelling over
them by causing their bodywork to vibrate, for example. The use of calming measures
incorporating such materials is thus likely to contribute to an increase in traffic noise.

— T

Figure 20  Textured crosswalk

Source: www.flickr.com. Photographer: Richard
Drdul.

e) Introduction of vertical deflections

A large vertical deflection (e.g., speed hump) can increase suspension noises or noise from
objects carried in a trailer, for example. Strategies that incorporate calming measures
causing such deflections are thus likely to increase noise from vehicles affected by
vibrations. The impact of these calming measures therefore depends on their design and on
the type of vehicles travelling on the roads where they are used.

Most of the studies consulted that examine the effects of traffic-calming strategies on noise
generated by vehicles inferred these effects by referring to the five mechanisms above
without attempting to measure the effects. We have retained for purposes of analysis only
those studies that evaluated the effects of one or of a series of calming measures. As in the
preceding sections, we will first present the data on isolated interventions installed at specific
points on the road network, or on a single street or a test track, followed by the data on area-
wide calming schemes.
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Box 3 MEASUREMENTS OF ENVIRONMENTAL NOISE AND A FEW POINTS OF REFERENCE

There are several indicators that are useful for determining the effect of an intervention on
environmental noise. All of the studies presented in this document used indicators based
on the measurement of noise in A-weighted decibels or dB(A), which is a unit of
measurement weighted according to a filter, A, to take into account the way the human ear
responds to sound frequencies.

Four indicators were used in the studies consulted:

¢ Lamax: The maximum A-weighted sound pressure level. This indicator should be used to
measure a limited number of discrete sounds, such as the passage of a few cars at
night on a local street with little traffic (WHO, 1999; WHO Regional Office for Europe,
2009).

e Laeq T, Lanignt, Laday: The A-weighted equivalent average sound pressure level for a time
period, T, or over an entire night or day. This indicator should be used to measure
relatively continuous noise, such as road traffic on a major artery (WHO, 1999; WHO
Regional Office for Europe, 2009).

e Lao: The A-weighted noise level which is exceeded 10% of the time for a given time
period. This indicator, less commonly used today, was widely used to measure the
relatively continuous noise of road traffic, but it is generally very strongly associated with
the noisiest isolated events, as measured by Lamax (WHO Regional Office for Europe,
2009).

e Lago: The A-weighted noise level which is exceeded 90% of the time for a given time
period. This indicator, less commonly used today, was used to measure background
noise, which excludes the noisiest isolated events, (WHO Regional Office for Europe,
2009).

To provide a few points of reference, the human ear begins to perceive increases or
decreases in noise levels beginning with a variation of 3 dB(A) (Direction de la santé
publique, 2006). During daytime and evening, an outside noise level of 50 dB Laeq,16h, in
residential areas, is associated with moderate annoyance, whereas a level of 55 dB